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Analyze abrupt microstrip transitions

Obtain the optimum noise figure from an amplifier
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Shaped tomeet your needs..

Simulate Real-World Operating Conditions
with Custom Noise and Interference Signals

Introducing Noise Com’s flexible, programmable
DNG7500 Digital Noise Generator.

The Noise Com DNG7500 generates programmable,
user-specified, pseudo-noise and CW signal spectrums
for RF, Microwave, and fiber optic equipment testing.
It provides the user with complete programmability

of start and stop frequencies, brick wall filters, tilt,
and notch (stop band) filtering--all with programmable
frequency, bandwidth, and depth. Everything you
need to precisely emulate real-world noise and
interference conditions

DNG7500 Digital Noise Generator

» Easily create custom waveforms using the DNG’s
proprietary GUI Interface.

» Accepts spectral parameters of noise and signals.

» Converts spectral parameters into a waveform file.

- Edit and save the file on the DNG’s built-in hard drive.

Custom frequency converters up to 40 GHz.

.

Take control of your test and measurement needs.
Call Noise Com for more information on the ONG75
Digital N enerator or other Noise Com products.

NOISECopm

A WIRFLESS TELEFECOM GROUP COMPANY

Noise Com Phone: (201) 261-8797

£. 64 Midland Ave. Fax: (201) 261-8339

Paramus, NJ 07652 Email: info@noisecom.com
Web site: www.noisecom.com
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These models
will get you simulated

For an exciting collection of models with great  files with data from 30 kHz up to 6 GHz.
curves, check out the Coileraft web site.

Unlike the “ideal” or theoretical models
You'll find equiva- published by most other
lent circuits for all of WWW.COilcraﬂ.Com/mOdels manufacturers, ours are
our surface mount RF based on empirical mea-
inductors, LC tilters and power magnetics. surements. So they’re as close as you can get
Choosc PSPICE models  to a component’s true performance without ac-
that describe pertor-  tually building the circuit.

mance from DC up to Start simulating yourself. Ask
1.8 GHz, models for  for our CD catalog with all of the
non-PSPICE sottware  models. Or download them at

packages, or S-parameter  www.coilcraft.com/models.
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WORLD’S WIDEST SELECTION

12 5 tO 4000MHZ frorf1 ea.(aty.5)

Want a miniature surface mount, shielded plug-in, or rugged N
coaxial voltage controlled osciliator with the right stuff for your

project? Contact Mini-Circuits! From custom designs to standard V
catalog models always in stock, we'll supply extra robust, 100% tested

VCO solutions you need at a price you can afford. Choose from narrow to broad to octave band
widths. Select linear tuning, low phase noise, and 5V models optimized for PLLs and synthesizers.
And pick from an innovative array of miniature SM packages as small as 0.370" square for a variety of
designs and applications. You can quickly find the model you need using "The YONI Search Engine”
at the Mini-Circuits web site. Just enter your specs...click...and immediately start evaluating
suggested VCO solutions using the actual measured performance data displayed. But perhaps

you need a custom design. Not a problem! Contact us for our lightning fast response, low
prices, and quick turmaround. Give the competition real competition...specify Mini-Circuits VCOs!

New 2001 VCO Handbook...FREE!

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



[ Mini-Circuits 8 -0

PEALEN 4FF ~

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

Featured Technologies:
EMC/RFI
Analyzing abrupt microstrip transitions — Discontinuities in transmission lines or device
terminations are prime candidates for mismatch errors and EMC/RFT emissions. Understanding how they
affect amplifier design saves money and headaches.

— By Barney Arntz

Tx/Rx
Unique inductive feedback LNA design — In first-stage, low-noise amplifiers, optimum
noise and optimum return loss performance are often compromised by impedance matching. This load imped-
ance mismatching and inductive feedback design offers some relief.

—By David VanStone

Cover Story:
Fiber Optics
The changing landscape of RF and fiber optics — A preview of what technologies,
techniques and materials tomorrow’s wireless designer will need to support frequencies well into the EHF
spectrum.

— By Dwight Streit

Tutorial:
Design Software
Designing an RFIC CMOS upconversion mixer — Software to help the engineer
design and implement a CMOS mixer on an RFIC platform — issues, tradeoffs and solutions.
— By Stephen Long
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" MMIC Amplifiers

*pm
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DC to 8 GHZ from 9 9 f (Qty.25)

lower thermal resistance
better gain flatness
wide choice of gain
high IP3
high reliability *
2 year guarantee*
in stock!
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Amplifier Designer’s Kits: . /
K1-Gali: Only $99.95
stans 10 Ea. of o
Y K2-Gali: Only $64.95
e ‘ (=
warranty Both Kits include complete data sheets and a free test fixture!

Mini-Circuits...we're redefining what VALUE is all about! For detailed spe visit: www.minicircuits.com/amplifier.htm/
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Next Generation Communications
Wireless is Emerging!

Are You Ready?

Spirent Communications’ test solutions enable rapid rollout of 3G services.
World leading manufacturers and service providers use Spirent solutions to qualify the performance
of mobile devices against rigorous 3G test specifications. From development to deployment,
from 1xEV to W-CDMA, Spirent’s world-class test solutions get your new wireless product

to market faster with fewer problems. If your 3G product is about to hatch, check out

http://tas.spirentcom.com.

Spirent,

The World Leader
In Performance
Analysis Solutions.

1-800-927-2660
www.spirentcom.com
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Can’t we all just
get along?

By Roger Lesser
Editor
rlesser@primediabusiness.com

I received an e-mail from a reader asking me when I
thought there would be “universality” in wireless com-
munications. I was ready to reply that there would never
be. But the question got me to thinking, is that true? Is
there a possibility of interoperability?

I can recall a presentation I went to a few years ago
concerning the International Telecommunications
Union’s (ITU) effort to bring interoperability to wireless
communications. Remember the great debate over the
3G “standard?” I remember quizzing the speaker about
the reality of this ever happening. A single standard was
too idealistic in my mind. He held out hope but admitted
it would be a real challenge. And it was.

Is it the carrier’s responsibility?

Can consumers get a device that will work no matter
where they are? Let’s think this through beginning with
the carriers. The carriers (I would use service provider,
but I'm still waiting on one that does that) are the ones
that mandate what they want in a handset. It’s through
them that the handset manufacturers design devices to
meet the carriers’ requirement. The handset manufac-
turers then turn to the component providers and design-
ers to provide the component and subsystems. So, it’s the
carriers. Right?

Maybe. Maybe not.

Is it the handset manufacturers?

Can it be the folks behind the various standards? Let’s
think this through. Various manufacturers developed
various technologies to work in various parts of the
world. Why would they want to yield to someone else’s
standard? They wouldn'’t. That’s why we ended up with a
“family” of standards as the ITU put it. So it’s the manu-
facturers that are behind the lack of interoperability.
Right? Well....

Is it the component manufacturers?

Can it be the component manufacturers? They tell me
that they position themselves to support the various
standards, but it is a case of supply and demand. There
is no real demand for interoperability, so the effort to
product components is minimized. I caveat this knowing
that a number of components are available that will
work across multiple platforms. Yet, there is no real
motivation for component manufacturers to push inter-
operability.

Is it the designer’s responsibility?
Who does that leave that can be part of the lack-of-
interoperability food chain? The designer? No, designers

www.rfdesign.com

place their efforts where they will produce profit for the
company, so designers can’t be blamed. That leaves us
with one other possible villain — The consumer.

Why are the consumers not demanding it?

Consumers drive the marketplace. Or at least that is
what I was taught in college. Consumers create the
demand. But how do they do that? Well, they must first
see a need based on personal experience. They travel to
other cities or counties and find their wireless devices
don’t work. They then go back to the carriers to ask why.
Right? According to a number of the carriers I talked
with, they really don’t see may complainants. (Really?)
Yet, if enough folks did complain, you have demand.
Right? Well...

Is it back to the carriers?

Another alternative is for the carriers to create the
demand by educating the consumer. How do they do
that? Advertising can be an alternative. (What a con-
cept.) Look at all the Cingular ads running on television
these days as an example. They are there to create a
demand. And the ads seem to be working. So, if a carrier
wanted to promote interoperability, and asked a handset
manufacturer to build a handset that was, and the hand-
set OEMs went to the component producers and asked
for multiplatform capability, this would be the answer.
Right?

Too many question and not enough answers

While a lot of questions surround the question of
interoperability, there seem to be few answers. While 3G
may offer some interoperability, or inter-standard roam-
ing as one 3G wizard called it, it may be too little too
late. Also, Bluetooth, Home RF and Wi-Fi are all facing
the same issue. Each wants to be the answer, yet all are
the problem.

I've noted before in this column that I think interoper-
ability is a linchpin in wireless telecom. Yet, 'm amazed
at the lack of attention it gets.

So, gentle reader who asked the question, will there be
universality? Only at McDonalds. Not in telecom.

\\
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lptroqucing

A broadband world requires broadband signal sources
that offer low noise, linear tuning and load-insensitive

performance. At Vari-L, we apply the same precision

engineering and manufacturing to our Wideband VCOs as

o
vou have come to experience in our Narrow band VCOs.
- Excellent phase noise performance and tunimg hinearity
enable consistent PLL loop bandwidths, setthing time and

low integrated noise. And, our wideband VCOs low

frequency pulling will minimize your system phase error.
To find out how Vari-L's Wideband VCOs can be

““a part in vour future” please visit our website at

www,vari-L.com. or send an email to sales@vari-l.com.

Part Number Frequency Tuning Typical 10 kHz Supply Qutput Package Size
Range(MHz) Voltage Phase Noise Voltage Power
V(0790-600T 400-800 0.0-20.0 -102 dBc/Hz +5V +3 dBm 0.5x0.5x0.18in.
V(0790-1500T 1000-2000 0.0-20.0 -98 dB¢/Hz +5V +2dBm 0.5x0.5x0.18in.
V(0790-2300T 2100-2500 1.0- 4.0 -89 dBc/Hz +5V +3 dBm 0.5x0.5x0.18 in.
V(0793-600T 400-800 0.0-20.0 -104 dBc/Hz +12V +7 dBm 0.5x0.5x0.18in.
K V(0793-1500T 1000-2000 0.0-20.0 -99 dB/Hz +12V +7 dBm 0.5x0.5x0.18in.
f Actual data for V(0793-1500T \

CPhase noise from HP3852 for 1000-2000 MHz V(D—@ning Sensitivity from HP3852 for 1000-2000 MHz V((D

Modulation Sensitivity -vs- Frequency

A

e
-,

I
Frequency (MHz)

URIL

{ We Have A Part In Your Future

Tune Voltage (Vdc) J

OLY PLL Synthesizer Modules Narrow Band Voltage Controlled Oscillators %
Wide Band Voltage Controlled Oscillators Couplers

r4895 Peoria Street
Denver, Colorado 80239

PRODUCTS
INCLUDE:

& 303.371.1560 ; - PROUDLY MADE
fax 303.371.0845 I SO 9 0 01 Certi fied IN THE USA
sales @ vari-l.com Contact the Vari-L Sales Department for custom solutions to your RF and microwave component assembly needs.
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RF calendar

MARrRCH 2002
12-16 Embedded Systems Conference —

San Francisco — Information:

www.esconline.com

18-20 CTIA Wireless 2002 —

Orlando — Information:
wireless2002.ctsg.com/

APRIL 2002
24-26 RF Safety Seminar at IWCE —
Las Vegas — Information:
www.iwceconexpo.com
29-2 Embedded Processor Forum 2002 —
San Jose — Information:

www.mdronline.com/epf

MAy 2002
7-9 Wireless Edge —
Santa Clara — Information:
www.sys-con.com/wirelessedge
14 Wireless Design Conference 2002 —

London — Information:
193.130.109.223/

JUNE 2002

2-7 IEEE-MTTS —
Seattle — Information:
ims2002.org

23-26 WCA —

Boston — Information:

www.IWCA.com
24-27 COMNET Wireless —
Las Vegas — Information:

www.idgworldexpo.com

SEPTEMBER 2002
17-20 PCIA Global Xchange —
New Orleans — Information:
pciaglobalxchange.com
24-27 European Microwave —
Milan, Italy — Information:

eumw.com
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WHEN IT'S RF AND
MICROWAVE FILTERS,
OUR ONLY COMPETITION
IS WHAT WE DID
YESTERDAY

The American competitive spirit

drives us towards better tomorrows.

And that's what gives our

products the edge.

il As an electronics engineer, that's your credo.
You're never satisfied with the status quo.

“Good enough” is never good enough in your book.

And in our book, it doesn't stop with product superiority.
We're always looking for ways to serve our customers better...
beginning with cost-effective circuit solutions and
engineering assistance to our on-time delivery
and follow-up customer service.

Moreover, with our expanded manufacturing
facilities, we have the best production capacity

in the business. Because our primary business is and
always has been filters—from Miniature, Ceramic,
Bandpass, Lowpass, and Highpass filters to our
companion line of Diplexers-Multiplexers,

which can be seen at www.larkeng.com

ENGINEERED FOR PERFORMANCE

Lark Engineering Company™

Div. Baier & Baier, Inc.

27282 Calle Arroyo

San Juan Capistrano, CA 92675-2768
Phone: 949-240-1233

Fax: 949-240-7910
www.larkengineering.com
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POWER COMBINATION

EM-CIRCUIT CO-SIMULATION

LEEF
-

A 1930-1990 MHz LNA
{courtesy: Infineon Technologies)

The schematic and layout of
a LNA circuit

S-parameters shift slightly when
electromagnetic effects are considered

Modeied va. Measired 24one fest P34 18 spectum analyzer)

[

TEST LINK reads measured data and
compares results with your model

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

Say goodbye to traditional software that is
tedious and error prone when combining
EM simulation with circuit simulation.

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

And
get the extra power, speed and accuracy of
EM-Circuit co-simulation. With co-simulation
packages starting at $6,450 US, you’ll be a
winner every time.

5

WARE,

RF and Microwave Design Software

www.eagleware.com
678 291 0971

Phone: +1 678-291-0995
sales@eagleware com
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RF courses

AGILENT TECHNOLOGIES — RF and Microwave

Fundamentals — April 9-12, July 2-5, Oct. 22-25;
Network Analvsis Measurements — March 19-20. June
18-19. Oct. 17-18; Spectrum Analysis Measurements —

|

|

Power Supplies — April 2-5; Power Svstem Reliability
and Risk Assessment — May 14-16; Grounding
Harmonics and Electromagnetic Influence Design
Practices — June 3-4; CMOS Analog Integrated Circuits

BESSER ASSOCIATES — 3G Made Simple — April

Fiber Optics Made Simple — April 22-23; RF and

March 20-21, Oct. 15-16; Introduction to Agilent VEE —
May 7-10. Sept. 10-13, Nov. 5-8; Advanced Agilent VEE

\ — Aug. 5-9, Atlanta, GA. Information: Continuing
|

— June 4-7, Sept. 24-27, Dec. 3-6, United Kingdom. |
|

Education, Georgia Institute of Technology.
Tel: 404.385.3502; conted@gatech.edu;
www.conted.gatech.edu

MIX'T — Design of Analog Integrated Circuits — June
24-28; Fundamentals of Lasers, Fiberoptic and Their
Unique Applications — July 15-19. Cambridge. MA.
Information: MIT Professional Institute.
Tel: 617.253.2101; Fax: 617.253.8042.
professional-institute@mit.edu; web.mit.edu

Information: Tracey Bull. Agilent Technologies, Eskdale
Road. Winnersh Triangle. Wokingham, Berkshire,
United Kingdom; Tel: +44.118.9276741; Fax:
+44.118.9276862: tracey_bull@agilent.com
www.agilent.com/find/education

19; Broadband Networking Made Simple — June 20-21:

Wireless Made Simple — May 6-8, June 24-26; RF and UNIVERSITY OF WISCONSIN MILWAUKEE

Wireless Made Simple II — May 9-10, June 27-28,

Mountain View, CA. Information: Besser Associates, 201

San Antonio Circle Building E, Suite 280, Mountain
View, CA 94040; Tel: 650-949-3300; Fax: 650-949-4400;
info@bessercourse.com, www.bessercourse.com
GEORGIA INSTITUTE OF TECHNOLOGY —
Power Electronics: Devices, Circuits and Switching

— Understanding Electronics — April 16-19, May
14-17, June 18-21, Oct. 15-18; Semiconductors and
Computer Concepts — April 18-19; Cooling of Electronic
Enclosures and Power Supplies — Oct. 22-24, Tempe,
AZ, May 16-17, Milwaukee, WI. Information:

Tel. 800.222.3623; Fax 800.399.4896;
www.engoutreach.uwm.edu

RFI/EMI Shielding Solutior

® Large inventory for immediate delivery e
@® Finest catalog in the industry: print and web e
® Exceptional FREE sample program o7
® Product specialists for application assistance
® 1SO 9002 Registered

@ Better than 99% quality rating

@ Highly skilled customer service

® Computerized quoting for instant pricing
@ Industry leader of innovative designs

® Customization of standard products

Visit our web site for

. a FREE SAMPLE plus

expanded technical
information!

TECH-ETCH, INC., 45 Aldrin Road, Plymouth, MA 02360 * TEL 508-747-0300 ® FAX 508-746-9639

www.tech-etch.com
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Moderate k Octave Band

Amplifiers
for a Variety
of System Requirements

GAIN NOISE POWER
MODEL FREQ. GAIN  FLATNESS  FIGURE  IN/OUT ouT CURRENT
NUMBER (GHz)  (dB, Min.) (:dB, Max.) (dB, Max.) VSWR (dBm, Min.) (mA, Typ.)

AFD2-010020-14-SP
AFD3-010020-14-SP
AFD3-022023-12-SP
AFD3-023027-12-SP
AFD3-027031-12-SP
AFD3-031035-12-SP
AFD3-037042-12-SP
AFD3-040080-35-SP
AFD3-020080-40-SP
AFD3-040120-55-SP
AFD3-080120-50-SP
AFD1-010020-23P-SP
AFD2-010020-23P-SP
AFD3-020027-23P-SP
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Note: All specifications guaranteed at +23°C.
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RF news B -

Make room
for the ladies

18

By Megan Alderton
associate editor
malderton@primediabusiness.com

Let’s face it. In the past, wireless has not been known to boast high
numbers of female engineers.

Try typing women and high-tech on your Web browser. My search
engine yielded 611,785 results. (The numbers vary from day-to-day, I'm
sure.) Bluetooth, another oft-surfacing topic in the past few years, turned
up 270,012. The subject of women (or the significant lack thereof) in the
high-tech workforce, then, must be monumental. Not to say that the Web
is the most credible source for information, but we'll let it act as a pseudo-
scale for now.

Fortunately, in the two years I've worked for RF Design, I have noticed
a significant influx of women’s associations surfacing in the high-tech field.
The impact these organizations have on the industry may change the
scope of wireless for the longhaul (and may find future tradeshow floors
looking a little more co-ed).

I was lucky enough to attend the launching dinner of the Women’s
Wireless Network (WWN) at the Wireless Communications Association
(WCA) show in Boston last year. The WWN is an international organiza-
tion sponsored by the WCA whose mission is to provide an opportunity for
female professionals to network, support and recognize one another. The
organization focuses on increasing the presence of women and fostering
their personal and professional growth within the fixed wireless industry.

Another association celebrating the growing number of women in the
tech field is the IEEE Women in Engineering Committee (WIE). The WIE
recognizes women'’s outstanding achievements in electrical and electronics
engineering through IEEE Awards nominations, and also promotes IEEE
Member Grade advancement for women to the grades of Senior Member
and Fellow. Scopes of interest within the WIE include the gathering and
dissemination of information regarding the status of women in the indus-
try; initiatives for, by and on behalf of women in engineering; and ways to
improve the climate for women in the IEEE and the workplace.

Many more of these organizations exist, and I expect we will see many
more to come. Also worth noting are some of the other industry initiatives
designed to pique the high-tech interest of the female masses — and with
these we may see the membership numbers of women’s associations sky-
rocket.

In January, the Women’s Bureau at the U.S. Department of Labor
announced a new initiative called The Women and Girls in Technology
Initiative (WGIT). Through the WGIT Initiative, a series of technology vir-
tual conference calls will provide networking opportunities for women, as
well as access to information on issues, programs, policies and initiatives
related to careers in the fields of science, math, engineering and technolo-
gy- Similarly, the UK has been addressing the issue through funding ini-
tiatives and networking programs as well.

For more information on women’s wireless initiatives and organiza-
tions, see the 611,785 results your Web browser yields — or just go to

www.rfdesign.com.
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Economy threatens world

discrete diode markets

After a period of phenomenal growth
due to booming telecommunications
and data communications industries,
the world market for discrete diodes is
constricting, according to a report by
Frost and Sullivan, San Antonio.

The current economic downturn has
weakened demand from key application
sectors, leaving suppliers with large
excess inventories. The result, Frost
and Sullivan said, could be further ero-
sion of prices that will force manufac-
turers to rethink business strategies.

The report, World Discrete Diode
Markets, reveals that this industry gen-
erated revenues totaling $2.61 billion
in 2000. After short-term restriction of
returns, total revenues from small-sig-
nal, zener, transient protection, and
radio frequency (RF) and microwave
diode markets will rise steadily
through 2007.

To combat price erosion, the ill
effects of an economic downturn, and
challenges from competing technolo-
gies, market participants will have to
identify new opportunities to secure
income, Frost and Sullivan said. At the
same time, the multiplication of elec-
tronic devices in automobiles will drive
demand for diodes and provide new
growth opportunities.

Cadence, Agilent form

wireless, wireline alliance

Cadence Design Systems, San Jose,
and Agilent Technologies, Palo Alto,
CA, have signed a multi-year technolo-
gy alliance. This partnership is expect-
ed to develop and market complete
integrated solutions to speed IC design
for the wireless and wireline commu-
nications industries.

The companies have initiated co-
development of a more integrated
design flow involving the Cadence
Analog Design Environment and
Agilent Advanced Design System
(ADS) software to improve interac-
tivity. Jointly developed technolo-
gies, beginning with a tighter inte-
gration of these technologies, are
expected to become available in the
second half of 2002.

In future phases, Cadence and
Agilent plan to expand the design flow
to incorporate additional electronic
design, verification and test technolo-
gies from both companies. The result
should be a complete systems-to-IC
design implementation solution.
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WORLD'S SMALLEST

DIRECTIONAL COUPLERS

9 to 20aB... Immediate Delivery

only M each(qty.25)
DBTC SPECIFICATIONS

The DBTC series from Mini-Circuits is quite simply the smallest,
lowest priced 5 to 2000MHz directional coupler series on

Freq. Ins.Loss (dB) Directivity (dB)

Coupling Model (MHz) Midband Typ Midband Typ
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X : , ’ 9dB  DBTC-9-4 5-1000 12
Earth! Available in 9 to 20dB nominal coupling values, these 10dB  DBTC-10-4-75 5-1000 1.4 20
™ 12dB DBTC-12-4 5-1000 0.7 21
patented 50875 ohm couplers integrate Blue Cel™ LTCC 1598 DRTC.13-4 21000 07 18
design techniques for very flat coupling, low insertion loss, 1308 DBTC-13-575 51000 1.0 19
and multi-decade broad bandwidths. All-welded connections 1000-1500 14 17
improve reliability, and automated production delivers high 16dB  DBTC-16-5-75 » ‘{",}2% 12 i:;
unit-to-unit performance repeatability. Plus, Mini-Circuits low ) " )
17dB  DBTC-17-5 1000 0.9 20
price of only $1.99 each (qaty. 25) gets even lower with higher 1000-1500 1.0 20
quantities! So, preserve precious board space, and capital as s DETe TS '5023% ég ;‘1‘
well. Specify Mini-Circuits DBTC directional couplers. 2048 DRTC-20-4 201000 04 21
Custom PRODUCT NEEDS...Let Our Experience Work For You. Dimensions 0.15” square.
DESIGNER'S KITS

K1-DBTC (50 Ohms) 50fea DBTC-9-4, 12-4, 13-4, 17-5, 20-4. Total 25 Units $49.95
K2-DBIC (75 Ohms) 50f 2. DBTC-10-4-75, 13-5-75, 16-5-75, 18-4-75. Tolal 20 Units $39 95

For detailed specs visit: www.minicircuits.com/dcoupler.html

We're redefining what VALUE is all about!

[_IMini-Circuits "

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

Eagleware’s Genesys software
powers Sennheiser’s RF develop-
ment of audio products — Eagle-
ware, Norcross. GA. announces that
Sennheiser, Old Lyme, CT, will use
Eagleware’s Genesys design software
to bring high-end wireless microphones
and headsets to the communication
and entertainment industries. Genesys
RF synthesis, simulation and layout
software enables Sennheiser to respond
rapidly to customer demands by reduc-
ing time-to-market.

Philips Semiconductors joins
Flarion Technologies’ flash-OFDM
Alliance Program — Philips Semi-
conductors, San Jose, announces that it
has joined with wireless infrastructure
companies to support Flarion Technolo-
gies’, Bedminster, NJ, flash-OFDM
Alliance program. As application-spe-
cific integrated circuit (ASIC) supplier
for the Flarion flash-OFDM technology,
Philips will design and manufacture
ASICs that support sustained mobile
data rates as high as 3Mby/s.

Site provides
802.11 source

With the initiation of 802.11 Planet, a Wi-Fi focused
trade show, in June 2001, INT Media Group als
launched an 802.11-focused Web site of the same name.

802.11 Planet offers a source for 802.11 business and
technology information, featuring news, insights,
reviews, tutorials on subjects such as security and
interference issues, discussions, events and a glossary.

Information on the 802.11 Planet trade show and
expo is detailed and show registration is available
online as well.

The site also offers archived information and links to
several other Internet.com sites, including ThinkMobile
and Wireless Authority.

Visitors to the site may also subscribe to the 802.11
Planet weekly newsletter, among others offered for var-
ious technological interests.

www.80211-planet.com

Your network performance
and profitability are at stake.

You need a precise, affordable, stable, small, dependable oscillator
with multiple output frequencies and broad operating temperatures.

Discover Rubidium . . .

Think X72!

Our X72" provides vital timing for 2G, 2.5G
and 3G wireless networks. The low tempera-
ture coefficient and excellent frequency stabil-
ity extend holdover performance when GPS
signals are not available for 48 hours. And if
you can't get to your base station immediately
after an equipment failure, X72 provides at
least 2 days of precise, stable timing!

A wide range of output frequencies and character-
istics are available to meet the needs of any net-
work environment. X72 can be disciplined to a pre-
cision 1 PPS reference input such as GPS, and it
can operate by itself as a precision stand-alone
reference. X72's standard outputs include 1 PPS.

—
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Introducing the New
Medium Power High Dynamic Range FETs

Medium power
High dynamic range
Low cost

Excellent OIP3

or Wireless Applications

© G110 Low Cost $.99/10k Up to 3 GHz
" A.l)  High Linearity, Up to 3 GHz

(©1 Medium Power FET
Vi in a Low Cost Package

wdJ High Dynamic Range FETs W] Communications’ new series of FETs combines low noise, high
Product | Frequency 1P3 P1dB NF

(MHz) | (dBm) | (dBm) | (dB) dynamic range, and up to 18 dB of gain. WJ’s FETs are ideal for

FP101_ 50-3000 3 % 20 receiver and transmitter applications. Call our toll free number, fax us
FF:F11 338032830 gg 2 ;i at 408-577-6620 or e-mail us at sales@wj.com. Data sheets are available
& 101 | 50-3000 % 18 14 in PDF download files by visiting our web site at www.wj.com.

The Communications Edge™

isi he web Y iTA=
S 1-800-WI-4401 B icaions

Distributed In U.S.A. by Nu-Horizons Electronics: 888-747-6846; Richardson Electronics: 800-737-6937.
in Europe call WJ: +44-1747-860187 or your local Distributors: Richardson Electronics-Worldwide: Telephone: (800) 737-6937 Web Site: www.rfpowernet.com/wj.asp.
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RF EMC/RFI

Analyzing abrupt

microstrip transitions

Discontinuities in
transmission lines or device
terminations are prime
candidates for mismatch errors
and EMC/RFI emissions.
Understanding how they affect
amplifier design saves money
and headaches.

By Barney Arntz

lass AB power amplifiers and devices operating

in the cellular and PCS bands (up to 2.2 GHz)
are usually fabricated on Teflon-based materials
having a board thickness of 20 to 60 mils and a
dielectric permitivity of 2.2 to 6.

The power devices themselves are large, occupy-
ing a good portion of a wavelength, with drain leads
about 1/2" wide. Output impedances for bipolar and
LDMOS devices in the 10 to 125 W region usually
display one to four Ohms real, with an equal
amount of imaginary, impedance. Given those typi-
cal constraints, the matching networks at 2 GHz
are almost always based on one or more low-imped-

Figure 1. One- anditwo-hop designs for the drain match.

22

ance transformer lines, often with a Z, below 10Q.
These transformers are only a quarter-wavelength
long if the output impedance of the device is real,
which is virtually never the case. Rather, they are
somewhat shorter than a quarter wave, and often

www.rfdesign.com

much wider than they are long. Further, they have
very large steps in width before they get to a 50Q
line. These extreme discontinuities present prob-
lems when analyzing the circuits with a Smith
chart and cascaded, “pure” transmission-line
approach. Pure means that the lines are modeled as
distributed two-port networks with a real Z.

The circuit

Analyzing a typical circuit with both a pure
transmission line method and an electromagnetic
(EM) method shows that work with the above-men-
tioned approach is prone to extreme errors — to the
point of not being useful. The EM method takes
into account the end effects and transitions such as
capacitive fringing and the current funneling from
a wide to a narrow line. Because the device imped-
ances (more specifically, the optimum conjugate
matches for the device) are calculated with the
actual geometry using deembedding, a much closer
match can be made with the EM method.

Limitations of a typical circuit

Figure 1 shows a matching network for a device
whose optimum load impedance is 2 — j4Q at 2.14
GHz. The optimum load impedance would normally
be determined from a load pull measurement, con-
sidering tradeoffs such as efficiency, intermodula-
tion performance, peak power and others deemed
critical®. Generally, the measurement would be
done with a given modulation type at the maximum
expected operating power. For this example, it can
be said (carefully) that the device has an output
impedance that is equal to 2 + j4Q, with the follow-
ing understanding:

® The real device is highly nonlinear, not only
over the RF cycle, but also over the envelope cycle.
Furthermore, just defining impedance becomes diffi-
cult, to say nothing of measuring it.

o If it were possible to measure the output imped-
ance under power conditions by applying a high
level of RF power to the device and looking at the
reflected signal, that impedance would be a complex
function of the power. And it would be quite differ-
ent from the conjugate of the optimum load under
modulated conditions.

Having said that, the “device output impedance,”
called a phantom impedance, is mapped on a Smith
chart or into an EM simulator as if it were a linear
parameter. This practice allows the design of a
matching network which is by definition optimum —
and it can be done in either direction relative to the
signal flow. That is, looking into the input of the
matching network and loading the output of the
matching network with 502, or looking into the out-
put of the device (using the phantom impedance) and
working backwards to arrive at 50€Q. This “lineariza-
tion” of the problem fully takes into account the non-
linear load line characteristics of the device. These
issues are discussed thoroughly in the literature!.

Figures 1 and 2 show the physical arrangement
of the circuit and two electrical models with the
pure transmission line method (only the “one-hop”
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DC-6GHz

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

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

oVAT MODELS $11.95¢ea.(qty.7-9)

DESIGNER'S KITS AVAILABLE

K1-VAT: 1of Ea. VAT-3, -6, -10, -20, -30 (5 total) $49.95

K2-VAT: 1of Ea.VAT1, -2, -3, -4, -5, -6, -7, -8, -9,-10 (10 total) $99.95
K3-VAT: 20f Ea. VAT-3, -6, -10 (6 total) $59.95

Q%
ITTENUATORS 7

Models Attenuation* (dB)
SMA-M/F BNC-M/F

Flatness VSWR {:1)

DC-6GHz DC-2GHz Nominal Midband Typ.  Midband Typ
VAT-1 HAT-1 11 0.20 0.1 1.10 1.2
VAT-2 HAT-2 2 2 0.20 0.10 1.20 1.2
VAT-3 HAT-3 33 0.15 0.1 1.15 11
VAT-4 HAT-4 4 4 0.15 0.08 1.15 11
VAT-5 HAT-5 5 6 0.10 0.06 1.15 11
VAT-6 HAT-6 6 6 ). ) 115 11
VAT-7 HAT-7 77 0.10 0.05 1.15 11
VAT-8 HAT-8 8 8 )10 0.04 1.20 11
VAT-9 HAT-9 9 9 0.10 0. 115 11
VAT-10 HAT-10 10 10 0.20 0.03 120 11
VAT-12 HAT-12 12 12 0.10 0.05 1.20 11
VAT-15 HAT-15 15 15 0.30 0.05 140 11
VAT-20 HAT-20 20 20 0.75 0.18 120 11
VAT-30 HAT-30 30 30 0.30 0.38 115 11

Power: 0.5W at 70°C ambrent.
* Attenwation varies by +0.3dB max. (VAT}, £0.2dB max. (HAT } over temperature.

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

K1-HAT: 10of Ea. HAT-3, -6, -10, -20. -30 (5 total) $48.95
K2-HAT: 10f Ea. HAT-1,-2, 3,-4, -5, -6, -7, -8, -9,-10 (10 total) $<
K3-HAT: 2 of Ea. HAT-3, -6, -10 (6 total) $58.95

[ JMini-Circuits
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P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
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design is shown in its physical form).
For the one-hop design, a 9Q line
length of 65° is required to do the
match. For the two-hop design, a cas-
cade of a 5.7Q2 line and a 35Q line is
used. The two-hop design has some-
what better bandwidth because it
remains in a tighter pattern in the
Smith chart, staying within the lower
Q “footballs” (not shown). This is true
whether the reactive part of the device
is fixed (in ohms) over the frequency
band or whether it is modeled with an
inductor, fixed in henries over the
band. Despite the better bandwidth,
however, the two-hop design is often
not used. This is mainly because it is
considerably larger than the one-hop
design (142° compared to 65°), and

234 One hop design

2+34
9 ohms
65 degrees

2-j4 Two hop design
L
— — —
5.72 ohms 35.4 ohms
52.9 degrees 90 degrees

Figure 2. Electrical models for the match.

because it requires a lower impedance
line (5.7Q2 compared to 9Q). A lower
impedance line is synonymous with a
wider line, which not only takes up
more space, but also increases the pos-
sibility of moding issues and unequal
current distribution across the width of
the output tab, discussed below. For
this article, a single-hop design is used
for the analysis.

Figure 3 shows an EM simulation of
the current flow for a generalized
matching network having a large
width-to-length ratio, and also having a
large step to the 50Q. Four phases of
the RF cycle are shown, roughly 90°
apart. Note that current flows in oppo-
site directions at the same time in the
same conductor, emphasizing the
space-time nature of transmission line
designs. For Figure 3, the cell size was
increased by a factor of four (to eight),
relative to those used for impedance
analysis, for visual clarity with limited
picture sizes. This did not markedly
change the current distribution, despite
of the fact that the 502 line is only one

24

Figure 3. Current flow in the matching transformer at four phases. The relative line length of the arrows

shows the current density.

cell wide (using simulation software
from Applied Wave Research).

Port 1 is 500 mils wide, on the left.
The transformer is 1080 mils wide.
Deembedding is done by extending the
port into the board by a few board
thicknesses to remove the effects of the
boundaries. The deembedding delin-
eation is not shown for clarity.

Issues that arise

*The current distribution along the
width of the line at port 1 (the device
package) is not uniform (largely due
to the step in the line from 500 to
1080 mils).

¢ The current must neck down from
the 1080-mil-wide line to 40 mils. A
good deal of current is in the form of an
excess standing wave, as evidenced by
current flowing diagonally back and
forth from the device to the two outer
corners (see the arrow). The excess
standing wave is what is above the nor-
mal standing wave, which results from
the basic impedance transformation, as
shown by a pure transmission line
analysis. In a three-dimensional circuit
(sometimes called 2.5D) such as this,
these are the equivalent of open stubs
attached to the main line, which
increase the VSWR. The excess stand-
ing wave has a large effect on the
impedance, as will be shown (also, the
losses go up considerably).

www.rfdesign.com

In lumped-element LC circuits, the
term “circulating current” is used to
describe current that is neither present
at the input or output, but circulates
between the L and the C, having values
many times that of the port currents.
In this respect, that effect is somewhat
analogous to the transmission line net-
work analyzed here’.

* How wide can the transformer be
and still act as a transmission line with
the signal propagating in the desired
direction? What effect is there if there
are signals traveling perpendicular to
the main signal flow, with the outside
edges of the line acting as open stubs
that are perpendicular to the desired
flow? This question is of particular con-
cern if the width of the line is more
than a quarter wavelength, as it is in
the examples. Simple transmission line
theory starts out with the assumption
that the conductor widths and spacing
are small in relation to the
wavelength?. However, larger widths
can be worked with, especially if the
board thickness is small in relation to
the wavelength. Finally, it should be
remembered that the length of the
transformer is less than a quarter
wavelength.

The wide step in the literature

Much work has been done on the
case of wide steps in microstrip
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WORLD’S LOWEST POWER 3V,
10-BIT 80Msps ADC DELIVERS

73dBc SFDR

New 10-Bit 40Msps/60Msps/80Msps/105Msps ADCs are Ideal for
Portable Imaging and Communications
¢ 59dB SNR @ fyy = 20MHz

¢ 2.7V to 3.3V Operation

1

LOWEST POWER!
SAVE 32% T0 122% WITH MAXIM!
m Ve o | ¢ Tiny 5Smm x 5Smm TQFP Package
) ¢ On-Chip Internal/External Reference
M‘_ e }GUMsps ¢ Shutdown (<5pA @ 3V)
¢ Pin-Compatible 40Msps, 60Msps, 80Msps
and 105Msps Versions (MAX1444-MAX1449)
‘ ¢ Difterential Input T/H with 400MHz FPBW

m*— 122% ——» }BoMm
10 150 20 20 3
¢ Priced at $5.85"
HIGHEST PERFORMANCE!

50
POWER (mW)
MAX1448

0 [73dBc SFOR @ 39MHz iy

¢ -
W10, a8 _ |
e N SMALLEST = o
- . PACKAGE = «
s i
1 x 58 120 | | 1 | | o
0 5 10 15 2 25 30 3B 40 85
ANALOG INPUT FREQUENCY (MHz)
: w ANAWY i i i i 2001 EDITION!
mwemw aoeayig|  FREE High-Speed ADC/DAC Design Guide—Sent Within 24 Hours! . **7 O0ON  iaoc
e includes: Reply Cards for Free Samples and Data Sheets e
§dg 4 CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
w=== 6:00 a.m. - 6:00 p.m. Pacific Time
/4 ‘
atn O W /1 XN /W1
..... - www.maxim-ic.com
MAX W/ B DALLAS _
_E_E!_Eg_t—fﬁ = F ,\m S r'E
[ 1)/ 1 =ML =—AVNET
ARROW ELECTRONICS, INC. =—... electronics marketi
1-888-MAXIM-IC 1-800-777-2776 1-800-332-8638
Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194
INFO/CARD 61

MAXIMN i



bt

I

\_

Figure 4. Circuit analyzed in the Literature.

lines. Reference 3 summarizes some
of this work.

The circuit of Figure 4 shows what is
analyzed in the references and shows
the lumped-element equivalent model
for the transition. In 3, results for the
excess capacitance (which apparently is
from the fringing of the electric field)
are given in the form of graphs, one for
a dielectric permitivity ¢, of 2.3 and one
for an ¢, of 9.6. The work of several ana-
lysts is included over limited regions of
operation. The graphs are normalized
to the board height h, and include
results for W1/h of up to 10:1.

Measurements of the excess capaci-
tance have also been done!, although
reference 3 notes that there are not
enough data to check against more
recent calculations. Closed-form
expressions for the excess capacitance
have been given by®, which do not show
the capacitance per se but rather the
effective line length extension of W1
(extended in the direction of the main
current flow), which would result in the
proper correction.

Others® have calculated the series
inductance shown in Figure 3. The
results are summarized in 3, in the
form of graphs, with comparison to
measurements. As with the excess
capacitance, the graphs are normalized
to the board height A2, and cover the
range of W,/h up to 6:1, for
various®Wyh.

First, the total inductance is calculat-
ed, then it is split up between L, and L,
in proportion to the impedances of the
two line sections. The excess inductance
effectively reduces the length of the wide
part of the line, in contrast to what the
excess capacitance does. For the range of
examples analyzed in this paper, the
inductive effect dominates, and the over-
all effect of the transition is that the wide
part of the line appears shorter electri-
cally than it is physically. However, cau-
tion must be used in simplifying the
problem to a line-length adjustment.

Overall, the data for calculating the
excess capacitance and inductance are
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Figure 5. Real part of the input impedance to a wide transmission line that has an abrupt transition to 50Q2.

sketchy and cover a limited range. For
the examples here (see Figure 3), the
step ratio to the 50Q portion of the line
is roughly 25:1 and is beyond the limits
of the graphs in 3. If gross extrapola-
tion (3:1 or more) is attempted from the
graphs, in addition to some interpola-
tion (because the excess capacitance is
only given for two different permitivi-
ties ¢,), values of 240 pH and 0.275 pF

are realized at 2 GHz. When inserted
into a pure transmission line model,
these lumped elements are small, and
the results do not come close to what
the EM analysis shows.

EM analysis vs. simple analysis
The software is used to calculate the

impedances and the current distribu-

tion for a range of output matching net-
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Figure 6. Imaginary part of the Input Impedance to a wide line that has an abrupt transition to 50Q (see

text for arithmetic sign).
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?igTJr.e 7. Method it;r.calculatlng the current distri-
bution at the input port.

works, for cases where the frequency is
2140 MHz and the board material is
R6006 with a permitivity er of 6.15.
The board thickness is 0.025 inches
and the microstrip dimensions are var-
ied. Once the problem is set up, chang-
ing the dimensions and recomputing
takes only seconds.

The cell dimensions were 20 x 20
mils for the impedance analysis, 40 x
40 for the current distribution pictures
{which show relative current values),
and 10 x 40 mils for calculating the cur-
rent distribution across the width of
the input port. For the latter, a four-cell
(40 mil) finger was moved across the
width, and this finger was assigned a
separate port in parallel with the rest
of the input port.

Figures 5 and 6 show the results of
calculations for the EM analysis and
for the pure transmission-line analysis,
for some single-hop matching networks.
Normalization of a problem such as
this with so many variables is difficult
at best. Only a single frequency, board
height and permitivity are shown.

Doing a normalization would be use-
ful if taken to the point of nomographs
or closed-form expressions. But as seen
in the literature, even a single step of
3:1 is difficult to reduce to normalized
results. Adding to the difficulty of doing
a normalization for this problem is the
fact that the currents are not laminar
and the line lengths going away from
the wide step are not infinite (as is ref-
erenced in the literature), but rather
shorter than the line width itself. Thus,
individual problems should be analyzed
with the software.

The line widths and lengths in the
figures cover networks that are in the
general region of about 0.5 to 20Q real
and 1 to 20Q imaginary, at the input of
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Figure 8. Current distribution across device output tab for a 180-mil-long line.

the network. The matching networks
(i.e. wide transformer) are less than 90°
in length L, and are terminated in 50€,
making them capacitive at their inputs.
This is required to complete the conju-
gate match for devices that have induc-
tive (positive imaginary) phantom out-
put impedances, which is virtually all
power devices in this frequency region.

Figure 6 shows the negated imagi-
nary part of the input impedance so
that it could be plotted on a log axis.

Current distribution

Figure 7 shows how the current dis-
tribution across the input to the match-
ing network was calculated. The input
port is divided into three units and put
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Figure 9. Current distribution across the device output tab for a 300-mil-tong line.
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Figure 10. Current distribution when the line width and device tab are equal.

electrically in parallel. The port is dri-
ven with a constant voltage source (in
general, the convention for EM soft-
ware is to drive a port with uniform
voltage across its width and let the cur-
rent fall out). Because the current is
not uniform across the width, it could
almost be said that the impedance of
the port is not uniform. However, the
current at the various points is highly
dependent on that of its neighbors, so
there is no independence and the con-
cept of a nonuniform impedance cannot
exist. The overall port impedance is cal-
culated the normal way: voltage divid-
ed by the total current.

The second port (i,) is a four-cell
wide finger that is moved away from
the centerline by an amount d, and
the three currents are measured. Four
cells widths were used rather than
just one or two to avoid any issues of
quantization error. In the simulation,
small resistors were put in series with
each ammeter (not shown) to avoid
potential singularity issues (non con-
vergence), although that may not be
necessary. The source was +33 dBm
with an impedance of 0.01C, essential-
ly making it a voltage source®. Port 2
is loaded with 50Q.

Figures 8 and 9 show the resulting
current distribution for two line lengths
L and for four widths W,. It can be seen
that the current approaches a large
value at the edges of the transformer
(the current at the extreme edge is not
plotted because no matter how small
the cells are, there is a quantization
issue at the last couple of cells). For
widths much more than 800 mils, sig-
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nificant current nonuniformity exists,
especially for the case where L is 300
mils. In one sense, it would seem that
there would be less of a nonuniformity
problem with the longer line because
the current has more space to spread
out and narrow down again. However,
the large currents at the edges are due
to the moding (resonance along an axis
other than the desired signal flow)
described above, where the current cir-
culates back and forth across a diago-
nal line towards the outer corners.

Also note in Figure 8 the strange
nonmonotonicity of the current for the
case of the widest line. This was tested
for trueness by changing many parame-
ters; it’s a real phenomenon, and this
reiterates the need to analyze specific
problems with an EM method. Figures
8 and 9 have the same scaling on the
vertical axis for comparison purposes.

When the current distribution at the
actual die of a power device is to be con-
sidered, the bond wires have to be
added into the analysis, as well as a
part of the device lead that extends into
the package. Although not shown here,
adding these additional parts of the cir-
cuit to the analysis showed that the
current is more evenly distributed than
it is at the device package.

Finally, Figure 10 shows the current
distribution when the transformer
width is the same as the device tab (500
mils in this case). The line is long
enough so that the current funneling
effects at the transition to 502 are not
felt at the device (Port 1). This type of
matching network is typical of what
might be used in a load pull system.

www.rfdesign.com

The effects of the transition from wide
to narrow are subtracted out in a TRL
or other calibration, so the line length of
the wide part is not particularly critical.
So, the current at both ports is evenly
distributed and laminar. This circuit,
however, is not matched to 50Q. Its pur-
pose is to get the impedance that the
network analyzer sees somewhat closer
to 502 (for example 20<2), compared to
the device itself (in the few ohm region).

Conclusions

Many of the high-power matching
networks that are implemented on
microstrip are done without full consid-
eration of the effects of the step discon-
tinuities, which include the effects of
alternate or inadvertent (e.g. diagonal)
moding, current funneling from wide
widths into a narrow 50 line and
uneven current distribution across the
tab of the output device. These issues
arise when, among other things, the
matching transformers are significant-
ly shorter in length than they are in
width, and when the line width is a sig-
nificant portion of the wavelength.

It has been shown that a Smith chart
design approach to such networks in
the 2 GHz region with typical geome-
tries is completely inadequate and can
result in errors in impedance of 3:1
without much difficulty, relative to
what might be measured by the vendor
using a load-pull system.

The load-pull measurement would
normally have equal current distribu-
tion across the device tab, flowing out
in a more or less laminar fashion. This
is because the matching network has a
line width equal to that of the tab.

Microstrip matching lines that are
wider than the device tab have an effec-
tive change in width after the launch,
perhaps by factors of 1.5: or 2:1. An
uneven distribution can show up at the
device die, reducing its P1dB point. A
more extensive EM analysis, one that
would include the bonding wires inside
the device, would show the extent of
that problem.

A single-hop match from the device
impedance right to 50Q, with one
transformer, has not only the advan-
tage of shorter length, but has a maxi-
mum line width that is less than that of
a two-hop design. The reduced width is
of critical importance for the range of
problems analyzed here, even at the
expense of reduced bandwidth.

It has also been shown that closed-
form expressions and/or nomographs are
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Unique inductive
feedback LNA design

In first-stage, low-noise amplifiers,
optimum noise and optimum return
loss performance are often
compromised by impedance
matching. This load impedance
mismatching and inductive
feedback design offers some relief.

By David VanStone

First-stage, low-noise amplifier (LNA) designs
often require both low-noise and low-input volt-
age-standing-wave ratios (VSWR). Unfortunately,
the source reflection coefficient required for an
input conjugate match (I'y) and the source reflec-
tion coefficient required for minimum noise (I'ypr)

Figure 1. A plot of the input impedance of the simulated amplifier and the source-reflec-
tion coefficient required for an input conjugate match.

are rarely equal. As a result, the designer is faced
with having to find a compromise input match that
sacrifices both optimum noise and optimum input
return-loss performance.

34 www.rfdesign.com

However, for most field-effect transistors (FETSs)
and bipolar junction transistors (BJTs), there is a
combination of source inductance and load reflec-
tion coefficient that will produce I'gpr — 'y coinci-
dence. Under this condition, an amplifier can be
designed that exhibits minimum noise and mini-
mum reflected power at the input.

But this desirable condition extracts a price by pre-
senting a poor match at the output and achieving
lower power gain. However, the designer can trans-
form the load into reflection coefficients somewhere
between those producing optimum noise figure and
those producing a simultaneous conjugate match and,
thereby, achieve an acceptable compromise between
noise figure, gain and output return loss. This article
will discuss how combining a series inductive feed-
back with a unique, load-reflection coefficient can pro-
duce an amplifier with improved noise figure and
input-matching performance compared to that pro-
duced by traditional design techniques.

The use of either emitter or source inductance
feedback to increase the input resistance and
increase the k-factor of a bipolar or field-effect tran-
sistor is well documented. Refer to references 1 to 3
for thorough theoretical and practical coverage of
this technique. However, for convenience, a cursory
review of theory and practice follows.

Background: series inductive feedback

A small amount of inductance, in series with the
emitter or source, has three predominant effects:

* Increased input resistance

¢ Increased in-band k-factor (increased in-band

stability)

¢ Decreased gain

Secondary effects include changes to input reac-
tance and small shifts to ['gpr. Typically, the induc-
tance is inserted by grounding the transistor
through a short length of transmission line. The
inductive reactance of the stubs is usually no
greater than 10Q2 and line lengths are typically 0.1”
or less with characteristic impedances of 50Q or
greater. This kind of lossless feedback (assuming an
ideal inductor) has no effect on the minimum noise
figure of the device. Because it increases input
resistance, source inductance usually moves the
reflection coefficient required for an input conjugate
match closer to [ypr.

To illustrate the effects of source inductance, a
pseudomorphic, high-electron-mobility transistor
(PHEMT) amplifier (using an advanced Curtis qua-
dratic model) was simulated with different amounts
of source inductance. Figure 1 plots the input
impedance (points 2 through 6) and the source
reflection coefficient required for an input conjugate
match (T, points 7 through 10) as a function of
source inductance. Constant-noise figure circles are
also plotted; the 0.43 dB noise figure circle is
labeled N, and the minimum noise figure (Fy,y ) is
0.42 dB. As the source trace length increases, corre-
sponding to increased source inductance, I'y moves
closer to [gpp (located at the center of circle N,).

As the source inductance is increased, the k-factor
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Inductor length (inches) | Inductance (nH) y I's for simultaneous conjugate match | Noise figure circle
(Z, = 50Q)
0.0 0 point 2 no match point, k< 1 n/a
0.025 0.22 point 3 point 7 NS5, 1.2dB ;
0.05 0.44 point 4 point 8 N4,0.72 dB l
0.075 0.66 point 5 point 9 N3, 0.58 dB
0.100 0.88 point 6 point 10 N2, 0.52 dB

Data table for Figur; 1.

at higher frequencies eventually falls
below 1. This effect limits the amount of
source inductance that can safely be
used. In Figure 2, the k-factor of the
simulated amplifier is plotted for source
inductance values of 0 nH to 0.44 nH.

1204

Josin

freq, GHz

Figure 2. K-factor plot; for source inductance val-
ues of 0 to 0.44 nH. Inductor lengths vary from 0
to 100 mils in 25 mil steps.

Design Example 1

An LNA was designed for the 1710
MHz to 1785 MHz band with both ports
matched (simultaneous conjugate
match). In order to produce a k-factor of
1 or greater at all frequencies, a source
inductance value of 0.25 nH was used
together with a 51€ resistor at the out-
put, grounded through a quarter-wave
shorted-stub at 1745 MHz (see Figure
3). The simulation yielded the following
results at midband:

Gain: 18.3 dB

Input return loss: 27 dB

Output return loss: 23.1 dB

Noise figure: 0.91 dB

Stability: unconditional at all

frequencies

The amplifier has respectable perfor-
mance, but the noise figure is nearly 0.5
dB greater than Fy,y, which is 0.42 dB.
A technique for achieving both mini-
mum noise figure and high-input return
loss is developed in the next section.

Background: load impedance tuning

The basis of the technique is the
interaction between the load reflection
coefficient and the input reflection coef-
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ficient of an amplifier. This relationship
is expressed in the following equation:

S,fﬁllrl

v =8n+
1-8.T

(D

If a value of I';, can be found that will
make 'y = Mgpr, or equivalently I'y =
Fopr, then a minimum noise-figure
match and a conjugate match can be
obtained simulitaneously. (Recall that
'y = I'n*.) For some sets of S parame-
ters, no value of I}, < 1 exists that will
produce this condition. In these cases,
the S parameters can be modified by
using an appropriate amount of series-
inductive feedback. A value of I'_ that is
< 1 can usually be found using S para-
meters of a transistor that has been
stabilized using source inductance.

A MATLAB program was written
that will find the load-reflection coeffi-
cient (if one exists) that will make I'y =
Fopr for a given set of S-parameters.
The program is listed in Appendix A
(see page 82).

Before running the MATLAB pro-
gram, it may be best to determine how
much source inductance, if any, is
required to produce 'y = I'gpr. This can
be determined by mapping the I'| plane
onto the 'y plane. Mapping capability
is included in most simulation pro-
grams, but a simple mapping program
can be readily written. It should map
the unit circle of the I'; plane (I from 1
£0° to 1 £ 360°) to the 'y plane using
equation 1 and the S- parameters for
the amplifier configuration under study.
The image of the unit circle will usually
be a smaller circle on the I'y plane. This
circle, which may extend beyond the
perimeters of the conventional Smith
chart, must enclose 'yp* for the condi-
tion Iy = Fopr to occur with a passive
load impedance, I'; < 1. Figure 4 shows
plots of four I';-to-I'y mappings using
values of source inductance from 0 to
0.44 nH. For the PHEMT device under
study, a source inductance of at least

www.rfdesign.com

Figure 3. (a) K-factor plot of stabilized PHEMT
amplifier and (b) basic stabilized amplifier topology.

0.1 nH is required to produce I'y = lypr
withal, <1.

Design example 2

The second design example will use
the MATLAB program to help design
an LNA with a minimum noise figure
match and minimum reflected power at
the input (conjugate match).

The same PHEMT is used as in the
first example, with the same amount of
source inductance and the same stabi-
lizing network at the output. The S
parameters of this network are found
using the simulation program. These
parameters, along with the value for
Topr, are input to the MATLAB pro-
gram. The program then finds a value
for I'), of 0.34 £ - 143°. When this load
impedance is presented to the output of
the amplifier, I'y will be equal to 0.27 £
116°, which is 'y for this device at
this frequency.

Impedance-transforming networks
were designed and the amplifier was
simulated. The simulation yielded the
following results at midband:

Gain: 16.5dB
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a conjugate input match (I, ).

. [ G, 4 SnSal: ] .
1-Sel:

As the load reflection coefficient
moves from point 1 to point 2, gain
and output return loss will improve as
noise figure degrades. By trial-and-
error, a I, will eventually be found
that produces an acceptable compro-

mise between gain, noise figure and
output return loss.

Design example 3

An amplifier was designed using this
technique, again using the same
PHEMT with the same amount of
source inductance and the stabilizing
network as in the first two examples.
The load-reflection coefficient that pro-
duces gpy — Iy coincidence and the
load-reflection coefficient for a simulta-
neous conjugate match are plotted as
shown in Figure 4. A load-reflection
coefficient of 0.21 £ 102° (point 3 on
Fig. 5) was eventually tried that, by

Figure 4. Unit circles mapped from the I'_ plane to the I'y, plane.

Input return loss: 30.3 dB

Output return loss: 6.6 dB

Noise figure: 0.51 dB

Stability: unconditional at all

frequencies

When we compare these results to
those of the first example, we note the
following changes to the amplifier’s
performance:

1.8 dB reduction in gain

0.4 dB improvement in noise figure

Output return loss degraded by

>16dB

The design trades off gain and output
return loss for improved noise-figure
performance. If the insertion-loss of the
input noise-matching network is kept
low by using low-loss components, this
technique allows the designer to attain
an amplifier noise figure close to F,;,.

If the sacrifice of gain and output
match using this technique is unaccept-
able, a “compromise” between the mini-
mum noise technique and the simulta-
neous-match technique can be found.
This involves plotting both the load-
reflection coefficient required for a
simultaneous conjugate match and the
load-reflection coefficient required for
Fopr — 'y coincidence on the same
Smith chart. A straight line (see Figure
4) connects the two points.

Now, pick a value for I', along this
line and, using equation 2, find the
source-reflection coefficient required for

38

using equation 2, yielded a I’y of 0.46 £

el BN

1
\f
Y

——

80

Figure 5. Point 1 is the load-reflection coefficient that produces Iy, - I, coincidence. Point 2 is the load-
reflection coefficient for a simultaneous conjugate match. I', (point 3) is a compromise load-reflection
coefficient, 0.21 £ 102°.
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143°. The simulation yielded the follow-
ing results at midband:

Gain: 17.9 dB

Input return loss: 23 dB

Output return loss: 11.6 dB

Noise figure: 0.66 dB

Stability: unconditional at all

frequencies

Compared to Example 1, there is

only 0.3 dB lower gain and a 3 dB dif-

ference in input return loss. The output
return loss of 11.6 dB was deemed by
the author as an acceptable compro-
mise in obtaining a noise figure of 0.66
dB, an improvement of 0.25 dB over
Example 1.

Conclusion
This article has presented a method
for obtaining the optimum noise figure

40

3

/ \
J\ wireless connectivity

I\;ml;urs MOST INTEGRATED LOW-POWER

)(E‘IEOE

PR —

Zero IF P OwChip Fllters ! ey Blt -Synchroniser ‘w
FSK I
REINL “A M Demodulater ' UL A\ DCLE

K Coritral
Controt ~< BUS

J
and |nterface
Programmable Clock J Logic
Mgmt

Synthesiser \ lN

L L2 o)

Checi OUT

KEMICS latratuces (ts latest sher! runge transceiver B2 XE1202. With Its highly lategreted architecture, the
XE1202 s uptimised for system cost: your complete RF iront-snd requires only @ lew Jow cast ealeraai
companests On chip propremmabie basebasd Mitees ollew lor beth wide band o mrrow band operatien, lop
optimisad data throwshyu! and recepfion sessitivity of ol tmes. The wnigue Bl Synchroniser recovers he dat
clock 8t reception and pormils dats transfer ol (he full hpougbpul rate wilhog! [he need tor baseband codiy

Data Rates Output Pwr Filter RX Current TX Current Sapply Voltage

48kbps  Gapm 10KHz
Q-BKPS  iseBm  20KM:z
19.2k005 LingEm  40KHz

38.4kbps
76.8kbps +15d8m 200kHz

33mA@ +5dBm

12mA Jora @ +15qam 27V ~ 3.6V

INFO/CARD 73

www.rfdesign.com

WRH

from an amplifying device while also
achieving an excellent input match.
The method requires a good computer
simulation program, a Smith chart and
the simple MATLAB program written
by the author. This technique will find
an application anytime a designer
needs to squeeze out the last bit of
noise performance from a transistor
amplifier that is preceded by a device
requiring a good termination.
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The changing
landscape of RF
and fiber optics

A preview of what technologies,
techniques and materials
tomorrow’s wireless designer will
need to support frequencies

well into the EHF spectrum.

By Dwight Streit

he explosion of broadband and wireless

telecommunications is driving a move to the
use of ever-higher frequencies and operating
speeds. In the wired world, OEMs are racing to
develop the next generation of fiber optic (FO)
equipment that will operate at 40 Gb/s and provide
the infrastructure for bringing the cost-effective
bandwidth needed for streaming video, full-duplex
video conferencing and other multimedia applica-
tions. In the wireless arena, broadband systems
have been operating in the Ka band (20 to 30 GHz)
frequencies and higher. Now V and W bands (60
GHz and beyond), previously the sole domain of
military communications applications, are emerg-
ing as commercial alternatives.

INngs3Ga g7 AS

10 15
Electric Field (kV/cm)

Figure 1 Electron velocity as a function of electric field for Si, GaAs, and InP materials.
The InP material family offers the highest mobility for both low and high fields.
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The wider bandwidths and demanding require-
ments on jitter, delivered voltage and power dissi-
pation of these new circuits create a challenging
design environment for RF designers. Ultimate

www.rfdesign.com

solutions will require the designer to understand
and use a number of new technologies and tech-
niques, including new material systems such as
Indium phosphide (InP) and silicon-germanium
(SiGe), higher levels of circuit integration and new
packaging and testing regimens. Perhaps most
importantly, designers will need to understand the
strong interaction among material choice, chip
design, and packaging effects and their combined
impact on overall product performance.

RF performance challenges facing the designers of
tomorrow’s high-speed circuits are beyond the capa-
bilities of silicon, the most commonly used semicon-
ductor material in today’s communications applica-
tions. Next-generation devices will most likely be
based on a range of compound semiconductor materi-
als, among them SiGe, gallium arsenide (GaAs), and
InP. Each material system offers advantages and
disadvantages to the RF device designer.

First up - SiGe

SiGe is a silicon derivative in which a SiGe alloy
is used to improve carrier transport in the base of
standard silicon bipolar transistors. This lowers the
base resistance and improves the base transit time
of the transistor. And it ultimately improves the
frequency performance when compared to standard
stlicon devices of the same geometry. Therefore,
much of the circuit complexity and fabrication cost
structure of silicon can be extended to higher fre-
quency components. SiGe achieves high frequency
performance by feature size reduction, increasing
internal fields and current density, and significant-
ly lowering breakdown voltage. As a result, SiGe
operating voltages are typically limited to 1 VDC or
less for applications above 30 GHz - a challenge for
any RF system designer.

It is a particularly serious limitation for opto-
electronic interfaces such as modulator drivers
where voltages in excess of 5 VDC are required to
drive even moderate lithium niobate modulators.

And, while improvements in process technology
continue to shrink SiGe transistor geometries and
raise their cutoff frequency (f;) specifications, there
appear to be fundamental physical limitations as
to how far this technology can be extended.
Current SiGe processes limit effective operating
frequencies somewhere in the range of 30 to 40
GHz, a problem for 40 Gb/s transmission systems
using RZ modulation or forward error-correction
(FEC) bandwidth overhead.

Let’'s move on to GaAs

With an effective electron mass a fraction of that
of silicon, GaAs devices offer inherently better
transport properties. In real-world devices, GaAs
devices have achieved speeds of better than 100
GHz. While silicon offers the advantages of minia-
ture devices, GaAs can operate at microwave fre-
quencies that are far above the f; for silicon.

GaAs heterojunction bipolar transistors (HBTs)
are the standard for power amplifiers in today’s
cell phones, while GaAs high-electron mobility
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transistors (HEMTs) are the standard
for Ka-band power amplifiers in cellu-
lar infrastructures.

Rounding out the offerings — InP

InP devices offer advantages over
GaAs for many applications and have
achieved device speeds well beyond 300
GHz. The InP-based materials system
consists of InP and alloys of InGaAs
and InAlAs lattice matched to the InP
substrate. Using these materials,
different layers of the device structure
can be optimized for particular perfor-
mance parameters — a key enabler for
higher performance devices.

As shown in Figure 1, InGaAs lattice
matched to InP is used to improve low
field transport due to its small electron
effective mass. Although InP has a
somewhat higher electron effective
mass, its conduction band structure
provides higher electron velocities at
much higher fields compared to GaAs
and InGaAs. As a consequence, using
InP in high field regions of the device
profile can significantly improve device
performance.

One of the critical design parameters
for HBTs in GaAs and InP is turn-on
voltage (see Figure 2). The 0.67 eV
bandgap of InGaAs base in InP HBTs
offers inherently lower turn-on voltage
specifications than equivalent GaAs

Turn-On Voltage

< 102 i

o

o r InP 0.67V

o r

& HBT

3 [

5}

3 r GaAs
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S [

1010 i " i i "
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Base-Emitter Voltage Vbe (V)

Figure 2. InP’s lower turn-on voltage offers
advantages to the RF designer.

devices. Such low turn-on voltages allow
for increased efficiency of operation for
power amplifiers, which helps lower
power dissipation. While not critical for
fiber optic applications, lower turn-on
also lowers the battery voltage require-
ments (hence, extends the operating
time) for handheld wireless applications.

In terms of breakdown voltage, both
GaAs and InP have significant advan-
tages over SiGe (see Figure 3). GaAs
can have a 10 to 12 VDC breakdown
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Figure 3. InP has significantly higher breakdown vol_tage as a function of cutoff frequency than either

GaAs or SiGe.

voltage at cutoff frequencies below 50
GHz. This has been an ideal character-
istic for power amplifiers and high-
speed digital circuits used in today’s RF
systems and products, but more leeway
will be required for tomorrow’s devices.
An InP HBT with a single base-emitter
heterojunction offers slightly better
breakdown characteristics. But an InP
double heterojunction HBT with an InP
collector achieves the highest break-
down specifications for any bipolar tran-
sistor technology for cutoff frequencies
in excess of 160 GHz. This characteris-
tic will be a key performance enabler in
advanced high-efficiency amplifiers, as
well as microwave and digital circuits
for fiber-optic applications.

Finally, InP is the only semiconduc-
tor material system for optical compo-
nents that detect or emit light at the
1.3 to 1.5 micron wavelength character-
istic of most telecommunications fiber
optic systems. As a result, InP HBTs
can be constructed with integral PIN
photodiodes, lasers and modulators.
This property will ultimately facilitate
the fabrication of monolithic single-
chip, FO subsystems (such as receivers
or transceivers) to power the fiber back-
bone at 40 or even 80 Gb/s. Because
assembly and packaging typically com-
prise 60 to 80% of the cost of current
semiconductor optoelectronic devices,
monolithic transceivers offer the possi-
bility of substantial cost reduction for
tomorrow’s high-speed infrastructure.

Circuit and component integration

Twenty-first- century RF designers
are working to build a complete 40 Gb/s
OE receiver — including a photodiode,
a transimpedance amplifier (TIA) and a

www.rfdesign.com

limiting amplifier — on a single chip
using InP. In effect, they are being
challenged to employ all the rules of
millimeterwave design while wearing
the hat of an analog designer.
Ultimately, this will involve forward-
thinking testing methodology and pack-
aging strategy so that customers are
provided with features that make the
module assembly and testing easier.
But such circuit integration also
requires the designer to be skilled in
analog, digital and mixed-signal tech-
niques. Modulation of the signal onto
the optical carrier in a FO application
is inherently analog in nature, with an
analog signal being converted from dig-
ital at the transmitter and back to digi-
tal at the receiver. As a consequence,
RF components are on both sides of the
link that requires mixed signal design.
The laser or modulator driver must
take low-level signals and linearly
amplify them with minimal distortion.
The photoreceiver generally uses a lim-
iting amplifier to “square up” the
received analog signal before it is hand-
ed off to a clock and data recovery chip.
InP is particularly well-suited for these
mixed-signal applications because of its
high breakdown voltage, bandwidth
and transistor threshold uniformity.
Optical front-end components will
require 3 dB bandwidths approaching
48 GHz, noise density of less than 12
pA/(Hz)"?, and output voltages of 0.5
VDC peak-to-peak. For modulator dri-
vers, the specifications are even more
stringent, and include bandwidths of
greater than 48 GHz, output voltages
greater than 3V peak-to-peak, and rise
times of less than 7 ps. To round out
the challenges, in some configurations
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only one voltage supply is provided and
DC power is severely restricted.

New InP designs and solutions
The performance challenges facing

designers of advanced fiber optic cir-

cuits for operation at 40 Gb/s and

Figure 4. New processing techniques reduce par-
asitic capacitance and extend cutoff frequency.

above are significant. The impact of
parasitic capacitance on the overall
electrical impedance within the cir-
cuits at these operating frequencies
can significantly affect overall device
performance and efficiency.

For instance, reducing the parasitic
capacitance of the base-collector junction
in an InP HBT can significantly increase
the cutoff frequency (f;) of the transistor
and improve high-speed digital perfor-
mance. To address this, a technique was
developed for minimizing this capaci-
tance. This technique uses undercut
etch techniques to essentially create a
cantilevered base profile that is uniform
across the entire device and wafer (see
Figure 4). Increasing the undercut actu-
ally increases f; by as much as 30 GHz
in a device originally designed with a
cutoff frequency of 165 GHz.

The ripple effect

New circuits for power amplification
face similar challenges. Here, providing
higher bandwidth is directly linked to
delivering outstanding linearity and
improved noise-rejection characteris-
tics. Using the improved turn-on char-
acteristics offered by an InP HBT with
a specially tailored InP collector has
already provided a device for
microwave applications with an f; of 80
GHz or better at 70kA/cm? with B, >
18 VDC. This is far beyond the capabil-
ities of available GaAs devices and
more than sufficient for Ka-band power
amplifier applications.

New circuits for implementing on-
chip photo-detectors are also becoming
available for FO applications. For
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example, a typical design would inte-
grate an InP SHBT with an InGaAs
collector to serve as a PIN diode with a
wideband InP HBT distributed tran-
simpedance amplifier. This offers an
attractive trade-off between perfor-
mance and packaging challenges as
well as a lower cost solution for 40 Gb/s
fiber optic applications (see Figures 5
and 6). Such a monolithic photoreceiver
provides a bandwidth of 47 GHz with a
38 dB-Q transimpedance.

Packaging

Packaging of the new generation of
high-speed devices can become a chal-
lenge both in terms of power dissipa-
tion of the die and additional parasitics
introduced by lead frames and inter-
connects. In general, the designer must
pay careful attention to package layout
to reduce chip interconnect inductance
and control package-induced reso-
nances. Thermal management, particu-
larly in packages that contain optical
components, is a significant design con-
straint as well.

Figure 5. A 40 Gb/s integrated InP SHBT photore-
ceiver die.

InP devices are much more efficient
than their GaAs equivalents and exhib-
it a smaller die size for similar power
ratings. The improved efficiency does
reduce the total thermal load, but
because of the smaller die size, the
packaging designer still must frequent-
ly deal with significant thermal fluxes
through the footprint of the chip.
Compounding this problem is the fact
that smaller feature size for InP func-
tions leads designers down the path of
integrating more functions on a single
die, which can increase thermal dissi-
pation problems.
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More challenging than thermal man-
agement is the RF performance of the
packaged part. Skill in electromagnetic
modeling simulation software is
mandatory for optimizing performance
because of the interaction of the pack-
age, chips and chip interconnects.

For example, to optimize high-speed
interconnects, inductive parasitics
must be minimized. This is addressed
by minimizing the length of the inter-
connect (a layout problem) and sizing
the interconnect appropriately.
Multiple wire bonds or ribbon bonds
are used because a larger surface area
reduces inductance.

Capacitive compensation structures
may also be added near the bonds to
further reduce inductance. This all
must be accomplished in a package
that accommodates low-cost assembly
techniques while eliminating or con-
trolling cavity modes that can mar the
performance of an otherwise great die.

Furthermore, while reducing inter-
connect inductance and package cavity
modes drives designers to smaller sizes,
these are not the only factor for consid-
eration.

In wideband and RF amplifier cir-
cuits, it becomes essential to decouple
the device from the power used to drive
it. Standard on-chip capacitors are not
large enough to meet the requirements
at the low-frequency (kHz) end of the
frequency band, so the use of a discrete,
wideband blocking capacitor is desired
between amplifier gain stages. A simi-
lar blocking capacitor is combined with
an inductor to create a “T,” which is
used for DC inputs.

Present practice calls for using a dis-
crete “bias T” at each DC input, which
is both size- and cost-prohibitive. Here,
the designer has to develop techniques
that incorporate this decoupling circuit
within the package to make advanced
component solutions more economically
viable (see Figure 7).

Circuit testing

Testing of monolithic microwave
integrated circuits (MMICs) operating
at their highest limits of performance
poses unique challenges to RF design-
ers and requires that designers work
closely with test engineers. Today, com-
mercially available instruments are
Jjust becoming available to handle cir-
cuits switching at 40 GHz, and the rise
and fall times embodied in many InP
devices are often faster than that of the
test equipment. To directly measure
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rise and fall times, one needs test equipment with rise and
fall times at least four times faster than the device under test
to measure the actual rise/fall with negligible test equipment
contribution. This implies one would need test equipment
with 2 ps rise/fall times to test devices that achieve 8 ps
rise/fall times.

One useful technique in testing advanced devices compares
the resultant waveforms with the original stimuli and, in
effect, backs out the measurement to confirm proper opera-
tion. This process of backing out the value via the root sum
square (DRSS) is currently the easiest way to approximate
the rise/fall times in the time domain. Such an environment
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Figure 7. Inductors required for high-speed components are often the driver
in package sizing. Shown is a modulator driver die next to a conical inductor.

is not unlike that found when analyzing several filters operat-
ing in series. It presents accurate results of device operation,
particularly as experience grows.

In addition to rise/fall times, jitter is an issue at 40 GHz
where a resolution of 1 ps RMS is equivalent to 6 ps peak-to-
peak (6 sigma), which is more than 20% of the bit period. This
Jitter error, introduced by the test instrument, must be com-
pensated for to obtain the true measured jitter of the device
under test.

Conclusion

As 21° century technology develops, the interaction
between the market pull for new applications and the tech-
nology push of new materials and capabilities is somewhat
like the old railroad handcar, with the RF designer at the ful-
crum between the two handles. RF designers must respond to
both the customer-driven requirements for performance and
the host of technology-driven choices in processes and materi-
als available to meet those requirements, meshing them
smoothly if the handcar is to advance.

RF
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RF design software

Designing an
RFICCMOS

upconversion mixer

Software to help the engineer design
and implement a CMOS mixer

on an RFIC platform —
issues, tradeoffs and solutions.

By Stephen Long

Designing a mixer to work within a radio fre-
quency integrated circuit (RFIC) is challeng-
ing. Differing performance specifications must be
prioritized based on the application. Some specifica-
tions are for receive applications with a wide range
of input signal levels where maximum linearity
under large signal conditions is often more critical
than the noise figure.

On the other hand, for transmit applications
where the signal levels can be controlled, the design
strategy shifts to tradeoffs between noise and inter-
modulation distortion (IMD) behavior to achieve
the largest useable dynamic range.

In this discussion, a transmit mixer is used to
illustrate many of the tasks required to design a
quality RFIC. The application is an upconversion
mixer intended for a base station transmitter power
amplifier section (Figure 1). The design is based on
a Gilbert-cell, metal-oxide semiconductor field-

IF,,, = 200 MHz

LO =1.6 GHz

RF,,=1.8GHz Driver Amplifier

Figure 1.The upconversion mixer for the base-station transmitter power

amplifier application.
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effect transistor (MOSFET), double-balanced differ-
ential mixer with an input IF signal centered at
200 MHz and an output of 1.8 GHz. The example
uses 0.35 mm MOSFETs with a default device-
model parameter set. For other applications, the
appropriate verified model would be substituted.

In this example, the intrinsic mixer performance
was evaluated. The design was then modified to
improve conversion gain and image rejection by

www.rfdesign.com

tuning the mixer output. Finally, a differential-to-
single-ended converter was added to provide the
proper interface to an off-chip bandpass filter.

The Gilbert cell mixer

Figure 2 shows a MOSFET version of the device.
The lower FET differential pair serves as a
transconductance amplifier, while the upper FETs
provide a fully balanced, phase-reversing current
switch. A DC bias generator (not shown) keeps the
MOSFETS in their active region.

The large signal-handling capability of the mixer
depends mainly on the linearity of the transconduc-
tance amplifier. This is measured by determining
the maximum input voltage, V 4, that causes a 1
dB compression in the conversion gain (in some
cases, use power, P ;). The maximum linear input
voltage range can be increased by increasing the
values of the source-degeneration resistors (Rg).
Additionally, source inductance can also provide
beneficial degeneration, but only with a low-input
IF frequency of 200 MHz. In such a case, however,
the required inductance values would be too large
for RFIC implementation and resistors must be
used, even though they add noise.

The load resistors could also cause gain compres-
sion if the voltage swing at the drains is large
enough to cause the output to clip under large-sig-
nal drive conditions. The double-balanced design
rejects IF and LO feedthrough to the output (as
long as the output is taken differentially) because
the LO component at the output is a common-mode
signal and the RF output is differential.

Design sequence

A mixer used for base station transmit applica-
tions requires high linearity and low noise to mini-
mize the amount of spurious power spread into
adjacent channels. The performance of this example
mixer was optimized in the following sequence:

1. Determination of LO amplitude. The mixer
commutating switch must be fully activated, as
excess distortion can be produced with a weak-con-
ducting or slowly activated switch. The conversion
transducer gain and 1 dB gain compression input
level were used to determine when the LO voltage
was sufficient.

2. Evaluation of the influence of source and
drain resistance on the 1 dB compression level, giv-
ing insight into the principal mechanisms that
limit linearity.

3. Determination of how the added noise of the
mixer affects the minimum signal level, thus limit-
ing dynamic range. This is necessary to evaluate the
tradeoffs between noise, gain and gain compression.

4. Evaluation of how the two-tone, third-order
IMD power and the noise figure affect the mixer
dynamic range relative to the input voltage. Because
the designer has control over the input voltage in
transmit applications, the optimum dynamic range
— the mixer’s “sweet spot” for best performance —
must be determined. If a fixed signal level is speci-
fied, the mixer must be designed to provide the best
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Figure 2. The MOSFET Gilbert-cell active double-
balanced mixer.

dynamic range at that signal level.

5. Finally, testing the mixer under a
realistic signal input, such as a CDMA
source, to emulate a multicarrier envi-
ronment. This is a more severe test than
the two-tone IMD. It is also much more
time consuming to simulate because a
large number of symbols must be used
for accurate results.

Once the basic resistively loaded
Gilbert cell mixer was characterized, two
modifications were used to improve per-
formance. First, the mixer drain nodes
were tuned with inductors and a capaci-
tor for resonance at the output frequency.
This improves conversion gain if induc-
tors with reasonable Q can be fabricated.
It also decreases the amplitude of the
undesired output image signal because of
its bandpass transfer function. The image
must be removed anyway, and its pres-
ence can only degrade the distortion of
the output stage by increasing the peak
voltage present at its input.

The other change was to convert the
differential signal to single-ended.
Because the output of the mixer must be
filtered off-chip with a surface acoustic
wave (SAW) filter before further amplifi-
cation, a single-ended output is more
efficient. The circuit must have good
common-mode rejection to suppress LO
feedthrough and good linearity so that it
doesn’t degrade dynamic range.

Determining LO voltage

Once the topology was established, the
first step in designing this mixer was to
determine a suitable LO voltage. The LO
level should provide a reasonable com-
promise between conversion gain and
LO power but should not limit the 1 dB
gain-compression input voltage. The
MOSFETs forming the commutating
switch (upper level) must be driven hard
enough to present a low series resistance
to the load. An LO power sweep and an
N dB gain compression analysis can be
used to evaluate the dependence of gain
compression on the LO drive.
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Figure 3. Differential mixer simulation setup.

The simulation setup for the initial
mixer design is shown in Figure 3. For
simplicity, the mixer is implemented as
a sub-network. As such, the mixer itself
can be replaced or modified as neces-
sary throughout the design process
while maintaining the basic simulation
setup. Mixer parameters are accessible
outside the sub-network and are passed
to the mixer design for analysis. In this
example, drain voltage (Vy;,), drain
resistance (R}), current-source control
width (Wesp), transconductance and
switch MOSFET widths (W, and W,),
source-degeneration resistance (Ry), and
source-degeneration inductance (Lg) are
all available for parameter sweeps.

The simulations showed that the
input power at which gain compresses
by 1 dB (P,43) does not have a strong
dependence on LO voltage, but conver-
sion gain does depend somewhat on LO
voltage (Figure 4). As more gate voltage
is applied to the upper pair of

Conversion Gain (dB)

j ] D

754

ain

Up_ComvGain

80—

T

i
=

LO Power, dBm

MOSFETSs, their series resistance
becomes lower relative to the drain
resistance and, thus, the conversion
gain is higher. A conversion loss wors-
ened at the higher output RF frequency
of 1.8 GHz, but this could be improved
by tuning the RF output of the mixer.

Gain compression evaluation

Next, gain compression was evaluated.
The 1 dB gain compression input power
and input voltage were found for a range
of swept parameters. For this example,
we wanted to know the influence of Rg
and R;, on V 4. The Rg sweep used an Ry,
of 100€2, and the R, sweep set used an Ry
of 30Q. Conversion gain was measured at
the 1 dB compressed level.

Vias, rather than P 4, is used as the
input signal level parameter. In an
RFIC mixer, where the input might not
be matched to a source impedance, the
input voltage is a more important metric
of gain compression than the input
power because available power assumes
a conjugate match between source and
load. Also, in a multisignal environment,
the peak input voltage can be quite large
at the instant in time when all signals
add in phase. It is this peak voltage that
determines the distortion limits of the
mixer. For example, two-tone IMD sim-
ulations predicted a 1 dB compression
power that was 6 dB lower than predict-

LO Power LO voltage 1.0 dB gain compression | Conversion
dBm @LO freq | input power level (dBm) gain
0.000 0.589/-22.529 -6.825 -9.721
2.000 0.743/-21.791 -6.891 -9.305
4.000 0.938 / -21.168 -6.924 -8.993
6.000 1.182/-20.657 -6.957 -8.753

Figure 4. Simulations showing the effects of LO voltage on the input power at which gain compresses by

1 dB, and conversion gain.
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Figure 5. The effects of input voltage on dynamic range.

ed by single-tone simulations because
the peak voltage was twice as high for
the same power per tone.

It is also noteworthy that the conver-
sion power gain varies inversely with the
value of RD. In the simulation, the exter-
nal load resistance was set to 2R, so that
the output power (power absorbed by the
load) was also the available output
power, P, =V, ./R;. The voltage gain
would be expected to follow R,/R, but
increased less rapidly than anticipated,
probably due to the output RC time-con-
stant bandwidth limitations.

Determining noise tradeoffs

The next step was to evaluate how
DC bias current (I_bias) and source
resistance affect the mixer noise figure.
The mixer’s single-sideband noise fig-
ure (SSB NF) was simulated as a func-
tion of DC bias current through the
Gilbert cell (mixer core). The DC cur-
rent was varied by sweeping the width
of the PMOS current source (W) and
the mixer current mirror width (W)
using a parameter sweep.

The SSB NF was appropriate
because only one input frequency was
applied to the mixer, but wideband
noise at the image frequency and from
LO harmonics was included in the sig-
nal-to-noise calculation. The simulation
showed that the NF was reduced with
increasing I_bias, but reached a point
of diminishing returns. Thus, a width
of 50 um for the current source was
selected as a compromise between
power and noise.

The SSB NF was also found to
strongly depend on the source resis-
tance. This was expected because the
thermal noise contributed by the resis-
tor is directly in the input voltage loop
of the differential pair. Thus, there
needs to be a tradeoff between V5 and
NF to obtain the largest dynamic range
of the mixer.

The carrier-to-noise ratio limits the
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dynamic range at low input signal
power levels. The noise power for a
minimum detectable signal (S/N = 1)
depends on both NF and the noise
bandwidth. This bandwidth is normally
set by an external SAW filter between
the mixer and the driver amplifier. The
filter is also required to reject the out-
put difference (F,, — F,) image fre-
quency at 1.4 GHz.

The conversion gain (or loss in this
case) may also increase the noise figure
because the drain resistor’s thermal
noise is input-referred through the
gain. If the design goals require it, a
tuned output should be investigated to
eliminate some of this noise.

At higher input signal levels, the
dynamic range of the mixer is limited
by distortion. The third-order IMD
products are the most damaging
because they show up in-band and can-
not be rejected by the filter. A two-tone,
third-order IMD simulation with an RF
power sweep was used to display the
carrier-to-IMD power ratio. The IMD
power present in the output increases
at three times the rate of increase of
input power. Thus, the difference
between output power and IMD power
shrinks with increasing input.

Dynamic range vs. input voltage

Determining the effect of input volt-
age on dynamic range required the out-
put from two simulations: IMD RF
power sweep and the SSB NF (see
Figure 5). The dynamic range is con-
trolled by the least of these two condi-
tions (see Table 1):

Rs [Da(dB) | V. (V) |NF(dB)
(differential)

10 | 57.7 0.017 6.5

20 | 57.3 0.025 8

30 | 564 0.031 9.2

40 | 56.0 0.039 10.3

Table 1. Dynamic range vs. input voltage.

www.rfdesign.com

Figure 6. The differential amplifier stage used to
the differential output to single-ended.

* DR =P,,, (dBm)— MDS (dBm) (noise-
limited for low input levels).

e DR =P, (dBm)- P, (dBm) (distor-
tion-limited for higher input levels).

The dynamic range peak depends on
the noise bandwidth. For narrower
bandwidths, the noise floor drops and
the peak Dy increases but shifts to
lower differential input voltage.

Because of the base-station applica-
tion, where the transmitter should be
capable of covering an entire frequen-
cy band, a 30 MHz noise bandwidth
was chosen.

Tuning mixer drain nodes

The low conversion gain of the resis-
tively loaded mixer caused higher
noise due to the drain resistors. By
resonating the output at 1.8 GHz, the
conversion gain was increased and the
gain at the image (1.4 GHz) was
reduced. A comparison between the
resistively loaded case and the tuned
case showed an increase in conversion
gain of about 3.5 dB.

To find the resonant frequency of a
specific design, perform an RF frequen-
cy sweep. From that, it is possible to
calculate how much capacitance is con-
tributed by the drain-to-substrate junc-
tion and absorb it into the resonator.

Gain reduction due to inductor Q
In bulk silicon processes, on-chip
inductor Q is limited by metal losses
and substrate conduction. An ordinary
digital IC process produces low Q in
spiral inductors. CMOS or BiCMOS
RFIC processes can achieve higher Q
inductors by using thicker dielectrics
and thicker metal. Q values in the
range of 5 to 15 are typical.
Unfortunately, for realistic unloaded
inductor Q values on the order of 5, the
benefits of tuned output are diminished.
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Figure 7. Noise figure and conversion gain contours.

The conversion gain is improved by
about 4 dB, but the noise figure is
improved by only 0.5 dB. A tuned output
would be of greater benefit on a CMOS
RF analog, silicon-on-insulator (SOI), or
gallium-arsenide (GaAs) process, where
higher Q values can be obtained.

Differential-to-S-E conversion

The next step in the design was to
convert the RF output from differential
to single-ended with an active balun.
Rather than taking one output from the
mixer, this conversion is required to
maintain a differential output, which is

ENTER OUR

necessary for rejection of LO
feedthrough. A single-ended output is
sufficient to drive the SAW filter that is
needed between the mixer output and
the driver stage. Although passive
baluns can be made for 1.8 GHz fre-
quency devices, placing an active balun
on-chip provides cost and size benefits.
The differential amplifier stage
shown in Figure 6 converts the differen-
tial output of the tuned mixer to a sin-
gle-ended output. The gate capacitances
of the differential-to-single-ended
(D2SE) stage can be absorbed into the
resonator at the mixer drain nodes.

WORLD OF

Figure 8. A single-ended mixer modified to evaluate the designed mixer.

Also, the D2SE stage must be designed
so that it does not dominate the IMD
generation of the mixer. R. D2SE can
be adjusted to set the V,,, level.

The output driver can use an off-chip
load resistance with an open-drain out-
put connection, as suggested by Figure
6. The load resistance would then be
determined either by the filter imped-
ance or by a transmission line imped-
ance. which would then dictate the bias
current for the D2SE converter stage.
The device widths must also be chosen
so that they can handle the necessary
drain current and provide adequate
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Figure 9. The dynamic range peak at 57.5 dB is obtained at a input level of 14 mV.

voltage gain. The addition of a source
follower to the output is another option.

Design evaluation

For the initial design evaluation, it
was easier to measure the differential
output so that tradeoffs and compar-
isons could be made between the dif-
ferential tuned mixer and the mixer
with an output buffer. Once the

design was complete, the mixer could
then be evaluated in a single-ended
configuration.

The SSB NF simulation was per-
formed again with parameter sweeps
for Rg and R,,,. Figure 7 shows that
there is little noise sensitivity to R, 4;
however, it strongly affects the conver-
sion gain. Rg affects both NF and con-
version gain as well as the carrier-to-

m1
ot Va(OR.V. RF)=57.531 — - )
ot_vs(DR, =567.
oW plol_vs(OR, V_RF)

o 56- IMD ratio vs. IF input voltage. The
A 54 mixer TOI/IMD simulation was per-
o ] formed again for an Rg of 10, 20, and
2 52- [ NINF=7.9 30Q. The dynamic range slowly
g 50 improves for smaller Rg, but is depen-

o { Il BW=3e7 dent on the noise bandwidth.
‘E 48‘_ To speed up the process, a stock
S 464 schematic intended for evaluation of
5 44 single-ended mixers was copied from
] the menu and modified as shown in
424+ e YT T T T T Figure 8. The tuned mixer with the
O OO0 OO O OO0 O O0OOo0O O OoOOoO D2SE output stage was then inserted
O B S I OIS I R I from the component library. Unused
ON B O® © ON & O ® O N & O inputs were terminated, the input was
RF input voltage grounded and the output terminated in
a large resistance. To obtain a differen-

tial LO, a transformer and source were
copied from a differential test schemat-
ic and pasted into this schematic. An
active LO single-ended-to-differential
stage could also be designed and added
to the mixer.

Again, NF and IMD vs. RF power
sweeps were performed for a range of
RS values from 10 to 309Q2. This was
combined to determine dynamic range,
plotted in Figure 9. An R of 10Q pro-
duced the best result: a peak dynamic
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Keithley Instruments announces
a 400-page, full-color 2002 test and
measurement products catalog. The
catalog provides engineers with
detailed information and specifica-
tions for Keithley’s electronic test
and measurement instrumentation
and data acquisition hardware and
software. Keithley’s product offering
includes digital multimeters, switch
and measure systems, switch and
control products, broadband signal
routing systems, power sources,
SourceMeter instruments, optoelec-
tronic test solutions, semiconductor
systems, low current/high resistance
products, low voltage/low resistance
products, and PCI/ISA plug-in
boards. Product selection guides and
updated page design will help engi-
neers find products in the catalog
quickly. The 2002 catalog features
more than 30 new products, includ-
ing a high-speed picoammeter, the
Model 6485. and the Model 2750
multimeter/switch system for multi-
point measurement and control. For
semiconductor applications, there
are two new single-insertion DC/RF
parametric test systems.
Keithley Instruments
www.ketihley.com
product_info@keithley.com

Databook lists reed relays,

sensors, switches

Meder Electronic offers a compre-
hensive, 290-page catalog that
describes a wide range of reed
relays, sensors and switches. along
with numerous application exam-
ples. The Meder Reed Relavs, Reed
Sensors and Reed Switches Catalog
is a primer describing how these
products operate and how they are
designed to solve everyday problems
in a range of industries. Featuring a
product selection guide. this data-
book includes complete technical
specifications and offers numerous
application examples illustrating
the benefits of this technology.
Describing applications ranging
from household appliances to auto-
motive sensors, computer peripher-
als, medical instrumentation,
telecommunications, flow control,
security systems, automatic test
equipment, and toys, the 90-page
Meder Reed Relavs, Reed Sensors
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and Reed Switches Catalog also
includes a line of products for high-
voltage switching applications.
Meder Electronic
www.meder.com

sales@meder.com

Brochure describes
quick-turn capabilities
Tech-Etch’s latest brochure
explains how photoetching enables
rapid turnaround for both proto-

types and full production runs of

flexible circuits for telecommunica-
tions, medical and computer applica-
tions. It describes the company’s
specialized photochemical outlining
process which yields production
quality flexible circuits to specifica-
tion. Photoetching produces an edge
completely free of slivers. nicks and
burrs, while allowing windowed
leads and back side access. The color
brochure describes Tech-Etch’s
capabilities for multilayer, fine-line
and adhesiveless flex circuits, in
addition to beryllium copper conduc-
tors, cantilevered leads and .004"
diameter microvia processing for
higher density two-laver circuits.
Selective plating enables different
attachment methods on the same
circuit. PowerFlex is offered when
circuits require up to .020” thick
copper in high current applications.
Complete ordering information is
also provided.

Tech Etch

www.tech-etch.com

CD-ROM product catalog

features RF cable assemblies
Semflex announces a new product
catalog on its RF and high-perfor-
mance cable assembly products in
CD-ROM format for use on PC plat-
forms. The CD-ROM catalog pre-
sents detailed performance charac-
teristics, schematics and photos and
includes a program for designing
custom cable assemblies for the
user's specific application.
Semflex
www.Semflex.com
customer.service@semflex.com

www.rfdesign.com

PCB site goes live for
learning, collaboration

Cadence Design Systems
announces specctraquest.com,
a new online community for
printed circuit board (PCB) engi-
neers and designers to learn
more about — and collaborate on
— high-speed design issues. Top-
ics such as constraint develop-
ment, simulation, modeling,
power delivery system design,
constraint-driven placement and
routing, and achieving signal
integrity are covered. Experts
and novices can benefit from
technical content provided by
Cadence engineers, partners and
community members. Open dis-
cussion boards encourage mem-
bers to share problems and solu-
tions to their real-time,

high-speed design challenges,
which are discussed in an open
and collaborative environment.
Cadence Design Systems
www.specctraquest.com

Web site offers
enhanced support

Unitive introduces its new
corporate Web site with
enhanced customer support and
service functionalities. The new
site, which can be found at
www.unitive.com, enables
customers and prospects to send
their request for proposal (RFP)
and design questionnaires online
resulting in quicker responses.
The site also features enhanced
product and technical informa-
tion. It also contains download-
able design guidelines and new
white and technical papers on
topics such as wafer-level pack-
aging and electroplating.
Unitive
www.unitive.com
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Use GrooveTube® for your ATE or VNA:

For Consistent Measurements. Every Time, All The Time.
The Best Phase and Amplitude Stability. Period.
Save Money Over OEM Test Cables.

'MegaPhase’ Series |

DC - 4 GHz
DC - 8 GHz
DC - 18 GHz
'DC- 26 GHz

DC - 40 GHz

DC - 50 GHz _
Max. Frequency
Inner Conductor
Dielectric

Finished Outer
Diameter

Ruggedization
Outer jacket
Bend Radius

Flexibility Rating -
Highest = 5.0

VNA High
Performance
Test Cable
\‘IN“Serie_s ‘ I
VN4
't 57 3
VN8 i
VN18
s |
VN40

VN50 |

0.625 in.
15.88 mm

Metal Braid over

Metal Armor
PET Braid |
1.5in
38.1 mm

4.0

MegaRED™
Bench Test
Cable
TM Series |

™4
™S
™18
™26
T TM40
TMS0
50 GHz
Solid
Solid PTFE

GrooveTube  Test Cable Products

SightLine™
Field & Prod.
Test Cable
SL Series

SL4
SL8

sLis |

SL26

e

SL50

per GrooveTube™ by M

0.285 in.
7.24 mm 1

Metal Braid
Polyolefin 5
0.5in
12.7 mm

4.5

"~ 0.500in.
12.70 mm
Metal Braid over
Metal Armor

Superflex
Low Loss Test
Cable
. n—
1 SF Series
_ SF4
Sk <
SF18
SE26

265GHz
Stranded

| PTFETape

e

I 0.285 in.

s .7',24 mm

Metal Braid

7Ncoprqng I~ " ‘Pplg/ofgfi

1.5in
38.1 mm

4.0

0.5in.

5.0

For data on the full line of MegaPhase® products:
MegaPhase.com
1-877-MegaPhase / 570-424-8400
GrooveTube@MegaPhase.com

Typical Phase vs. Flexure

Recovery

|

Movement (")

Movement

30 40
Frequency (GHz)

Fle

Recovery
——

p————

Movement (dB)

Movement

30 40
Frequency (GHz)

Repeatable & Consistent Measurements:
GrooveTube' is a super-flexible copper outer
conductor that maintains its geometry - flex-
ure after flexure. GrooveTube” doesn’t cage,
kink and fatigue like traditional braid/foil outer
conductors. As a result calibrations won't
degrade over time.

Superior Phase & Amplitude
Stability to 50 GHz:
GrooveTube" outer conductor is the industry’s
best phase & amplitude performance vs. flex-
ure. When flexed, the inner
conductor stays dead center.

Cost Savings vs. OEM

Test Cables:

Save your budget dollars -
GrooveTube” test cables
feature the lowest cost per
measurement: fewer
calibrations, longer life and
less procurement. MegaPhase"
rugged test cables feature
precision connectors, I1SO-level
quality, and fast deliveries.

Broadband Probe
Station Adapter

MEGAPHASE " Testing, Connecting, and Enabling Electronic Systems from DC-50 GHz.
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RF product of the month

HicH IP3 LNAS

Mini-Circuits has expanded its blue cell technology to allow the use of 90°
splitters to enhance the performance of its medium-power amplifiers. The
integration of this blue cell technology offers balanced amplifier configura-
tions with significant performance advantages when compared to single-
ended designs. Both input and output return loss are improved due to reflec-
tion canceling in the hybrid couplers. Amplifier design stability is also more
predictable because each active device is terminated in a 50 load. Output
power and third-order intercept performance are twice that of a single-device
amplifier. And, if one-half of a balanced amplifier fails, it will still operate
with a gain reduction of about 6 dB. The amplifier consists of two identical
gain stages in each half, preceded by a splitter and followed by a combin-
er. All four active devices are biased by a linear voltage regulator to
provide the best possible operating stability over the +6 to 17 VDC
input voltage. The splitter/combiners are the QBA series of blue cell
technology, low-temperature co-fired ceramic (LTCC) two-way 90°
quadrature hybrids. These LTCC hybrids are the key to

enabling features such as low insertion loss and excellent

phase and amplitude balance that make a high-performance
balanced amplifier possible. The ZRL amplifiers are housed in
milled 6061-T6 aluminum housings for structural integrity and heat
sinking. The housing is yellow irridite coated to Mil-C-5541 class 3
specifications. SMA connectors are used for the input/output ports with a pin
type feed-through capacitor with ground post for the DC input. Four holes on
the bottom flange allow easy mounting of the amplifier to any surface. High
dynamic range amplifiers need to simultaneously provide low noise perfor-
mance and high output power. The noise figures and output compression
performance of these devices are achieved by implementing blue

-

EDITORS' CHOICE

VAL T semes e cuoeR TT cell LTCC technology. Noise figures in the 2 dB range, coupled with

10 68m OUTPUT, 1 401z SPACING the +25 dBm output compression level, result in excellent dynamic

—n —A s —o e range. Determining the spurious-free dynamic range at a given out-

5 put power is one of the better ways to judge the performance of any

: | AR L amplifier. It depends on a combina-

.| = s T AT Com tion of parameters that more accu-

P S e e N 2 rately reflect amplifier performance

bl o) [ e :zé e SRy need.ed ?n current and future com-
"™ omom ows e W o i / munications.

» Mini-Circuits

ns

www.minicircuits.com

Ultra-high IP3 low-noise
amplifiers for
200 MHz to 2.6 GHz
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250-2300MHz High IP3

Low Noise Amplifiers

Realize high 46dBm (typ) IP3 performance
with low noise figure down to 2.0dB (typ),
flat response, and excellent 21dB (typ)
in/out return loss using Mini-Circuits
ZRL coaxial amplifiers. Blue Cel™ LTCC
technology provides the excellent phase
and amplitude balance necessary to make
this high performance 250 to 2300MHz
balanced amplifier series possible.

ZFBTFT

PBTC From

$25.95 ea.
Oty 1-9
Your Bias-Tee On Demand
Solve your connection problems at a price
you can afford using Mini-Circuits surface
mount, plug-in, and coaxial bias-tees.
Choose from a selection of broadband
off-the-shelf models within the 100kHz to
6GHz range with low insertion loss and
good isolation, or contact our applications
department where your custom needs
are always welcomed with our fast and
knowledgeable response.

FEATURED PRODUCT

DC-2000MHz Adapter-Attenuators

Type-SMA/BNC and Type-N/BNC 3, 6, and
10dB adapter-attenuators from Mini-Circuits
save time, money, and space by minimizing
hardware in DC to 2000MHz applications.
Usable to 4GHz, these wideband 50 ohm
devices feature improved interface matching
with excellent +0.1dB (typ) flatness, 1.1:1 (typ)
VSWR, and rugged unibody construction.
8 different connector configurations available.

Small SM Splitters Cover 1-500MHz
These miniature 3, 4, 5, and 6way-0° ADPS
patent pending power splitters measure
only .435"x.400"x.215" (max.} and use
technologically advanced Blue Cell™ ceramic
base construction to provide repeatable,
temperature stable performance within
1-500MHz. Broadband models cover your
aircraft communication and VHF/UHF-TV
needs with high isolation and good in&out
port matching VSWR.

From
$7495¢ea
Qty. 1-9

500-5000MHz 284Way Splitters

Super broad bandwidth 284 way 50 ohm
splitters from Mini-Circuits cover just
about alt your needs in the 500-5000MHz
frequency range. Although super
broadband, these units provide high
22dB (typ) isolation, low 0.9dB (typ)
insertion loss, and can handle up to 10W
input power. These 2way (ZN2PD2-50) and
4way (ZN4PD1-50) splitters are a must for
your lab and production set-up needs.

From
$1195¢a
Qty. 1-9

75 Ohm BNC Precision Attenuators

Here's an unbeatable combination;
Precision 6, 10, 15, and 20dB attenuators,
excellent 0.1dB (typ) flatness to 2000MHz,
and a super low price! Mini-Circuits 75
ohm HAT series delivers this price and
performance milestone for cable TV,
instrumentation, and DS3 signal use.
Additionally, these inexpensive precision
attenuators provide excelflent 1.05:1 (typ)
VSWR, rugged unibody construction,
and usability to 4000MHz.

oy — - 4 80 81
[ Mini-Circuits o

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

ISO 9001 CERTIFIED
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RF product focus — software

Coventor upgrades Architect
MEMS design software

Coventor has upgraded its Architect software to version
2001.3. It is available as a tool for MEMS device designers and
developers in the optical, RF and biotechnical industries.
CoventorWare 2001.3 includes, all within Architect: three new

behavioral models — triangle plates,
CoventorWare' triangle electrodes, and four point
stops for designing mirrors, switch-
es, and other devices; new rectangu-
lar-plate behavioral model with
stress and stress gradient; active
valve behavioral model for top-down
design of microfluidic devices; beam
behavioral model that supports
buckling and stress gradients; elec-
tro-mechanical behavioral models that support three mechani-
cal layers; meshing of angled sidewall structures and biasing
mesh along different directions, allowing more robust analysis;
faster (up to 500x) and more accurate squeeze film and slide
damping analysis. The MemDamping module rewrite allows
easier meshing and setup as well as automatic macromodel
extraction. MemCap includes analysis of lossy dielectric behav-
ior, up to 10x an increase in the redraw speed of layout editor.
Coventor
www.coventor.com

Ansoft EM simulation software
offers 64-bit features

Ansoft introduces HFSS 8.5, which implements key sections
of code using 64-bit features. The result is a 64-bit EM simula-
tor and a tenfold increase in
the size and complexity of the — '-%.-,;;4

> ,

structures. The 64-bit version
can consider the frequency
variation of any arbitrary
material property using a sig- i
nificantly improved method for
importing geometries from
mechanical design packages
such as Pro/Engineer and
AutoCAD. An advantage of the
64-bit version is its ability to break the 2 GB limit of 32-bit
EM. With HFSS 8.5, more traces and irregularly shaped
power/ground planes may be considered for more complete pre-
diction of signal integrity for rise times of less than 25 ps.
Ansoft also enhanced HFSS 8.5 with the ability to automatical-
ly consider the broadband frequency variation of material
properties, such as dielectric constant and loss, as well as con-
sidering frequency-dependent material properties critical at
microwave/millimeter-wave frequencies.

Ansoft

www.ansoft.com.

TDK Systems debuts
wireless development tools

TDK introduces its Go Blue wire-
less software development toolkit,
designed to support Bluetooth soft-
ware developers creating and testing
new applications for the Palm OS.
Included in the toolkit are two TDK
Systems USB adapters, one USB
4way hub, a CD with all software
including install, router app, TDK
Systems Palm drivers, Widcomm
Bluetooth protocol stack, PID switch,
Pocket Studio, help and installation
documentation and references to
online help. The kit uses TDK
Systems’ USB adapters to provide
the Bluetooth links that enable the
evaluation of applications. The tools
are used in conjunction with the
palm operating system emulator
(POSE), used to create fully inte-
grated Palm applications. The pack-
age allows as many as 127 USB
adapters to be virtually connected to
individual POSE sessions via a sin-
gle PC. This allows the development
and debugging of true Bluetooth
applications, stressed to full Piconet
capacity.

TDK Systems
www.tdksys.com
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Elanix Wi-Fi library
adds IEEE 802.11b

Elanix announces the release of its
Wi-Fi 802.11b library. The new
library adds IEEE 802.11b specifica-
tion requirements to the existing
802.11a functions in the SystemView

- — - .
P OHDNELLLL ¥ HE Hl A B STIRD
£ 802.11b 2 Mbps QPSK Modulator/Demodulator Pair

Communication Design Suite. The
library incorporates all IEEE 802.11b
capabilities. It supports both frame-
generation and individual component
level and allows rapid analysis of dif-
ferent design approaches, accelerat-
ing the design and implementation
process. The library includes low-
level functional blocks for individual
modulators/demodulators as well as
high-level 802.11b packet generation.

www.rfdesign.com

Optional features in the IEEE
802.11b specification are fully sup-
ported in the Wi-Fi library, including
packet binary convolutional coding
(PBCC), short physical layer protocol
data units (PPDU) format and chan-
nel agility (frequency hopping). Key
features of the Wi-Fi 802.11b library
include a full slate of 802.11b modu-
lators/demodulators, 2 Mb/s differen-
tial quadrature phase-shift keying
(DQPSK), 5.5 Mb/s and 11 Mb/s com-
plementary code keying (CCK), 5.5
Mb/s and 11 Mb/s packet binary con-
volutional coding (PBCC), long and

Features at a glance:

* 1 Mb/s DBPSK

* 2 Mb/s DQPSK

* 5.5 and 11 Mb/s CCK
*5.5and 11 Mb/s PBCC

]

short PPDU format preamble and
header channel agility through fre-
quency-hop scheduling PLCP
long/short scrambler for generating
sync field, CRC16 CCIT encoder/check-
er for PLCP header and full 802.11b
packet generation.

Elanix

www.elanix.com
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e | RF+DC

Easily combines RF+DC signals

for your modulation or .
testy requirements Freq Insertion Loss Isolation VSWR | Price

(MHz) (dB Typ.) (dB Typ.) (Typ.) | $ea
DC FL-F, M U, L M U U 194y
Now up to 500mA DC current 100kHz-6GHz

With Mini-Circuits Bias-Tees, you can DC connect to the RF port of an active
device without effecting its RF properties...modulate a laser, apply DC to an
amplifier output, and more! Using statistical process control plus combining
magnetics and microstrip, large DC currents may pass

through the Bias-Tee without saturation and

degradation of performance. At 1/3 to 1/4 the

price of competitive units, these new Bias-Tees

are available in surface mount, pin, and

connectorized models. So why wait, solve your

connection problems with Mini-Circuits Bias-Tees.

5
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Mini-Circuits...we’re redefining what VALUE is all about!

[ JMini-Circuits

P.0O.Box 350166, Brc?'oklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
Lm The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com
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AWR announces
EDA suite

AWR announces the Visual System
Simulator 2002 (VSS2002) communi-
cations systems design suite. The
suite enables system engineers to
perform top-down analysis of analog
and digital communications systems.
It can accurately characterize radio
frequency (RF) impairments.
VSS2002 software is seamlessly inte-
grated with AWR’s Microwave Office
2002 circuit design suite, enabling
bottoms-up analysis to be performed
where the transistor level effects are

Features at a glance:

s Supports AM, FM, OFDM,
PSK, MSK, QAM and others

¢ Real-time tuning mode

* Over 230 core elements and
mathematical primitives

* Supports 3G, 1S95, GSM,
EDGE, 802.11, and other
emerging standards

incorporated at the system level
through system/circuit co-simulation.
The product’s discrete time simula-
tion engine and extensive model
libraries provide a solution for ana-
lyzing systems from the channel
through the RF and digital signal
processing (DSP) subsystems. It is

S Y~ S

designed for analyzing wireless com-
munications systems, high-speed
wire-line, and electro-optical systems.
It uses built-in measurements and
signal generators that support virtu-
ally any modulation scheme, includ-
ing: AM, FM and orthogonal frequen-
cy division multiplexing; phase-shift
keying; mask-shift keying; quadra-
ture amplitude modulation and oth-
ers. Users can easily assess the

72

impact of specifications by using a
unique “real-time tuning mode” that
immediately displays the impact of
parameter changes by updating mea-
surements in real time. VSS2002
software includes a comprehensive
library of more than 230 core ele-
ments and mathematical primitives
that can be used to build an accurate
representation of the most complex
communications systems. The
library includes: encoders/decoders
(including Viterbi, Reed-Solomon,
convolutional and others); modula-
tors/demodulators and filters.
Application-specific libraries are
optional and support 3G, IS95, GSM,
EDGE, 802.11 and other emerging
standards.

Applied Wave Research
www.appwave.com
info@muwoffice.com

CST introduces Design
Studio Version 2

CST introduces version two of its
design environment. Major improve-
ments include an enhanced paramet-
ric modeling in connection with a pow-
erful optimization. The open architec-
ture of all CST tools allows them to
embed any tool or can be embedded in
any tool, as long as this other tool is
based on OLE technology. This archi-
tecture also supports the optimization
even across the borders of tools of dif-
ferent vendors. The library of analytic
models has been significantly extend-
ed, reducing the need to use other sim-
ulators in many common cases. In
addition, the user can easily build up
his own collection of library elements,
which can be placed into the RF
design via drag and drop. With the
enhanced VBA macro language, both
the new CST Design Environment and
CST Microwave Studio further sup-
port the automatization of commonly
performed tasks and provide full con-
trol of the simulation process across
various simulation tools.

Computer Simulation Technology
www.cst.de

Agilent offers automated
fault diagnosis software

Agilent Technologies introduces,
as a standalone product, software
that automates functional test diag-
nostics of circuit boards and electron-
ics sub-systems during assembly.

www.rfdesign.com

Fault Detective 2.0 eliminates the
time and expense of manual diag-
noses, increasing diagnostic accuracy
and quickly providing insight into
the root causes of recurring product
failures. The solution represents a
technology advancement in an area
of electronic manufacturing that has
been resistant to automation.
Functional test diagnostics account
for as much as 10% of electronic
manufacturing costs, which derive
largely from inaccurate manual diag-
noses and technician time. Fault
Detective’s initial accuracy rate is
about 80%, and this can increase as
the diagnostic model is refined. It
also eliminates the time required for
manual diagnoses, which can some-
times take hours for complex devices
and several minutes for less compli-
cated, high-volume products. When a
manufacturer’s functional test sys-
tem registers a failure, it activates
Fault Detective, which delivers diag-
nostic results within seconds. Fault
Detective programming is easy to
learn and can be reapplied to new
manufacturing lines.

Agilent Technologies
www.agilent.com

Eagleware Genesys V8
features enhancements

Eagleware announces the eighth
release of its Genesys suite of design
software, Genesys V8. This latest
release adds several innovative
enhancements, including Test Link
automated instrument interface,
Advanced T/Line synthesis, and
S/Filter support of distributed trans-
mission lines. The Test Link inter-
face imports data directly from net-
work analyzers, spectrum analyzers
and noise figure meters; the
Advanced T/Line converts simple
electrical lines to physical lines; and
the S/Filter Advanced Direct Filter
Synthesis adds distributed capabili-
ty. Other new features include tun-
ing to standard values for passive
components and a symbol editor for
quick and easy creation of custom
schematic symbols. Also, the compa-
ny’s Layout printed circuit board tool
has been extensively updated to
include X-ray and hollow views,
parts list/bill of materials, DXF
import, and Gerber improvements.
Eagleware
www.eagleware.com

March 2002



4588

Poy@4508:

Linearity, Power... and Price
A powerful HBT amplifier combination.

Sirenza Microdevices’ highly linear GaAs HBT amplifiers
deliver Y4-watt power with a third-order intercept point
as high as 44 dBm. And the prices make them the

best buy around.

The SXA-389 runs on 5 volts and offers on-chip
active bias control and excellent DC power efficiency.
It offers 1S-95 channel power of 19 dBm and WCDMA
channel power of 16.5 dBm at -45 dBc adjacent channel
power. Designed specifically as a driver for infrastructure
equipment and customer-premise equipment in the

SOT-89 Package
shown actual sizel

400-2500 MHz cellular, ISM, WLL, PCS and WCDMA
bands, it’s priced at just $4 each in quantities of 10,000.

il

¥  The SXA 289 and SXT-289 amplifiers cover the

5-2000 MHz and 1800-2500 MHz bands with

a rare combination of efficient Y-watt power with
high linearity in a low-cost, surface mountable SOT-
89 package. Both products feature SMDI's high-reliability
HBT technology and deliver high OIP3 performance of
better than 40 dBm. The price in quantities of 10,000
is just $3.50 each.

ESIREHZH

MICRODEVICES

For more information, visit us at www.sirenza.com * 800.764.6642

© Copyright 2002 Sirenza Microdevices. Sirenza Microdevices is a registered trademark of Sirenza Microdevices. Other trademarks are the property of their respective holder. All rights reserved.

INFO/CARD 63



Alternative to phase-locked

DRO synthesizers

EM Research has released the Thor-
Series phase-locked frequency synthe-
sizers. The devices are suitable for use
as miniaturized replacements for
phase-locked dielectric resonator oscil-
lators (PLDRO). Supplied as VCO-
based fixed-frequency or serially pro-
grammable, precision phase-locked fre-
quency oscillators, they cover the fre-
quency range (in bands) from 50 MHz
to 12 GHz. The products use internal
or external frequency references for
high stability and exhibit low phase-
noise characteristics. Housed in an
aluminum package with removable-
shell SMA connectors for surface-
mount or PCB applications, they can
operate over the temperature range of
—40 to +85° C and can be hermetically

sealed for use in military or other high-
reliability applications. Package dimen-
sions are 2.5" x 1.1" x 0.3" (excluding
connectors and mounting feet).

EM Research
www.emresearch.com
sales@emresearch.com

MILITARY/
AFROSPACE

RAD hardened

A/D converter

Maxwell Technologies introduces the
9042 12-bit, monolithic A/D converter
microcircuit, featuring a greater than
100 krad (Si) total dose tolerance. All
necessary functions, including track-
and-hold and reference, are included on
the chip. The device is space-qualified
and specifically designed with a wide-
band front end for multichannel
receivers. The 9042 runs off of a single
+5 VDC supply and provides CMOS-
compatible digital outputs at 41 Ms/s.
It maintains 80 dB spurious-free
dynamic range over a bandwidth of 20
MHz. The chip features a typical sig-
nal-to-noise ratio of 68 dB. It comes in a
28-pin RAD-PAK flat package and is

76

Specifications at a glance: 5
« 12-bit monolithic converter l
* 100 krad (si) tolerant f
* 68 dB S/N

¢ 80 dB dynamic range :

Specifications at a glance:
* 50 micro Ul intrinsic jitter
* ~0.2 dB repeatability

¢ 0.005 dB resolution

* 0.1 dB accuracy |

available with screening up to class S.
The product incorporates radiation
shielding in the microcircuit package,
which eliminates the need for box
shielding while providing the required
radiation shielding for a lifetime in
orbit.

Maxwell Technologies
www.maxwell.com
mlanning@maxwell.com

High-stability 20 GHz
microwave synthesizer

Elcom debuts the MFS-18.00/20.00
microwave frequency synthesizer. The
synthesizer consumes 350 mA at +15
VDC and 650 mA at +5.25 VDC. The
device measures 7.7” x 5.5” x 0.73” and
employs a single module design imple-
mented with CMOS, ASICs, advanced
MMICs, and a dedicated microproces-
sor. Ruggedized and field-tested for
operations over a temperature range of
-15 to +70° C, the synthesizer exceeds
the requirements of IESS 308, Eutelsat
and MIL-STD188-146 (wider tempera-
ture range is optional). Its phase-noise
is —-92 dBc at 10 kHz and -97 dBc at
100 kHz, which makes this high-fre-
quency MFS model suitable for applica-
tions in SATCOM converters, instru-
mentation and military applications.
Elcom
www.elcom-tech.com

TEST AND
MEASUREMENT

Jitter test solutions for 2.5
and 10 Gb/s FO systems

Agilent Technologies introduces
two new jitter solutions for R&D engi-
neers who test compliance with
SONET/SDH specifications on 2.5
Gb/s and 10 Gb/s optical communica-
tions products. Features and benefits
of the Agilent JS-1000 include: com-
pliance testing to Bellcore GR-1377
and ITU-T O.172 jitter measurement
standards; architecture that is

www.rfdesign.com

extendable to 40 Gb/s and other
future measurements; compliance to
the 80 MHz modulation bandwidth
requirements of the ITU-T 0.172 and
Bellcore GR-1377-CORE standards;
and a wide range of output formats
and graphs that assist diagnosis.
Agilent Technologies
www.agilent.com.

Spectrum analyzer monitors
remote base station

Morrow Technologies announces a
vector spectrum analyzer that can be
permanently mounted in a cellular
base station. The VC900 gives a ser-
vice provider continuous remote access
to important base station parameters
such as ACPR, channel power and sta-
tistical power measurements, as well
as standard spectrum analyzer func-
tions. It can also perform modulation
domain measurements such as polar
plots, eye diagrams, rho, code and
channel power. The system covers the
800 to 1000 MHz cellular bands, and
can be configured with three inputs for

monitoring three sectors of a base sta-
tion. It can be operated remotely via a
LAN, telephone modem, a wireless
modem, or the Internet. All of these
communication methods are supported
internally by the VC900 with no other
hardware or software. The analyzer
can also activate alarm contacts when
a monitored parameter is no longer
within specified limits.

Morrow Technologies
www.vigilcom.com
sales@morrowcorp.com

March 2002



IEEE
Microwave Theory and Techniques Society
International Microwave Symposium
Seattle, WA
June 2-7, 2002

A p—
-

’
ATT

2002 IEEE MTT-S International
‘Microwave Symposium & Exhibition
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Washington State Convention fe555)
and Trade Center T

Featuring Technical Sessions and Workshops

for Wireless, Commercial and Military Applications

ICs for Wireless Communications

Microwave Vehicular Technology
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Power Devices and MMICs

Wireless Communication Systems
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Power Amplifiers for Wireless Applications
Subsystems for Commercial Communications
Biological Effects and Medical Applications
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Filters and Multiplexers
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Guided Waves and Propagation Characteristics

Transistor Power Amplification

Nonlinear Modeling and Analysis
Measurement Theory and Techniques
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Low Noise Receivers

Manufacturing, Production and Packaging
Advances in Hybrid Technology
Millimeter and Submillimeter Wave Technology
Monolithic Technology

Active and Quasi-optic Arrays

Lightwave Technology and Techniques
Superconductivity Technology

Microwave Digital Processing

Full Guest Program — Bring the Family!

In addition to the outstanding Symposium, visit the World's Largest Microwave Exhibition,
JSeaturing more than 400 industry innovators displaying their newest wireless and commercial products and services.
Once again this year, industry representatives will be presenting application
and marketing seminars which will be open to all attendees.

For information on attending the 2002 IEEE MTT-S International Microwave Symposium, please visit the official
show wcebsite: www.ims2002.0rg. Or you may send your postal mailing address to Microwave fournal via c-mail,
fax or postal mail.

Please contact us at:

e-mail: mwj@mwjournal.com
Fax: 781-769-5037
Post:  Microwave Journal, 685 Canton St., Norwood, MA 02062

ADVANCE PROGRAMS WILL BE MAILED IN FEBRUARY, FULL PROGRAMS IN MARCH

Access MTT-S On-Line at Microwave Journal® via http://www.mwjournal.com.
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AMPLIFIERS

Aethercomm announces the SSPA
5.0-6.2-20, a high-power, C band, solid
state power amplifier that operates from
5.0 to 6.2 GHz. It offers a minimum of
20 W of linear RF power at 65° C base
plate temperature. Saturated output
power is greater than 30 W across the
band. It offers a typical small signal gain

of 40 dB minimum at P1dB. Input
VSWR is better than 2.0:1. Output
VSWR is less than 2.0:1. DC high speed
switching circuitry turns the PA on and
off in 500 ns. It is biased class A and
operates from a +28 VDC supply with a

quiescent current of 8 amps, typical. It
also comes in a +12 VDC version.
Second and third harmonics are 50 dBc
at P1dB. Noise figure is less than 5.0 dB
at 25° C. It is housed in a modular case
that is 6.0" x 8.0" x 1.0". Operation from
—40 to +85° C is standard.
Aethercomm

www.aethercom.com
sales@aethercomm.com

Tri-band LNA for

EDGE/DCS/PCS
RF Micro Devices introduces the
RF2417 tri-band LNA for

EGSM/DCS/PCS multi-band handset
applications. The device is a highly inte-
grated, low-power, tri-band LNA. All
three input and output ports include on-
chip matching to minimize the external
component count. In the 900 MHz
EGSM band, the 2.7 VDC LNA offers a
low 1.6 dB noise figure and 17 dB gain.
In the 1800 MHz DCS and 1900 MHz
PCS bands, the device provides 1.9 dB
noise figure and 17 and 19 dB of gain,
respectlvely It offers a 23 dB gain

reduction mode and three-mode control
pins to control gain and band selection.
This SiGe HBT BiCMOS device con-
sumes 4.0 mA in EGSM mode and 5.5
mA in DCS and PCS modes. The
RF2417 is assembled in a 3 mm x 3 mm
16-pin leadless plastic package.

RF Micro Devices

www.rfmd.com

SIGNAL
PROCESSING

Family of linear
RF mixers

WJ Communications announces a
new family of linear RF mixers.
Performance highlights of the SMJ-
diode mixer line include; high IP3 (lin-
earity) performance (up to +29 dBm),

Ce]lular Satellite — Mobile
Communications...Hitachi

Metals Has The Solution!

The world’s gone mobile. Your design demands top performance.
Specify Hitachi Metal’s microwave components and get your design moving today.

The international mobile marketplace demands
high performance. Your design requires
microwave components with low losses,
superior response characteristics, and
minimum volume. You need components
from Hitachi Metals.

Need to save circuit board area and package
volume? Designed with our superior
“Multi-Layered” technology, Hitachi
components require minimal volume and
circuit board area. Specify Hitachi.

Specify Hitachi, a major international
supplier of electronic components.
Hitachi, setting the highest quality and
reliability standards in the world.

RF TRANSFORMERS

CMCULATORS, ISOLATORS
COMBINERS AND SPLITTERS

Hitachi Matals Americs, Ltd.

2101 S. Arlington Heights Rd., Suite 116
Arlington Heights, IL 60005

Tel: (847) 364-7200 Fax: (847) 364-7279
www.hitachimetals.com

COUPLERS

DOUSBLE AND SINGLE BALANCED MIXERS
LOW PASS FILTER, BAND PASS FILTER
ANTENNA SWITCHES, DWPLEXER
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Need Switching?
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W HARD CONTACT

If we

Phone (818) 222-2301 or
FAX (818) 222-2304, or
E-Mail: tech@matrixsystems.com
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broadband frequency coverage (cover-
ing 500 kHz to 2400 MHz), low LO
power versions, low conversion loss and
high isolation.

WJ Communications

WWW.wj.com

SAW filters offer reduced
size and weight

Toshiba debuts a new line of minia-
ture RF SAW filters. By integrating

chip-scale packaging, a 40% size reduc-
tion and 60% weight reduction, is

achieved. The devices offer the same
electrical performance as SAW Filters
offered in larger packaging, giving
designers smaller form-factor mobile
devices. Targeted for the U.S. and
European mobile communications mar-
kets, the SRF942NLC61 family sup-
ports the EGSM 900 MHz frequency
range, while the SRF1842NFC61 fami-
ly supports the DCS 1.8 GHz range.
The devices also offer designers a
choice of interface options. These
include 4-pin for single-ended output
types, as well as 5- or 6-pins (depending
on model) and balanced output types.
Toshiba America

www. toshiba.com

SEMICONDUCTORS/
ICs

MOSFETSs with high-
speed intrinsic diode

APT announces an expansion to its
power MOSFET line to include
FREDFETs - MOSFETs with the
intrinsic diode optimized for low reverse

DL Man: e

recovery charge and improved commu-
tating dv/dt capability. The devices fea-
ture low gate charge and internal chip
gate resistance, low Rg,,,, low thermal
resistance and increased power dissipa-
tion rating and low intrinsic diode
reverse recovery charge. FREDFETSs are
fabricated with APT’s patented metal on
polysilicon gate structure for an internal
chip gate resistance that is one to two
orders of magnitude lower than compa-
rable industry-standard polysilicon gate
devices.

Advanced Power Technology
www.advancedpower.com
custserv@advancedpower.com

High-gain, high-linearity
power amplifier

Fujitsu announces the FMM5049VT
power amplifier. Featuring high linear

gain (33.0 dB) and 41.0 dBm output
power, this MMIC complements the

existing FLLxxxx(yy)-2C Series of
GaAs FET PA products. The device is
designed for 2.2 GHz W-CDMA applica-

tions and also provides performance for |

PCS/PCN applications in the 1.8 to 1.9
GHz frequency range.

Fujitsu Compound Semiconductor
www.fesi.fujitsu.com

TX/RX

Cable assemblies with
insertion-loss equalizers

Kaman Aerospace debuts high-per-
formance microwave assemblies with
either integral or insertable in-line
insertion-loss equalizers. The new high-
er-reliability equalizers provide an
inverse loss equalizer that can be indi-
vidually tuned to accuracies of less
than + 0.25 dB at any given frequency.

warenrenr wfAncs v nnmn

fou want
WIrelss

50 you can

get wireless

Call for a free RF consultation & pricing,

toll-free 1-800-492-2320 (dial ext. 213).
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0
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The design of the equalizer allows the
system to dissipate absorbed energy as
heat. The compact size of the equalizers
allows them to be incorporated as an
integral part of some of Kaman’s con-
nectors or as an independent in-line
unit for add-on applications.

Kaman Aerospace
www.stablecable.com

High-isolation, non-reflect-
ing switch for base stations

Alpha Industries’ new GaAs IC SP4T
switch combines high isolation to pro-
vide greater signal path separation to
reduce RF leakage with non-reflecting
ports. This eliminates the need for
external termination while providing
50Q output impedance. Covering the
frequency range of DC to 3.5 GHz, the
AS204-80 provides low loss for greater
signal strength and better system per-
formance in base station switch matri-
ces. The new switch features a +5 VDC
integrated driver to simplify circuit lay-
out and reduce space requirements. Key

10:

FILTERS

FIXED/TUNABLE

To meet your unique requirements

Telonic Berkeley

P.0. Box 277, Laguna Beach CA 92652

Tel.: 949-494-9401 Toll Free: 800-854-2436
E-mail: info@telonicberkeley.com

Web: www.telonicberkeley.com
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l%pecific?éfioné at a glance:
* 45 dB isolation

* 0.5 dB insertion loss

* SSOP-16 packaging

| DC to 3.5 GHz frequency

specs, operating at 0.9 GHz, include 45
dB isolation, 0.5 dB insertion loss, and
at 1.9 GHz 37dB isolation, and 0.55 dB
insertion loss. It is available in a minia-
ture SSOP-16 plastic package.

Alpha Industries
www.alphaind.com
sales@alphaind.com

220 to 325 GHz VNA
extension modules

A new pair of vector network analyzer
(VNA) frequency extension modules, cov-
ering 220 to 325 GHz, is being introduced
along with a precision waveguide calibra-
tion kit. The models VO3VNA-T/R and
VO3VNA-T are compatible with any

990 (10/55)
Series Antenna

Series LPTV
Combiner

microwave VNA currently marketed that
supports external frequency extension.
Vector network analysis applications in
the 220 to 325 GHz range are emerging
in several areas, including R&D efforts
on new 600 GHz and 1 THz semiconduc-
tors, NOAA/NASA space-born radiome-
ters for weather prediction and earth
resource management, Defense
Department space communications and
reconnaissance, and characterization of
second and third harmonic responses in
fiber-optic applications at 80 GHz and
higher. Also, there is funded effort under-
way in millimeter-wave, vector network
analysis-based DNA studies of biologics.
These two new models are part of a fami-
ly of frequency extension modules cover-

FILTERS FOR USE IN ANALOG
AND DIGITAL RECEIVERS
AND TRANSMITTERS.

2300 Series
Digital MMDS
Combiner

4634 Series
Digital Applications

n"’f

Since 1958

www.rfdesign.com

COMMUNICATIONS
& ENERGY CORP

Communications & Energy Corporation
7395 Taft Park Drive

East Syracuse, NY 13057 USA

Phone (315) 452-0709 « (800) 882-1587
FAX (315) 452-0732

E-mail eng@cefilter.com

WebSite www.cefilter.com
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ing 33 to 325 GHz in all of the waveguide
bands from WR-22 through WR-03.
Oleson Microwave Labs
www.oml-mmw.com

VAT line of DC to 6GHz
fixed attenuators

Mini-Circuits has released the VAT
family of wideband DC to 6 GHz fixed
attenuator series. The devices deliver
nominal attenuation from 1 to 10 db, in
dB steps, plus 12, 15, 20, and 30 dB.

Equipped with SMA-type male/female
connectors, the rugged unibody con-
struction measures only 1.42" long
(0.370" diameter) and can handle 0.5 W
power (at 70°C ambient). The devices
are suitable for impedance-matching
and signal-level adjustment applica-
tions. Designer kits are also available.
Mini-Circuits
www.minicircuits.com
sales@minicircuits.com

FIBER OPTICS

SM VCOs for 40 Gb/s
networking systems

Agilent Technologies offers a family
of SMT VCOs for high-speed 40 Gb/s
fiber optic communications systems.
These embedded clocks synchronize
data and voice communications systems
to operate at U.S.-standard SONET or
European-standard STM transmission
rates. Agilent’s new SMT VCOs deliver
standard SONET frequencies of 19.906

GHz and 39.813 GHz, with differential
outputs, making them compatible with
the MUX and DEMUX ICs for 40 Gb/s
applications. They use Agilent’s silicon
bipolar and GaAs PHEMT technologies,
and operate at 5 VDC bias witha 0 to 5
VDC tuning range. They are also avail-
able at slightly higher frequencies for
systems FEC, and can be packaged with
SMA/K-connectors.

Agilent Technologies
www.agilent.com

1.6 Gb/s per channel
parallel optic modules

W. L. Gore announces volume avail-
ability of its nLIGHTE 1.6 Gb/s paral-

J

Continued on page 86

EMI Receivers

Contfi st Nusvhor 181001

Power Sensors
RF Generators

Accredited Calibrations

Network Analyzers
Spectrum Analyzers

If you are looking for a calibration lab to
suit your needs--check out the reasons
World Cal, Inc. will take good care of you:

*A2LA Accredited

*Equipment Calibration Specialists
*Fast, Efficient, Dependable
*Friendly Customer Service

*Competitive Rates

For a more detailed listing of World Calis

Broadband Single Layer
Ceramic Capacitors

* Stable Performance From 1 Mhz - 40 GHz

¢ Maximum Values in Small Chip Sizes

capabilities or for any questtons you
may have, please call!

World Cal, Inc.
PO Box 410, 2012 High Street, Elk Horn, 1A 51531
PH: (712) 764-2197 FAX: (712) 764-2195
http://www.world-cal.com
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¢ Temperature Stable £15% (-55 t0125°C)
* Thin-Film Terminated with Borders
* Request Samples On-line

Visit our website today for complete details

))) johansontechnology.com
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Continued from page 40

APPENDIX A — The MATLAB Program

%Program calculates the load reflection coefficient for coincident gamma_opt and gamma source

fprintfi'\nInput S parameters to calculate Load Gamma. This gamma will force GammaOpt = GammaMS or Gammaln =
GammaOpt*\n’);
Sllmag = input(‘\nEnter S11 magnitude: ‘),
Sllang_deg = input(‘Enter S11 angle: °);
S21mag = input(‘Enter S21 magnitude: ‘);
S2lang_deg = input(‘Enter S21 angle: ),
S22mag = input(‘Enter S22 magnitude: ‘);
S22ang_deg = input(‘Enter S22 angle: 9);
S12mag = input(‘Enter S12 magnitude: *);
S12ang deg = input(‘Enter S12 angle: 9),
GammaOptMag = input(‘\nEnter gamma_opt magnitude: ),
GammaOptAng_deg = input(‘Enter gamma_opt angle: ),
Sllang rad = Sllang_deg * 2 * pi/ 360;
S2l1ang rad = S21ang deg * 2 * pi / 360;
S22ang_rad = S22ang_deg * 2 * pi/ 360,
S12ang rad = S12ang deg * 2 * pi/ 360;
LoadGammaMag = 0.01,
LoadGammaAng_deg = 0,
% convert S22 to rectangular
S22real = S22mag*cos(S22ang rad),
S22imag = S22mag*sin(S22ang_rad);
% convert S11 to rectangular
Sllreal = S11mag*cos(Silang rad);
S1limag = S11mag*sin(S1lang rad);
Convergence = 0;
while (LoadGammaMag < 1) & (Convergence == 0)
while (LoadGammaAng_deg < 360) & (Convergence == 0) % find source gamma
LoadGammaAng_rad = LoadGammaAng deg * 2 * pi / 360;
GsNumeratorMag = S12mag * S21mag * LoadGammaMag;
GsNumeratorAng = S12ang_rad + S21ang_rad + LoadGammaAng_rad;
Dmag = LoadGammaMag * S22mag;
Dang = LoadGammaAng rad + S22ang_rad;
DmagRect = Dmag * cos( Dang ) + i * Dmag * sin( Dang );
GsDenominatorRect = 1 - real( DmagRect ) - i*imag( DmagRect),
%Divide numerator by denominator
GammaS1Mag = GsNumeratorMag / abs(GsDenominatorRect);
GammaS1Ang = GsNumeratorAng - angle(GsDenominatorRect);
% convert to rect.
GammaS1Rect = GammaS1Mag * cos( GammaS1Ang ) + i * (GammaS1Mag * sin(GammaS1Ang));
SourceGammaRect = (S11real + real(GammaS1Rect))+ i*( S11imag + imag( GammaS1Rect ));
SourceGammaRect = conj(SourceGammaRect);
SourceGammaMag = abs( SourceGammaRect ),
SourceGammaAng_rad = angle( SourceGammaRect );
SourceGammaAng_deg = SourceGammaAng_rad * 360 / (2%pi);
if abs(SourceGammaMag - GammaOptMag) <0.01 & abs(SourceGammaAng_deg - GammaOptAng deg) < 1
Convergence = 1;
fprintfi‘\nLoad reflection coefficient for GammaOpt/GammaSource coincidence: %1.3f < %3.1f\n’, LoadGammaMag,
LoadGammaAng_deg ),
else
LoadGammaAng_deg = LoadGammaAng deg + 1,
end
end
LoadGammaMag = LoadGammaMag + 0.01;
LoadGammaAng_deg = 0;
end
if Convergence ==
fprintf{‘\nNo convergence. No value of load impedance will force GammaOpt=GammaMS.\n’);
end
% END PROGRAM
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lel optic modules for today’s scalable
networking systems. The modules are
12-channel 850 nm VCSEL-based par-
allel optical links that transfer an
aggregate bandwidth of 19.2 Gb/s (1.6
Gbps/channel) up to 300 meters while
occupying less than 20 mm of board
width. The devices are compatible
with Gore’s durable, state-of-the-art
Flex-Lite fiber optic ribbon intercon-
nects or with standard FDDI grade
62.5 mm multimode ribbon fiber.

W. L. Gore & Associates
www.gore.com

SUBSYSTEMS

GaAs MMIC mixer with
integrated LO and IF amps

Hittite Microwave introduces a
high-linearity down-converter receiver
IC designed to support WCDMA appli-
cations where a high third-order inter-
cept (OIP3) point is required. A pas-
sive mixer, coupled with a high
dynamic range IF amplifier, achieves

CERAMIC RF
CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.
TEL (760) 438-4420
FAX (760) 438-4759
Web: www.surcom.com
E-mail: link@surcom.com
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l Specnflcatlons at a glance:

B OIP3 of +29 dBm ‘
e Input IP3 of +19 dBm '
i * Up to 10 dB typical SB noise

|°F For WCDMA apphcatlons ‘
an OIP3 of +29 dBm, and an input IP3
of +19 dBm. The HMC421QS16 pro-
vides a gain of 8 dB and 10 dB typical
single sideband noise. This design
requires no external Baluns and mini-
mal off-chip components. The
HMC421QS16 is suitable for use in
MMDS, WLL, WLAN and cellular
infrastructure applications.

Hittite Microwave
www.hittite.com

Dedicated low-power
microcontroller

Xemics announces the release of the
XE88LCO06 for smart radio applica-

tions. The system operates 2.4 to 5.5
VDC with a constant current require-

ment (300 uA/Mips). It includes an 8-

Maximize Your Design
Capabilities With

Kilter
Solutions

www.filter-solutions.com

Powerful Affordable PC Based

Software to Perform Your Most
Complex Passive, Tx Line, Active
and Digital Filter Design Tasks

FREE 20 DAY TRIAL

* High Order Elliptic Filters

* Diplexers

* Finite Q Analysis

* Delay Equalization Capability
* [IR and FIR Digital Filters

* Automatic C Code Generation

*» Easy to Read and Modify
Graphical Outputs

Novhertz Technologies™
602-216-2682
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22 bits microcontroller with 1 clock
cycle multiplication, 22 kB of MTP
Flash memory, 520 bytes of RAM,
counters, UART, numerous 10, and
PWM. Additionally, four low-power
comparators are available for detect-
ing external signal or doing simple
analog-to-digital conversions. Asyn-
chronous digital communication can
be made via the integrated 115 kbaud
UART or using synchronous protocol
software drivers available from
Xemics’ Web site. It operates with less
than 2 uA in low-speed mode, making
it perfect for both monitoring and bat-
tery-powered devices. It directly con-
nects to any one of the Xemics XE1200
ultra low-power radio transceiver
series. Complete development tools, as
well as application and software exam-
ples, are available.

XEMICS

www.xemics.com

800-922-2253

This Number
May Not Save
Your lLife...

But it could make it a lot easier!
Especially when it comes to
ordering non-standard connectors.

RF/MICROWAVE

* Specials our specialty virtually any SMA, N, TNC,
BNC, SMB, or SMC delivered in 2-4 weeks

» Cross reference library to all major manufacturers.

* Large inventory of piece parts for all types of
coaxial connectors.

* Experts in supplying “hard to get” RF connectors.

» Connectors supplied to your drawings and specs.

* Qur 56 Standard adapters can satisfy virtually any
combination of requirements, between SMA,
TNC, N, 7mm, BNC and others.

* Extensive inventory of passive RF/Microwave
components including attenuators, terminations
and dividers.

NeMAL
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PRODUCT
SHOWCASE

This section contains
information about
advertiser products and
services found in this
issue. The data is pro-
vided by the advertisers.
For more information,
link to the company’s
Web site by going to:
www.rfdesign.com.

Microwave, |
Inc. intro- |
duces its new |
Mini-Max |
TM series of |
microminia- |
ture filters. |
The units |
feature a package height of only [
| .240 inches with a choice of ceramic
| or lumped component chip and wire i
| technology for use in high perfor- |
| mance applications. With a leaded |
| surface mount configuration, K&L |
now offers the smallest most com- |
pact miniature filter available.

K&L MICROWAVE
! www.kimicrowave.com .

L

—— I

| |

| |

: Synergy’s SYNSTRIP surface- ‘
mount 2, 3 & 4-way power dividers

' meet requirements of emerging l

| wireless technologies. Operate in

| the frequency range of 800 - 2800

| MHz and measure as small as 0.5”
x 0.375” x 0.075”. Excellent ampli-
tude/phase tracking, low insertion |
loss & high isolation at 5-watt '

power
SYNERGY
www.synergymwave.com J

——

RF Design

of its full-wave, finite-element, elec-
tromagnetic simulator, now
employs 64-b code, stripping away
the limitations posed by 32-b code
to deliver a tenfold increase in the
size and complexity of the struc-

|
|
HFSS 8.5, Ansoft’s latest version ll
l
1
tures HFSS can simulate. '

Cert¥ic ato Nurber 1818.01 |

ANSOFT
www.ansoft.com
| |
|
| |
, Accredited Calibrations !
World Cal (a subsidiary of '
| Liberty Labs) offers a full range of |
| A2LA accredited calibrations for
test instrumentation including !
l Spectrum/Network Analyzers,
EMUEMC Receivers, RF Generators, |
I Power Meters & Sensors, and many
more items. Please call for a more [
| detailed listing of World Cal's capabili- |
l
l
|
|

| ties or for any questions you may have.

‘ WORLD CAL
www.liberty-labs.com

Noise Com introduces the
DNG7500 Digital Noise Generator,
a high performance noise generator
providing precise digital control of
noise and CW output waveforms.
The DNG7500 generates program-
mable user-specified, pseudo-noise
and CW signal spectrums for RF,
Microwave and fiber-optic equip-
ment testing, accurately emulating
| real-world noise and interference.

NOISE COM
www.noisecom.com

|
|
|
|
|
|
|
|
|
|
|
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Gore intro- \
duces GORE- |
SHIELD |
SMT EMI
gaskets, high
performance
EMI shield-
ing gaskets
that can also
be used as a RF grounding pad or
interconnect. The parts come in sev-
eral different sizes and are shipped
to the customer in standard tape-
and-reel configuration that is com- '
patible with surface mount pick- l
and-place machinery. ‘

W.L. GORE
l www.wlgore.com

| l
MegaPhase VNA Test Cable to I
| 50 GHz: Highly flexible VN Series |
test cable for demanding lab/pro-
duction environments. Alternative
to OEM test cables with industry-
leading phase/amplitude perfor- l
mance. Typical change versus flex-
i ure is <12° and < .09 dB through 50 |
| GHz. Precision connectors. 570-424-
’ 8400 - MegaPhase.com

MEGA-PHASE l

| www.megaphase.com

_—

| Tech-Etch
offers five
[ new Variable
Snap-on gas-
I kets with
| RFI/EMI
shielding
| effectiveness
to 100db
I attenuation.
| Reducing the number of Snap-on
fingers increases effectiveness,
l since there are fewer gaps to close.

Secure, durable and ideal for bi- l

l directional applications. Free sam- I

ples and data sheet at www.tech-

l etch.com. ‘
TECH-ETCH ,

l www.tech-etch.com ]

L |
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Product 5/

WCASE—+ 57147 <

WdJ Communications Introduces a
Low-Cost High Linearity GaAs
MMIC Amplifier. The AH201 is a
1W driver amplifi-
er that offers

==p| excellent dynamic
range in a 6x6mm
- SMT package.

This device oper-
| ates from 250-

2300 MHz using a
single voltage supply. Superior
thermal design allows the device to
have MTBF of 10 million hours.
SAMPLES ARE AVAILABLE
IMMEDIATELY.

WJ COMMUNICATIONS

Raytheon RF ‘3

Components' |

new line of
InGaP HBT
power ampl
ifiers employ
adaptive DC
power management that can
increase phone talktime by up to
25%. The line includes the
RMPA0951A-102 for domestic ce
llular CDMA applications,
RMPA1951-102 and RMPA1751-
102 for PCS/wireless local loop
applications in Korea, and the
RMPA2051-102 for domestic wide-
band and conventional CDMA.

RAYTHEON RF COMPONENTS
www.raytheonrf.com

.

Mini-Circuits’ temperature stable
MBA-591L Blue Cell mixers are low
0.070” profile solution for today’s
compact 4950 to 5900MHz wireless
products. Typically at midband.,
these patented level 4 (LLO) mixers
offer high 15 dBm 1P3 to help sup-
press intermodulation products, 7.0 |
dB conversion loss, and high 35dB
L-R, 26dB L-I isolation bandwide.

MINI-CIRCUITS
www.minicircuits.com

Lindgren RF Enclosures is the
world’s largest and most experienced
supplier of shielding solutions for
electromagnetic and radio frequency
interference (EMI/RFI). We have
installed over 15,000 successful
shielded enclosures within a variety
of industrial, governmental, and med-
ical environments around the world.

LINDGREN RF ENCLOSURES
www.lindgrenrf.com

MITEQ offers a
new line of “alu-
minum nitride”

(AIN) power
resistors, termi-
nations and

attenuators for
the RF microwave industry from its
Passive Power Components
Department. The devices are made of
super high-grade AIN. Both thin-film
and thick-film versions are available
with high temperature attachment
to flanges, consisting of copper or
copper-tungsten with nickel, silver
and gold plating as finish options.

MITEQ
www.miteq.com

m RF Solutions.

RF Solutions, a leader in dual- |
band RFICs, offers highly integrat-
ed chips that enable wireless LAN,
cellular and fixed broadband appli-
cations. Our products include high-
ly linear and efficient single/dual-
band power amplifiers, as well as
our newly introduced WiFLEXTM
single/dual-band WLAN and
CellLANTM cellular/WLAN trans-
ceivers. For information call:
866.788.2600.

RF SOLUTIONS
www.rf-solutions.com

ConnexRF 2.4GHz transceivers
are compact, complete, agency-
approved and affordable—built for
fast integration into industrial
devices. With an operating temper-
ature range of —-40C to +80C, plus
long range and high data rates,
ConnexRF can serve both outdoor
and factory applications. Priced as
low as $100 in volume.

AEROCOMM
Wwww.aerocomm.com

96

Datum-Irvine’s StarLoc II Plus is
a GPS disciplined timing and fre-
quency solution with Stratum 1 |
accuracy that uses Datum’s X72
Rubidium oscillator, and thus never |
needs calibration. All base station
applications are supported, includ-
ing: CDMA, TDMA, LMDS, MMDS,
Cellular, Wireless local loop, asset
location and E911.

DATUM

www.datum.com

www.rfdesign.com
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The

Electronics§  ,.ce Book

PRIMEDIA Publlcallon
A

What our
engineers say about

The Electronics Source Book
Online:

BOEZL 500 D%, chu

1 o saarching for distributors of sarving “I have nothing but good things to say. Nine out
R -~ 3 D of 10 times, whether it is with the book or online,
Vou found 344 Drstributors | find what I am looking for. The Electronics Source

Sort by b

Book’s Web site is the best one | have ever used.”

SEARCH RESULYS D o0, {1 w1 CO>

Brian Croissant, Senior Engineer, Aerojet

| vl apar 20 creree ot s————

Ascsd Connestors
Pheone 702
£ (310) 762-2273 e

Fam: (110) 702-2245
webibnz

@ e acia D-v-'ﬂtb:::“nwlnwxn “ I b . d ” . I I "
L 1 | love your Web site and | will use it regularly.

Bowell Livs Uynscs - . . .

e Bernie Gaon, Director of Engineering,

Faur (949) 263 9233
Web: bt //ows povell com
* madi do@povell com

s Terra Universal

Prone klectro Producty

dtaphe kot st (2) fur thas regren

ek on the nama to viees le< sBone and betergs
Wab: hetp (/preneiecto. com

Fani (714) 777-0247
Webii hetp {www. srustar com
@ el Mk o 1pencan@enester com

CHECK INVENTORY  buttons link you

directly to distributors’ current inventory.

: e The

. ) ; Electronics

|
gASL_'Get the information you need in Source Book
just 3 clicks! ONLINE™

A PRIMEDIA Publication

EREE! No registration or sign-in required. www.electronicssourcebook.com

Bookmark our site today! To order a regional print directory, call 866-748-1825
Web questions or comments, call 800-455-3145 or E-mail us at esbwebmaster @ primediabusiness.com

FOR YOUR DESIGN SOLUTIONS, LOG ON TO

www.electronicssourcebook.com
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and

UMCC’s Model SR-U010-16S is an absorptive six-
teen-throw solid state switch operating over 0.5-18
Ghz. Switch features: 7.0 dB loss / 60dB Isolation at 18
Ghz, 2:1 VSWR, 25ns Rise/Fall time, +5/-12 VDC
Supplies, CMOS or TTL controls, all removable con-
nectors. Unit measures 1.6" x 8.0" x 0.4"

Product Line:

Solid State Variable Attenuators

DC - Blocks, Bias Tee's, Transformers
Directional Couplers

Hybrid Cou lers EO 1180°)

Power DIVI ers / Combiners

Solid State Switches

Special Function Subsystems

Universal Microwave Components Corporation
5702-D General Washington Drive e

Alexandria, Virginia 22312 w ['l [ [
Tel: (703) 642-6332 « Fax: (703) 642-2568

Email: umcc@umcc111.Com

web: www.umcc111.com

INFO/CARD 255

o EEEmp— S ™
s & Smms & CORP

4016 E. Tennessee St.

Tucson, AZ 2;(57 14 -
www.otekcorp.com "\
email: sales@otekcorp.C(!ml TR100
Tel: 520-748-7900 ]

Fax: 520-790-2808

J
_ i

TR200 .

TR300

TR400
Serial (RS232/485/TTL) data com-
munication (or any ASCII) with alarm
(On-OfY). Fully Transparent!

INFO/CARD 258

roduct showcase

800-489-1 634

575 SE ASHLEY PLACE » GRANTS PASS, OR 97528
INFO/CARD 256

The “Part 15” Experts |
UHF 915 MHz, 2.4 GHz

: Two Way Data |

a Spread Spectrum |
Data Modems |
= Bluetooth™ [
s RFID |
1

[

= Narrow Band Links
One Way Data

= Resource
Management

@ Instrumentation

® Security

m Tracking

Standard Products

APEX Product Development

WIRELESS, INC. [ jcziising

I 2525 Frontier Ave., Suite 200,  Boulder, CO 80301
(303) 443-6699, exr 26 FAX (303) 442-7123

'L e_tpajllrf@a‘perxvyireiessr om w}w\AﬂaQeAxwivelegsrcom
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KR Electror\lfﬂwg
t / Wik cKkrfilters.com

Custom & Standard Filters to 3 GHz

o Bandpass o Lowpass

8 Anti-Afiasing o Noteh

8 Video Filters o HDTV Fikers
"l@exers o ROd Oosine

Do.yw 'Unenr Phase

a Surface Mount 2 Custom Colls

KR Electronics, inc
Avenel, NJ
www _krfilters.com

sdles@hrfilters.com
Phone 732 636 1900
Fax 732 636 1982

INFO/CARD 257

ra —=

N
Tbcrmthml (Pelier) Coied 2 (ryoqerically (ovled

HI-PERFORMANCE
THERMAL PLATFORM TEST SYSTEMS

10UR THERMAL PLATHORM SOURCE

v
"8 Nechanicely Refrigered Themue! Yacuum Chomber

inc.

21089 Longeway Road, looor' CA 93370 USA
www.ecsthermalplates.com Phone 1-800-735-6859
E-mail; sales@essthermalptates.com Fax 1-800-738-7370
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Dawn Rhoden ¢« 913.967.1861

or Fax:

913.967.1735

drhoden@primediabusiness.com
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career opportunities

j== == e )

oo ..YOUR CAREER

8 g g RF Engineering Manager: 3-5 years engineering management experience in antenna
oo or RF related products, 5 years design experience in Wireless Communication field,

and BSEE required. Manage Engineering Department for Base Station Company RF
OO0 Engineer who can direct engineering activities to include design, test, prototypes,
and interface with manutacturing. Must be hands-on player whe can aiso oversee
CAD, EE, ME and test technician functional reports.

————— || RF Power Amp Design: Design and develop high-efficiency low-voltage SiGe power
devices and amplifiers for cellular/PCS applications. Requirements include MS or
PhD and experience in MMIC or RFIC design and test along with 5+ years experience
h_J in bipolar and GaAs power amp design.
RFIC Designers: Hands-on engineers specializing in GaAs, Si, SiGe efc. circuit design. Design centers are
located throughout the US and intemnationally. The companies we represent will sponsor citizenship. All our
client companies are ful RFIC technology leaders. All levels of engineering technology positions are
open, Design, applications, project engineering, manufacturing/production. BSEE or equal experience mini-
mum.
Senior RF Engineer/tiber-optic products: Must be able to design and analyze RF
circuits and subsystems in the frequency range from DC to 10 GHZ. Responsible for generating
schedules and meeting deadlines. Perform hands-on testing and evaluation of new designs. Provide
proper documentation. Transition designs to manufacturing. 10-15 years of relevant “hands-on” ex-
perience in circuit /system design and product development BSEE (MSEE preferred) Proficiency with
the RF CAD tools, ADS, Series IV, Spice, Touchstone, Eagleware, EM simulators. Familiarity with
SONET and Gigabit Ethernet is a plus.
Sr. Scientist SAW Devices: Responsible for the research and development of new or modified process
formulations and equipment, requirements and specifications in the manufacturing and evaluation of Sur-
face Acoustic Wave (SAW) devices. Conceive, plan and execute projects involving understanding, defin-
ing, and selecting new concepts and approaches for new or improved processes in SAW devices. PhD/MS.
Senior Broadband Modem Design Engineer: Candidate will be responsible for the design and imple-
mentation of next generation broadband wireless access modem at speeds of 100 kb/s to 40 Mb/s,
using MQAM or OFDM modulation schemes. Required candidate must have a BSEE (MSEE desired)
with 5+ years RF data communications designs experience. Knowledge of TDD/FDD/TDMA tech-
niques is preferred
Principal Design Engineer RF IC design in the Wireless Communications and/or Broadband technologies.
Experience in designing on multiple technologies such as HBT GaAs, SiGe, BICMOS, Bipolar, is highly desirable
RF Design Engineer Design of RF transceivers used in digital radios in the 2-6GHz frequency range. BSEE
minimum, MSEE preferred. 3+ years of board-level RF and analog circuit design expe-
rience. Experience with amplifiers, filters, mixers, PLLs and their integration into radio
transceivers.
Sr. Filter Design Engineer: 3 plus years experience in the design and develop-
ment of RF/Microwave filters for the wireless industry. Experience with ce-
ramic, cavity, combline, stripline, low pass, band pass filters a plus. Al Filter
Designers are encouraged to apply.

== (MICRO:
EXECUTIVE SEARCH
We specialize in the p of , RF, ICatH i

FOR THESE AND OTHER OPENINGS 35 New England Business Center, Ste. 205 » Andover, ;JIA 01810
CALL COLLECT: TEL: 978-685-2272  E-mail: micsearch@aol.com FAX: 978-794-5627

Positions Available

Nationwide
RF / Analog & Digital Circuit Design
Hardware / Software Design

Check our website for imediate openings!
www.Personnell.com

,_PERSONNEL RESOURCES, INC
" Bax 14303 Cincinnati OH 45250
Phane 859-431-5410

E-Mall jobs@Personnel1 com

WWW.BEREIEN.EAM
WWW.BERESIEN.EAV
WWW BERESIEN.EAM

The hoitast spot
on the web
to get readers’ insight...

WWW.BERESIEN.EAV
WWW BERESIEN.ERM

WWW.REBESIEN: €AY

Interested in placing an ad
with RF Design?

Call: Dawn Rhoden @ (913) 967-1861

or

Fax it to: (913) 967-1735
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RF in ernest
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Godzilla vs.
King Kong

by Ernest Worthman
technology editor
eworthman@primediabusiness.com

h the classic, timeless battles — Godzilla vs. King

ong, VHS vs. Betamax, Apple vs. IBM, and

Louis vs. Schmeling, to name a few. And now, along
comes Bluetooth vs. 802.11.

Of late, and probably due, in part, to the general
malaise of the high-tech industry, there has been little
to get excited about with either technology. But, in all
fairness, this segment of the market seems to be the
lead dog in the pack. That could bode well once the
recovery gets up ahead of steam.

Depending on which side you work for... —
As an editor, I am presented with a lot of soap boxing.
Sometimes it’s promotional; sometimes it’s competitor
bashing. Occasionally, it’s even honest. I want to
think I can sort through it all and grasp what is real-
ly going on.

Wi-Fi says... — If you're in the 802.11 (also known
as Wi-Fi) camp, there has been a pretty steady stream
of visible 802.11b (the 2.4 gig) stuff. Almost every
week, I see advertisements for wireless LAN (WLAN)
products in flyers and on the shelves of technosuper-
stores. This tells me that this technology has reached
a couple of milestones. First, it actually seems to work.
Second, it has met a price point that consumers seem
to accept (although this consumer still thinks a $200
access point is a bit high, but it can be found for less if
you are a prudent Internet shopper).

Wi-Fi looks solid in performance, at least from what
people who play with it tell me. It appears interfer-
ence-resistant and reliable. Like most wireless tech-
nologies, however, its distance claims are greatly
exaggerated.

But if I had to play the pessimist, I'd say that Wi-Fi
may be sorry down the road for having such a narrow
focus (after all, the “E” in WECA, the Wi-Fi sanctioning
alliance, stands for Ethernet). In the drive to become
the defacto W-LAN standard, it may paint itself too
tightly into the WLAN corner. It may backfire down the
road if there is any inkling of challenging Bluetooth,
HomeRF or WAP. WLAN may be its mantra but...Oh
well, maybe I'm just thinking out loud.

www.rfdesign.com

Bluetooth says... — Last year Bluetooth was
probably the most overhyped technology since digital
TV (DTV). It just didn’t do what it was supposed to
(although eventually, it and DTV will). We all know
about its insufficient speed and range, high power
consumption, too much interference, security issues
and a need for system designers using BT chips to
know RF technology. It was also touted as all things
to all applications.

Well, reality has set in and the Bluetooth camp has
put the binders on while looking for a workable posi-
tion. I think it may have found it as a low-cost cable
replacement. I would love to have Bluetooth as a link
between my digital camera and my computer. Or as
an ad-hoc, mobile interconnect between my laptop,
desktop, camera, MP3 (ugh!) player, PDA, cellphone
and wireless headphones.

I think this is where the money is. And, I'm seeing
some Bluetooth devices start to appear that support
some of these.

I also still think Bluetooth has the opportunity to
corner the smart appliance market. It has better name
recognition and support than HomeRF or WAP, but
taking lessons from the early mobile phone market,
the industry will have to show the consumer the value
of smart appliances (and that it won’t substantially
add to the appliance’s price) before this gets hot.

Finally, I think Bluetooth can evolve into the wire-
less networking arena (it’s already aiming for the per-
sonal area network (PAN) niche). It won’t be as robust
as WLAN, especially when WLAN data rates climb
into the 50+ Mb/s level, but it offers promise for the
wired home (as a PAN). Bluetooth, however, must ice
its black eyes and prove itself. The next generation of
Bluetooth looks like it will be based on the IEEE’s
802.15.3 standard, offering 20 Mb/s data rates and
backward compatibility with current Bluetooth tech-
nology. It’s good that there is movement in that direc-
tion. I think it is necessary. It will solve some of the
Bluetooth issues and offer a wider platform.

Ern says... — I believe 2002 will be a critical year
for both of these technologies (but only if, like the pun-
dits say, the recovery starts this year — personally,
late this year, if at all). However, opportunity knocks.
The Bluetooth and WLAN alliances have a breather.
They can take this lull and use it to refine, develop
and tighten the technology so that when it does pop,
their horses are fed and hot. Maybe King Kong and
Godzilla can coexist.

..
B i
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For quick access 1o product information see MINI-CIRCUITS CATAL

SURFACE MOUNT

RF TRANSFORME

Ove/r 100 off-the-shelf models...

akHz to 2200MHz . *193. .

What makes Mini-Circuits your single source for surface
mount RF transformers? Variety, availability, performance,
and price! From wide band transformers with low droop and
fast risetime capabilities for pulse applications, to a particular
impedance ratio from 1:1 through 1:36 specified for a wide
range of impedance coverage, we will work with you on your
design challenges. Tangible benefits such as very high
dielectric breakdown voltage, excellent amplitude and phase
unbalance for balanced to unbalanced applications, and
easy to use surface mount package styles make Mini-Circuits

surface mount transformers a great value. Our new ADT
transformers are changing the face of RF transformer design
with patent pending #f ~Innovative Technology delivering
small size, low cost, and better performance. This same
leading edge transformer expertise can also develop your
custom designs at catalog prices. So, simplify your transformer
search...Big Time! Capitalize on the quality, design know-how,
and off-the-shelf variety from Mini-Circuits. Call today!

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

[IMini-Circuits o

PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www.minicircuits.com

e

OG & WEB SITE « EEM « MICROWAVE PRODUCT DATA DIRECTORY « WWW.RFGLOBALNET.COM

ISO 90017 CERTIFIED

R F 290 Rev Ong




We took a little
OFF THE TOP

and LOWERED zhe EARS.

INTRODUCING THE WORLD’S SMALLEST GaAs MMIC SwiTcH

‘ o & Meet the UPG2008TK. It's footprint
0.9 mm 0
| 0ssmm m is less than half that of a standard SOT-363

UPG2008TK S0T-363 switch. Plus its leads are flat and recessed
GaAs MMIC SPDT Switches into the base of its package, giving it that
low profi
Part Number '";";‘:z;‘:’s ';':":‘::l:' 5::':::‘. Package :’?I‘:: Description SuPer p Oﬁle

your miniaturized
UPG2008TK  0.4dB  +25dBm@1.0dB 2.8V TK  45¢  World'’s Smallest

UPG2009TB  0.25dB +34dBm@0.1dB 2.8V TB  78¢  High Power, No Compromises  Portable products

UPG2006T8  0.35dB +20dBm @1.0dB 1.8V  TB  54¢  Low Voltage, Great Specs demand. Optimized
UPG158TB 0.3dB +25dBm @ 0.1dB 3v 8 39¢ Good Specs, Great Price fOl’ transmit/receive
UPG152TA 0.4d8  +30dBm @ 1.0dB8 3V TA  29¢  Low Cost 3V Switch

switching, antenna
Applications for CEL's NEC switches include: Bluetooth, PCMCIA Cards,

diversity switching, and power level control,
Cordless Phones, Digital Cellular, PCS, WLAN, and WLL.

the UPG2008TK is the latest in our growing
4 family of GaAs MMIC SPDT switches.

See them all on our web site at:

www.cel.com/spdt.asp

1.3mm

NEC’s new TK package has a 50% smaller footprint
than the TB (SOT-363) package switches.

NEC | [

California Eastern Laboratories e Santa Clara, California e« 408 988-3500
DISTRIBUTORS: Arrow (800) 525-6666 Reptran Electronics (888) 737-8766
Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)
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