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Agilent E4440A Performance
Spectrum Analyzer (PSA)

There is incremental change. And then there is the

Agilent E4440A. It's the first of a series of performance spectrum analyzers that show what couldn't be
seen before—the full performance of your design. With a certainty never before possible.

Because now you can fine-tune your measurement with 160 resolution bandwidth settings, and get
just the dynamic range you need. You can uncover spurs hiding in noise where they might not otherwise
be found, with -153dBm DANL up to 3 GHz. You can measure the power in adjacent channels with 0.35dB
accuracy. And stop having to over-design to make up for your test equipment.

To find out more about the E4440A and its new platform, call us or visit our web community. It's

the PSA as advanced as the things it measures.

.+, Agilent Technologies
1-800-452-4844, Ext. 7286 Innovating the HP Way

Albania 365-42-23-519  Algeria 213-2-606-450 = Australia 1-800-629-485 « Austria 43-125125-7006 » Bahrain 973-723-050 « Belarus 375-172-174-491 « Belgium 32-2404-9340 « Bulgaria 35¢-2-3533548 » Croatia 385-12-331-061 » Czech Republic 42-02-333-21-707
Denmark 45-70131515 » Eqypt 20-2301-53-52 » Finland 358-10855-2100 « France 33-825010700 * « Germany 49-1805-246330** » Greece 30-1756-40-45 » Hong Kong 852-3197-7889 » Hungary 36-1382-6006 » India 91-11-682-6262 » Ireland 353-1615-8222
Israel 972-3-6892-570 « italy 39-02-9260-8484 = Japan 81-426-56-7832 » Jordan 9626-462-4907 = Kazakhstan 7-3272-582-020 » Korea 822.2004-5114 « Kuwait 965-243-2555 » Lebanon 961-4-405-413 + Malaysia 1-800-88-8848 » Morocco 212-231-22-70
Natherlands 31-020-547-2111 s New Zealand 0B0D-738-378 » Nigeria 234-1-269-3421 » Norway 47-2273-5759 = Oman 968-70-77-27 « Philippines 1-800-1651-0170 » Poland 48-22-608-4555 = Portugal 351-214222512 » PRC 1-800-810-0189 » Qatar 974-433-900
Romania 40-1-204-03-00 « Russia 7-095-797-3928 = Saudi Arabia 966-1-462-42-66 * Singapore 1-800-375-8100 » Slovakia 42-1769-258-111 « Slovenia 386-61-188-52-71 » South Africa 27-11-444-8010 « Spain 34-91-631-3300 ¢ Sweden 46-8-506-48686
Switzerland 41-1735-8300  Taiwan 0800-47866 * Thailand 1-800-226-008 « Tunisia 216-1-237-123 « Turkey 90-12-466-8212 « UK 44-7004-666666 » Ukraine 7-380-44-235-43-55 « United Arab Emirates 971-4-282-7577 « Uzbekistan 998-71-132-0871

*0,82 FF HT les 45 seconden en journee. **DM 0,24/min  ©2000 Agilent Technologies ADEP3464016/MRF Windows is a registered trademark of Microsoft Corporation.
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Broadband RF and Microwave

The MLS series is the newest edition to MITEQ's line of s
high-performance logarithmic amplifiers. Utilizing the latest MIC
(microwave integrated circuit) technology, these logarithmic amplifiers achieve

exceptional performance in packages as small as 1.8 square inches. The design uses low-
noise gain blocks and the same proprietary detection circuitry as the MLIF series to achieve
ultrawide operational bandwidths. Increased sensitivity and video rise times as fast as 2 ns
are available.

Operational Input
Frequency Dynamic Tangential Video Rise Fall Recovery
Model Range Range Sensitivity Flatness Time Time Time
Numbers [(MHz) (dBm) (dBm) (dB) (ns) (ns) (ns)
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MLS-3000/2000-70 | 2000 to 4000 65 10 +5

For additional information,

please contact Boris Benger ' ITEQ

at (631) 439-9402,

Ll (6.31) 09T Cf!‘ Haupplggenind?l ’Il:’ ;gse
e-mail bbenger@miteq.com TEL: (631) 436-7400 « FAX: (631) 436-7430

Visit us at Wireless/Portable Booth #1624 Www.miteq.com
Go to www.mwrf.com and click on the Free Advertiser Information icon



Visit us at Wireless/Portable

Booth #1335

,wz 4 WEEKS ARO

r, Camarillo, CA 93012
| Fax: (805) 987-6990
om * www.jcatech.com
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for every application

ND
, 3l Order VSWR D Curent
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35
3

4
45
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35
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LINA

ICPtyp InfOutmax  mA

201 250
2.0:1 300
2.0:1 400
20:1 450
201 500

ERS

3rd Order  VSWR  DC Current
ICPtyp InfOutmax  mA

2.0:1 550
201 550
201 550
2.0:1 550
2.0:1 600
2.0:1 800

ERS

3rd Order  VSWR DC Current
ICPtyp  In/Out max mA

20:1 1000
200 2200
20:1 1200
20:1 1700
204 700

¥iOrder VSWR D Curent
ICPtyp  In/Out max mA

201 200
2.0:1 200
2.0:1 200
2.0:1 200
2.0:1 250

1dB Comp. 3rd Order VSWR DC Current

10
10
10
10
13
13
13
13
10
14
10

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

10

20
20
2
2
23
23
23
23
2
24
2

20

ICPtyp  In/Out max mA

2.0 80
2.0:1 80
201 90
2.0: 120
2.0: 120
1.5:1 150
1.5:1 150
1.5:1 150
200 200
200 200
20 - 200
200 200

*Competitive Pricing

¢ Temperature Compensation

+ Compact Size

+ Gain Control

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



Extend your product’s
performance with

3G CDMA test solutions
from Spirent
Communications

Wideband CDMA stretches old algorithms to new limits. Algorithms such as RAKE finger
tracking and wideband channel estimation. These key ingredients of wideband 3G designs
must perform over a broad range of environments. Environments that change...Quickly.

SPIRENT
That's the reason the TAS 4500 FLEX5 RF Channel Emulator comes equipped with a ; has brought
powerful new dynamic channel emulation mode called 3GPDP (Power-Delay Profiles). i together Adtech,

Use 3GPDP to test your receiver designs under the most challenging RF channel 4 DLS, GSS, SmartBits,
conditions. FLEX5 meets all W-CDMA and cdma2000 test specifications. But 4 and TAS to create
why stop there? Program 3GPDP's Moving Propagation and Birth-Death channel 4 the world's leading
models to emulate any environment you can dream up. 4 communication test and

measurement company
1-800-927-2660

www.spirentcom.com

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



Need a high performance first stage LNA for your PCS,

Your P CS ReCEiver ,S GPS, or WLAN receiver? Our NE34018 GaAs HEMT

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

low cost, superminiature SOT-343 plastic package.
With NEC's New, Miniature ' P

Nearly half the size of a conventional SOT-143 device,
ID V‘/ COSt I l I i: the NE34018 can help miniaturize your handheld

wireless receiver design — while maximizing its per-

formance. The NE34018 is just one in a family of

NE34018 HEMT FETs: miniature plastic transistors from NEC.

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

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

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

4 5 _
Rl ® "” \ e b w2
o [ el R £
Housed in SOT-343 packages (right), these NEC HEMTS B ~ i: g
are nearly half the size of conventional SOI-143 devices. %z iy : . g
=
VERSATILE NE76118 MESFETs: = e
m (0.8dB Noise Figure @ 2GHz 0 , e o
0 1 2 3 4 5 6 789

® /3.5dB Associated Gain @ 2GHz

W Use as an oscillator, 2nd stage LNA,
or buffer amp

W 61¢ in 100K quantities For instant Product Data visit us at:

www.cel.com

Or call our 24-hour Fax Hotline
at 800-390-3232 and request =

Frequency (GHz)

SuPer Low Noise NE334S01 H) FETs:
® (0.25dB Noise Figure @ 4GHz

® 16dB Associated Gain @ 4GHz Document #144
® Miniature plastic four pin package (US.and Canada)
® 99¢ in 100K quantities aweese sy%o

¢ gOOTH %

NEC Feb 137 Ca.lifomia Eastern Laboratories

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

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

Go to www.mwrf.com and click on the Free Advertiser Information icon
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Novel Passive FET Mixers

COVER FEATURE

Provide Superior Dynamic Range

The dual-dounble-balanced configuration of
these FET mixers helps to improve dynamic

range with veduced conversion loss and

noise figure without expending DC bias.
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Fast Action,
Fast Delivery!

© 2000 Digi-Key Corporation

1-800-DIGI-KEY

www. digikey.com

A < G ik .
o Go to www.mwrf.com and click on the Free Advertiser Information icon




FIVE YEARS AGO,
THE NTS-1000 SET THE *
BENCHMARK FOR THE COMPETIT\OW'S
PHASE NOISE ANALYZERS TO FOLLOW.

THREE GENERATIONS LATER,
- THEY'RE STILL BACK THERE. SOMEWWERE.

INTRODUCING THE NTS-1000 B (3G):
NOW EVEN FASTER AND EASIER TO \SE,
WITH THE GREATEST DYNAMIC RANGE
/N BOTH RESEARCH AND PRODUCT\ON.

/
L

The NTS-1000B | forms 10 complete

Some phase noise analyzers are great in the
lab, but too slow for production. Still others

are easy to use, but limited in versatilit
and performance. But only the NTS-1000B
combines exceptionally high speed, broad
dynamic range, full automation, and high
precision. Its no wonder the NTS-100
Series continues to be the choice for both
development and production at the worlds
largest manufacturers of wireless chip sets,

mobile phones, and base station equipment.

Frequency Generation
and Noise Measurements
INC. for Critical Applications

/th Ave. & Freedley St., Conshohocken, PA 19428

felephone: 610-825-3750 Fax: 610-825-3530

measurements (1 to 100 kHz), including
calibration, in 12 seconds - all of the data,

~ not just one data point. You can make

three separate downconverted-band
measurements in less than 7 seconds,
including all hardware and software
latencies, using the IEEE.488 interface
... all for less cost than “competitive”
instruments.

To find out more about RDLs NTS Series
phase noise test system, contact RDL at
{610) 825-3750, or visit our web site
at rdl-instrumentation.com.

Visit us at Wireless/Portable Booth #1246

www.rdl-instrumentation.com

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



Waste Not. Want Not.

If you're throwing out your old technology every
time you upgrade, perhaps what you're really scrapping
is your productivity. Introducing the fully-upgradeable
El Toro™ Microwave Synthesizers from Anritsu: the 68C
and 69B. With 42 levels of technology to choose from,
you can upgrade to a higher-performing model at
anytime without buying a completely new synthesizer.

Choose from the widest frequency coverage and the
lowest phase noise available today. Whether you want

Linking~
he = 1)
World i/
)
’flllt"

El Toro 68C/69B Microwave Synthesizer

CW signals to 8 GHz, fully modulated signals to 65 GHz,
or anything in between, Anritsu can configure the right
signal generator for you. And because you're buying an
Anritsu, you'll also enjoy the peace of mind that comes
with owning one of the hardest working and longest
lasting synthesizers on the market.

For more information call 1-800-ANRITSU or
check out our website at www.global.anritsu.com. The
El Toro from Anritsu. The end to disposable technology.

~ /inritsu

One world. One name. Anritsu.

©1999 Anritsu Company Sales Offices: United States and Canada, 1-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com

Visit us at Wireless/Portable Booth #617

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



wirewound RF chip inductors
run circles around the competition

| 0402 (1005) -
0603 (1608)
0805 (2012)

1008 (2520)

| 1206 (3216)

§ 1812 (4532) -

Springs"

ORDER legf'}

v 5 CST.
VERN\GHT DEL\VERY\ CALLE
[e)

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

Lower DCR Put as much as 3 times the current through
our chip inductors thanks to their low DC resistance.

Higher SRF Ceramic construction shifts SRFs to much
higher frequencies than multilayer or ferrite designs.

Tighter tolerance Precision manufacturing techniques let
us consistently produce parts with 2% inductance tolerance.
Our most popular values also come in 1% tolerance.

Better support From our engineer-friendly web site to our
global manufacturing capabilities, Coilcraft is

just plain easier to do business with. ORDER You
Visit us at www.coilcraft.com for technical EE
data, free samples, simulation models and more. osAMPLEs

N THE weg

. ™
.
www.coilcraft.com 800/322-2645 Fax847/639-1469

Visit us at Wireless/Portable Booth #949

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



True
75 Ohm Connectors

- Featuring Mini 75 Ohm SMB and Mini 75 Ohm SMB and 75 Ohm MCX
75 Ohm MCX Connectors Features and Benefits
* Plugs and Jacks * True 75 Ohm impedance
* PC Mount Plugs and Jacks * Increasing signal speed
* [n-series adapters * Efficient signal and data transfer
* Between series adapters * Optimum performance
* End Launch * Low VSWR
* Terminations * Mate with their 50 Ohm counterparts

JOHNSON 1.800.247.8256

Components ~ www.johnsoncomp.com

Visit us at Wireless/Portable Booth #1133 Go to www.mwrf.com and click on the Free Advertiser Information icon



Operating Bands
From 1 - 15 GHz

Ideal for Wireless
Applications

s 12 Volt Operation

e Optimized Bandwidth/Tuning
Speed Combination

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

Frequency
Frequency step size
Tuning range

Switching speed
Output power variation

In band spurs
Phase noise See graph > For
Internal or external additional

External reference information,
Frequency 5/10 MHz lease contact
Input power 3 dBm +3 dB p .

i oshidvat Stan Eisenmesser at

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

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

Operating temperature -10 to +60°C 7 : sy,
I | ___|

PHASE NOISE (dBc/Hz)

* Acquire time depends on step size (low as 25 js). 100 Davids Dri
avids Drive

Visit us at . Hauppauge, NY 11788

A == Wireless/Portable Booth #1624
oo TEL.: (631) 436-7400
}www.m‘lteq:com FAX: (631) 436-9219/436-7430

Go to www.mwrf.com and click on the Free Advertiser Information icon
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FORMULA QUESTION
To the editor:

Recently, I have had more time to
read your magazine. I enjoy the Feed-
back section because 1 feel it reflects
the democracy and might of our coun-
try and also of your magazine.

I have seen some papers in your
magazine, however, that contain incor-
rect results with faint information.

In the December 1999 article on
“Calculate Power In Gaussian-Modu-
lated Wireless Systems,” there is a for-
mula (1) that represents the impulse
response of a root-raised-cosine filter.
This formula is really the impulse re-
sponse of a raised-cosine filter, not its
square root one. Formula (1) still has
two printed errors compared to the
correct one. In Fig. 1, a square un-
shaped pulse g(t) is shaped by a root-
raised-cosine function f(t).

I do not understand the meaning of
“shaped.” f(t) is the response of a very
narrow pulse, but g(t) is not a narrow
one, If g(t) passes through a filter and
has a response of f(t), the output is the

convolution of both. To draw the curve
f(t) in Fig. 1, there must be a value of
“a” in formula (1). What is the value of
“a”? As a result of this question, the
other part cannot be reasoned out.

Fu-Nian Ku
Consultant
Rockville, MD
PROPER CREDIT
To the editor:

I get very upset each time that
your articles come out in the maga-
zine about Dick Moss inventing the
Polyfet. In the November 2000 issue
(p. 176), it stated that it was his tran-
sistor. This is not true.

If you care to check into this, you
will find that Fred Quigg is the in-
ventor, designer, and process engi-
neer of the Polyfet. He did most of
the fabrication of the wafers in San
Jose, CA and the assembly in New-
bury Park, CA. Later, Dick Moss left
3dBm and became the marketing
manager at Polycore. The patent
numbers are 5,121,176, and 5,179,032.

FEEDBACK

Fred Quigg assigned the patent
rights to Polycore.

I know that Fred did not want to
embarrass Dick Moss or the maga-
zine over the situation, but each time
Dick Moss gets the credit for Fred
Quigg’s transistor, it hurts.

Dixie Lee Quigg

President

Point Nine Technologies, Inc.
Newbury Park, CA

FIGURE ERRORS
To the editor:

In the August 2000 issue, the arti-
cle “Modulation Schemes Affect The
Linearity Of An HBT Amp” con-
tained some figure errors. We apolo-
gize for the mistakes that we discov-
ered. Basically, the drawing for Fig.
2 should be for Fig. 4. Figure 4 should
be Fig. 5, and the drawing for Fig. 5
should really be for Fig. 2. Our web-
site, http://www.eiccorp.com, con-
tains the revisions.

EiC Corp.
Fremont, CA

1,239 580 Filters

{\merica’s Filter Specialist since 1956

Combline & Interdigital

Filters to 18 GHz

Surface Mount

L d

Diplexers and

Multiplexers to 18 GHz

Micro-strip

LC Filters to
3000 MHz

Micro-strip

Filters to 3 GHz High Pass

Filters to 18 GHz

| ViSA |

&
=

Low Pass
Filters to 18 GHz

Eastern Regional Sales Office:
St. Pete Beach, FL

Toll Free: 877.363.0849
Ph: 727.363.0849

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

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

Ph: 800.776.7614 310.478.8224
Fax: 800.473.2791 310.445.2791

E-mail: sis@tte.com

www.tite.com

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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Yesterday's craftsmen used fire

and force to master metal.

Today, elements yield ta the will
and design of RFMD™ engineers.
Combining crystal, chemical and
precious metal, they harness heat, light
and plasma to forge miniature mazes onto

chips thinner than a human hair,

Millions of chips and miles of circuits —
tools for tomorrow’s technology —
all produced at the world’s largest

Gafls HBT fabrication facility.

More than manufacturing —

this is craftsmanship.

FABRICATION - it sets us apart.

))))))))))) ®

MICRO-DEVICES

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

7628 Thorndike Road
Greenshoro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Visit us at RF & Hyper Europe 2001, Stand F23, and 2001 Wireless Symposium, Booth #743

Mention fabrication when contacting us. www.rfmd.com

T™M & © 2000, RF Micro Devices, Inc.

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

M/A-COM provides an integrated digital voice and data ;
communications network solution to the Public Safety, o
Transportation, Transit and Utilities Markets. F

Today the cellular telephone is used primarily as a
mode of voice based communication. M/A-COM provides
semiconductor products which will help transform
today's mobile phones into tomorrow's wireless voice
and data terminals.

-

LMDS uses high-powered radio signals to transmit
voice, video and data communications.It offers full
two-way symmetric and asymmetric communications
between a single base station point to various
customer premise location within a clear line-of-sight.

M/A-COM is a leader in the development of wireless
products designed to enhance automotive information and
safety. Applications include autonomous cruise control,
collision avoidance radar and GPS.

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

LOOKING BACK AND
LOOKING AHEAD

Some may say that this was the first
year of the new Millennium, while some
may think of it as the last year of the old
Millennium. In any case, it was a year
that was representative of these strange
and uncertain times. It was a year when
financial markets finally started to take
on the nature of a bear rather than a bull,
and it was a year when investor confi-
dence, which has been strong in the pre-
vious decade, began to decline. Perhaps
the most symbolic event of these strange
times is the manner in which America
has chosen its next President—as of this
writing, last month’s election is still not decided.

The end of any year is always a good time for reflection. Such reflection is
important. Without it, life appears to be too much of a continuum, without
stopping (or resting) places. This issue, in fact, is representative of this phi-
losophy, with several articles that take “a look back” at what occurred during
the year. On p. 29, for example, senior editor Gene Heftman reviews some of
the key events of 2000 and what effects they had on the high-frequency in-
dustry. Page 173 begins coverage of the traditional Top Products awards. The
article recognizes some of the important engineering feats of the year, on the
component, system, and test-equipment levels. This recognition implies that
credit should be given to the marketing efforts of these same companies. They
got the word out on these engineering developments, making it possible for a
magazine such as this to provide information to its readers.

This was a year where formerly novel device technologies—silicon germa-
nium (SiGe) and silicon carbide (SiC)—gained ground. And several compa-
nies, including Radiata (San Jose, CA), announced integrated circuits (ICs)
capable of working past 5 GHz with “old-fashioned” silicon (Si) technology. It
was a year when technical conferences touted a future electronics industry
dominated by extremely low-power single-electron transistors.

What lies ahead? All we can offer of the future is a summary of the techni-
cal topics planned for next year’s editorial calendar, which is as follows:

Issue Theme

January Semiconductors

February Fiber-Optics Technology

March Wireless Technology

April Military Electronics

May MTT-S Show Issue/Radar & Antennas

June Communications

July Test Equipment

August Wireless Applications

September Amplifiers & Oscillators

October Integrated Circuits

November Military Electronics

December Wireless Show Issue/Communications
Publisher/Editor
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See On ine catalog at:
http://www.mcli.com

1-800-333-MCLI (6254)
Fax: (727) 381-6116

Microwave
Communications
Laboratories Inc.

7255 30th Avenue North
St. Petersburg, FL 33710
hitp://www.mcli.com
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Industry’s most integrated
RF transceiver and RF transmitter ICs.
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Port | Function | Cornmeion | 004t | rangmit |-O00 Lock Tame
mbe : : Standby Standb
Number ' Standby Active* Foven To rec ' To xmii :
TRF4900 | Transmitter | 0.5pA 22mA | 7dBm | FM/FSK | N/A 500 s | 24-pin TSSOP| $2.19
TRF6900A | Transceiver | 0.5 pA 21 mA | 45dBm | FM/FSK | 600ps 500 s | 48-pin POFP | $5.34

"Price is per device in quantities of 1,000.

The ISM-band TRF6300 transceiver and the TRF4900 transmitter from Texas Instruments utilize cutting-edge
technology to bring you the integration and low-power operation that your RF designs require. The TRF6900 and
the TRF4900 include a fully programmable direct digital synthesizer (DDS) for fast, accurate frequency hopping.
The small size, low power consumption and fast standby to transmit operation (500 ps) make these RF compo-
nents ideal for battery-powered applications. From security systems and toys to utility metering devices and
home automation, TI's integrated RF transceiver and RF transmitter ICs are the perfect fit.

48-pin POFP
shown actual size

application notes

TRFG900 data sheets
evaluation e _
module product brochure

" Power amplifier at 20 dB attenuation. The red/black banner is a trademark of Texas Instruments. 1614-10

THE WorLD LEADER IN DSP aND ANALOG

B Single-chip solution with direct
digital synthesizer supports
wide-band applications with
fixed or frequency hopping
spread spectrum

W Integrated voltage controlled
oscillator, phase-locked loop
and adjustable power amplifier
decreases board space

W 7RF6I00 contains integrated
mixer, demodulator, data slicer
and Received-Signal-Strength
Indicator for interface with a
microcontroller or DSP

B Operates in Europe/U.S.
ISM-band at 850 MHz to
950 MH;z

W 30-us frequency hops

B SW programmable frequency
settings

B Z2-Vto 3.6-V operation ensures
low power consumption

B No external adjustments required

Bl | Contaciubeen i . ]
. eveloment toon | WWW.ti.com/sc/nowire
1-800-477-8924, ask for ext. nowire

Visit us at Wireless/Portable Booth #314
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Introducing a new series of Low Noise
and High Dynamic Range FETs

Cutting-edge performance at
an amazingly low price
FH1

For wireless v DC-6GHZz

licati
s IP3 up to 45dBm
Noise Figure Down to 1.5dB
Low Cost SOT-89 Package
Proven WJ Quality and Reliability

AN N NN

FHF1
For wireless

applications ) ' )
above 3GHz W]J's new series of FETs combines low noise, high dynamic

range, and up to 20 dB of gain.Call our toll free number, fax us
at 650-813-2447 or e-mail us at wireless.info@wj.com to request
data sheets and a complete catalog.

Visit us at Wireless/Portable

Booth #633 ‘ :
The Wireless Edge” 1-800-WJ1-4401

Distributed In U.S.A. by Microwave Components: 800-282-4771; Nu Horizons Electronics: 888-747-6846; Richardson Electronics: 800-348-5580.
In Europe call WJ: +44-1252-661761 or your local Richardson Electronics Office: France: (01) 55 66 00 30; Germany: (089) 800 21 31; Italy: (055) 420 10 30 UK: (01753) 733010,
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rimary loop delay filter assemblies
integrate high power cavity delay filters,
couplers and isolators into a single compa
module for performance improvement, space
savings and cost reduction,

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

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

USA EUROPE

Phone: 410-749-2424 Phone: 44-(0)-1262 605500 MICROWAVE INCORPORATED

FAX: 410-749-2788 FAX:  44-(0)-1262 605504 : : ®
www.klmicrowave.com * E-mail: wireless@kImicrowave.com ) TECHNOLOGIES COMPANY
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England +44 (0) 118 934 3838 # Finland +358 (0) 8 8251100
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Transistors

Get the Power You Need Now.

Designed for DCS base station applications in the
frequency band 1.805 to 1.880, the UltraRF™
UPF18060 is a 26V broadband RF power n-channel
enhancement-mode lateral DMOS, rated for a mini-
mum output power of 60W. It's ideal for CDMA,
TDMA, GSM and multi-carrier power amplifiers in
class A or AB operation.

Best of all, it's available now. With a standard turn-
around time of only two weeks, you can get all the
power you need— all at a very competitive price

Drop-in Simplicity.

The UPF18060 was designed to drop in to your
existing design with no matching changes, so you
can benefit from its rugged performance with no
hidden cost. It's internally matched for repeatable
manufacturing, and an all gold metal system offers
the highest reliability. The UFP18060 also offers the
high linearity required for the latest air interface
standards, and high gain for simplified amplifier
design and more efficient operation

Sweden +46 (0) 8 380210 » Morway +47 333 86271
Germany +49 (0) 7131 78100 e Israel +972 (3) 953 1696
France +33 (1) 69 53 80 00 e ltaly +39 02 481 7900

ASIA

Hong Kong, China 852 2376 1882 » Korea 82 2 5472 9449

No Waiting — Immediate delivery of
Industry Standard Discrete

EUROPE 160 Gibraltar Court
Sunnyvale

CA 94089-1319 USA
Phone: 408 745 5700
Fax: 408 541 0139

T

RF Power

Don‘t Wait.

Call today. We'll rush you
a brochure and technical
datasheet that give you
all the details on the
UPF18060, one of a com-
plete range of high power
LDMOS internally matched
RF power transistors.

Call UltraRF Advance
Technical Sales in the U.S.
at:
1-877-206-5657 Toll-Free
1-408-745-5700
email info@ultrarf.com
or visit www.ultrarf.com

Or contact your local
UltraRF representative.

Go to www.mwrf.com and
click on the Free Advertiser
Information icon
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ORWALK, CT—The semiconductor industry is a growing but cyclical market.
e to this, the semiconductor equipment market trails it by approximately one year
sales changes. The semiconductor industry is capital intensive. It takes more than
illion to construct a new fab with a lead time of 12 to 18 months. With the long lead
 of construction and high equipment cost, it is imperative to make the best equip-
t decisions so that the
d‘ﬁiﬁ‘;ﬁ become obso- Worldwide semiconductor equipment sales, through 2005
ording to RG-247 40,000
nductor Process
ment, a study from | &
ess Communications = 30,000
., the worldwide | = 25 ggp
ket for semiconductor | 4
t sales is expect- | £
o cross $41 billion in | Z 15,000
To reach the goal of | ~ 10,000
illion worldwide
ductor sales, new
emiconductor

O Wafer processing
B Packaging
I Test and metrology

ubmicron geometry integrated circuits (ICs) and larger, 300-mm silicon (Si)

s manufactured on these new lines will have up to 0.5 billion transistors

of electrical conductors.

ride semiconductor market is likely to grow at an average annual growth
) of 8.3 percent during the five-year forecast period, and is thus expected

lion by 2005 (see figure).

le wafer-processing end of the semiconductor-equipment market is expected to

tain its dominance through the five-year forecast period, as it grows at an annu-
age growth rate (AAGR) of 5.5 percent to reach $35.7 billion by 2005. In 2000,

ector comprises nearly 67 percent of the worldwide market.

N JOSE, CA—ArrayComm, Inc. announced that the Federal Communications
‘ommission (FCC) has awarded a spectrum license to the company that will trial its
URST™ wireless Internet system commercially in San Diego, CA. Optimized to
‘provide low-cost portable broadband access for businesses and consumers, the i-
BURST system will enable a wide range of applications, such as telemedicine, high-
speed file transfer, streaming audio and video, and networked gaming.
i-BURST is an access system that can deliver in excess of 40 Mb/s in a 10-MHz slice
f spectrum, for online access to the full range of rich media applications that the In-
ternet has to offer, through laptops, palmtops, and next-generation fixed and portable
Internet appliances. ArrayComm and its partners will deliver user data rates of 1
IB/s or more—even when the network is operating at full capacity—at costs similar
to today’s dial-up Internet access.
'The commereial market trial in San Diego will service thousands of users beginning
in mid 2001. Full-scale commercial deployment blanketing the nation’s top 100
; Iﬁ:étrdpéiitan. areas will follow.
“The intent of this trial is to demonstrate the commercial viability of an advanced
technology that allows users to experience a vast range of applications and services
ithin a portable broadband Internet system at very low cost,” says Nitin J. Shah, Ar-
rayComm executive vice president and general manager for i-BURST. “We are grate-
ful to the FCC for having the vision to showease this highly spectrally efficient system
in a major commercial trial.”

BURST leverages ArrayComm’s patented IntelliCell@adaptive-array-antenna
(spatial-processing) technology enabling networks that can deliver 400 times the per-
formance of third-generation (3G) systems currently in development.
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Differences
Found In
Wireless Internet
Service Quality

Study Predicts
Properties 0f Si
Nanowires

CAD Data Store
Supports Open
Account
Purchases

CHICAGO, IL—Wireless Internet services still vary significantly from carrier to car-
rier. Telephia proved this as it collected wireless data-network performance information
live from the convention floor at the Personal Communications Industry Association’s
(PCIA’s) GlobalXChange 2000.

In the first test of its kind, Telephia tested the wireless Internet networks of two major
national carriers within the Chicago market on the first day of the PCIA show and found
meaningful differences in network performance. The testing measured the availability and
quality of service of both carriers’ wireless ‘dial-up’ and Internet browsing services inside
the McCormick conference center.

In testing the two carriers, Telephia first measured how quickly a phone could access
the Internet through each carrier’s portal. Telephia found that one carrier had an average
connection time of 21.4 s, while the average connection time for the second carrier was 2.6
s. The maximum time that a user had to wait for a connection on the first carrier’s network
was 150 s. The longest time that a user had to wait for a connection to the second carrier
was 17 s. Telephia defined connection time as the period between when a user presses the
TALK or SEND button and when the portal browser actually appears successfully on the
handset.

The wireless dial-up modem performance was also significantly different between the
two carriers. The percentage of successful transfers of a 75-kB file—the equivalent of ap-
proximately six pages of Microsoft Word text—for the first carrier was 75 percent. The
second carrier’s successful transfer rate was only 24 percent.

ATLANTA, GA—Large-scale simulations of silicon (Si) nanowires measuring sev-
eral atoms in diameter have provided device designers with new clues as to how these
nanometer-scale devices will one day perform. The work provides a basis for antici-
pating how the quantam mechanical effects that dominate material of this size scale
will alter the operation of future electronic devices.

Writing in a recent issue of Physical Review Letters, Uzi Landman, Robert Barnett,
and Andrew Scherbakov from the Georgia Institute of Technology, and Phaedon
Avouris from the IBM T.J. Watson Research Center, report on a number of issues per-
taining to the atomic structure, electronic properties, and electrical transport in Si
nanowires that will have to be considered by designers using devices this small.

To boost speed and reduce energy use, engineers are being pushed to make elec-
tronic devices smaller and to pack more of them onto a chip. This pressure will even-
tually drive them to use features as small as 1 nm (one-billionth of a meter, or a hun-
dered-thousandth the width of a human hair). When that happens, device operation
will be dominated by quantam mechanical effects—and the expectations that have
long governed device design will no longer apply.

PALO ALTO, CA—Agilent Technologies, Inc. announced recently that the Agilent
CAD Data Store (http://www.caddatastore.agilent.com) now supports online pur-
chases using its “Open Account” format in addition to the existing credit-card method.

The Agilent CAD Store helps printed-circuit-board (PCB) designers and librarians
inerease quality and reduce the time spent in creating the computer-aided-design
(CAD) data (symbol and footprint) for parts used in designs. The CAD Data Design

Store offers a data base of commonly used parts with the respective electronic CAD

data for sale online. Parts are available from more than 1000 component vendors
worldwide and range from resistors and connectors to large digital integrated circuits

atesy

Users can search the CAD Data Store for parts without charge by parametric val-
ues, manufacturer part number, keyword or component type, and view the symbols
and footprints before purchasing. After registering, users can purchase, download,
and instantiate the CAD data directly into the schematic of their PCB tool.

Agilent encourages customers to try out the service by registering, installing the
Eeserve client software, and downloading any of the free parts listed on the home
page. The CAD Data Store presently supports Mentor Graphies Board Station and
Mentor Graphics Expedition PCB (previously sold by VeriBest) tool sets, while Agi-
lent plans to support all major PCB tools.
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. TestMart
s Business.
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It works for me.]

Get the test and measurement equipment you need when you need it.
TestMart—the industry’s leading information and commerce service—
is redefining the test and measurement marketplace.

Use our proprietary databases to call up unbiased, head-to-head product
comparisons. Examine detailed specifications on over 16,000 products in
more than 175 categories.

Then, take immediate advantage of TestMart'’s secure, easy-to-use commerce
features to check product availability in real time before placing an order.
Our selection is unmatched in the industry. And, we're open for business
around the clock. Visit testmart.com or call toll-free to make us your single
source for everything test and measurement.

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

Visit us at Wireless/Portable Booth #309

www.testmart.com

toll free 1-888-665-2765
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'Fiber Makers To
Double Capacity

Portable Fuel
Cell Shipments
To Explode By
2007

Kudos

NEWPORT, RI—A fiber shortage that began in 1999 and will continue at least
through 2002 has caused major fiber makers to invest $2.6 billion this year in capacity
expansions. The expansions will boost worldwide capacity by 97 percent from 77 mil-
lion fiber-km in 1999 to 152 million fiber-km in 2001, according to a KMI study, World-
wide Markets for Optical Fiber and Fiberoptic Cable.

The surge in announced capacity expansions comes on the heels of 38-percent
growth in worldwide cabled-fiber demand in 1999. North America showed the strong-
est growth as network operators in long-haul, local, and cable-television (CATV) ap-
plications continued to build out their networks. Europe also showed significant
growth as pan-European operators installed 4.5 million fiber-km in 1999. Several of
the major US carriers contributing to this demand include long-haul carriers, Qwest,
Williams, Level 3, and Broadwing.

A combination of more operators building larger networks using higher fiber-count
cable with non-zero dispersion-shifted fiber exacerbated the tightness in supply. Pro-
duction rates of non-zero dispension-shifted fiber (NZDSF') are slower than those of
conventional single-mode fibers (CSMFs), which adversely affected the industry’s
ability to meet demand.

OYSTER BAY, NY—Direct methanol fuel cells will be the most widely used, ear-
ly technology of micro fuel cells. The rapid global expansion in the use of cellular
phones, portable personal computers (PCs), personal-digital-assistant (PDA) devices,
and the emergence of new mobile equipment to use with these devices, will continue
to fuel market growth for high-end power supplies, particularly micro fuel cells.
Portable fuel cells will enter the market with 50,000 units shipped in 2002. That num-
ber is expected to surge to 200 million units annually by 2007.

According to “Portable Fuel Cell Markets—Global Portable Fuel Cell Opportuni-
ties In Portable Applications With An Intense Focus On Wireless Applications,” a re-
port from Allied Business Intelligence (ABI), wireless handsets are the initial market
for the first wave of portable fuel cells, which are miniaturized, replenishable energy
devices.

“Portable fuel cells have the real potential of being profitable in a shorter time span
than either stationary or automotive fuel-cell applications,” says ABI senior energy
analyst Atakan Ozbek, the report’s author.

“Portable fuel cells will initially enter the market in large quantities to serve the
high-growth wireless handset sector in the US. Japan and Europe will catch up and
should take the lead by the second half of this decade,” states Ozbek.

Alpha Industries, Inc. has been named to Forbes magazine’s annual list of the 200
Best Small Companies in America. Alpha ranked 138th overall on the Forbes list,
which requires companies to exceed specific financial requirements based on value and
growth...Keithley Instruments, Inc. was recently recognized by Ohio Governor Bob
Taft as the 2000 Edison Award winner during a ceremony at the Center of Science and
Industry (COSI) in Columbus, OH. Sponsored by the Ohio Department of Develop-
ment and its Thomas Edison program, the Edison Award recognizes one outstanding
Ohio company or organization that has demonstrated global leadership in fostering or
implementing innovation. The award honors a firm that uses technology to impact not
only its own operations, but also the quality of life in its community, the state of Ohio,
and around the world...The US Patent and Trademark Office has awarded a patent to
CTS Corp. for Resistor Network with Solder Sphere Connectors. The ball-grid-array

(BGA) packaging virtually eliminates parasitic capacitance and lead inductance, ma-

jor causes of poor performance of resistor networks in high-frequency data
busses...Tality Corp. will provide $500,000 in sponsorships to Scotland’s University of
Edinburgh for the university’s top electrical engineering students. The Tality five-
year master program will provide internships, mentoring, and financial assistance
with costs at the university.. EMCORE Corp. has been named to Deloitte & Touche’s
“New Jersey Fast 50” program, which ranks the 50 fastest-growing technology com-
panies in the state. EMCORE has had a five-year revenue growth rate of 222 percent.
Deloitte & Touche computed all the calculations of revenue growth rate and rankings.
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InGaP HBT

and MOCVD
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The new InGaP HBT broadband
amplifiers from EiC are setting the
industry standard for superior

Infrared Thermal Map
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A healthy dose of veality is veigning in the growth
of communications companies who thought that
there was nothing but clear sailing ahead.

Turbulence Muddies
The Telecom Waters

GENE HEFTMAN

Senior Editor

S the recent US presidential election proved, reaching premature

conclusions can lead to confusing, erroneous, and unintended con-

sequences. The same can be said of the telecommunications indus-

try and its wireless communications offspring, which for the past
few years have coasted merrily along, racking up profits, drawing new cus-
tomers, and making large investments in infrastructure. It seemed as
though it would be business as usual this year as communications contin-
ued to grow into the biggest and most important business in the world. But
the pain and suffering of the most powerful companies of these industries
in the last 12 months shows that that conclusion, like the election results,
was premature. The broad perspective of it all comes from Wall Street,
where the Nasdaq Composite Index, which on November 20, 2000 hit
2871.45, establishing a 52-week low, was down 43 percent from its 52-week
high of 5048.62 in March. Since the Nasdaq is so heavy with high-technol-
ogy stocks, it serves as the bellwether for all of the communications, com-
puter, Internet, biotechnology, and other industries that are the backbone
of the modern technological information economy. Although business con-
ditions in the US tend to hog the media spotlight, the weakness in commu-

nications, like the industry itself, is worldwide.

The big telecom news of the year
hit on October 30, 2000 when AT&T
(Basking Ridge, NJ) the largest
domestic long-distance carrier,
announced that it would split itself
up for the third time in its 125-year
history, this time into four separate
companies. The reasoning was that
four smaller companies would be
able to respond faster to the dynam-
ic communications-market condi-
tions and have better access to cap-
ital than a single mega-company.
This decision is noteworthy, since
the business strategy of the big
telecoms over the past few years
was to build global telecommunica-

tions giants that could offer con-
sumers a basket full of information
services: local calls, long distance,
wireless, Internet access, multime-
dia, ete. It turns out that consumers
are not as interested in this one-
stop shopping approach with a sin-
gle integrated bill as the carriers
hoped. But AT&T’s woes—the
stock is down to approximately
$20/share from $61 over the last
year—were not unique as other big
telecoms danced to the same music.

Not long after AT&T’s reorganiza-
tion, WorldCom, Ine. (Clinton, MS),
the second-largest domestic long-
distance carrier announced that it

too would turn into a leaner, meaner,
and smaller version of itself in order
to better compete in the market. It
also projected lower sales and profits
for the coming year. The culprit for
both telecom giants is the slowdown
in the growth of the traditional core
businesses; local and long-distance
services. This is a result of price wars
and competition from the regional
Bell telephone companies. The
shares of WorldCom met a fate simi-
lar to those of AT&T—down 55 per-
cent this year after almost tripling
over the past five years. Sprint
(Westwood, KS), another leader in
the telecommunications industry,
has seen share prices plummet from
a high of $76 per share to approxi-
mately $23 in early November.

Not surprisingly, the fortunes of
European telecoms are similar to
those of their US counterparts. A
case in point is the short saga of
British Telecom (BT) [London, Eng-
land], which was under fire a year
ago for not being deep enough in
debt. That is, it was encouraged to
borrow to swallow up smaller com-
petitors in order to keep pace with its
large competitors. It did just that.
This year, the tables are turned.
Financial analysts are telling the
company to sell off those acquisitions
to reduce its massive debt, expected
to reach $43 billion next year.

The dominoes continue to fall.
National telephone companies such
as Deutsche Telekom, France Tele-
com, and Royal KPN are being forced
to scale back expansion in the face of
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rapidly rising debt to acquire third-
generation (3G) phone licenses. Hold-
ers of these licenses hope to reap the
rewards of electronic commerce (e-
commerce) made possible by the
high-speed data communications of
the next generation of mobile tele-
phony. If these phone giants continue
with the high-stakes gamble of build-
ing of high-speed mobile networks, it
will cost approximately $150 billion
for the licenses won in government-
run auctions and a similar sum to
construct the networks over the next
few years. To put these numbers in
perspective, BT, France Telecom,
and Telecom Italia are trying to add
$25 billion in debt in this last quarter
of the year alone. This is 75 percent of
the debt acquired by all telecommu-
nications companies for the first nine
months of the year. One way to raise
this kind of cash is to split a company
up—a la AT&T—rather than last
year’s strategy of building it bigger
through mergers and acquisitions.

CATCHING COLD

When the big telecoms start to
sneeze, companies that supply the
gear that builds the infrastructure
catch a cold. Many of the sickly
infrastructure suppliers are among
the biggest names in the communica-
tions industry. In late October,
Lucent Technologies (Allentown,
PA), the world’s largest telecommu-
nications-equipment manufacturer,
fired its chairman and chief executive
officer (CEQ), Richard McGinn. Most
of Lucent’s problems stem from a
failure to take advantage of opportu-
nities in the optical networking mar-
ket. The company failed to foresee its
customers desire to shift away from
traditional telephone-switching net-
works and into high-speed fiber-optic
systems. Needless to say, the compa-
ny’s short sightedness has shaken
investor confidence badly. The stock,
which traded at up to $78 in the past
year, is now in the low $20s.

Although Lucent’s woes may be a
result of its own miscalculations,
telecommunications-industry ana-
lysts believe that the big telephone
companies will be forced to scale back
their capital spending by up to 30
percent from earlier this year. That,
of course, means less business for the

suppliers of that equipment and
diminishing expectations.

Also on the receiving end of a
cold—although not as bad as
Lucent’s—was Nortel Networks
(Brampton, Ontario, Canada), anoth-
er leading supplier of equipment for
optical networking. The funny thing
about the optical-equipment business
is that it is expanding and there is
tremendous demand for fiber net-
works. Nortel, in fact, reported an
increase of 90 percent in its optical
revenue, yet it was hit hard by
investors who apparently expected
even better performance. The suc-
cess of this technology has led
investors to place unrealistic valua-
tions on the shares, so failures by the
company to meet forecast goals leads
to large sell-offs. As Nortel took ill, it
gave its disease to many smaller
players in the optical business.

A third key optical-infrastructure
supplier hit hard by projections for

RELYING ON DATA
SERVICES FOR GROWTH
COULD TURN OUT TO

BE LESS REWARDING
THAN IT APPEARS ON
THE SURFACE.

slower growth was Cisco Systems
(San Jose, CA), a darling of the high-
technology industry, and at one time,
the market-capitalization leader of
all US companies. Analysts down-
graded the company in the fall
because of a looming reduction in
infrastructure spending in the first
half of next year.

Just as cutbacks by big telecoms
affect the business of network-equip-
ment suppliers, those suppliers, in
turn, impact companies one level
down the food chain from them-
selves, the integrated-circuit (IC)
manufacturers. Soon after Lucent,
Nortel, and Cisco’s problems became
public knowledge, companies that
supply them with ICs took a nosedive
based on the fact that there would be
fewer orders for semiconductors in
the months ahead. For more on this

aspect of the story, see “Report
Sparks Slide Of Comm ICs” in this
issue of Microwaves & RF (p. 36).

Telecommunications companies
caught up in the decline of the pricing
of traditional long-distance and local-
phone service are looking to data as
the next great wave of technology
that will pull their irons out of the
fire. AT&T, for example, is now the
country’s largest cable-T'V operator,
providing it with the opportunity to
offer broadband distribution of high-
speed Internet access (data) and
other phone and data services, along
with TV programming.

Relying on data for growth, how-
ever, could turn out to be less
rewarding than it appears on the sur-
face. A recent report on telecommu-
nications concluded that bandwidth
is increasing at the phenomenal rate
of 79 percent a year to provide users
with the ability to speed data ever
faster over conventional and optical
lines. While technology can supply
this greater bandwidth, demand for
it is increasing at the much-slower
rate of 62 percent a year, according to
the report. If this trend continues for
the next few years, bandwidth avail-
ability will far outstrip user demand
for it, and this will affect every type
of bandwidth, from long-distance
phone calls to the Internet. The net
result will be a decline in prices for
data services and a less rosy scenario
for companies that were counting on
this medium for the path to prof-
itability. The effect of cheaper band-
width is already having an effect on
some large Internet-service
providers (ISPs) who have reported
lower revenues and profits in the
past few months.

MACRO TO MICRO

While communications has gone
through a rough year as an industry,
the bottom line is will individual cus-
tomers continue to support the
industry in record numbers as they
have done over the last few years?
On the surface, the wireless phone
business—the most-dynamic seg-
ment of the communications indus-
try—continues to move at a rapid clip
in signing up new subscribers, as evi-
denced by data collected by the Cel-
lular Telecommunications Industry
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Association (CTIA) [Washington,

cations trade group. As of June 2000,
the CTIA estimated total US sub-
seribership to be approximately 97
million, which is an increase of 20 mil-
lion over June 1999. With new users
signing on at a rate of 10 million
every six months, it is probably accu-
rate to say that as of this writing, 100
million Americans are wireless
phone users.

Do these figures mean that every-
body is happy? One way to judge this
is to ask them, as is done each year by
the CTIA when it contracts with
Peter D. Hart Research Associates
(Washington, DC) to conduct a sur-
vey among phone users. The ques-
tions posed in this year’s report

February 2000) explored people’s
perception of the value of wireless

wireless data services now getting
underway.

Many of the results of the Hart
Survey remain remarkably consis-

report has been published. For exam-
ple, phone users do not have much
loyalty to their service providers, a
view that has remained steady over
the years. Only 30 percent of users
are extremely loyal to their current
provider and another 22 percent are

not satisfied with some aspect of the
service provided by their companies.
Phone providers should be aware
that user dissatisfaction is growing.
In 1996, 70 percent of users were sat-
isfied with their services, while in
2000, only 52 percent expressed the
same sentiment.

To see people with wireless phones
glued to their ears in public places
and while driving automobiles, the

absolutely indispensable. When
asked if they could give up their wire-
less phone for a period of three

users said it would not be a problem.
For 17 percent of users, giving up the
phone for three months would pose a
real hardship. Another 36 percent
said it would be a problem that would

| lives.
DC], the largest wireless communi-
. service providers are counting on
- data to offset the decline of local and
. long-distance voice traffic, it is
~ instructive to see what the Hart Sur-
. vey found when it questioned users
. on their desire for wireless data ser-
| vices. As the report admits, such ser-
- vices are still in their infancy, so
.~ users have had little time to evaluate
- what is available and how to use it.
. The top-line results are that eight out
- of 10 phone users are satisfied with
. the services presently available.
- Only 18 percent want additional fea-
. tures and services. New users are
- slightly more interested in new ser-
_ vices than are longtime users by a
- margin of 21 percent to 18 percent.

(“The Wireless Marketplace in 2000,”

Since many telecommunications-

The survey reports that interest in

. Web-enabled wireless phones is con-
. centrated among 25 percent of phone
phones and their interest in new |

owners who have a strong (13 per-

| cent) or quite a bit (12 percent) of
interest in a phone that offers data
| gervices including Internet access, e-
.~ mail, online shopping, and text mes-
tent over the five years that the

saging. On the negative side, only 30

- percent of subscribers have a mild
. interest in a Web phones, while the
. largest group, 44 percent, have no
. interest at all. Wireless data services
~appeal mostly to a select group of
- users: 18 to 34 year olds, of whom 42
.~ percent have a high degree of inter-
very loyal. So, put another way,
approximately half of all users are |
. their greatest inroads with business
' users rather than those who use
- phones for personal needs, says the
- survey. Most important to this seg-
| ment are the ability to send and
. receive e-mail, access their office
. computer network and other busi-
ness applications, and send and
. receive text messages. Far down the
' list is the ability to purchase goods
~ and services over the Internet.

conclusion might be that the phoneis
- the focus of telecommunications com-
- panies, it appears that service
- providers and phone users are some-
months, almost half (45 percent) of
- push more data services while the
- majority of users express a ho-hum
. attitude. How this situation plays out
. in the coming year could determine
. how this year-end roundup will read in

require some adjustment in their | December 2001. ee

est in such services.
Wireless data services will make

From the results of the survey and

what out of sync. Providers want to
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Communications IC
provides 12.8 Gh/s

he Solano communications integrated circuit (IC) provides high-band-
‘ﬂ ! ] width communications paths for multiple processors and input/output

(I/0) modules. The chip has four full-duplex, high-speed, low-voltage-dif-
ferential-signaling (ILVDS) links. The four links pr0v1de an aggregate bandwidth
of more than 12.8 Gb/s per node. The manu-
facturer claims that a data network imple- |
menting this IC provides higher system
throughput than conventional buses or se-
rial-link communications. The chip is typi-
cally connected to the external memory-in-
terface bus of a digital signal processor (DSP)
or other signal-processing device. Spec- |
trum Signal Processing, Inc., One Spectrum Court, #200- 2700 Produc-
tion Way, Burnaby, BC V5A 4X1 Canada; (604) 421-5422, FAX: (604) 421-

1764, Internet: http:/www.spectrumsignal.com.
For more information, visit www.mwrf.com

Millimeter-wave amplifier
spans 27 to 32 GHz
[ " he model TGA1172 millimeter-wave amplifier operates from 27 to 32 GHz
' E for wireless communication products such as point-to-point and point-to-
' multipoint radios, satellite earth stations, and spacecraft payloads. The
pseudomorphlc high-electron- moblhty transistor (PHEMT) gallium-arsenide
._ e ; (GaAs) three-stage amplifier pro-
vides 29 dBm (0.8 W) of output power
- at the 1-dB compression point and 18
dB of small-signal gain at 28 GHz.
¢ Typical input and output losses are 10
B dB. The device draws 630 mA from a
Y +5-to +7-VDC power supply, and re-
" quires a separate negative voltage
il s B . supply for gate biasing. TriQuint
Semlconductor, Inc., 2300 NE Brookwood Pkwy., Hillsboro, OR 97124;
(503) 615-9000, FAX: (503) 615-8900, Internet: http://www.triquint.com.

For more information, visit www.mwrf.com

Software upgrade helps
automate high-frequency design

vV jlcrowave Office 2000 Version 4.0, the latest release of this electronic-de-
} sign-automation (EDA) software suite, integrates design synthesis with
[ simulation and manufacturing methodologles Itincludes a built-in SCI‘lpt—
ing language that provides users with access to the &
software’s underlying object model, enabling de- -
sign synthesis and other design-automation fea-
tures. It also includes nonlinear noise analysis and
a harmonic-balance simulation engine, which the
company says is orders of magnitude faster than
previous versions. The layout editor has been en-
hanced to include interactive design-rule checking | [
(DRC) and polygon- -pushing capabilities for com- =i o
plex monolithic-microwave-integrated-circuit (MMIC) and RF IC 1ayout Apphed
Wave Research, Inc., 1960 E. Grand Ave., Suite 500, El Segundo, CA;
(310) 726-3000, FAX: (310) 726-3005, Internet: http://www.mwoffice.com.

For more information, visit www.mwrf.com

Amplifier drives fiber-
nptu: modulators
) d he model CMM303(
E BD wideband gallium
[__4 arsenide (GaAs) driv
er amplifier drives fiber-optic
modulators to data-transmis-
sion rates of 13 Gb/s and be
yond. The pseudomorphic-
high-electron-mobility-tran
sistor (PHEMT) monolithic mi-
crowave integrated circui’
(MMIC) operates from 30 kH:
to 30 GHz and has a gain of 1
dB and a maximum power out
put of +23 dBm. Typical outpu
voltage is +7.5 VDC peak-tc

peak. The bias voltage can be
adjusted to reduce the output
voltage as needed. The ampli-
fier boasts flat response and
very-low internal jitter, which
is said to make it especially
well suited for high-speed
digital data applications.
Celeritek, Inc., 3236 Scott
Blvd., Santa Clara, CA
95054; (408) 986-5060, FAX;
(408) 986-5095, Internet:
http://www.celeritek
.com.

For more information, visit

www.mwrf.com

MICROWAVES & RF = DECEMBER 2000
34




Agilent Technologies provides the advanced
semiconductor solutions that power the
exchange of information in an increasingly

connected world.

Fiber optics. High performance
analog, mixed signal and digital
ICs. These are the technologies

that are driving the communica-
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resonant chord with manufac-

turers of chips for the communi-
cations industry is “let the chips fall
where they may.” A report issued a
few weeks ago by an analyst at in-
vestment house Merrill Lynch & Co.
claims that manufacturers of tele-
communications integrated circuits

An old saying that is striking a

Report Sparks Slide 0f Comm ICs

(ICs) will just cover the profit esti-
mates of analysts over the next few
quarters. For the preceding six quar-
ters, those companies had told ana-
lysts to raise their estimates for fu-
ture earnings. The report triggered a
sharp response on Wall Street the
following day, as the stocks of virtu-
ally all telecommunications-industry

EF Product News Offers

s
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chip makers experienced substantial
to moderate declines.

Leading the fall was Broadecom, a
manufacturer of cable-modem and
computer-network chips for infras-
tructure manufacturers such as Cisco
Systems and Motorola, which dropped
more than $25 a share to close at
$144.50. PMC-Sierra gave up more
than $18 to close at $113, while Tran-
Switch was off $7.19 to $38.06. Similar
to Broadecom, both companies sell ICs
heavily to telecommunications-infras-
tructure manufacturers. Even Inte-
grated Device Technology (IDT), a
company thought to be better posi-
tioned than the aforementioned three
and a seller to Cisco Systems due toits
new Internet-protocol (IP) coproces-
sors, dropped 2.4 percent in the wake
of the Merrill Lynch report.

Underlying the softness in semicon-
ductors are projected cutbacks in
capital spending by the major tele-
communications-equipment man-
ufacturers. This is causing inventory
buildups at these companies that will
reflect back to the chipmakers in the
form of smaller orders for ICs over
the next few months. Cisco Systems,
for example, the leader in networking
equipment, said inventories of raw
material had risen, and that could re-
sult in fewer orders for ICs down the
road.

Infrastructure suppliers are feeling
the pinch because larger telecommu-
nications companies are putting more
capacity online than customer orders
would dictate. On the same day that
the Merrill Lynch report was issued,
BellSouth, the telecommunications gi-
ant serving nine southeastern states,
announced that it would limit buying
next year to cutback on network ex-
pansion. The company plans to reduce
expenditures by $500 million, but it
will still spend between $5.5 and $6
billion. BellSouth’s retrenchment is
another in a list of smaller capital in-
vestments by the large telecommuni-
cations companies. AT&T expects
spending to level off, while WorldCom
will cut back. These reductions
dampen the prospects of the equip-
ment manufacturers—Cisco, Lucent
Technologies, Nortel Networks,
ete—and that, in turn, sends the IC
markets into a tailspin. ee
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For a free evaluation copy of Ansoft HFSS

or any of the tools in Ansoft's Serenade

Design Environment call 412-261-3200 or Use Ansoft HESS to
. calculate and optimize
send e-mail to info@ansoft.com. fields and s-parameters

Visit us at Wireless/Portable
Booth #1119

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

Amaze

high performance EDA

www.ansoft.com



Application Profile

How to make Cell Phones Smaller and Lighter?
BGA with Integrated Components using DuPont Green Tape"

National Semiconductor is a
leader in applying the LTCC
advantages of high-density
interconnect capability, ability
to integrate passive components
and functions, and low-loss
performance. In a recent design,
National chose to combine its
advanced ICs for wireless com-
munications with Green Tape™;
DuPont’s brand of LTCC tape
dielectric material, to provide
optimum performance in the
smallest possible package.

Challenge:
Decreased Size and Cost,
Improved Performance for

Wireless Devices

Portable wireless applications have
quickly become the main driver for
smaller, more cost-effective packaging
and interconnects. For example, in
the last few years, cell phones have
evolved into lightweight, palm-size
devices with a host of new functions.
Their weight has decreased by a factor
of 10, and the wholesale selling price
by 75 percent.

OEM designers are now learning
that integrating IC and package
design to take advantage of the

GREEN TAPE™  FODEL®

unique properties of Low

Temperature Co-fired Ceramic
(LTCC) technology can yield
decreased size and improved per-
formance in wireless devices.

Solution:
Green Tape™ LTCC Allows
for High 1/0 Counts in Chip
Scale Package

National’s newest chipsets use
Green Tape™ packaging capabilities
to provide a chip scale package
that can accommodate the high /O
counts of a highly integrated RF
analog front end using micro BGA
(ball grid array) technology. The
current package, only 9 x 9 mm, can
provide 81 I/Os in a micro BGA
array, plus topside pads for wire-
bonding that interconnects to the

BIROX"®

DIFFUSION PATTERNING™

BGA pads on the backside. The

high number of I/Os allows for
multiple grounds to improve RF
performance, while the embedded
multilayer structure contains 14
RF bypass capacitors constructed
using a combination of high-K
and low-K dielectrics.

The performance of the frequency
synthesizer function can be
enhanced through the use of an
embedded VCO resonator that
provides a high Q, and therefore
lower phase noise, than that available
using a VCO resonator located on
the silicon.

This approach, co-designing the sili-
con and I'TCC elements to achieve opti-
mized size and performance, demon-
strates the use of co-integration for
wireless applications requiring smaller
package size and higher perform-
ance at the lowest possible cost.

For more information,
call DuPont at 1-800-284-3382,
press 3, or visit the DuPont
Microcircuit Materials website at
http://www.dupont.com/mem.

®

LUXPRINT®

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



FINANCIAL NEWS

Contracts

M/A-COM SIGINT Products—Has been awarded a
contract by the Naval Surface Warfare Center (NSWC)
at Virginia Beach, VA to supply a large quantity of col-
lection microwave receivers (Rxs) over a five-year
period.

ITT Industries’ Avionics Division—Was selected
by The Boeing Co. to provide the integrated survivabil-
ity system for the US Army’s Comanche helicopter. Un-
der this Engineering & Manufacturing Development
(EMD) contract , ITT Industries will provide 14 aircraft
survivability systems comprised of a radar-warning re-
ceiver (RWR), laser-warning receiver (LWR), and point
chemical detector (PCD).

Motorola, Inc.—Has signed a third-generation (3G)
contract with ALLTEL, the first 3G contract signed by
either company in the US. The contract is for 3G code-di-
vision-multiple-access (CDMA) 2000 1x standards-based
hardware and software, which are scheduled for installa-
tion in New Orleans and Baton Rouge, LA in 2001.

Andrew Corp.—Has won the contract to supply RF
communications infrastructure for Chicago’s Midway
Airport Terminal Development Program. The network
will provide essential communications for fire, police, and
emergency services, as well as for the Chicago Dept. of
Aviation.

ADC Telecommunications, Inc.—Has signed a
three-year contract to supply its complete range of hy-
brid-fiber-coax (HFC) network equipment and services
to Everest Connections, a St. Louis, MO-based broad-
band cable-network builder and alternative services
provider. The agreement is estimated to be worth ap-
proximately $300 million over the next three years.

RF Micro Devices, Inc.—Has received production
orders to supply power amplifiers (PAs) for Sanyo’s lat-
est dual-band code-division-multiple-access (CDMA) per-
sonal-communications-services (PCS) handset. Sanyo’s
customers include Sprint PCS. Volume shipments have
begun and will rise to a multimillion-dollar level by the
year’s end.

Fresh Starts

BMI, Inc.—Announced its achievement of ISO-9001
certification across all manufacturing facilities in Palatine
and Schaumburg, IL, as well as in Berlin, Germany. The
standard is recognized internationally for assessing qual-
ity-management systems including product design, de-
velopment, production, installation, and service proce-
dures. IS0-9001 is the most comprehensive level of
certification among the ISO-9000 family of international
standards.

Hybrid Networks, Inc.—Announced that it will be
the first to integrate Intel Corp.’s 3804 demodulator chip
into its head-end equipment that will enable it to provide
customers with near/non line-of-sight (LLOS) Internet-ac-
cess capabilities.

BAE Systems—Completed the sale of its Hazeltine
commercial PHAZAR antenna product line to Antenna
Products, Inc. of Mineral Wells, TX. The sale includes the

planar-single-beam (PSB) passive antenna and the intel-
ligent-antenna-system (IAS) lines.

Intersil Corp.—Signed a binding letter of intent
(LOI) to acquire Scottsdale, AZ-based SiCOM, Inec. for
approximately 3.7 shares of Class A common stock.

Agilent Technologies, Inc.—Announced that IBM
Corp. has qualified Agilent’s 2-Gb/s fiber-channel host-
bus adapter (HBA) for use with its Ultrastar 36 LZX hard
drives. The qualification ensures customers of interoper-
ability at higher speeds, a vital step in the storage-area-
network (SAN) market’s transition to 2-Gb/s fiber-chan-
nel solutions.

Discovery Semiconductors, Inc.—Announced
that its 40-GHz positive-intrinsic-negative (PIN) photo-
diodes were used to establish a new record data-bit rate
over a single optical fiber. Its model DSC20S modules re-
ceived 128 channels of 40-Gb/s signals over the C and L
wavelength bands, demonstrating transport of 5.12 Th/s
(5120 Gb/s) over 300 km. This is the first demonstration
that 40-Gb/s electronic-time-division-multiplexing
(ETDM) transmission is possible with the same number
of channels as previously used with lower ETDM bit
rates.

Motorola’s Semiconductor Products Sector
and Atmel—Announced a licensing agreement that will
enable the companies to provide a reliable supply of
RF bipolar complementary metal-oxide semiconductor
(BiCMOS). The agreement allows Motorola to share its
BiCMOS technology with Atmel. This will enable Atmel
to immediately provide wireless original-equipment man-
ufacturers (OEMs) with products that are designed in a
process that is fully mask compatible with Motorola’s
0.35-um RF BiCMOS technology.

IFR Systems, Inc.—Has signed distribution agree-
ments with LeCroy Corp. of Geneva, Switzerland for dis-
tribution of test products in Europe. IFR is involved in
wireless test solutions. LeCroy is a supplier of digital os-
cilloscopes and test equipment.

Honeywell and Rohde & Schwarz—Have agreed
on a partnership in the field of military radio communica-
tions. The two companies will jointly market the Air-
borne Radio M3AR (Series 6000) from Rohde & Schwarz
on the North American market. M3AR radio operates in
the very-high-frequency (VHF)/ultra-high-frequency
(UHF) band and features maximum transmission secu-
rity and jam resistance.

Silicon Wave, Inc.—Completed its fourth round of
financing with approximately $52 million infused into the
company. The round includes new investments from
3Com Ventures, Access Technology, Alps Electric Co.
Ltd., GTG Ventures, and Intersil Corp.

Radiant Networks and Motorola—Have signed
an agreement under which the companies will jointly test
and field trial Radiant Networks’ Mesh technology. Mesh
technology is a new generation of broadband-access tech-
nology that allows each subscriber to connect with its
neighbors rather than a base station. Mesh architecture
provides a high data-rate connection from the end opera-
tor’s trunk network to the end customer’s premises.
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QUIET!
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13.2 GHz Phase Noise (HP E5500)
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Nexyn Corporation
e n 1089 Memorex Drive
Santa Clara, CA 95050

Tel: (408) 982-9339
Fax: (408) 982-9275
Visit our website at www.nexyn.com

PEOPLE

Ball Wireless Communica-
tions Products—Jim Potter to di-
rector; formerly vice president of
strategic planning and program man-
agement for BI, Inc.

Advanced Hardware Archi-
tectures (AHA)—Jeff Presley to
vice president of business develop-
ment; formerly employed in business
development with World Wide
Packets.

CAHLANDER

PRESLEY

TriPoint Global’s VertexRSI—
Bernard Cahlander to vice president
and general manager of the Santa
Clara, CA facility; formerly vice
president of TT&C systems.

Leitch Technology Corp.—
John Margardo to regional sales
manager for the New England and
upstate New York territories; for-
merly Northeast sales manager at
Sigma Electronics.

BMI, Inc.—Ronald Thompson to
general manager of the BMI Metron-
ies Shields division; formerly vice
president of operations at Knowles
Electronies, Inc. Also, Robert M. Me-
Coy to logistics manager; formerly
inventory manager with Total Con-
trol Products, Inc. In addition, Va-
lerie L. O’Connor to vice president of
people-centered services; formerly
director of human resources for
Dudek & Bock Spring Manufacturing
Co.

CTS Corp.—Patrick J. Dennis to
senior vice president of finance and
chief financial officer (CFO); former-
ly vice president and corporate con-
troller with Johnson Controls, Ine.
Also,James A. Hart to vice president
and general manager of the RF Crys-
tal and Oscillator Products business
unit; formerly worldwide operations
manager at Ingersoll-Rand. In addi-
tion, Chang-Min Sohn to sales man-

ager of the CTS Korea Branch Sales
Office in Seoul; formerly manager of
sales for Seoul at LSI Logic.

AirNet Communications
Corp.—John C. Behrens to chief fi-
nancial officer (CFO); formerly vice
president at Glenayre. Also, Richard
K. Beckley to vice president of inter-
national sales; formerly senior vice
president of worldwide sales with
Telular Corp.

TestMart—Michael Comstock to
vice president of operations; former-
ly vice president of e-commerce and
planning at DHL.

WIDCOMM, Inc.—Martin A.
Caniff to vice president of engineer-
ing; formerly president of Doctor De-
sign, Inc.

Cerprobe Corp.—Mike Sykes to
vice president and chief information
officer (CI10); formerly vice president
of information services and CIO at
On Command Corp.

CenturyTel—Mike Czerwinski
to vice president of competitive local-
exchange carrier (CLEC) and long
distance; formerly president of
EATEL.

CZERWINSKI BARTLEY

Quad Systems Corp.—Russell
Bartley to director of field service;
formerly field-service manager for
the central region of the US.

Scott Specialty Gases—
Leanne Merz to director of e-busi-
ness; formerly product manager.

Aegis Broadband, Inc.—Ed-
ward Triebell to Asia-Pacific manag-
ing director; formerly Asia-Pacific
regional sales director for L-3 Com-
munications’ Commercial Products
Group.

Bell Industries, Inc.—Ramon
Martinez to operations manager of
the J.W. Miller Division; formerly
Lawson (ERP) business manager.

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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MICROWAVE
TECHNOLOGY
REACHING INTO
THE NEXT
MILLENNIUM

ey

MCN/MPC
Your ONE Source

FOR MICROWAVE CIRCUMS

For Fine Line Etching
with tolerances to ,0003",
Complex Plating/
Machining, Laser Cutting,
Multilayer/Hybrids,
or Metal-backed Boards
including Plated thru Holes -
Modular Components National/
Maryland MPC is your
one source for Microwave
Circuit Boards.

MODULAR COMPONENTS
NATIONAL,INC.
2302 Industry Court, PO Box 453,
Forest Hill, MD 21050
410/ 879-6353 Fax: 410/ 838-7629
E-mail: sales@men-mmpe.com
http',“ / www.men-mmpe.com

n-m mpc.com
http:// www.men-mmpe.com

Visit us at Wireless/Portable Booth # 541

EDUCATIONAL MEETINGS
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Short Courses
Cisco Internetwork Troubleshooting
January 15-19, 2001 (Chicago, IL)
Global Knowledge
9000 Regency Pkwy., Suite 500
Cary, NC 27511
(800) COURSES, FAX: (919) 461-8646
Internet: http:/am.global
knowledge.com/ciscocerts
RF and Microwave Receiver Design
January 22-24, 2001 (Orlando, FL)
R.A. Wood Associates
1001 Broad St., Suite 450
Utica, NY 18501
(315) 735-4217, FAX: (315) 735-4328
e-mail: rawood@rawood.com
Internet: http://www.rawood.com
Mobile Communications and
Wireless Networks
January 23-26, 2001 (Washington, DC)
Learning Tree International
1805 Library St.
Reston, VA 20190-5630
(800) 843-8733, F AX: (800) 709-6405
Internet: http:/www.learningtree.com
Short Range Wireless and Bluetooth
January 31-February 2, 2001 (Mountain
View, CA)
Besser Associates
201 San Antonio Circle, Bldg. E
Mountain View, CA 94040
(650) 949-3300, FAX: (650) 949-4400
e-mail: info@bessercourse.com

Meetings

2001 Consumer Electronics Show
(CES)

January 6-9, 2001 (Las Vegas, NV)

Consumer Electronics Association

2500 Wilson Blvd.

Arlington, VA 22201-3834

(703) 907-7605

Internet: http://www.CESweb.org.

SUPERnet 2001

January 14-17, 2001 (Santa Clara
Convention Center, Santa Clara, CA)

Telecommunications Industry Association
and SUPERCOMM

(312) 559-3866

Internet: http:/www.supernet2001.com

Measurement Science Conference

January 15-19, 2001 (Disneyland Hotel,
Anaheim, CA)

Measurement Science Conference

1280 Bison Ave., Suite B9-530

Newport Beach, CA 92660

John Bowman

(714) 847-7380

e-mail: john.bowman@fluke.com

Internet: http:/www.mse-conf.com

RF & Hyper Europe 2001

January 16-18, 2001 (Paris, France)

17, avenue Ledru Rollin

BIRP/RF & Hyper Europe 2001

Paris 75012, France

+33 153 1711 40, FAX: +33 153 17 11 45

e-mail: hyper@birp.fr

Wireless Communications
Association (WCA) 7th Annual
Technical Symposium

January 17-19, 2001 (Double Tree Hotel,
San Jose, CA)

Wireless Communications Association

International

1140 Connecticut Ave. NW, Suite 810

Washington, DC 20036

(202) 452-7823, FAX: (202) 452-0041

e-mail: megan@weai.com

Internet: http://www.weai.com

DesignCon 2001

January 29-February 1 (Santa Clara
Convention Center, Santa Clara, CA)

DesignCon 2001 (International Engineering
Consortium)

549 West Randolph St., Suite 600

Chicago, IL 60661-2208

Internet: http:/www.iec.org

International Solid State Circuits
Conference (ISSCC)

February 5-7, 2001 (San Francisco Marriott
Hotel, San Francisco, CA)

The Solid State Circuits Society of the
IEEE

Piscataway, NJ 08855-1331

Internet: http://www.isscc.org

Commercialization of Military and
Space Electronics Conference &
Exhibition

February 12-15, 2001 (Los Angeles Airport
Marriott Hotel, Los Angeles, CA)

Components Technology Institute, Ine.

904 Bob Wallace Way, Suite 117

Huntsville, AL 35801

(256) 536-1304, F AX: (256) 539-8477

e-mail: dale@cti-us.com

Internet: http://www.cti-us.com

Wireless/Portable Symposium &
Exhibition

February 12-16, 2001 (San Jose Convention
Center, San Jose, CA)

Penton Media, Inc.

Wireless/Portable 2001

611 Route 46 West,

Hasbrouck Heights, NJ 07604

FAX: (201) 393-6297

Internet: http:/www.WirelessPortable.com

Call for Papers

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

April 20-21, 2001 (Sheraton Palo Alto Hotel,
Palo Alto, CA)

International Microelectonics and
Packaging Society (IMAPS)

General Chair: Dave Saums

Power Devices, Inec.

Newburyport, MA

(978) 499-4990

e-mail: dsaums@msn.com

Deadline for abstracts: January 15, 2001

2001 Virginia Tech Symposium on
Wireless Personal Communications

June 6-8, 2001 (Blacksburg, VA)

Virginia Polytechnic Institute and State
University

Jenny Frank

Conference Coordinator

MPRG/Virginia Tech

432 NEB, Mail Code 0350

Blacksburg, VA 24061

(540) 231-2971

e-mail: mprg@vt.edu

Deadline for abstracts: December 15, 2000

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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Rugged Frequency Synthesizers, 1-23 GHz

Designed for High Capacity MW & MMW Digital Radios up to
38 GHz, Featuring Ultra Low Microphonics, Low Power
Consumption & High Volume Production

Optimize your high capacity MW and
MMW radio designs with Elcom’s
field-tested DFS series Frequency
Synthesizers.

Designed with an emphasis on zero
phase hits or pops, extremely low
microphonics and wide operating
temperature, these low noise sources
meet the needs of high-speed data
transmissions utilizing up to 266 QAM
requirements.

Also, the synthesizer keeps DC power
consumption below 4 Watts by utilizing
low power components resulting in
low junction temperatures and overall
reliability.
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DC Power Consumption 4 Watts
Tuning Bandwidt

Frequency Range 0.5 to 23 GHz (In Bands)

Swiching Speed
Output Power Range
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Low Profile Construction
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And, our automated, high-volume
manufacturing capabilities will keep your
project cost-effective and on schedule.
The DFS Synthesizers can be customized
to meet your special applications.
Contact Elcom to find how we can help
you achieve the solutions you need.

Elcom Technologies, Inc.

81 Ruckman Rd, Closter, NJ 07624 USA
(201) 767-8030 « Fax (201) 767-6266
email: sales @elcomtechnologies.com
www.elcomtechnologies.com

TECHNOLOGIES

Go to www.mwrf.com and click on the Free Advertiser Information icon
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Optical operation
improves GaAs
MESFET
performance

What lies ahead
for multimedia
satellite
technology?

Novel circuit
technique
reduces MOSFET
noise and power
consumption

Smart antennas
are not just for
hase stations

When gallium-arsenide (GaAs) metal-semiconductor-field-effect transistors (MES-
FETSs) are controlled by light rather than voltage, a significant change in their char-
acteristics results. An analytic model for an optically controlled GaAs MESFET—an
OPFET—was developed by Srikanta Bose, Mridula Gupta, and R.S. Gupta of the
Semiconductor Devices Research Laboratory, University of Delhi South Campus
(New Delhi, India) to show the change in performance under light control. The signif-
icant feature is that the cutoff frequency increases and there is a drastic reduction in
optimum noise figure. Experiments show that the characteristics of a GaAs MESFET
can be controlled by incident light radiation having photon energy equal to or greater
than the bandgap energy of GaAs. This is analogous to controlling the device by vary-
ing its gate bias. The reason for the improvement in the frequency and noise parame-
ters is a significant increase in transconductance from the application of light photons.
See “Cutoff Frequency And Optimum Noise Figure of GaAs Optically Controlled
FET,” Microwave and Optical Technology Letters, September 5, 2000, Vol. 26, No. 5,
p- 279.

Future broadband satellite-communications (SATCOM) systems will offer high-
speed Internet access and multimedia information services such as multicasting and
interactive video. So say John Farserotu of CSEM and Ramjee Prasad of Aalborg Uni-
versity (Denmark) in a study covering the types of systems, the trends and issues, and
the kinds of technology needed to deploy global information networks to users on de-
mand, anywhere, anytime. To be consistent with emerging third-generation (3G) wire-
less communications, the focus is on multimedia information services over the Internet
protocol (IP) and TP/asynchronous transfer mode (ATM). The implementation of future
IP/ATM over SATCOM networks will be either on a bent-pipe satellite relay or switch in
the sky. The authors present the relative advantages and disadvantages of each architec-
ture. See “A Survey of Future Broadband Multimedia Satellite Systems, Issues and
Trends,” IEEE Communications Magazine, June 2000, Vol. 38, No. 6, p. 128.

A circuit technique called switched biasing is proposed as a method for reducing the 1/f
noise in metal-oxide-semiconductor-field-effect transistors (MOSFETs) by Eric A.M.
Klumperink, Sander L.J. Gierkink, et al. of the MESA + Research Institute, University of
Twente (The Netherlands). The authors claim that switched biasing is more effective than
conventional techniques such as chopping and correlated double sampling. The latter only
reduces the effect of 1/f noise, whereas switched biasing reduces the 1/f noise itself, More-
over, noise reduction techniques usually increase power consumption, but switched bias-
ing reduces consumption. The authors use a sawtooth oscillator—in 0.8-um complemen-
tary metal-oxide semiconductor (CMOS)—to demonstrate the effect of switched biasing,
but they claim it is not limited to oscillators. That is because the technique tackles 1/f noise
at its physical roots, and it works with high- and low-frequency circuits. See “Reducing
MOSFET 1/f Noise and Power Consumption by Switched Biasing,” IEEE Journal of
Solid-State Circuits, July 2000, Vol. 35, No. 7, p. 994.

When smart antennas are used in a wireless network to improve reliability and increase
capacity, most designers think of their application at a base station. Recent research, how-
ever, indicates that smart antennas offer similar improvements when installed in a user’s
handheld terminal. Reporting on experiments conducted at Virginia Tech University, Naf-
tali (Tuli) Herscovici of Spike Technologies, Inc. (Nashua, NH) and Christos Christodoulou
of the University of New Mexico (Albuquerque, NM) show that the technique of adaptive
beamforming, used in base stations, can improve interference rejection when installed in
a handset. And spatial diversity, a well-known performance enhancer in base stations, is
just one of several diversity methods that improves base-station operation. Polarization-
and angle-diversity are the other techniques that result in longer talk time for handsets,
increased range, and greater reliability. The authors believe that while smart antennas
have been used almost exclusively in receiving applications, smart transmitting antennas
will be found in future equipment. See “Smart Antennas in Wireless Communications:
Base-Station Diversity and Handset Beamforming,” IEEE Antennas and Propagation
Magazine, October 2000, Vol. 42, No. 5, p. 142,
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Our new line of COMBLINE Rx/Tx band pass filters and
DUPLEXERS adds to our wide range of high performance

Low: Pass, Band Pass and High Pass filters.With its high rejection
of greater than 70dB and an insertion loss of less than |dB,

these Filters and Duplexers are the perfect choice for your
cellular and PCS band requirement.Varying from model to model,
the power handling capacity of these new line of filters ranges
from 20 watts to 100 watts. '

For additional mfo rmation,;
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Phone: (973) 88I-8800 Fax: (97'*3) 881-8361
E-mail: sales@synergymwave.com
Visit our web site at http://www.synergymwave.com




In a modern era one company has been [ 1 tabilized Sour
at the forefront of advanced electronics
systems for the defense, aerospace,

and communications industries: Zeta. Froguaney Multin
Doing business for over 30 years!

When your system calls for a level of
performance that’s beyond prevailing
standards you need more than a product,

you need a solution.

At Zeta we provide solutions that include

. Comb
a full range of microwave products and

subsystems specifically designed for use
in missile guidance, ground support
equipment, radar, satellite communica-
tions, data links and other demanding
applications. Our customers include
United States government agencies,
foreign governments, as well as major tuency Conyertar:
military and commercial contractors.

So, when you are called on to perform,

place your trust in a name you know . . .

Zeta.

e muiisiviii
2811 Orchard Parkway, San Jose, CA 95134 Tel 408.434.3600 Fax 408.433.0205 e-mail zeta@zeta-sni.com
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DESIGN FEATURE

Dynamic Behavior

Check Amplifier
Dynamic Behavior With True

'I'e st Si nals This new measuvement technique uses
g Fast Fouvier transform (FFT) tech-

niques and predistortion to analyze
amplifier characteristics.

Martin Weiss

Applications Engineer

Rohde & Schwarz GmbH & Co. KG,
Test and Measurement Div.,
Muehldorfstrasse 15, 81671 Munich,
Germany; (49) 89 4129 11694, FAX:
(49) 894129 12131, e-mail:
Martin. Weiss @ rsd.rohde-
schwarz.com, Internet:
http://www.rohde-schwarz.com.

MPLIFIER quality is often evaluated with less-than-ideal test sig-
nals and measurement systems. Amplifiers for wireless communica-
tions systems, for example, are commonly tested with vector-net-
work analyzers (VNAs) better suited for low-level linear-signal
characterization. Due to a need to better understand the nonlinear behav-
ior of large-signal RF amplifiers, a new method was developed for mea-
suring amplifier nonlinear parameters. By predistorting the input signals
to an amplifier under test, it was possible to decrease the level of adjacent-
channel power (ACP) and thus more accurately evaluate amplifier ampli-
tude-modulation/amplitude modulation (AM/AM) and amplitude-modula-
tion/phase-modulation (AM/PM) performance.

In any wireless system, bandwidth
is an expensive and limited resource.
Service providers who have made

1/0 baseband data (analog)

Vector signal generator 1/Q modulation
(SMiQ) B generator
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1. This block diagram shows the test setup used to demonstrate amplifier
AM/AM and AM/PM characteristics by using accurate test signals.

large investments to license portions
of available cellular and personal-
communications-services (PCS)
bands must recoup their investments
by maximizing the number of sub-
scribers served per cell and per chan-
nel. Because modern wireless com-
munications systems are based on
complex digital modulation schemes
in order to increase the amount of
information transmitted per band-
width unit, increasing demands are
placed on the transmit power ampli-
fiers (PAs) to maintain a high degree
of linearity even when boosting com-
plex modulated signals. Excessive
levels of ACP, for example, can dis-
rupt the performance of nearby cells
and prove costly to system operators
in terms of lost coverage and sub-
scribers. As a result, it is critical to
accurately test the single-carrier and
multicarrier PAs used in cellular and
PCS systems.

But testing these amplifiers is not
trivial. As far as broadband signals
are concerned, these tried-and-test-
ed methods unfortunately involve a
number of partly unsolved problems
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DESIGN FEATURE

Dynamic Bebavior

such as:

* Feedforward control becomes
more expensive with increasing
bandwidth.

* Feedback control involves high-
er noise with increasing bandwidth.

® Measurement with a network
analyzer does not show the charac-
teristic expected when driving with
broadband input signals. This is due
to different characteristies of the
amplifier, e.g., memory effects, tem-
perature drift, etc.

Due to the limitations of tradition-
al measurement methods in charac-
terizing cellular/PCS amplifiers, it
was necessary to develop a new char-
acterization technique that would
rely on using test signals that were
truer representations of the actual
signals used in a communication sys-
tem. With this new method, it is pos-
sible to determine an amplifier’s
AM/AM and AM/PM characteristics
by using realistic test signals (such as
band-limited noise) to emulate actual
communications channels.

Figure 1 shows a block diagram of
the measurement setup. The mea-
surement signal is generated under
the control of measurement software
running on an external computer.
The software code is loaded into an
arbitrary waveform generator, con-
verted to RF signals by means of a
high-resolution digital-to-analog con-
verter (DAC), and applied to the
device under test (DUT). The ampli-
fier or DUT’s output signals are
downconverted to baseband signals
and then sampled.

With this measurement setup, two
sets of complex in-phase/quadrature
(I/Q) data are created—the data gen-
erated by the measurement software
and the data measured at the output
of the DUT. The two sets of data
have a time offset and generally show
different levels, due to the AM/AM
and AM/PM distortion.

The differences in levels between
the two sets of signal data can be
eliminated by a reference measure-
ment. This is done by replacing the
DUT with a direct connection and
making the measurement, or by
decreasing the signal level to a point
where the DUT operates in a linear
region, then making the measure-
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Dynamic Behavior

FFT[corr(x1, x2)], is shown in Fig. 2,
while a close-up of the timing differ-
ences for positive and negative val-
ues of T can be seen in Fig. 3. The use
of FFT correlation is not affected by
the nonlinear effects of the DUT
since these effects are small com-
pared with the effects of the timing
offsets.

The timing offset thus determined
is corrected in the frequency domain
so that level-normalized and phase-
locked I/Q data are available by
retransformation into the time
domain. These data are then separat-
ed into amplitude and phase informa-
tion, and entered as coordinates
according to the definition of AM/AM
and AM/PM compression. Then, a
functional relationship, i.e., the
numeric values for the amplifier’s
transfer characteristics, is obtained
by regression. This calculation is per-
formed with a few mathematical
statements. For example, assuming
xi as the reference signal (such as the
signal amplitude that is fed to the
input of the DUT) and yi as the mea-
sured signal (the DUT’s output
amplitude), the idea is to minimize
the following statement:

(2)

This can be done by solving the fol-
lowing expression:

DEDND IS W
SIEDID IS
IEDIED I W

1
DIEDIED AN o

ag

aj;

x| a;
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DESIGN FEATURE

Dynamic Behavior
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polynomial which
describe the DUT’s
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Input level (linear)

0.6 07

characteristic trans-
fer function. (It is also
possible to use spline

4. This plot shows the results of an amplifier timing-
corrected measurement for AM/AM characteristics.

calculation or a combi-
nation of spline and
polynomial regression

-
o

-
=

for this purpose.) Fig-
ure 4 reveals the
results of a timing-
corrected measure-
ment with a polyno-
mial curve included
for the amplifier’s
AM/AM characteris-
tic curve.

e
o

Output level (linear)

0.4

/| “Cut off"

One way to prove 0
that the initial data
are really representa-

0

62 04 065 08

Input level (linear)

10 12

1.4

tive of the DUT’s
dynamic characteris-
tics is to precorrect
the I/Q data set gen-
erated by the mea-
surement software using an inverse
FFT characteristic. This can be used
to perform an AM/AM and/or
AM/PM characteristic measurement
or to determine the improved ACP
rejection in the frequency domain
curve. However, due to the limited
output power of the DUT, which can-
not be improved by predistortion, it
does not make sense to drive the
DUT over its linearity cutoff point.
Due to this, the amplitude of the
DUT is somewhat limited in these
measurements (Fig. b).

By taking reference and measured
I/Q data, estimating and eliminating
the timing offset by FFT and inverse
FFT operations, and calculating
amplitude and phase through regres-

5. The amplitude of the DUT used in the experiments is
somewhat limited, although adequate for
demonstrating the effectiveness of predistortion in RF
measurements.

sion, the DUT's AM/AM and
AM/PM characteristics can be mea-
sured. There are significant differ-
ences between the curves mea-
sured with a VNA and the curves
measured with the new method.
The new method provides repro-
ducible results, compared to the
results with the VNA, where care-
ful calibrations must be performed
and where much attention must be
paid to the measurement setup (for
example, to ensure that all coaxial
connectors are properly torqued
from measurement to measure-
ment). When applied to other
amplifiers, improvement in error-
vector-magnitude (EVM) perfor-
mance is possible, e
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And PM Noise
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F designers tend to analyze the propagation of noise from the mas-

ter oscillator and ignore the noise effects from amplifiers and other

uncorrelated noise sources, This type of analysis is sufficient for

most designs. But as technology advances and master oscillators
approach phase-modulation (PM) noise of —180 dBc¢/Hz, those seeking to
produce optimal PM performance at Ka- and W-bands should not ignore
the noise contribution from uncorrelated noise sources.

This article discusses amplitude-
modulation (AM) and PM noise for
specific RF components, including
the amplifier, mixer, frequency mul-
tiplier, and frequency divider.
Throughout the article, a sinusoidal
signal is propagated through the
basic RF building blocks to show how
each block modifies the input signal’s
AM and PM noise. For simplicity, the
author uses trigonometric sinusoidal
signal expressions and avoids using

. complex signals, although the com-
i plex form can be used to reduce the

30 o 1+ Ko
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1. This graph shows the output signal-power spectrum and
noise of the LO and mixer.

number of derivation steps.

The generic expression of a sinu-
soidal-carrier input signal with noise
is:

x(1) = A x Sin(wgt) +n(t) (1)

In most RF applications, the noise
n(t) is constrained so that the input-
noise amplitude is smaller than the
carrier signal’s amplitude, | n(t)< Al.
The noise bandwidth is a small frac-
tion of the carrier’s frequency, BW,, <
wg, and n(t) is a zero-mean-random
process.

With these constraints, the noise
can be written in the following form:

n(r) = n,(2) x cos(wyt)
+n, (1) X sin(mot) (2)

This is the narrowband represen-
tation of a random process n(t),
described in terms of the orthogonal
components of the noise.

The spectral shape and the proba-
bility distribution of the noise and its
orthogonal components are not con-
strained to white Gaussian noise and
may have any band-limited spectral
shape. The time-domain samples’
probability distribution can be arbi-
trary.
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Table 1: Practical AM and PM noise expressions
| _AM noise ~ PM Noise

(NF+K*T\ | ? NE*K*T
e )

4l function so that:
o xer In the region where the sine wave
m) Crosses Zero:

x(t) = Ax sin(nIT(t)) (5)

: + N,;Lo(foﬁrm) # Nx(fyﬁ‘set)

Ao A?
vl ) In the region where the sine wave
©10(f 1o _oprer) + 22 : peaks:

x(t) = (A + ny(r)) x sin(wyt) (6)

Therefore, Eq. 4 can be rewritten as:

x(t)zAx[1+nyT(t)

The noise power of n(t) is the sum | using the small angle approximations sin[a; of + M) (7)
of the power of its orthogonal compo- | (see Fig. 3 for a detailed derivation), A
nents. Eq. 1 can be rewritten as:
. n,(f Eq. 7 is significant because it
N(@) = N (@) + N,(o) (3) x(r) = A x S'"Lw"t * #J shovgs that tlfxge orthogonal compo-
) nents of the noise are responsible for
By inserting Eq. 2 into Eq. 1, +n,(t) X sin(w,t) (4) | the carrier’s AM and PM noise and
rounding up the sine terms, applying that these can be expressed as the
the trigonometric identity for the In the context of this paper, Eq. 4 | following separable and independent
sum of a sine and cosine signal and | can be thought of as a piece-wise | functions.
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o) = 2 (8)
o.0)= " )

Eqgs. 8 and 9 are in the time domain.
Due to the stochastic nature of the
noise, it is useful to specify noise
power in the frequency domain as
noise power per Hertz.

AMn(foﬁset) = &% (10)
N t
Qn (foﬂ'set) = X(—ftgﬁ-i_) (]])
where:

Nx(fc)ffset) and Ny(fuffset) =the SpOt'
noise power at the carrier-offset fre-
quency, respectively.

Throughout the rest of this article,
the signal described by Eq. 4 or 7 is
applied to the input of the basic RF
building blocks. Closed-form expres-
sions are derived for the output sig-
nals of the amplifier, mixer, frequen-
cy multiplier, and frequency divider.

THE AMPLIFIER

In the process of amplifying, an
amplifier adds noise to the input sig-
nal. To a first-order approximation,
the noise introduced by an amplifier

RF Building Blocks

~J
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(=23
=
—
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o
=

8
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|

8
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Frequency—Hz x 108

2. This graph shows a 100-MHz carrier
with = 10 MHz, -20-dBc FM offset
spurs resulting from x(t) = Sin[2 7 X
100°31] + 0.2 m X Sin[2 7 X 10° X 1)]
passing through a X2 and a X4
frequency multiplier. The spurs out of
the multipliers grow by +6 dBc per
frequency doubling.

is additive, bandlimited, thermal
noise.

The equation for the amplifier’s
output noise power is:

Nu()(w) = Gzao =

NFXGXxKxT (12)

where:

N,, = the amplifier output noise in
Watts/Hz,

NF = the amplifier’s noise figure,

G = the power gain,

K = Boltzman’s constant, and

T = the amplifier’s temperature.
Within the context of this article,
Eq. 12 in the time domain is:

Moo (1) = ng.(t) X cos(wyt)

+ g, (1) X sin(wyt) (13)

And the noise power that exists in
the frequency domain within the
bandlimited region is provided by
Eq. 14.

Nar(foﬁset) = Nay (fo}f“”) =
NEXGXKxT

2 (14)

Applying the signal of Eq. 4 to the
amplifier, adding the noise of Eq. 14,
and rewriting it in the form of Eq. 7
yields:

)’amp(t) = Gaj X A X

P+m@+%WJ
A

x sin(wot + "X—MZL“(’)] (15)

The frequency-domain expression
for the AM and PM noise can be writ-
ten as:

Generate Custom Chirp Waveforms at 1 GHz Clock
Speeds with our Direct Digital Chirp Synthesizer

A 1 GHz update rate and 32-bit resolution give the STEL-2375A the highest

performance of any digital synthesizer available. Qriginally designed for creating

high fidelity, long duration chirp waveforms in radar and guidance systems, its

uses are limited only by your imagination — particularly when coupled with our

stand alone 2375STF interface module and PC
compatible control software. Visit our web site

for all the details. www.ittmicrowave.com
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Products for a Wireless World
« IMT2000 :

* WLL

+pS E9” RF Surface Mount

* WAN = =

« MMDS Microwave Open Carrier
gk = High IIP3

« SATCOM

« LMDS = 10kHz to 26.5 GHz ‘
« mmW/Microwave Radio IREELRIITEITE118% Standard Packaging
m Delivery from Stock

m Best Price-Performance ratio in the Industry

Stellex offers the broadest line of RF and Microwave Mixers
and Frequency Doublers in the industry, covering 10kHz to
26GHz. Stellex RF Surface Mount and Microwave Open

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

To meet your demanding system specs, specify Stellex!
1-800-321-8075

Part Frequency Frequency LO Drive Isolation (typ) Input  Conversion Package
Number RF & LO IF Level LO/RF IP3 (typ) Loss (typ) Style

| CSM1-10 10t0 1,500 MHz  1t0 500 MHz ~ +10 dBm 40 dB 19 dBm 7.5dB Surface Mount
CSM1-13 10to 1,500 MHz  1t0o 500 MHz ~ +13 dBm 40 dB 22 dBm 7.5dB Surface Mount
CSM1-17 10to 1,500 MHz 1t0 500 MHz  +17 dBm 40 dB 27 dBm 7.5dB Surface Mount

CSM2-10 10t0 2,800 MHz 10t0 2,000 MHz +10dBm 30dB 20 dBm 7.5dB Surface Mount
CSM2-13 10102,800 MHz 10to 2,000 MHz +13 dBm 30dB 22 dBm 7.5dB Surface Mount
| CSM2-17 10t0 2,800 MHz 10t0 2,000 MHz +17 dBm 30dB 27 dBm 7.5dB Surface Mount

MC4107 21010 GHz DC to 2 GHz +7 dBm 40dB 11 dBm 6.0dB Open Carrier
MC4110 210 10 GHz DCto2 GHz +10dBm 40 dB 14 dBm 6.0dB Open Carrier
g MC4113 2to 10 GHz DCto2GHz +13dBm 40 dB 17 dBm 6.0dB Open Carrier
MC4120 2 to 10 GHz DCto2GHz  +20dBm 40 dB 23 dBm 6.5dB Open Carrier
MC4507 4 to 22 GHz DC to 4 GHz +7 dBm 32dB 11 dBm 6.0dB Open Carrier
MC4510 4 to 22 GHz DCto4 GHz +10dBm 32dB 14 dBm 6.0dB Open Carrier
MC4513 4 t0 22 GHz DCto4 GHz +13dBm 32dB 17 dBm 6.0dB Open Carrier
MC4520 410 22 GHz DCto4 GHz  +20dBm 32dB 23 dBm 6.5dB Open Carrier
MC4807 101026.5 GHz DC to 6 GHz +7 dBm 28 dB 11 dBm 6.5dB Open Carrier
MC4810 1010 26.5 GHz DCto6GHz +10dBm 28 dB 14 dBm 6.5dB Open Carrier
MC4813 1010 26.5 GHz DCto6GHz +13dBm 28 dB 17 dBm 6.5dB Open Carrier

MC4820 1010 26.5 GHz DCto6GHz  +20dBm 28 dB 23 dBm 6.5 dB Open Carrier
* Connectorized test units available for evaluatiol
These P ts are available through these Authorized Distributors:
v Richardson
£ First Source Inc. % Bl ormics

Engineered Solutions

1-800-225-7434 1-800-737-6937
The best high performance mixers Stell
avanlable have a new name... A~ eliex

Communication!

A Stellex Electronics Company

visit us on the web at

www.stellexms.com

5300 Hellyer Avenue, San Jose, CA 95138-1003
Tel: 1.800.321.8075 ¢ FAX 408.624.3906

Go to www.mwrf.com and click on the Free Visit Stellex in Booth #1635 at Wireless & Portable by Design San
ertiser Information icon Jose Convention Center, February 13-15, 2001
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AMn (foffset) =

Ny (foﬁf\'e!) + ( ]LXZMJ

A 2
@n (fnﬁf.\'ef ) =

Nx(quﬁm!) + (LXZI(X—T)

AQ

(16)

(17)

Before leaving this section, here is
a list of observations that have prac-
tical use:

1. The amplifier added uncorrelat-
ed thermal noise to the carrier and
degraded the AM and PM noise of the
carrier.

2. The amplifier’s power gain does
not appear in Eqs. 16 and 17 because
the noise is referenced to the amplifi-
er’s input signal.

3. If amplitude compression is
applied to the signal of Eq. 15, the
AM noise is reduced. This is advanta-
geous when generating single tones
for local-oscillator (LO) signals.

4. Egs. 16 and 17 can be used to
analyze the noise degradation
through a chain of cascaded ampli-
fiers. One must be careful not to dou-
ble count the output terminator’s
thermal noise in the string of ampli-
fiers, considering that, in an amplifi-
er chain, each individual stage con-

AN AMPLIFIER ADDS NOISE
TO THE INPUT SIGNAL. TO A
FIRST-ORDER APPROXIMA-
TION, THE NOISE INTRO-

DUCED BY AN AMPIFIER IS
ADDITIVE, BANDLIMITED,
THERMAL NOISE

tributes (NF-1) of noise rather than
NF.

5. Eq. 14 shows that the thermal
noise is divided equally between the
AM and PM noise components, so the
-174 dBm/Hz thermal-noise floor at
room temperature is split to =177
dBm/Hz for each orthogonal noise
component.

6. Egs. 16 and 17 can be applied to
the attenuator pad block, which is a
special case of the amplifier. This is
performed by setting G = attenuator
loss and NF = 1/G.

THE MIXER

The mixer is a more complicated
case than the amplifier because it
requires two input signals to produce
an output. The equations developed
for the mixer can be used as the basis
for deriving those for the frequency

multiplier.

The inputs to the mixer’s LO
[LO(t)] and input signal [x(t)], are
applied using the form of Eq. 7:

nyLO(t)J

LO(t) = A X (] +
LO

X sin[a)Lot +0,0() + %wﬁ) (18;
LO

ny (1) X sin
A

KXo+ K x0,,(1)

N0
A

x(t)zAx(]+

(19)

In most RF circuits, the LO is
coherent with the input signal, and
therefore there is a correlated phase-
noise component. Due to this correla-
tion, it is convenient to express the
input-signal frequency and the corre-
lated phase noise as a multiple K of
the LO frequency and phase noise.

The mixer output is the product of
Eqs. 18 and 19. Multiplying, collect-
ing the sine and cosine terms, dis-
carding small quadratic products,
and using small-angle approximation
yields the following expressions for
the mixer’s output signal:

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

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

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

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

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

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

the PPC digital interface. Other options are available.

Visit our web site for more details.
www.ittmicrowave.com
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ymixer(t) = GO.S X A X

_[1 + Lm] X €os T
A

(1£K)wo(t)+(1£K)85(r)|(20)

The ny;o/ALo AM term was
dropped from Eq. 20 because the
mixer compresses the LO signal,
therefore the LO AM term becomes
insignificant. Also, the G **x Apg X
A/2 product was modified to Go5 X A
to define the mixer output as the
power-conversion loss (or gain in
active mixers) G, multiplied by the
input-signal amplitude A. This is the
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way real-world mixers are specified.

Real-life mixers leak the LO signal
onto the output.' This term should
not be disregarded, since it can be a
critical noise contributor when the
input signal is very low, as with
receivers (Rxs). s

LOLeak (t) = Leak
0o(t) + 010(1)
+ no(t)

Ao

X Ay Sin (21)

where:
Leax = the mixer’s LO-to-output-
port leakage factor.

The mixer’s output signal is
derived by disassembling Eqgs. 20 and
21, writing it in the form of Eq. 4.
This is followed by rounding up and
combining the individual orthogonal-
noise components and weighting
them by their respective carrier
amplitudes.

To cut down on the number of
equations and get to a useful form,
the time-domain equations for this
step are bypassed, going directly to
the frequency-domain noise power.

Ny (foffset)
AZ

AMn(foﬁe!) = (22)

@rl(foﬁse:) = (1 T K)Z X GLO(fojf.mr)

+ NxLO(fnﬂ.ve!) + Nx(faﬁ'se!) + [LETQI()

AZLO AZ
A’
( Az GLO(fL() _ r)jﬁer) +

(23)

N;LO(fL() _ r)ﬂset)
Y

where:

fLo oftset 15 the frequency offset
from the LO rather than from the
carrier (Fig. 1). This is performed to
sample the noise spectrum in the
region where the LO and the mixer’s
output frequency overlap.

In most practical cases, the noise
spectrum from the LO has flattened
out at the mixer’s output frequency
and what is left is the residual ther-
mal noise of the LO. The coherent
phase-noise component 01,0 (fogreet) i8
decorrelated from O1,q (fr,o_oftset)-

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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The uncorrelated PM noise-power |
terms are additive, but the coherent
phase-noise components are correlat- |
. doubler output signal of Eq. 24 with

ed, and the phase-noise power will

increase by (1 + K)? for an upconver- |

sion and decrease by (1 - K)? for
downconversion.

THE FREQUENCY MULTIPLIER

The frequency multiplier can be
considered a special case of the
mixer. It can be treated as a mixer
that mixes the input signal with fre-
quency multiples of itself.

This section starts by deriving the :
output signal for the frequency dou- |

bler, using Eq. 20, which was derived
for the mixer, and setting K = 1 with
upconversion.

The assumption is that the input
signal is relatively large and it is fed
to the LO of the mixer, while the
intermediate-frequency (IF) input of
the mixer is an attenuated pick-off
from the input signal. This configura-
tion yields the following equation:

0.5
ydoubler(t) =G X A X

n (1) 2a,(t) +
[1 + ; Jx cos an(t)
A

(24)

where:
the input-AM noise is conserved,
but the input-PM noise is doubled.

A heuristic argument can be used |

DESIGN FEATURE

RF Building Blocks

to derive the general case for K > 1 by
assuming that frequency multiplica-
tion can be achieved by mixing the

an integer or fractional multiple of
the input frequency ..

Following the same steps used to
derive Eqgs. 22 and 23 for the mixer,
the general equations for the AM and
PM noise for an xN frequency multi-
plier are:

AM,,(fopser) = L(Aff—’) (25)
@n(foffser) = NZ X MJFDLM‘) (26)

A2

The PM noise power rises by the
square of the multiplier factor N.
This is because the phase-noise-mul-
tiplier factor N appears inside the
argument of the sinusoidal time-
domain signal. Since the phase noise
in the frequency domain is described
in terms of spectral noise power, the
power associated with that noise is
proportional to its magnitude
squared, mathematically described

as:
c’e, = E[(&‘#)Z}

=N? x 0% (27)

where:

the symbol o represents the vari-
ance or power of the subscripted sig-
nal, and © and 0 are the input and
output phase noise, respectively.
Therefore, the output PM power is
proportional to N* times the input-
PM power.

Writing Eq. 27 in decibel yields 10
LOG(N? X 3?%), which is the well-
known relation 20 X LOG(N) + input-
phase-noise power.

Another consequence that can be
inferred from Eq. 24 is that N also
multiplies input FM spurs inside the
argument of the sinusoidal as it did
with the PM noise. Therefore, the
power of the spurs also grows by 20
X LOG(N) + input-spur power, but
their frequency offset relative to the
carrier does not change.

This is illustrated by Fig. 2, where
a 100-MHz carrier with 65-dB rela-
tive power, flanked by +10-MHz off-
set, -26-dBc FM spurs, is passed
through X2 and X4 multipliers. The
results are a 200-MHz carrier with
59-dB relative power, flanked by
+10-MHz offset, —-20-dBe FM spurs,
and a 400-MHz carrier with 46-dB
relative power, flanked by +10-MHz
offset, ~14-dBe FM spurs, respective-
ly. So, for every frequency doubling,
the spurs rose +6 dBe relative to
their respective carriers.

This relation holds for spurs that

(continued on p. 236)

Modular DDS Concept Cuts Delivery Time on
High Performance Wideband Synthesizers

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

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

generic modules which can be interchanged quickly without readjustment.

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

more details. www.ittmicrowave.com
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W-Band Sounrce

Gunn Oscillator Attains
W-Band Operation With

GaAs Diode

The physical design of an integrated
GaAs Gunn oscillator enables second-
havmonic opevation at highev-than-
usual frequencies.

Yi Long, and Jun Xu
Institute of Applied Physics
Haoquan Hu
Department of M:crowava T e
Engineering L
University of Electrom ‘Sc»umce and
Technology of China, Chengdu
610054, People’s Republic of China;
(86) 028-3272700, FAX: (86) 028-
3312942, e-mail:
longyi@mail.sc.cninfo.net.

UE to its low frequency-modulation (FM) noise and wide operating
frequency range, the Gunn diode is used extensively as a local oscil-
lator (LO). While the indium-phosphide (InP) Gunn diode has high-
er output power and upper frequency limits, the gallium-arsenide
(GaAs) Gunn diode possesses qualities such as lower working voltage and
current, reliable performances, and lower cost. An approach to achieving
higher output power from GaAs Gunn diodes has been described.! This
article presents the design of a novel finline second-harmonic W-band GaAs
Gunn-oscillator that is suitable for millimeter-wave integrated front-end
subsystems. At W-band (75 to 110 GHz), this integrated GaAs Gunn-oscil-
lator can handle output power levels to 10 mW with a maximum power of

18.56 mW over a bandwidth of more than 6 GHz.

The GaAs Gunn oscillator is an
important millimeter-wave device at
Ka-band (26.5 to 40 GHz), but has dif-
ficulty in applications at W-band due
toits lower upper-frequency limit. In
order to generate RF power in the
W-band range, it is desirable to iden-
tify the fundamental and harmonic
frequency operation of the GaAs

P2 Second harmonic backshort
Finline section Blas of Guan
diode
Port 1 Fl ™ Finline to waveguide
\ transition
e
Fundamsntal/su"" i /
backshort Coupled hole of
second harmonic F~_WR-10 standard
Port 3 waveguide output port

1. The second-harmonic Gunn oscillator has a T-junction
that defines the finline resonator cavity. The resonator
cavity operates at the fundamental and second-harmonic

frequencies.

Gunn diode. To operate at the higher
frequency, a second-harmonic
extraction technology has been
developed. In the past, the circuit
structures of second harmonic W-
band Gunn-oscillators were almost
always waveguide and coaxial res-
onator cavities. But these designs are
not practical for use in integrated
subsystems because of their large
physical dimensions.” ?

Figure 1 shows the physical config-
uration of the finline second-harmon-
ic W-band Gunn oscillator whose key
structure is a T-junction. Port 1 of the
T-junction is used to design the fin-
line resonator cavity, which operates
at the fundamental frequency f,, and
the second harmonic frequency, 2f;.

The Gunn chip is affixed to the
mounting cube by a hot-pressure
welding technique. The mounting
cube is situated in the slot of an asym-
metric unilateral finline, and the chip
connects to the circuit through a gold
(Au) strap which is ultrasonically
bonded to the chip. The resonant fre-

' quency of the oscillator is mechani-
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W-Band Source

2. This photo shows the physical configuration of the second-harmonic W-
band Gunn oscillator.

cally tuned by a fundamental-opera-
tion backshort (Fig. 1). At the arm,
which is orthogonal to port 1 of T-
junction, the finline must be specially
designed for a cutoff frequency that
is more the than maximum frequency
of fundamental operation and less
than the minimum frequency of sec-
ond harmonic operation. Therefore,
RF power at the fundamental fre-
quency cannot be transmitted from
the T-junction, but RF power at the
second-harmonic frequency is easily
coupled. And the coupled second-har-
monic power can be optimized by fin-
line to waveguide transition and by
careful tuning of the second-harmon-
ic backshort at port 2. The WR-10
standard waveguide acts as the sec-
ond harmonic output port (i.e., port
3).

NOVEL STRUCTURE

This novel structure satisfies the
steady-state oscillation condition in a
certain range of W-band. It contains
two individual circuits which belong
to the fundamental and second-har-

20
15

10
5

Output power—mW

0 1 ‘ L i
845 86.0 88.2 900 913
Frequency—GHz

3. A plot of output power versus
frequency for the Gunn oscillator
reveals a peak output of 18. 5 mW at a
frequency of 88.2 GHz.

monic frequencies, and which can be
tuned simultaneously.

To optimize second-harmonic out-
put power in W-band, a designer
must carefully consider the slot
width of the asymmetrical unilateral
finline in three arms of the T-junc-
tion. And the mounting position of
the Gunn chip must also be adjusted
carefully to get the optimized dimen-
sions. Finally, the characterization of
transmission in finline, T-junction
discontinuity, and mounting-cube
discontinuity must be calculated
exactly to achieve excellent circuit
performance.

To demonstrate second-harmonic
W-band Gunn-oscillator operation, a
commercially available GaAs Gunn
chip manufactured by Nanjing Elec-
tronic Devices Institute of China was
used. It has a fundamental frequency
of approximately 50 GHz. The circuit
pattern was etched on a 5-mil (0.127-
mm)-thick Duroid 5880 substrate
with a dielectric constant of 2.22. The
hardware configuration of the Gunn-
oscillator is shown in Fig. 2. Figure 3
shows the experimental results of
the oscillator’s output power versus
frequency. The oscillator was able to
produce more than 10-mW of output
harmonic power in the range of 85.1
to 91.8 GHz—a bandwidth that is
greater than 6 GHz—and reached a
maximum output harmonic power of
18.5 mW at 88.2 GHz. ®®
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With innovative foundry service for today and beyond, KMW can satisfy the
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which include mask processing, thin film patterned
substrate fabrication and assembly services.

* Mask Fabrication
* Sputtering
* Electroplating
* Photolithography
* Laser Drilling
* Dicing
* Laser trimming
* Thermostatic Wedge Bonding
& Parallel Gap Welding
* Eutectic Die Bonding Epoxy Mounting

KMW accepts orders that range from sample to
production quantities,

Contact us today.

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

13921 Artesia Blvd., Cerritos, CA 90703-2202 1-800-8320-KMW ¢ www.kmwinc.com
* e-mail: asimmons@kmwinc.come tel; 562-926-2033  fax: 562-926-6133




joftware so co
rt can't figur

In the time it takes to get an answer, you could download the real solution.
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Evaluate The Shielding

DESIGN FEATURE
Shielding Effectiveness

Effectiveness Of Flexible Coaxial

Cables

Several measuvement methods arve available
Jor evaluating flexible coaxial cables, although

optimum techniques provide adequate
sensitivity undev real-world conditions.

Bill Becker

Product Marketing Manager

Stan Hardin

Cable Business Unit Manager
Semflex, Inc., 5550 East McDowell
Rd., Mesa, AZ 85215, (800) 778-4401,
(480) 985-9000, FAX: (480) 985-0334,
Internet: http:/fwww.semflex.com.

1. This mode-stirred chamber provides a tightly controlled
environment for performing shielding-effectiveness

measurements.

HIELDING effectiveness (SE) is an important fundamental parameter

to consider when specifying flexible coaxial cables. Equally important

as cable attenuation, shielding effectiveness determines the amount of

isolation between cables and equipment that may be in close proximi-
ty to one another. Signal characteristics such as fidelity and crosstalk inter-
ference are minimized by properly selecting flexible cables with proper SE.
However, there are multiple methods which can be used to measure shielding
effectiveness. Controversy exists as to what the best method is. By under-
standing the various means by which shielding effectiveness is measured, it is
a simple matter to determine the best method to use for its measurement. This
paper looks at these measurement systems and other methods and presents
what is believed to be the most accurate in terms of simulating a random RF
environment with very low spurious or resonant effects.

Small apertures present in the
weave of the metal shield around the
dielectric layer and over the cable’s
length allow RF energy to pass out
into the environment surrounding
the cable, an undesirable situation
known as egress. Also undesirable is

© ingress, which is defined as external |

signal interference disrupting the
flow of information along the coax.
This becomes problematic in installa-
tions where a high density of cables
exists in close proximity to one
another. In addition, high-power sig-
nal environments will exacerbate the
situation.

| 1
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2. The differences in the E-field levels can be seen as two

distinct positions, with the stirrer on and off.
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DESIGN FEATURE
Shielding Effectiveness

A flexible coaxial cable power level relative to the
consists of a center conduc- g;"d“’i"’.m = 33 ;"B"z . power going into the cable,
tor surrounded by a dielec- s Mode-stirred copper box £ over a reference length of
tric material. This “core” is £ o cable (usually 1 ft.). The
wrapped with an outer 7 80dB shielding effectiveness
shield and the entire struc- becomes better with
ture is enclosed in a flexible increasing numbers of
jacket material. The geomet- shields. For a single-layer
ric relationships between 1_10_2_(;;— EMIFr‘cﬁ:iiver {i‘,’,’,"{‘?,“;‘.’,f,';'f,‘? ;nan shield design, the radiated
the inner and outer conduc- |2g-W Tracking i : power is approximately 40
tors, separated by the dielec- |amplifier generator  RF dB below the input-power
tric’s electrical properties, -9 dBm input level at 1 GHz (measured in
determine the characteristic a 1-ft. length). By adding

impedance of the cable. The
amount of RF energy that
leaks out of the cable is
determined by the structural design
of the shield. A shield design consist-
ing of a single woven layer of wires
offers poor effective isolation at high
frequencies. The design of a better
shield can be realized by using a plat-
ed copper (Cu) flat braid encased
with a plated Cu round braid. This
approach can be improved by the
addition of metallized tape wound

3. This mode-stirred measurement setup is arranged for
precalibration purposes.

braid. This triple-shield approach
offers high isolation, while still main-
taining good cable flexibility. Braid
coverage, expressed in percent,
relates to the amount of outer surface
covered by the braid wire. As an
example, for 60-percent braid cover-
age, there is 40 percent of the surface
area left open.

Shielding effectiveness is funda-

between the flat braid and the round | mentally measured as a radiated

another shield layer, perfor-
mance improves to approxi-
mately 80 dB below the
input power, per foot of cable. For a
triple-layer shield design, the
improvement is better than 95 dB
below the input power, per foot of
cable at 1 GHz.

There are a number of methods
available to measure shielding effec-
tiveness. Each method has a specific
merit that should be taken into
account when considering testing for
shielding effectiveness. Some of

Its performance will make you shine too.

TRAKS compact delay lines offer stable performance with minimum
loss under all combinations of temperature and power. Custom
designed for high volume production, TRAKS delay lines are used in
linear, muiti-carrier, feed forward ampilifiers for wireless standards
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DESIGN FEATURE

Shielding Effectiveness

these measurements
involve placing the cable
into a large, screenroom-
type of chamber. However,
the size of these chambers
creates various resonant
anomalies that directly
affect the accuracy of the
measurements. Other mea-
suring schemes involve RF

pickup coils, which tend to | 3g% o2
lose sensitivity as the fre- | amplifier

quency of the measurement
increases.

Mode-stirred copper box

ul

1-t0-2-GHz
waveguide
to N transition

to measure SE. The GTEM
is a waveguide feedhorn
design. The RF excitation
energy is fed at the feed-

I
o0

T

drma a0

Optional
R&S

EMI receiver i
Tracking F (JJ_ Gl —(]3
generator | —//o——o\-—-
29 dBm input

horn input end and sets up
a calibrated field intensity
within the waveguide itself.
The test performed in the
GTEM is a measurement of
the amount of field radia-
tion that leaks into the cen-
ter conductor of a cable
through its shield. This
requires that a sampling

According to Henry Pix-
ley, product development
engineer at General Instru-
ment, Comm Scope Divi-
sion, “In order to be able to
accurately measure the cable’s
shielding effectiveness, an actual
measurement of radiated electro-
magnetic fields must be made within
an electrically controlled environ-
ment.” Different approaches to
achieving this electrically controlled
environment have yielded a variety

4. The mode-stirred measurement setup is now arranged
with a waveguide to type-N adapter for evaluating the
shielding effectiveness of coaxial cable assemblies.

of measuring techniques, including
the gigahertz transverse-electro-
magnetic cell method (GTEM), the
mode-stirred chamber method, the
absorbing clamp method, the trans-
fer-impedance method, and the open-
area-test-site (OATS) method.

The GTEM is recognized method

antenna be placed within
the feedhorn waveguide
to measure the field inten-
sity being imposed onto the
cable sample. The GTEM
cell is useful to 5 GHz. It is a widely
accepted method for measuring
many kinds of equipment and
complete systems due to the large
area that is available within the
feedhorn.

The mode-stirred chamber is
another device to measure a cable’s

But with our filter performance, looks arent important.

TRAK's TX/RX diplexers provide stable performance with minimum
loss under all combinations of temperature and power. Whether
supplied as a stand-alone filter or part of a combiner sub-system,
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shielding effectiveness. The
mode-stirred chamber con-
sists of a shielded enclosure
with reflective paddles to
effectively stir up the modes
inside the chamber (Fig. 1).
It eliminates the polariza-
tion condition found in an
OATS measurement, result-
ing in better measurement
accuracy. Due to the mode-
stirring tuners, higher E-
and H-field intensities can
be produced using lower
power than that of the

Shielding Effectiveness

range from table-top size up
to full-sized rooms.

Semflex uses the mode-
stirred chamber method to
evaluate the shielding effec-
tiveness of their cable prod-
ucts. The measurement sys-
tem includes a precision
electromagnetic-interfer-
ence (EMI) receiver (Rx).
The mode-stirred Cu box is
first calibrated to determine
the test system self-noise
and dynamic range (Fig. 3).
A waveguide-to-coaxial

OATS method. Thus, the
mode stirred chamber pro-
duces an RF environment
which simulates actual con-
ditions of homogeneous field
strengths more closely than single E-
and H-fields, which have to be mea-
sured and mathematically averaged
(Fig. 2). The physical size of the box
determines its upper-frequency
range, typically slightly above 2 GHz.
In his report, “Mode Stirred Cham-

5. This photograph illustrates a test system based on the
block diagram of Fig. 4.

bers for EMC Measurements,” H.G.
Krauthauser says that not only are
mode-stirred chambers better than
OATS or other chamber methods,
but that “...tests in MSCs (mode-
stirred chambers) are much cheaper
compared to OATS or semianechoic
chambers.” These chamber sizes can

adapter is then used for the
interface of the cable under
test to the measurement
system (Fig. 4).

MODE-STIRRED CHAMBER

The use of a mode-stirred chamber
(Fig. 5) offers a low noise floor, typi-
cally better than 120 dB below signal-
carrier level, offering a high dynamic
range where to measure the SE. The
mode-stirred chamber affords a small

= Wireless LAN
= Wireless Internet

= Bluetooth
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Supplier relationships are tricky, but you can trust Tecom to custom
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DESIGN FEATURE

Shielding Effectiveness

modern RF and microwave
applications. The test

methods used to verify this
parameter need to be sensi-
tive enough to pick up the

smallest amounts of RF

energy, need to realistical-
ly model actual RF envi-

ronments with their ran-

physical size suitable for 80 0
the cable being tested so 10
that measurements are not 90 Mll)‘
cumbersome or expensive 1m"2“: 1 E\NMFW‘J‘AMMN\
when compared to OATS ek
or similarpmethods. The 1 SE ot cable
reflective-paddle design | B 120“49 A
does yield the closest sim- I -50 — P
ulation of a true RF envi- | 10  Fuue S LT S ey e i B
ronment with random | 310 * ' - \
reflections. =70 Dynamic range
150 of test setup
TEST RESULTS 160 "
A summary of the test -80
170
results run on a new cable 400
design shows shielding- 180 1.0 1.5 2.0
effectiveness performance
that generally exceeds 90 B

dom E and H field
distributions, and need to

be cost effective. The

mode-stirred chamber
meets all of these funda-

mental parameters. This is

the method Semflex uses to
verify the shielding effec-
tiveness of its coaxial-cable

dB across a measurement
range of 1to 2 GHz (F'ig. 6).
Prior to taking the
measurement, a precali-
bration runis performed to
determine the dynamic range of the

. measurements.

test environment. This is typically

seen to be 120 dB at 2 GHz, adequate important parameter to the proper

i fiele_e.html.

for the shielding-effectiveness

6. These measured results, using the mode-stirred
measurement method, compare the shielding effectiveness of
a model 2221-RT110-040 coaxial cable (upper trace) with the

dynamic range of the test setup (lower trace).

Shielding effectiveness is an |

i function of coaxial cables in today’s !

assemblies. ®®

For further readin
Henry D. Pixley, “Drop Cable Shielding,”
ications Technology M ;

Roger Lique, “A Description of the Tri-
axial Test for Shielding Performance of
CATV Drop Products,” Trilogy Communi-
cations, Inc., May 1992.

Otto Breitenbach et al., “Sereening of Cables in the MHz

Q

. toGHz Fre%ilency Range-Extended Application of a Simple

Measuring Method,” Influence of Mismatches, May 1998,
H.G. Krauthauser, “Mode Stirred Chambers for EMC
Measurements,” http://www.unimagdeburg.de
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DESIGN FEATURE

ADC Pavameters

Measuring And
Evaluating Dynamic ADC

Parameters

The second half of this article pro-
vides test systems and measuvement

Dynamic ADC testing, software that can be used to test the
Part 2 dynamic pavameters of ADCs.
Tanja C. Hofner NALOG-TO-DIGITAL converters (ADCs) represent the link between

Senior Applications Engineer

Maxim Integrated Products, 120 San
Gabriel Dr., Sunnyvale, CA 94086;
(408) 737-7600, FAX: (408) 737-7194,
Internet: http://www.maxim-ic.com.

analog and digital worlds in receivers (Rxs), test equipment, and
other electronic devices. As outlined last month in Part 1 of this
article series, a number of key dynamic parameters provide a fair-
ly accurate correlation of the performance to be expected from a particu-
lar ADC. In this concluding article installment, some of the test setups and
measurement procedures for testing the dynamic parameters of high-speed
ADCs will be presented. This installment will describe the required soft-
ware tools, hardware configurations, and test instruments needed to eval-

Table 1: Summarizing the key dynamic
ADC parameters

n decibels of the RMS
(maximum signal

2 of the next largest

ding DC offset.

?ae dynamic
 (SFDR)

and MTIMD setup containing
input tones.

p = the refiection

uate a 10-b, +3-VDC converter-family example.

A variety of approaches are avail-
able for capturing output data from
general-purpose and high-speed
ADCs, and for analyzing their
dynamic performance. The methods
in this article represent one proven
approach; readers are encouraged to
modify these methods as necessary
for the application at hand.

In Part 1, numerous definitions
and mathematical descriptions of
important dynamic parameters for
high-speed ADCs were presented
(Table 1), including signal-to-noise
ratio (SNR), signal-to-noise-plus-dis-
tortion (SINAD), effective number of
bits (ENOB), total harmonic distor-
tion (THD), and spurious-free
dynamic range (SFDR).

To perform adequate dynamic
tests on high-speed data converters,
it is recommended to use a test or
evaluation board supplied (assem-
bled) by the manufacturer, or to fol-
low the circuit-board layout recom-
mendations provided on the ADC’s
data sheet. This article considers the
layout requirements for dynamic
testing before delving into the details
of hardware and software. An evalu
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ADC Pavameters

ation or characterization board for
fast data converters must incorpo-
rate high-speed layout techniques.
The dynamic performance specified
in an ADC’s data sheet can usually be
replicated by following the basic
rules below:

e Locate all bypass capacitors as
close to the device as possible, prefer-
ably on the same side as the ADC,
using surface-mount components to
achieve minimum trace length,
inductance, and capacitance.

¢ Bypass analog and digital sup-
plies, references, and common-mode
inputs with two 0.1-pF ceramic
capacitors in parallel and a 2.2-pF
bipolar capacitor to ground.

e Multilayer boards with separate
ground and power planes produce
the highest level of signal integrity.

e Consider the use of a split ground
plane arranged to match the physical

~ location of analog and digital grounds

on the ADC’s package. The
impedance of the two ground planes
must be kept as low as possible, and
to avoid possible damage or latchup,
their AC- and DC-voltage differ-
ences (or both) must be less than +0.3
VDC. The two grounds should be
joined at a single point, so that noisy
digital ground currents do not inter-
fere with the analog ground plane.
The ideal location of this connection
can be determined experimentally,
as the point along the gap between
the two ground planes that produces
optimum results. This connection can
be achieved with a low-value surface-
mount resistor of 1 to 5 (), a ferrite
bead, or a direct short.

e As an alternative [if the ground
plane is sufficiently isolated from
noisy digital systems such as the
downstream output buffer and digi-
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Signal generators are phase- SMA ol
locked with the clock source ®
LA header array J1
s

Power
supplies

1. This test setup is suitable for evaluating SNR, SINAD, THD, and SFDR (a)
while it can be modified for testing two-tone IMD performance (b).

tal signal processor (DSP)], all
ground pins can share the same
ground plane.

e Route high-speed digital signal
traces away from sensitive analog
traces.

e Keep all signal lines short and
free of 90-deg. turns.

e Always consider the clock input
as an analog input. Route it away
from actual analog inputs and other
digital signal lines.

A proper test setup and the right
test equipment is necessary to real-
ize the performance specified for a
given converter (Figs. 1a and 1b).
The following hardware has proven
to be efficient, and is therefore rec-
ommended for the test setup
(although readers are invited to sub-
stitute equivalent equipment):

For the DC power supply, a model
E3620A dual-supply unit from Agi-
lent Technologies (Santa Clara, CA)
[formerly Hewlett-Packard Co.] can
provide voltages and currents of 0 to
+25 VDC and 0 to 1 A, respectively.
Separate supplies should be used for |
the analog and digital nodes. Each
supply should provide at least 100
mA of output drive current.

For the clock-signal function gen-
erator, a model HP8662A signal gen-
erator from Agilent Technologies
provides stable signals. The clock
input for the device under test (DUT)
accepts complementary-metal-oxide-
semiconductor (CMOS)-compatible
clock signals. This signal should have
low phase noise and fast rise and fall
times, because the high-speed ADC
has a 10-stage pipeline, and its inter-
stage conversion depends on the
repeatability of the rising and falling
edges of the external clock. Sampling
occurs on the falling edge of the clock
signal, so that edge should have the
lowest possible jitter/phase noise.
Significant aperture jitter limits the
ADC’s SNR performance as follows:

SNRdB = 2010g10(0.51Tf=IN= X tAJ)7

where:

fix = the analog input frequency,
and

tay = the time of the aperture
jitter.

Clock jitter is especially critical for
undersampling applications.

For the input-signal function gen-

| erator, another model HP 8662A sig-
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SLASH COST AND COMPONENT COUNT
IN YOUR DUAL-MODE CELL PHONE

SiGe IC Replaces High-Component-Count Discrete Designs and Eliminates the Cellular Band VCO Module

The MAX2338 RF front-end receive IC is designed for dual-band CDMA cellular phones, and it can also be used in dual-
band TDMA, GSM, or EDGE cellular phones. Dual-band CDMA phones can now use one receive IF frequency of
approximately 183MHz. Thanks to the MAX2338's on-chip low-power LO divider, the cellular-band VCO module can be
eliminated.

+ 1.4dB LNA Noise Figure
¢ 15dB LNA Gain

¢ 13.5dB Mixer Gain

+ Mixer Noise Figure

+ LO Divider
¢ +11dBm Cellular LNA IIP3
+ LO Buffer Amplifiers Drive Transmitter

¢ Ultra-Small 28-Pin QFN Package *

7.5dB Differential
9dB Single-Ended

PCS/Cellular/FM Triple-Mode

28-0FN Phone Block Diagram
5mm x 5Smm
LEADLESS PACKAGE S 26-0S0P
L,%w):‘_’”"lwxfwA‘./im'::ffﬁ:«e:ﬂrﬂf'E«‘:: T 0.8mm x 9.6mm -——-—-_—A"alog e e

T e o= SN
e

171 Mk
o0

| 09
pae
[k ]
| =
- | ﬁl 7mm x 7mm
/ o ‘ 1 | LEADLESS PACKAGE |
2\ MAX2281* L 5

CELL PA

LINEARITY
CONTROL

The MAX2338 represents the next
front-end ICs.

generation in Maxim's comprehensive product line of cellular receive

2000 EDITION!
FREE FULL-LINE DATA CATALOG
ON CD-ROM

anaoa

FREE Wireless Design Guide—Sent Within 24 Hours!

includes: Reply Cards for Free Samples and Data Sheets

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

MAXIMN

www.maxim-ic.com

Y Get Price, Delivery, and Place Ordi
_ Online at www.maxim-ic.cor

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.
Distributed by Maxim Distribution, Arrow, Avnet Electronics Marketing, CAM RPC, Digi-Key, Eimo, Nu Horizons, and Zeus.
Distributed in Canada by Arrow and Avnet Electronics Marketing.

VIAXIA is a registered trademark of Maxim Integrated Products. © 2000 Maxim Integrated Products.
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ADC Pavameters

nal generator from Agilent Technolo-
gies is recommended. For proper
operation, this function generator
should be phase-locked to the clock-
signal generator.

For the logic analyzer, a model
HP16500C from Agilent Technolo-
gies offers flexible and accurate mea-
surement power. Depending on the
number of points in the proposed

Fast Fourier transform (FFT), it
may be possible to capture the data
using a logic analyzer with less mem-
ory depth than the HP16500C, such
as the 4-kB data record available in
the firm’s model HP1663C/EP logic
analyzer.

For the analog bandpass filter, the

Q56 series elliptical function band-

© pass filters from TTE (Los Angeles, !

PRECISION

ADAPTERS

In-Series and Between-Series

Maury Microwave's PRECISION IN-SERIES and BETWEEN-SERIES ADAPTERS are low
VSWR and low loss devices that operate from DC up to 50 GHz. Offered in all combinations
of connector type and sex, these adapters are ideal for precision measurement applications.
They are phase matched, minimum length, and feature a square flange for ease in connecting.

These adapters won't roll

2.4mm
7921A

7921B

off the test bench.

Easily removed and
replaced at a relatively
low cost, these adapters
are highly popular as
VNA Test Port Savers

2.92mm
8714A1

871481

which protect the high
cost test ports of your
vector network analyzer
from the wear-and-tear of
frequent connection and
disconnection.

8714C1

3.5mm

Bulkhead and panel
mount adapters are also
available.

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

Model Adapts From | Adapts To " Frequency Range and Maximum VSWR
8021A2 | 3.5mm female 3.5mm female | DC - 18.0 GHz, 1.05
8021B2 | 3.5mm male 3.5mm male I 18.0 - 26.5 GHz, 1.08
80_21_624;7 3.5mm female | 3.5mmmale | 265 - 34.0 GHz, 112
7926A  2.4mm female 2.92mm (K) female | pc _ 40 GHz  1.05

79268 ‘ 2.4mm female | 2.92mm (K) male 40 - 20‘0 GHz' 1'08
7926C 2.4mm male 2.92mm (K) female | 200 - 400 GHz’ 112
7926D | 2.4mmmale | 2.92mm (K) male | " ik i s
7927A 2.4mm female 3.5mm female

79278 | 2.4mm female 3.5mm male 15% 2 ;gg gﬂ; 1gg
7927C | 2.4mm male 3.5mm female \ 265 - 340 GHz 1.2
7927D 2.4mm male . 3.5mm male | ‘ ‘ ! :

7921A | 2.4mm female | 2.4mm female i DC - 26.5 GHz, 1.06
7921B \ 2.4mm male | 2.4mm male 26.5 - 40.0 GHz, 1.10
7921C | 2.4mmfemale | 2.4mm male TEE 400 - 50.0 GHz, 115 |
8714A1jL 2.92mm (K) female‘ 2.92mm (K) female DC - 4.0 GHz, 1.05
8714B1 | 2.92mm (K) male | 2.92mm (K) male \ 40 - 200 GHz, 1.08
8714C1 ‘ 2.92mm (K) female, 2.92mm (K) male 20.0 - 40.0 GHz, 1.12

MAURY MICROWAVE

c O R P O R A T1

O N

2900 Inland Empire Blvd., Ontario, CA 91764 + TEL: (909) 987-4715 + FAX: (909) 987-1112
EMAIL: maury@maurymw.com

Visit us at Wireless/Portable booth #1245

- CA) provide high rejection with low

insertion loss. The series is available
with cutoff frequencies of 7.5, 20, 40,
and 50 MHz.

Digital multimeters (DMMs) for
the measurement system are avail-
able from a variety of sources, includ-
ing Fluke Manufacturing Co.
(Everett, WA), Keithley Instru-
ments (Cleveland, OH), and Hewlett-
Packard Co. (Palo Alto, CA), includ-
ing the handheld model HP2373A
and the AC-powered model
HP34401A. The DMMs are used to
check for proper reference voltages,
supplies, and common-mode
voltages.

EVALUATING THE DUT

To simplify evaluation of the DUT,
it was measured with a performance-
optimized, fully assembled and test-
ed surface-mount EVKit evaluation
board. Follow the steps below to con-
figure the setup and operate this
board. One should complete all the
connections before turning on the
power supplies or enabling the func-
tion generators.

* Apply a +3.0-VDC analog power
supply to pins VAIN1 and VAINZ,
and connect its ground terminal to
pin AGND.

e Apply a +3.0-VDC digital power
supply to pins VDIN1 and VDINZ,
and connect its ground terminal to
DGND.

e Verify that no shunts are
installed for jumpers JU1 (shutdown
disabled) and JU2 (digital outputs
enabled).

e Connect the clock-function
generator to the CLOCK-SMA
connector.

e Connect the output of the analog-
signal function generator to the input
of one of the bandpass filters.

e To evaluate differential analog
signals, verify that shunts are
installed on pins 1 and 2 of jumpers
JU3 and JU4. Connect the output of
the bandpass filter to the DIFF-IN-
SMA connector.

¢ To evaluate single-ended analog
signals, verify that shunts are
installed on pins 2 and 3 of jumpers
JU3 and JU4, and connect the output
of the bandpass filter to the SIN-
GLE-IN-SMA connector.

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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WORLD’S ONLY 10

V/us

RAIL-TO-RAIL I/0 OP AMP
IN TINY SC70 PACKAGE

Mini Size, Mini Price, Max Performance: Ideal for PA Control

+2.7V t0 +5.5V
3)

7 Ve

¢ +2.7V 10 +5.5V Single Supply + 10MHz Gain Bandwidth
+ 800pA Supply Current + Drives 2kQ Loads
+ 10V/us Slew Rate + 50pA Input Bias Current
+ Drives 200pF Capacitance with ¢ 55¢ (1k FOB, USA)

No Isolation Resistor

Rail-to-Rail is a registered trademark of Nippon Motorola, Ltd.
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Industry-Leading
$C70 and SOT23-8 Products

FREE Op Amps/Comparators Design Guide—Sent Within 24 Hours/ FREE FULL L U3 DT CATALDG

includes: Reply Cards for Free Samples and Data Sheets ON CD-ROM

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. - 6:00 p.m. Pacific Time .
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Model 9640
Dual HF Receiver

Frequency Range — 0.56 to 32 MHz
Instantaneous Banawidth — 10 MHz
Noise Figure — 10 dB Maximum
Gain— 48 dB +2 dB
Synthesizer Contro/— RS-232C Interface
Synthesizer Tuning Speed— 100 ps Maximum
Frequency Synchronous or Independent QOperation

interad Litd.

18321 Parkway - Melfa, VA 23410
Phone: 757-787-7610 . Fax: 757-787-7740
E-mail: interad @interadlitd.com

Lead WICTOUTHVE

For Mcrawe point to point radio, LMDS,
UMTS & Satellite Communications

Quasar has developed a family of microwave
waveguide components for communications
applications where precision, quality and reliability
are paramount.

@ Directional Couplers, Splitters and Combiners
@ Filters and Diplexers

@ Power Combiners

Quasar can combine these products into single
integrated assemblies which are ideally suited to “Hot
stand by" or 1+1 applications this eliminates the need
for flexible waveguide. Designs and prototypes for
specific customer requirements can be made within
weeks from Quasar's high quality factory in the UK.
Whether you are designing the next point to point
radio or a satellite transmitter/receiver Quasar can
help you. Call us today or take a look at our website.

Quasar

Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,

Devon TQ12 6XU, England =
Tel: +44 (0)1626 834222
Fax: +44 (0)1626 832994
Email: sales@qmtl.com

See our NEW WEBSITE www.

=‘ DESIGN FEATURE I’ﬁ

ADC Parameters

e Connect one of the logic-analyzer interface cables
(pods) to the square pin header J1.

e Turn on both power supplies, and verify with a volt-
meter that a voltage of +1.20 VDC is present across test
points TP4 and TP5. If necessary, adjust potentiometer
R34 to obtain the required +1.20 VDC.

e Enable the function generators. Set the clock-func-
tion generator to its maximum output amplitude (999 mV
for the suggested HP8662A signal generator) and a clock
frequency of forx = 80 MHz. Set the analog signal-func-
tion generator to the desired input tone, with any ampli-
tude between 10 wV and 999 mV. Note that the input
amplitude and frequency must be selected according to
the bandpass filter’s corner frequency. Bandpass filters
used in evaluating high-speed data converters usually
tolerate a narrow passband. To achieve optimum perfor-
mance (depending on filter type and manufacturer), set
the input tone to within 5 percent of the corner frequen-
cy. Since the filter attenuates the generator’s output sig-
nal, set the generator’s amplitude slightly higher to
achieve the desired full-scale input specification.

e For proper operation, phase-lock the two function
generators [or three function generators, if testing for
two-tone intermodulation distortion (IMD)].

o Synchronize the logic analyzer with the external
clock signal from the board, and set the logic analyzer to
latch data on the clock’s rising edge.

e Enable the logic analyzer and begin collecting data.
Data can be stored on a floppy disk, on the logic analyz-
er’s hard disk, or on a data-acquisition (DAQ) board com-
municating through the logic analyzer’s general-purpose-
interface-bus (GPIB) port.

Now that the necessary steps for test setup and hard-
ware configuration have been completed and the system
is ready to capture data from the DUT, it is time to select
the software tools for data capture and analysis.

e LabWindows/CVI from National Instruments
(Austin, TX) serves as the required data capture and
communications link between the logic analyzer and the
DAQ-controller board. (The C-language-based program
routine used for this purpose will not be discussed in this
article.)

e MATLAB from The MathWorks (Natick, MA) is a
powerful tool that performs the FFT and dynamic analy-
sis of the captured data.

To help understand how a MATLAB program routine
analyzes and graphs the dynamic performance of a high-
speed data converter, the next section reviews some of
the FFT and power-spectrum basics.

The FFT and the power spectrum are adequate tools
for measuring and analyzing signals from captured data
records. They can capture time-domain signals, measure
their frequency content, convert the results to conve-
nient units, and display them. To perform FI'T-based
measurements, however, one must understand the issues
and calculations involved. Basic functions of an FFT-
based signal analysis are the FFT itself and the power
spectrum. Both are extremely useful for measuring the

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

CEERITY

o

rity's Higher

Power

For More Intelligent 3G Wireless Amplifier and Digital Radio Testing

The CS2010 Wireless Test Set delivers an entirely new
level of power, speed and flexibility for power amplifier
and digital radio design. Essentially three products in
one, the modular CS2010W is an off-the-shelf "virtual"
test instrument that offers multi-carrier signal capability
at three levels of functionality:

CS2010 Vector Signal Generator RF, IF, baseband,
digital output. Performance exceeds any instrument on
today’s market - 50 times more memory (4,000MB), 5
times better resolution via 14 bit D/A's, and 9 dB
improvement in dynamic range.

CS2010 Vector Signal Analyzer RF, IF, baseband and
digital input. Delivers the deepest acquisition memory
available - 4,000MB of seamless 14 bit capture.

CS2010 Vector Signal Generator/Analyzer All the
capability of the CS2010 VSA and the CS2010 VSG in
one package. By simply adding hardware and software

modules, the VSA or VSG can be upgraded to provide
multi-path fading, smart antenna testing, bit error rate
testing and protocol testing.

Utilizing a unique architecture, the CS2010W offers a
completely open test environment with selection of
functions (spectrum analysis, oscilloscope, digital pattern
generation/analysis), along with a series of digital and RF
multi-carrier waveform generation capabilities.

The CS2010W allows you to replace an assembly of
stand-alone test instruments with one box that does
everything, faster and better. At a price that makes you
market-competitive today and grows with your needs in
the future.

Whatever level you're involved at, your test capabilities
should be match your technology. Let us show you how
we can help. Check out the details at www.csidag.com
or call 888-274-5604 for more information.

CELERITY TEST INSTRUMENTS TAKE YOU THERE.
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LERITY

DIGITAL BROADBAND TEST

Go to www.mwrf.com and click on the Free
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ADC Parameters

frequency content of sta-
tionary or transient signals.
FFTs usually produce the
average of a signal’s fre-
quency content over the
time interval that the signal

-
=
=
@
3
=
@

3

Amplitude

was acquired. Thus, FFTs

FFT noise floor =10 X fog1g (NRECORD/Z)

T

SR R et

Y~RMS qnamizzlinn noise level

are always recommended
for stationary-signal
analysis.

Among the most basic and
important computations in
signal analysis are the use of
the FFT in converting from

Example:

< ISAMPLE/A ISAMPLE/2

Bin=fSAMPLEINREt:onn

Based on an 8192-point FFT and a sampling frequency of 80 MSamplesys,
the MAX1448 provides a bin spacing of 9.766 kHz. _

N: ADC resolution
NRecorp: Number of points in the FFT
fsamMPLE: ADC sampling frequency

LI

the depth of the data record
can be increased at the same
frequency (see the sidebar
for program-code extraction
No. 1).

Window functions are
common in FFT analysis,
and their proper use is criti-
cal in FFT-based measure-
ments. The following discus-
sion of spectral leakage
stresses the need to select
an appropriate window func-
tion and scale it properly for

a two-sided to a single-sided
power spectrum, adjusting
the frequency resolution,
and displaying the spec-

trum. A power spectrum usually !

returns a matrix containing the two-
sided representation of the time-
domain signal power in the frequen-
cy domain. The values in this matrix
are proportional to the amplitude
squared of each frequency compo-
nent making up the time-domain
signal.

A plot of the two-sided power spec-
trum usually contains negative and
positive frequency components.
Actual frequency-analysis tools,
however, focus on the positive half of
the frequency spectrum only, noting
that the spectrum of a real signal is
symmetrical around DC. Negative
frequency information is therefore
irrelevant. In a two-sided spectrum,
half the energy resides in the positive
frequencies and half in the negative
frequencies. To convert from a two-
sided spectrum to a single-sided
spectrum, therefore, one must dis-
card the second half of the matrix and
multiply every point (except DC) by
two.

The frequency range and resolu-
tion on the x-axis of a spectrum plot
depend on the sampling rate and the
size of the data record (the number of
acquisition points). The number of
frequency points or lines in the
power spectrum is N/2, where N is
the number of signal points captured
in the time domain. The first fre-
quency line in the power spectrum
always represents DC. The last fre-
quency line can be found at fgs ypr.r/2
— fsampLe/N. Frequency lines are
spaced at even intervals of fgan.
pLe/N, commonly referred to as a fre-

2. An FFT graph is composed of a number of separate
frequency/FFT data bins.

quency bin or FFT bin (Fig. 2). Bins
can also be computed with reference
to the ADC’s sampling period:

Bin = fsampLe/N = UNAtgampLE

where:

fsampLe = the sampling frequency,
and

AtSAMPLE = the Sample time
differential.

For example, with a sampling fre-
quency of fgaypre = 82.345 MHz and
a record length of 8,192 data points,
the distance between each frequency
line in the FFT plot is exactly 10.052
kHz. (See Fig. 1 of Part 1 of this arti-
cle series, Microwaves & RF,
November 2000, p. 75).

The calculations for the frequency
axis (x-axis) are proof that the sam-
pling frequency determines the range
or bandwidth of the frequency spec-
trum. For a given sampling frequen-
cy, the number of points acquired in
the time domain determines the reso-
lution frequency. To increase the res-
olution for a given frequency range,

a given application. To accu-
rately determine spectral
leakage, however, it may not
be enough to use adequate
signal-acquisition techniques, con-
vert a two-sided power spectrum
into a single-sided one, and rescale
the result. To gain a better under-
standing of this term, one should per-
form an N-point FF'T on a spectrally
pure sinusoidal input.

Spectral leakage is the result of an
assumption in the FFT algorithm
that the time record is precisely
repeated throughout all time, and
that all signals contained in this time
record are periodic at intervals cor-
responding to the length of the time
record. However, a nonintegral num-
ber of cycles in the time record
(fin/fsampLe~Nwinpow/NrEcorD)
violates this condition and causes
spectral leakage (Fig. 3) [See also the
second sidebar in Part 1]. Only two
cases can guarantee the acquisition
of an integral number of cycles:

e Synchronous sampling with
respect to the input tone.

e The capture of a transient signal
that fits entirely into the time record.

Table 2: Characteristics of frequently used window
functlons (see also MATLAB program code)
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In today’s exploding mobile
communications market you need
more than just any ordinary
amplifier in your base station. You
need Agilent s high linearity, high
performance, highly consistent,
minature RFIC amplifiers. Their
compact size and impressive
performance allows you to design
smaller sites that won't ruin the
scenery.

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

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

www.agilent.com/view/basestations

Typical Specifications at 5V

Part # NF  Gain IP3  Current
(dB)  (dB) (dBm)  (mA)

MGA-52543 1.9 142 +175
MSA-2543 45 138 +13
MSA-2643 36 159 +21.9
MSA-2743 4 155  +28
ATF-54143* 055

*coming soon

about Agilent's 0 '
stations and a

For more information
semiconductor
solutions for base
special offer please
visit our website.

.. Agilent Technologies
Innovating the HP Way

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

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




We can'’t think of one single reason

why we should be your

~ microwave circuit manufacturer.

Actually, there are several
reasons why you'd want to
trust Filtran to produce reliable
microcircuits for high-end applica-
tions like acrospace, air traffic
control, satellite, automotive,

and PCS—up to 100 GHz.

As a leader in our field since
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In most cases, however, the appli-
cation deals with an unknown sta-
tionary input. (A stationary signal is
one that is present before, during,
and after the data capture.) This
means that there is no guarantee of
sampling an integral number of
cycles. Spectral leakage distorts the
measurement by spreading the ener-
gy of a particular frequency compo-
nent over the adjacent frequency
lines or bins. Selecting an appropri-
ate window function can minimize
the effects of this spectral leakage.

To fully understand how a particu-
lar window function affects the fre-
quency spectrum, one must take a
closer look at the frequency charac-
teristics of windows. Windowing of
the input data is equivalent to con-
volving the spectrum of the original
signal with the spectrum of the win-
dow. Even for coherent sampling, the
signal is convolved with a rectangu-
lar-shaped window of uniform height.
(Performing an FFT with no appar-
ent window function selected is fre-
quently referred to as performing
the FFT with a “uniform” or “rectan-
gular” window.) Such convolution
shows a typical sine-function charac-
teristic spectrum.

The real-frequency characteristic
of a window is a continuous spectrum
consisting of a main lobe and several
side lobes. The main lobe is centered
at each frequency component of the
signal in the time domain. Side lobes
approach zero at intervals on each
side of the main lobe. An FF'T, on the
other hand, produces a discrete fre-
quency spectrum. The continuous,
periodic spectrum of a window is
sampled by the FFT, just as an ADC
would sample an input signal in the
time domain. What appears in each
frequency line of the FFT is the value
of the continuous convolved spec-
trum at each FFT frequency line.

If the frequency components of the
original signal match a frequency line
exactly, as is the case when one
acquires an integral number of
cycles, one sees only the main lobe of
the spectrum. Side lobes do not
appear because the window spec-
trum approaches zero at bin-frequen-
cy intervals on either side of the main
lobe. If a time record does not contain

SIGN FEATURE

ADC Parameters

an integral number of cycles, the con-
tinuous spectrum of the window is
shifted from the main lobe center at a
fraction of the frequency bin that cor-
responds to the difference between
the frequency component and the
FFT frequency lines. This shift caus-
es the sidelobes to appear in the spec-
trum. So, the window’s sidelobe char-
acteristics directly affect the extent

to which adjacent frequency compo-
nents “leak into” the neighboring fre-
quency bins.

WINDOW CHARACTERISTICS

Before choosing an appropriate
window, it is necessary to define the
parameters and characteristics that
enable users to compare windows.
Such characteristics include the -3-
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dB main lobe width, the —-6-dB main
lobe width, the maximum sidelobe
level, and the sidelobe rolloff rate
(Table 1).

Sidelobes of the window are char-
acterized by the maximum sidelobe
level, defined as the maximum side-
lobe level in decibels with respect to
the main lobe’s peak gain, and the
sidelobe rolloff, which is defined as

the asymptotic decay rate (in deci-
bels/decade or decibels/octave of fre-
quency) of the sidelobe peaks (Table
2).

Different windows suit different
applications, and to choose the right
spectral window, one has to guess the
signal-frequency content. If the sig-
nal contains strong interfering fre-
quency components distant from the
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R.EME L

Building solutions
through teamwork.

frequency of interest, one should
choose a window whose side lobes
have a high rolloff rate. If strong
interfering signals are close to the
frequency of interest, a window with
low maximum levels of side lobe is
more suitable.

If the frequency band of interest
contains two or more signals close to
each other, spectral resolution
becomes important. In that case, a
window with a narrow main lobe is
better. For a single-frequency com-
ponent in which the focus is on ampli-
tude accuracy rather than its precise
location in the frequency bin, a win-
dow with a broad main lobe is recom-
mended. Finally, coherent sampling
(instead of a window) is recommend-
ed for a flat or broadband frequency
spectrum (see the sidebar for pro-
gram-code extraction No. 2).

The Hanning window function,
which provides good frequency reso-
lution and reduced spectral leakage,
offers satisfactory results in most
applications. The flat-top window has
good amplitude accuracy, but its
wide main lobe provides poor fre-
quency resolution and more spectral
leakage. The flat-top window has a
lower maximum sidelobe level than
the Hanning window, but the Han-
ning window has a faster rolloff rate.

An application of only transient
signals should have no spectral win-
dows at all, because they tend to
attenuate important information at
the beginning of the sample block.
With a transient signal, a nonspectral
window such as a force or exponen-
tial window should be chosen.

Selecting an appropriate window is
not easy, but if the signal content is
unknown, one can start with the Han-
ning characteristic. It is also an excel-
lent idea to compare the performance
of multiple window functions to find
the one most suitable for a particular
application (Table 3).

With the knowledge gained in pre-
ceding sections of this article, the fol-
lowing program-code extraction
should be easy to understand. Based
on the FFT, power spectrum, and
attention to spectral leakage and
window functions, the specifications
SNR, SINAD, THD, and SFDR are
calculated as follows, using MAT-

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

SNR = lﬁloglo(Ps/Pn)

SINAD = 10log,o[Py/(P, + P4)]

THD = 10log;o(P¢/Phy,)

SFDR =
nay/max(Ppe: 10yl

where:

P, = the signal power,

P, = the signal noise,

P4 = the distortion power caused
by second-through-fifth-order
harmonics,

Py = the fundamental harmonic
power, and

Pr2:10) = the harmonic power of the
second through ninth harmonics (see
the sidebar for program-extraction
code No. 3 for computing the power-
spectrum level).

Based on MATLAB source code, a
high-speed ADC from Maxim Inte-
grated Products (Sunnyvale, CA),
the MAX1448, was tested not only
for its data-sheet specifications, but
also for many other over- and under-
sampling input frequencies as well. It
achieved excellent dynamic perfor-
mance for all conditions.

Two-tone IMD can be a tricky
measurement, since the additional
equipment required—a power com-
biner that combines two input fre-
quencies—can contribute unwanted
IM products that falsify

10log,,[P

Table 3: Signal content versus window
selection and advantages

ine-wave signals

Spacing the input tones too far apart
may call for a different window type
that has less frequency resolution.
The setup also requires a minimum
of three phase-locked signal genera-
tors. This requirement seldom poses
a problem for test labs, but genera-
tors have differing capabilities for
matching frequency and amplitude.
Compensating such mismatches to
achieve (for example) a -0.5-dB full-
scale (F'S) two-tone envelope and sig-
nal amplitudes of -6.5 dB full scale
will increase the effort and test time

required (see the sidebar for pro-
gram-code extraction No. 4).

In short, besides the points cov-
ered above, many other issues con-
front an engineer trying to deter-
mine the dynamic range of
a high-speed ADC by capturing its
signals and analyzing them. Unfortu-
nately, mistakes are easily made
in spectral-measurement proce-
dures. However, this task of DAQ
and analysis is eased by an under-
standing of FFT-based measurement
and related computations, the effect
of spectral leakage and how

the ADC’s IMD. The fol- Input signal with an integral number of cycles/window to prevent it, and the neces-
lowing conditions must be Input signal with a nonintegral number of cycles/window sary layout techniques and
carefully observed to opti- equipment.
mize IMD performance, /\/ /\ /\ /\/\ A free copy of the MATLAB
although they make the source code used in the evalua-
selection of proper input \/\ \/ \/ /\/ tion of the MAX1448 high-speed
frequencies a tedious task. > ADC is available free upon
; . Signal continues . . Signal continues
First, the input tones geqnudlcallv Data windows (integral/nanintegral) gggiuuicauy request from the author at
must fall into the passband the ﬂ'“: d m ot whhd tanja_hofner@maximhg.com, or
of the input filter. If these S dala window sty i by sending an e-mail to
tones are close together 1 fiN jbrowne@penton.com and
(several tens or hundreds - i requesting a copy of the MAT-
i requency spectrum
of kilohertz for a mega- witltllan ﬁ:@ b fj/SAMPLE = NpgcorpMwinpow | LAB code. @@
hertz bandwidth), an | pumberof For further readin )
appropriate window func- | eyelesiwindow Integrated Prouts Samyvals, CA 5006,
tion must be chosen as Frequency Maim Integraced Produets Sannyalé, CA,
Well PlaCing them too 20%0 Johns and K. Martin, J;?L!llﬂ Inte ’ru,tedy
close together, however, 1l N Circtt Design, Wiey, Nexy(frk%g gL
may allow the power com- Error r <N oM Vozm;er}io% P?;,elgu};;:;mted (l,]?:c?;llts and
biner to falﬂfy the overall Frﬁguencvis:‘]gﬂnllm INﬁSAMPI.E RECORD/NWINDOW }S‘gg%m}gg:‘:tpﬁg;g& ;‘){lﬁ?%%ga[ Circuits,
. with a nonintegra rated Analog-to-Dig-
IMD readings by con- |pumber of B A kg W A O
tributing unwanted sec- | cycles/window Academic Publishers, Johanesburg, South
Ond- and thiI’d—OI‘deI‘ IMD /1 }E‘lﬁzzmeermg Staff of Analog Devices, Ana-
| Ffﬂq“encv log-Digital Conversion. Handbook, PTR Pren-
products (depending on the tice-Hall, Englewood Cliffs, NJ, 1986.

location of the input tones

within the passband). leakage.

3. This plot shows the effects of data windows on spectral

Eng1neer1ng Staff of Ana.log Devtcec. Mixed-
Signal and DSP Design Technigues, Analog
Devices, Norwood, MA, 2000.
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Bandpass Filters

Simplified Method
Eases The Design Of Bandpass

Filters

A method to simplify the design of
evanescent-mode waveguide bandpass

filters is a new twist on previously
established theory.

Dr. J. Howard and M. Lavey
Electromagnetic Technologies, Inc.,
871 Mountain Ave., Springfield, NJ
07081; (973) 379-1719, FAX: (973)
379-1651, e-mail:
Jjhoward@etionline.com, Internet:
http/fwww.etionline.com.

PPROXIMATELY thirty years ago, G. Craven and C. Mok presented

their theory of evanescent dominant-mode waveguide bandpass fil-

ters." The theory derives the equivalent ladder network from the

lowpass prototype through an iterative technique, and is accurate
for narrow-to-moderate bandwidths up to 20 percent. In 1989, J. Howard
and W, Lin repeated Craven and Mok’s work using the well-known “Q” tech-
nique where the individual resonator quality factors (Qs) are used in the
design of evanescent waveguide-bandpass filters.” The advantage of this
method is that the Q of the individual lumped-type filter resonators can be
compared to their evanescent-mode counterparts. This permits further
improvement of the evanescent-mode bandpass filter’s performance. The
techniques previously mentioned require an iterative method to arrive at
the required evanescent-waveguide obstacle positions.

In 1977, R.V. Snyder presented a
generalized evanescent-waveguide
bandpass-filter theory employing an
admittance-inverter-synthesis tech-
nique incorporating a frequency-
variable turns ratio.? Snyder’s gener-
alized theory also requires an
iterative approach to evaluate the
correct positions of the evanescent-
waveguide obstacles. However, this
article offers a simple approximate
evanescent waveguide-bandpass fil-

tive techniques. The advantage of the
method is the ease of its implementa-
tion, since it requires no iteration and
is in closed form.

THE THEORY

The equations for a “T” coupled
structure (Fig. 1) can be written as:

I“‘ZH =Z]+23

ter theory for narrow to moderate le.Z;3=25+Z; (1)
bandwidths that employs no itera-
1 72 7B
i1 ) 3 C i2 ZA ZC

1. The starting point for the theory of
evanescent bandpass filters is the
classical T-network.

2. This I1 network is the equivalent of
the T-network shown in Fig. 1.
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where:

k is the coupling coefficient
between the two sections.

A 1I coupled structure is shown in
Fig. 2, and using a A-Star transfor-
mation:

Z3

VZHZZZ
Z3
JZ,+2Z;)(Z,+ Z5)

(2)

Therefore, substituting in Eq. 2,

3a
5 - ZAZB
'™ zA+zB+ ZC
3b

ZBZC

27 ZA+ ZB+ ZC

3c
ZAZC

= (3)
ZA+ZB+ ZC

Z3

Figure 3 shows the schematic of an
evanescent-mode filter as a IT cou-
pled structure. For two IT's in paral-
lel:

XpSinh(yL)

XgCoth(vL/2) XpCoth(yL/2)

3. The evanescent-waveguide
equivalent circuit is represented by
the II circuit and components shown
here.

k =
ZAZC
J(ZAZC + ZAZB) (ZAZC + ZBZC)

(4)

Sa. ZA = ﬁ Coth(Ej
2 2

5b. ZC = X0 Coth(EJ
2 2

Sc. ZB = X, Sinh().) =
ZXOSinh[%JCosh(%) (5)

These equations are correct for
any of the internal resonators, while
the end resonators are described by

the following equations:

ba. ZA = XUCm‘h(%J
6b. ZC = ﬁ Coth[EJ
2 2

6¢. ZB = % Sinh(YL) =

ZXOSinh(E]Cosh(E] (6)
2 2

From the paper, “Direct Coupled
Resonator Filters,” by Seymour
Cohn?,

1

kijpj=—F——
" WD~/8i8i+1

(ﬁ—ﬁ}
Jo
where:

o = 1 = 2nf = the cutoff frequency
of the lowpass prototype, and g, the
lowpass prototype normalizes ele-
ments, and k; ; . ; is the coupling coef-
ficient for sections i,1 + 1.

For the evanescent waveguide:

(7)

(continued on p. 230)

0.90 Ripple for iterative design Ripple for closed-form design
: g \ ’ 0.30 F \
0.27} \ I 0.27} ’
0.24} | boil \ [
il \ 0.21f \
m 0.185 { - 0.18: \ A
F NN VY i Wil AV
2 0.15} 0.1
3 : = :
0.12f 0.12f
0.09f 0.09f
0.06} 0.06}
0.03} 0.03}
ot ot
2.75 2.85 2.95 3.05 3.15 3.25 2.75 2.85 2.95 3.05 3.15 3.25
Frequency—GHz Frequency—GHz

4. This plot represents the ripple response of an
evanescent-bandpass filter designed using the iterative

technique developed years ago.

5. This plot is similar to that of Fig. 4, except that it shows
the ripple response of the filter using the closed-form

design technique developed by the authors.

MICROWAVES & RF » DECEMBER 2000

98




OUTPUT POWER - dB

0
10 REFERENCE
LEVEL = -4.2dBm
_ao O0P BA [) ) §
H 3 A [ D 0
—40 DEO BANDWID 0 T
-50 ¥ J OND
—70 9 DdB
-80 . %
-100 :
—2kHz -1kHz S00MHz +1kHz +2kHz

Introducing the world’s lowest phase noise from
ADI’'s new ADF4000 Series PLL frequency synthesizers.

As today’s wireless communication systems make
the transition to advanced digital, Analog Devices
and Future Electronics quietly announce the next
generation of high-performers.

ADI designs and manufactures the innovative
building blocks that the world’s leading OEMs
demand — amplifiers, converters, mixers, modulators,
RF power detectors and much more. Now, ADI
introduces the latest development in the future of
communications. Designed to exceed the most
demanding design specifications, ADI’s new line of
single and dual PLL Synthesizers delivers the industry’s
best phase noise performance and pin-to-pin drop-in

improved performance replacements for 23XX
devices. Sure to be the synthesizer of choice for
the next generation of advanced communication
devices, Analog Devices’ new ADF4000 Series PLL
frequency synthesizers are always available from
Future Electronics. '

A worldwide leader in electronic components distribution,
Future Electronics offers leading edge e-commerce
supply chain solutions, state-of-the-art design centers,
and highly qualified engineering support in every
corner of the globe. With a silent partner like
Analog Devices, we’re committed to helping you
turn up your volume... noiselessly.

Visit us at Wireless/Portable Booth #1410

ANALOG
DEVICES

For your free copy of
“Defining the Future of Wireless Communications”
visit: www.FutureElectronics.com/rf/analogdevices
or call: 1-800-980-0193

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

AYOLNIANI »TI3S-OL-FTEVTIVAV. 1S53OUVT IHL

=
=
e
P
o
-
e
—
=
je
7

FUTURE
ELECTRONICS



'Need Help |
‘With Signal

Redirection?

Q,\\-\\e Earth Statizy

Manage Your
Broadband Signal
Environment With £
Dow-Key Microwav

Switch Matrix

Dow-Key Microwave’s Coaxial Switc
Matrices make it easy for you to meet th
demand for high speed, multi-sourc
information switching. Our Non-Blockin
Switch Matrix product line will enable you t
capture and redirect signals wit
minimum distortion and maximum ease.

Dow-Key engineers focus o
providing optimized routin
designs and use our own lo
insertion loss switches to deliver th
cleanest signal from input to outp
over the DC to 26.5 GHz range
Whether your system requires th
highest level of reliability or mus
meet the price demands of th
commercial market, Dow-Key wi
design a customized Switc
Matrix to meet your needs with
control interface to match yo
system whether it be a CANbus
RS-232, RS-422, or GPIB.

Our expertise and experience i

supplying matrices to secur
networks, SatCom, direction finding
eavesdropping, broadcast, and AT
provides you with a broad line c
products and optimized designs. We offe
remote control interface options an
premium components all carefull
assembled in a rugged, rack mount chassis

For uniquely and superbly engineere
designs that meet and exceed marke

demands, for unprecedented custome
service and on-time delivery, for the highes
quality product with unsurpassed reliabilit
at the right price, Dow-Key Microwav
is your solution.

Visit us at Wireless/Portable Booth #515

L = DowKeye: Microwave

CORPORATION

4822 McGrath Street, Ventura, CA 93003
Tel: (805) 650-0260 ® Fax: (805) 650-1734
Visit at www.dowkey.com.

I COMPANY

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



DESIGN FEATURE

Measurement Technology

Pertorm Precise

Microwave

Measurements

This article discusses several
techniques for pevforming precise
Measuvements on micvrowave
and RF devices and civcuits.

Oleksandr Gorbachov
Manager

Gatax Technology Co., Taipeli,
Taiwan, ROC; FAX: +886-2-
87920768, e-mail:
alex_gor40@hotmail.com or
alexgord0@yahoo.co.uk.

11 coaxial cables, microstrip lines, and other transmission lines have

inherent losses. But how do these losses impact the parameters mea-

sured, and how does one correctly choose the best line? This article

presents several matching networks for RF/microwave measure-
ments. These networks may be useful for developing various devices and
circuits such as transistors, monolithic microwave integrated circuits
(MMICs), hybrid modules, etc. The article presents some basic electro-
magnetic (EM) theory to solve simple problems that may emerge. Graphi-
cal data, equations, approaches, and suggestions are also presented to
make RF/microwave-measurement procedures accessible and easier to
interpret.

Consider the losses in a uniform
transmission line between a well-
matched line generator and a reflec-
tive load. These losses are defined
as:*

L= 10log(1 - |1 [}/

S

[dB] (la)

where:
1 = the length of the line between

the generator and load,
B = the attenuation factor of a line

for the wave mode considered, and
I'y, = the reflection coefficient of

the load.
Y I oa
:i 1.0/ 0.5,/,4//6 4 i Lp=0.0248 |
24 / / / / // w 0.05
4 / / // / o // |
= 2.0 // / [g=01d8_ - // 0.10
I 16 A7 — Z 60 // -] 015
= 1.2 / // § pd P // 2%5—6—5
"W/ - . e—
ﬂ..B / V4 = /‘%/
o 7/ 20 '%//_
. : 0.50
00 4 8 12 16 20 78 20 232 36 40 0 20 40 60 80 100 120 140 160 180
(a) VSWRq (b) VSWRy

1. This graph illustrates the total losses in a line with standing waves (a), while the resulting VSWR through the line can

also be seen (b).
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The value Ly = e® represents the
generalized loss for a line with trav-
elling-wave conditions, and Eq. 1a
shows the contribution of standing
waves to the total losses. Figure la
represents total calculated losses,
which depend on the VSWR

VSWR, = (1+|I.|) /(1 -|r.|) (1b)

It shows that the total losses in a
line increase significantly with
increasing VSWR, especially for high
initial-loss values. Thus, one must
carefully consider the VSWR of con-
nected lines to avoid erroneous mea-
surements. For example, consider a
line with a high VSWR at one point
within the line. Observing it through
a short, low-loss transmission line
that is similar to a connector, one sees
alower VSWR (Fig. 1b).

TRANSFORMERS

All transformers have inherent
losses, and they are connected to the
load through the remaining parts of a
regular-loss transmission line. If
these circumstances are considered,
the optimum resistance of a trans-
former line R°""; will differ from the
known equation:

R, = [R,R,
where:

R, = the “generator” resistance,
and

R}, = the “load” resistance.

For simplicity, Figs. 2a and 2b
shows the losses in a matching line
with a transformer required to match
the 50-() resistance of a “generator”
with four different active “load”
resistances at different initial-loss
values. (It is assumed that L is com-
prised of equal parts of inherent
transformer losses and the remain-
ing part of the 50-) line.) The losses
for the fixed “load” resistance R°P",,
represented by the solid line in Fig.
3a, are minimal and practically inde-
pendent of the initial loss. The dashed
line in Fig. 3a shows the theoretical
value without losses. By ignoring
these losses and selecting a theoreti-
cal resistance, one can sufficiently
approximate the high values of the
required transformation and the sig-

(Ic)

Measurement Technology

nificant inherent losses encountered.
At the same time, the use of a trans-
former considerably improves the
total loss value (Fig. 3b). So dis-
tributing the high VSWR in a match-
ing line significantly decreases
power loss, even for nonoptimal con-
ditions.

Tuners have different types of
inherent losses. Some of these can be

attributed to transmission-line loss-
es. Sometimes the original loss value
isindicated by the manufacturer® and
the total losses can be evaluated by
the method noted previously, know-
ing the real VSWR produced. Other
losses include resistive and radiation
losses that can be attributed to the
stubs and surrounding areas. These
are not mentioned in data books, and
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are only vaguely alluded to in some
application notes. Resistive losses
can be evaluated, but radiation losses
are difficult to calculate and predict.
Consider an air coaxial line with
inner-conductor radius R and outer-
conductor radius R,. For a trans-
verse-EM (TEM) wave with resis-
tance Z,, one can write down the
following known equations:

ZO = 60 ln&,
R]
E = V"R ,
rin=2
1
Hp = 2 (2a)
\“‘t /8

where:

E, and V, = the radial components
of the electrical field and voltage,
respectively, H, = a tangent compo-
nent of the magnetic field, and . and
€ = the relative permeability and
dielectric constant of a coaxial line (u

=1and e = 1 for air). Knowing that
the power transferred is

v2

and that the current along the
coaxial length 1is proportional to:

I, ~ H, (2¢)

P, (2b)

one can calculate the total resistive
losses Py attributed to the inner and
outer conductors:

L ! V‘FF_’; " \/;7:
Fy nR R RS
1
304
;= __\@] (3a)
u/e
where:

Uy =4nx 107H/m  (3b)

is the permeability of free space

f = the frequency, and

{p1} and {ps} = the relative resis-
tance of the inner and outer condue-

tors of a coaxial line.

The transformation coefficient and
associated VSWR of the length 1 of a
transmission line with a resistance Z,
are maximal at 1= \/ 4,
where:

\ = the wavelength of a line.

In this case, the transformation of
resistance Z; from one port of a
transformer to Z, at another port is
described as Z,Z, = Z%. Using these
equations, one can determine the rel-
ative variation of losses for different
geometrical dimensions of a line. The
dashed line in Fig. 4a shows the
results of these calculations in terms
of a maximal VSWR ..., achieved for
a quarter-wave transformer. It is
assumed that the inner and outer
conductors are made from the same
material. Analogous results are
shown in Fig. 4b for different values
ofinitial losses that may be known for
an undisturbed line. (An undisturbed
line is one where the stubs are suffi-
ciently distant from the inner con-
ductor that they have no electrical
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effect on it.) Increasing the desired
VSWR, ,x results in an abrupt
increase in losses.

Initial losses increase by a cubic
exponent as the diameter of the inner
conductor decreases. So it is best to
use a tuner whose central conductor
has a large diameter.

With the same coaxial length 1, the

initial losses are also proportional to
the square root of the frequency. But
the slope of the curves in Figs. 4a and
4b are more abrupt due to the
decreasing transformation coeffi-
cient when 1 # M4. Then, with the
same coaxial-line resistance, a quar-
ter-wave transformer decreases ini-
tial losses inversely proportionally to

the square root

of the fre-

- Fig. 4a shows the portion of the

transformer’s total losses attributed
to the stub itself. The figure illus-
trates that the conduction of a stub
must be as high as possible or it
should be plated by an additional con-
duction layer with a thickness at
least two to three times the skin
depth. This applies to the central con-
ductor as well. As a reference, brass
possesses p = from 4 to 6 X 10 ()

2. This graph depicts the total losses in the quarter-wave
transformer (a), while the total losses in the 50-() line are also

shown (b).
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“generator” and “load” provided by
the tuner. If any standing waves
exist in the stub-transformer line,
one must evaluate the losses as
described at the beginning of this
article. In this case, the resulting
losses in Fig. 4b represent the origi-
nal losses for Fig. 1.

Certainly, an approach was consid-
ered for an idealized structure. But,

due to energy considerations and the
use of parameters common to trans-
mission lines such as VSWR, the
results are valid for different shaped
stubs used in real coaxial-like tuners.

Another important task performed

clear presentation of RF-current dis-
tribution in an entire system. For
example, Fig. 5 represents RF cur-
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rents for the TEM-mode regular
microstrip line. It can be seen that
the main part of the total current is
concentrated on the metal surfaces
inside the dielectric. Thus, it is often

- excessive to Au plate an entire
by microwave measurements is the

microstrip line, especially its bottom
grounding surface, where RF cur-
rent is zero. It is more important to
select an appropriate width for the
entire substrate. Such discrepancy of
dimensions can be frequently
observed in commercial transistor-
test fixtures. By limiting the sub-
strate width, the initial current at +b
margins can be evaluated by the
equation:®

=1, /(1+(x7h))  (4)

Changing the boundary conditions
at +b shifts the field structure, which
causes a variation of all the main
parameters of a microstrip line, such
as its resistance, wavelength, etc.
Moreover, an appreciable part of the
energy is radiated to the surrounding
space and is lost in the soldering mass
at the margins as well. One can use
the following method to evaluate how
much of the power transferred
through a microstrip line can be
attributed to the ground-plane cur-
rent outside of +b margins. The total
current at the ground plane is:

oo

Lo
= J‘ = 3 X
) 1+ (x/h)

- ZhLﬂfan*1%¢0“= whl,, (5)
The power is proportional to:

2
Py ~Iy* =(mhly) (6)
But the same amount of current
flows through the upper-side metal
strip of a microstrip line in a reverse
direction, so the total power is:
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initial losses are illustrated (b).

Py=2Py ~ 2Anhiy,)  (7)

Replacing the integral limits by +b
in Eq. 5, one can calculate the power
inside and (AP) outside of the margin
noted. As an example, Fig. 6 presents
the calculated results for two 50-Q
microstrip lines at different dielec-
tric substrates. The marks at the
word “losses” are the part of the
energy that shares in a field-varying
process. It is observed that such loss-
es can reach fairly high values for
“narrow” substrates. Their conse-
quences may differ depending on
other surrounding conditions. Also,

when using metal adhesive (which
usually has lower conductivity) for
the interim layers for ceramics, one
must remember their influence on
current flow, especially at high
frequencies.

Parasitic stubs at contacts can con-
fuse microwave measurements,
especially at the grounding planes of
printed-circuit-board substrates that
are pressed (unsoldered) to the
grounding metal plate (where con-
tact points cannot easily be seen).
When a vector-network analyzer
(VNA) is used to test the S-parame-
ters, it attributes these stubs to the
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microstrip line.

5. These diagrams show the TEM-mode-wave current distribution in a

4. The dashed line in this graph shows the relative losses for the quarter-wave coaxial stub tuner, while the solid line
shows the portion of the relative losses attributed to the stub (a), and the total losses in the stub of a tuner for different

device under test (DUT) itself, pro-
viding erroneous data at some
unknown frequencies. For that rea-
son, many cut-and-try steps are
sometimes required during the
design process. Often these stubs
cause parasitic oscillations in the cir-
cuit tested. So one must carefully
provide an appropriate contact.

All test fixtures and evaluation
boards require bias circuitry provid-
ed by wires from an external power
supply. If one allows RF currents to
reach these wires, it can cause
increased signal leakage and other
surprising consequences, particular-
ly for low-noise, high-sensitivity, and
multifunction devices. Remember
that a single metal wire with a finite
conductor represents a waveguide
line, along which slow surface waves
can propagate. The field of these
waves is concentrated near the
wire’s surface. The more shallow the
skin depth (higher conduction) is, the
lower the wave concentration will be.
An effective radius of a field R at
which the field diminishes 2.7 times
is:®

1

kjjg=——
v A®;+8i8iv 1
[fz —fi ]
fo
and the damping of a field along the
wire is:

(8)

W =2k,8 | d (9a)

where:
(95b)
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= the propagation constant of free
space,

d = the wire diameter, and

o = the skin-depth of the wire.

By reducing the skin depth, the
damping declines more quickly than
the effective radius increases. For
example, for a Cu wire

0=1.12 um (9¢)
with 0.2-mm diameter,
R,p =129 mm (9d)
at 3.5 GHz and
h” =035 dB (9e)

for 10-cm wire length. So, if RF
currents are not sufficiently blocked
and reach the wire, a high reciprocity
between wires can be expected.
Additional absorption material can
be used to coat the wire and decrease
their interconnection.

One should also consider waveg-
uide waves at the relatively low fre-
quencies of mobile-communication
bands. By providing screens and

o1\

©w
(—]

\

AP/Pg—percentage
~N
—]

\:U/h =4z
 —
10 N
W/h=1—_ I
. (e ~ 10) I —
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6. This graph shows the losses on the
margins of the micro-strip line.

packages to shield devices and cir-
cuits from a “hostile” RF environ-
ment, one can change the boundary
conditions and cause variations of
operating parameters. This is most
evident when the circuit is covered
by ametal shield and acts as a waveg-
uide-transmission line. Consider an
MMIC package with dimensions 4.45
X 4.45 X 0.76 mm. The cutoff wave-
length for the “lowest” waveguide
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- mode Hy,is:

A0 =2ake ~2x4.45J0.4x10
=17.76 mm O

where:

k = the coefficient characterizing a
dielectric inside the entire cavity,
which is approximately equal to
the ratio of the dielectric volume and
the total package volume. The cutoff
frequency

fL.Hw =c/ ZCHIO =16.89 GHz (9g

is far from the operating frequen-
cies. But if one can excite the wave
H;, with a power P, at the input of
this waveguide, the power distribu-
tion along the waveguide length | will
be:

Py=PRe (10)

where:
f = the attenuation factor.
For an H,, wave, it equals:

2 A :
B % 1 ( : ) (11a)
where:

A = the wavelength in free space.

Note that in this case, the power
transmission from the input to the
output occurs without any phase
shift, in contrast to the conventional
mode, where \ < \..

For an empty package with1= 4,45

mm,

P/l F=-1345dB (11b)
at 3 GHz, and
P/P, 11.57 (11c)

at 9 GHz. These values are low and
can cause trouble. Of course, an exci-
tation condition depends mainly on
the circuit inside. Even if no prob-
lems occur at operating frequencies,
harmonics may play a crucial role in

the entire system. ee
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- _ Tel: (514) 335-6227 Fax: (514) 335-6287

E-mail: info@focus-microwaves.com

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

Choosing Terrestrial Microwave
Antennas For Extreme

Environments

Antennas for tervestrial microwave
radio links must often stand up to
high winds and covrosion as a vesult
of sea salt.

Donald Gardner

Product Line Manager for Terrestrial
Microwave Anfennas

Andrew Corp., 153rd St., Orland Park,
IL 60462, e-mail:
donald.gardner@andrew.com,

ICROWAVE radio networks operate almost everywhere on this
planet. Consequently, the microwave antennas enabling the links
are exposed to wide variations of natural and man-made envi-
ronments. Some of these environments are extremely hostile in
terms of wind speeds and corrosion, or a combination of the two, yet an
antenna is expected to perform to specification for many years with mini-
mal maintenance. Special antenna designs are often required to provide a

Internet: http://www.garner.com.
reliable, durable solution.
Terrestrial microwave (TMW)
antennas are typically designed to
meet or exceed the requirements of
the American National Standards
Institute (ANSI) and Electronic
Industries Association (EIA) stan-
dard ANSI/EIA-195 for operational

and survival wind speeds. Survival
wind speed is the maximum wind
speed at which there is no permanent
deformation of the antenna or any of
its components. Operational wind
speed is more complex to define. It is
the angular deflection that causes the

Wind speed
250 5 £ 125 i

Approximate time scales (life)
= 1 hluur 10 hluurs mug hours

Non-rotating
phenomena

polar-ice
plateay

Tropical
depression

Broken lines indicate
commonly accepted
limits

Hurricane

211
£ 11
1

e e e — Hurricane force
1\ Tropical
storm

wo e ~ | — — — — Galeforce
Mid-latitude and

extra tropical depression

1 } 1
im 10m 100m {km

I I 1
10km 100 km 1000 km
Approximate size (diameter) of wind system

1. The location of an antenna on a tower can make a difference in wind speed,
since the mean wind speed tends to increase with height above the ground.
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¥ | Typical hurricane tracks

e e e e
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in any given year excluding 25 percent
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Most notable tornado activity

- Cyclone
.Imglcy October

2. Wind speeds around the world vary greatly in strength and in the size of the

area affected.

signal strength to drop by one-half
(i.e., 3 dB). This, in turn, is tied in to
the antenna type, diameter, and
operating frequency.

To fall well inside the maximum
limits laid down in ETA195, antennas
are normally designed with a maxi-
mum angular deflection of 0.1
degrees at an operational wind speed
of 110 km/h (70 mph) and a survival
wind speed of 200 km/h (125 mph)
over a temperature range of -50 to
+70°C (58 to —-1568°F) with a maxi-
mum of 25 mm of radial ice. These
antennas are well suited to most
applications; however, in areas prone
to high winds and/or corrosive atmo-
spheres, other solutions must be
sought.

FIGHTING CORROSION

Corrosive environments fall into
two groups: industrial (man made)
and natural. Industrial corrosive
environments include chemical-pro-
cessing plants and fossil-fuel power
stations, where a wide range of cor-
rosive agents may be present. Natu-
ral corrosive environments are sub-
divided into coastal/marine and
voleanic environments. The corro-
sive agents found in volcanic areas
are broadly similar to those in indus-
trial areas.

The main corrosive agent in the
marine environment is sodium chlo-
ride (NaCl). It is present in sea water
in a typical concentration of 3.4 per-
cent, although this varies by geo-
graphical location and climatic fac-

tors. Saline atmospheres result from
salt water becoming suspended in
air through wind and wave action
and can be measured by the rate of
salt deposition over a specified area.
Deposition rates vary throughout
the world; local records are main-
tained by government climatic
agencies.

In assessing a specific locality, fac-
tors including sea and air tempera-
ture, prevailing wind direction, local
topography, and relative humidity
need to be considered. A prevailing
offshore wind will mean that salt
deposition rates will drop rapidly as
the distance from the coast increases.
Conversely, with a prevailing
onshore wind, high rates of salt depo-
sition may be found a considerable
distance inland. The results can be
surprising; for example, some beach-
es along the British coast have high-
er salinity than similar areas in India.

Another extreme example is on
the Atlantic coast of Namibia in
southwest Africa, where a combina-
tion of a cold ocean current and a hot
coastal desert create local coastal salt
fogs that rapidly corrode any unpro-
tected structures.

A wide range of corrosive agents,
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3. These plots show the percentage of mean wind speeds exceeding 14 m/s

each year.
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The future for high performance frequency control products
for the communications industry just got brighter.

Introducing Corning Frequency Control.

As a catalyst for innovation for almost 150 years, Corning knows a
good thing when it sees one.

In Oak Frequency Control, Corning found a world leader in the
manufacture of crystal-based frequency control products for the data
communications and telecommunications industries, including
OCXOs, TCXOs, and VCXOs.

Together they have formed Corning Frequency Control.

And together they will fuel the flame of discovery with curiosity,
inspiration and imagination.

CORNING

corningfrequency.com Discovering Beyond Imagination
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Tervestrial Antennas

including oxides of sulphur (S) and
nitrogen (N), may contaminate the
atmosphere in industrial areas. The
concentration of contaminants is nor-
mally considerably lower than salt in
amarine environment, but the poten-
tial for corrosion may be higher. In
addition, the area affected may be
localized, since corrosive contami-
nants usually disperse quickly. The
concentration of permitted contami-
nants also varies from country to
country according to local environ-
mental-control regulations.

Although each site is unique and
must be considered on an individual
basis, some general guidelines can be
provided:

1. Antennas sited off seashores (on
oil rigs, long jetties, or on bridges
spanning estuaries, for example)
should always be specified for corro-
sive environment.

2. Antennas that are sited onshore
in areas with a sea-salt concentration
of more than 80 mg/(mz—day) should
be specified for corrosive environ-
ment. Depending on local climatic
factors, these conditions can prevail
for a considerable distance inland.

3. Antennas that are situated in
close proximity to smelting facilities,
chemical works, or fossil-fuel power
stations (particularly those that burn
brown coal) should always be speci-
fied for corrosive environment.

4. Areas of high general pollution
caused by traffic and industry may
require antennas for a corrosive
environment depending on the levels
of pollution and the life required from
the antenna.

In addition to published data, valu-
able insights can also be gained from
talking to other network operators in
the area. In selecting an antenna for
use in corrosive environments, some
of the following features should be
considered:

1. Fully epoxy-painted aluminum
(Al) reflector and shields.

2. Epoxy-painted galvanized steel
mount.

3. Epoxy-painted feed assembly.

4. Stainless-steel assembly and
adjusting hardware.

5. Corrosion-inhibiting compounds
and sealants applied during the
installation process.

The wind loading on an antenna

3z %

4. These plots show maximum hourly
wind speeds (in m/s).

does not increase linearly with wind
speed. Instead, the load increases
with the speed squared. This means
that a doubling of wind speed
increases the loading by a factor of 4.
Obviously, this has to be taken
into effect by antenna and tower
designers.

Standard antennas are designed
for a survival wind speed of 200 km/h
(125 mph). This is sufficient for the
majority of antenna sites, but those
that are subjected to high-wind con-
ditions such as hurricanes, typhoons,
or cyclones require a more robust
antenna. In determining the wind
speed experienced by the antenna,
not only should the basic maximum
ground speed be examined, but also
factors unique to the antenna site.
Such factors include geographic loca-
tion, position of the antenna on the
tower, local topography, and the
probability of wind gusts. These fac-
tors work in combination and gener-
ally will give rise to a wind speed
higher than that seen at ground level
(Fig. 1).

Wind speeds vary widely over the
planet in strength and the size of the
area affected. Figure 2 illustrates the
relative strength and scale of the
major meteorological wind systems.
Some wind systems are confined to
limited geographical areas; the tor-

one example. Others may be known
by different names worldwide. For
example, hurricanes in the North
Atlantie, typhoons in the Pacific, and
willy-willys in the Indian Ocean are
all extreme tropical storms. The
common feature of these storms is
that the mean wind speed is often
above the design limit of standard
antennas.

The winds associated with mid-
altitude cyclones cause more difficul-
ty. Normally, the mean wind speed is
well below the antenna-design speci-
fication, but in extreme cases, gusts
may exceed the design limit. Local
meteorological data will provide the
probability of such extreme events
and allow a decision to be made on
antenna specification. The data
should be used with caution because
extreme winds are generally of short
duration and may occur infrequently.
In such cases, a subjective decision
must be made on the purchase of a
special antenna for high winds. Fig-
ure 3 shows the percentage frequen-
cy in the average year when the
mean wind speed (measured over an
interval of 5 to 10 min.) equals or
exceeds 14 m/s.

Scientific evidence would strongly
indicate that the planet is getting
warmer. One consequence of this is
that weather events are becoming
increasingly extreme. Hurricane
Miteh (1998) in Central America or
the storm that passed through north-
ern France over Christmas 1999 are
two examples of this. The implication
is that more areas of the world are
likely to experience higher wind
speeds than recorded climate data
would suggest. This needs to be
taken into account when specifying
antennas.

In general, mean wind speed
increases with height above ground.
This variation corresponds to the
relationship Vy/Vo= (H/;0)*, where
Vi and Vy, are the mean wind speed
at H and 10 m (32.8 ft.) above ground,
respectively. The factor A varies
from approximately 0.1 to 0.4 accord-
ing to the terrain. A value of 0.17 is
usually adopted, but strictly speak-
ing, this applies to undulating coun-
try with few trees or obstructions. As

- an example, a wind speed of 100
nado belt of the American Midwest is |

km/hr (62 mph) at a height of 10 m
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Tervestrial Antennas

would equate to 120 km/hr (75 mph)
at 30 m (98 ft.).

Earth topography can create spe-
cial situations where an antenna for
high winds may be advisable. Where
a steep-sided valley narrows, for
example, a funneling effect may gen-
erate extreme wind speeds in a local-
ized area. Similar effects occur in
mountainous areas close to the sea
that experience rapid changes in air
temperature.

When hills rise sharply from level
country, the wind speeds at the hill-
top bear little difference from those
upwind at the same level in free air.
In other words, the hill can be imag-
ined as a tower of the same height.
With gentle slopes, the difference
between the base and the top of the
hill will be less marked. Topography
causes localized effects. As a result,
as much information should be gath-
ered about each specific site as possi-
ble before an antenna is selected.

Wind gusts result mainly from the
roughness of the earth’s surface; they
are accentuated when the air flows
over buildings and other obstacles. It
may also be caused by temperature
convection currents. The data for
extreme wind speed in gusts is nor-
mally measured over a minimum
period of three seconds, and it should
be noted that for brief intervals, the
maximum speed may be higher.
Although the mean wind speed may
be relatively low, the maximum wind
speed in a gust will be considerably
higher—typically 50 percent higher
for a 5-s gust in open country. One 5-
s wind gust can damage an antenna.
Height or topographical factors may
further amplify wind gusts. Figures 4
and 5 illustrate this point by showing
the maximum hourly mean wind
speed (m/s) occurring once in 50
years and the maximum gust speed
(m/s) occurring once in 50 years. An
antenna should be selected for the
maximum gusts it will be subjected
to, not the mean.

Antennas are available that will
survive wind speeds of 250 km/h (155
mph) and 320 km/h (200 mph). A 250-
km/h wind speed rating is available
on an antenna configuration that is
designed for environments with low
mean wind speeds punctuated by
occasional periods of extreme condi-

tions. These antennas are designed to
attach to a standard 115-mm diame-
ter pipe.

A second configuration of the 250-
km/h-rated antenna will withstand
continuous buffeting of relatively
high mean wind speeds with addi-
tional periods of extreme conditions.
These antennas attach to the tower
with a special interface.

An antenna that has a 320-km/h
(200-mph) wind-speed survival rat-
ing withstands continuous buffeting
of high mean wind speeds with addi-
tional periods of extreme conditions.
These antennas also attach to
the tower interface with a special
interface.

HIGH-WIND SELECTIONS

The following guidelines can be
used when specifying a terrestrial
microwave antenna for use in high-
wind conditions:

1. Identify the maximum mean
hourly wind speed at the antenna site
from local meteorological data.

2. Make suitable allowances for
local terrain and the height of the
antenna on the tower.

3. Determine the wind profile of
the area. Is it generally calm with
occasional windy periods, or is it a
windy area with periods of extreme

/54

/

5. These plots illustrate the maximum
gust speeds around the world (in
m/s).

conditions?

4. Is the antenna to be sited in a
marine or corrosive environment? If
so0, consideration should be given to
specifying an antenna to withstand a
corrosive environment in addition to
high winds.

FABRIC RADOME

All antenna designs tolerate no
permanent deformation of the struc-
ture at any loading below the sur-
vival wind speed. It should, however,
be noted that due to the high proba-
bility of wind-borne debris at
extreme wind speeds, no guarantee
can be made regarding the survival
of a fabric radome.

The decision to install an antenna
with particular specifications is pri-
marily economie. Although this is a
premium for an antenna that with-
stands extreme wind speeds or cor-
rosive environments, that cost
almost always becomes insignificant
when it is considered in terms of the
total life-cycle cost of the system,
particularly if the antenna is part of a
trunk network. It is estimated that
the total cost of a new antenna instal-
lation may be in excess of $400,000
(US). The premium for a special envi-
ronmental antenna is typically less
than 1 percent of that. Should the
antenna fail, not only is the rest of the
investment not generating revenue,
but also considerable expenditure
may be required in order to reach a
remote site in adverse conditions to
carry out repairs or replacement.

For governmental networks, there
is also a social dimension. In areas
prone to extreme weather, good
communications following a major
storm are vital in the recovery pro-
cess. It is therefore imperative that
the antennas and towers are designed
to cope with the potential for extreme
conditions. e®

For further reading
ANSI/ETA-195—"Electrical and Mechanical Character-
isties for Terrestrial Microwave Relay System Antennas
and Passive Reflectors.”
ANSI/ETA/TIA-222—"Structural Standards for Steel
Antenna Towers and Antenna Supporting Structures.”
DEF STAN 00-35 (Part 4)—"Natural Environments.”

For more information
on this topic,

visit us at
www.mwrf.com
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WE HAVE OVER 1000 DESIGNS AVAILABLE

WE ALSO DO CUSTOM DESIGNS

Since 1973 OMNIYIG has been at the forefront
of advanced YIG technology, manufacturing
state-of-the-art YIG components, Detectors,
Limiters, Comb Generators, and integraled
subsystems. We are continually designingand
manufacturing new state-of-the-art YIG
components for Airborne Systems/Space/Ship
Board Commercial/EW/ECM/Jammers/Radar/
Communication.

OMNIYIG's products are available for
commercial use, yet are built under stringent
military specifications (MIL-E-5400) Class 1i/
MIL-STD-883 (Typ). Our advanced products
are designed into some of the world’s most
sophisticated systems, including commercial,
EW, and ECM programs such as the ALO-89,
ALQ-117,ALR-172, ALR-56C, ALR-62, ALR-64,
ALR-67, ALR-69, APR-39, WLR-8, Rapport Ill
andwe are onboard the F-15, F-16, F-18, EAGB,
EF111, B-1, B2 Stealth, L-130 and more. We
maintain and continue technology
improvement.

YIG BAND PASS AND
BAND REJECT FILTERS
+ Frequency Range: 0.4 GHz to 40 GHz
+ Octave and Multioctave Frequency Ranges

e Sizes: 1.2x1.2x1.2 inch
1.0x1.4x1.4inch
1.4x1.4x1.4inch
1.7x1.7x 1.7 inch

YIG MULTIPLIERS

+ Frequency Range: 0.4 GHz to 40 GHz
e (ctave and Multioctave Frequency Ranges

« Input Frequency: 100 MHz to 2000 MHz;
fixed or variable

« Qutput Frequency: 100 MHz to 40 GHz

* Sizes:1.4x1.4x1.4inch
1.7x1.7 x 1.7 inch

YIG OSCILLATORS

» Frequency Range: 0.4 GHz to 20 GHz
« Qctave and Multioctave Frequency Ranges

s Sizes: 0.5x1.0x1.0"1.0x1.0x1.0",
1.2x1.2x1.2", 1.0x1.4x1.4",
12 LI 1. LT

LIMITERS,
COMB GENERATORS
and DETEGTORS

DRIVERS are available as integrated
components with the YIG devices. Analog
drivers with 010 volts and 12-hit digital
drivers.

3350 Scott Blvd., Bidg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 « FAX: (408) 727-1373
Email: OMNIYIG@IX.NETCOM.com

Web: www.OMNIYIG.com

omnivic [§)inc.

YIG BAND
REJECT FILTERS

Ins. Bandwidth

Omniyig Freq.Range Lloss @40dB
Model (GHz) (max.) (min.)
No. (dB)  (MHz)
6- , 8- and 12-STAGES
P106RX 05- 18 15 10
L106RX 10- 20 13 10
C105RX 280- 88 16 10
X106RX 80-124 15 20
KuiO6RX 12.0 ~180 1.8 20
M102RX 4.0-124 15 8
MIO3RX 4.0-124 15 10

4.0 ~-18.0 1.5 10-60

YIG BAND
PASS FILTERS

Frequency Range: 0.4 GHz to 40 GHz
3-Stages, Dual 3-Stages

4-Stages, Dual 4-Stages

6-Stages

7-Stages

The filters can be integrated with analog

drivers or 12-hit digital drivers built to
commercial or military specifications.

LIMITERS,
COMB GENERATORS
and DETECTORS

s Frequency Range: 0.01 GHz to 40 GHz

3350 Scott Bivd., Bldg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 « FAX: (408) 727-1373
Email: OMNIYIG@IX.NETCOM.com

Web: www.OMNIYIG.com

omnivic [§)inc.

THIN FILM YIG
OSCILLATORS

Omniyig Freq. Range RF Pwr. 2*
Model (GHz) OQutput  Ha
No. (mW) (dB:
YOM1517 0.5 - 2.0 20-60 1€
YOM1518 1.0 - 4.0 20-60 1€
YOM1514 4.0-12.0 10 1
YOM1513 4.0-10.0 10 1
YOM83 2.0 - 6.0 20 14
YOM1948 3.5-10.5 15 14
YOM1317 2.0 - 8.0 20 1
YOM818  8.0- 18.0 20 1
YOM1516 6.0~ 18.0 20 1
YOM2320 2.0- 10.0 13 1
YOM2321 5.0-18.0 13 S

We offer other models with 2™ Harmon
~60 dBc. Oscillators integrated with 2-stag
filters are available.

YIG MULTIPLIERS

STANDARD UNITS
Output Computer Tested
Omniyig Input Output  Outp
Maodel Freq. (GHz) Pw
No. (dB1
YM 1001 1-26GHz 2-13 6
YM1002 100MHz 1-12 -3
YM1003 200MHz 1-12 -2
YM1004 500MHz 1-12 -1
YM1026 1-2GHz 2-18 Y
YM1027 100MHz 1-18 -
YM1028 200MHz 1-18 -
YM1029 500MHz 1-18 -
YM1087 .1-2GHz 1-12 -
* RF input power on all models 0.5 to |
watts.

Fast switching, MIL-Spec Hi-Reliability 2
units integrated with drivers, oscillators
amplifiers also available.

3350 Scott Bivd., Bidg. #66, Santa Clara, CA 95(
PHONE: (408) 988-0843 + FAX: (408) 727-1:
Email: OMNIYIG@IX.NETCOM.com

Web: www.OMNIYIG.com

OMNIYIG BIN C
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Omniyig  Freq. Range  Ins. Bandwidth
Model (GHz) Lloss @3dB
No. (dB)  (MHz)
6-STAGE
P106 05-10 6.5 12-30
L106 1.0 -20 55 20-35
$106 2.0-40 5.0 20-40
C106 4.0-80 45 25-40
X106 8.0-124 4.5 25-40
Kui06 12.4-18.0 4.5 28-45
3-STAGE
P103 05-10 50 14-25
L103 1.0-20 35 20-35
s103 20-40 3.0 20-35
G103 40-80 3.0 25-40
X103 8.0-124 3.0 25-40
Ku103 12.4-18.0 3.5 30-45
4-STAGE
P104 05-10 6.0 12-23
L104 1.0-20 45 20-35
§104 20-40 40 20-35
G104 40-8.0 40 25-40
X104 8.0-124 4.0 25-40
Kui04 124-180 4.0 28-45
DUAL 2-STAGE
P1022 05-10 35 17-30
L1022 1.0-20 3.0 24-35
$1022 20-40 25 25-40
Cc1022 40-80 25 25-40 |
X1022 8.0-124 25 25-40
Ku1022 12.4-18.0 2.5 30-45
MULTIOCTAVE BANDS
M1611/2 1.0 -18.0 5.5 25-65
M1612/4 2.0 -18.0 6.5 25-75
M102/2° 1.0 -124 5.0 25-60
M1613/2 1.0 -12.4 5.5 25-60
M1048/4 4.0- 18.0 6.0 25-60
M203/4° 1.0- 180 6.5 25-70

Other Multioctave YIG Filters are available.
Analog and 12-bit digital drivers are
available for all YIG devices.

DETECTORS,
LIMITERS and COMB

GENERATORS

complete catalog.

of detectors, limiters, and comb generators. We have many new designs
in many sizes. We also integrate input power amplifiers with the comb
generators. Some of our standard designs are shown below. Send for our

YIG ¢

Omniyig Freq. Filter Tracking
Model Range iL (MHz)
No. (GHz) (dB)

M129YT0 0.5-2 5.5 5
M120YTO 2-8 5.0 7
M121YT0 8-18 5.0 8

Es?lrlw!”éiir RF 'hower output +i3 ilBili;' '

3350 Scott Blvd., Bldg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 « FAX: (408) 727-1373 |

oMNIvIG l#u: |

Integrated with Analog or 12-bit TTL drivers. |

, Bldg. #66, Santa Clara, CA 95054
8 "

Model No. (GHz) (mv/mw) (dBm)
Zero Bias
0DZ0004A 0.1-18 1200 -51
0DZ0510A 0.5- 4 1750 -53
0DZ0o518A 1.0-12 1250 -52
0DZ0527A 2.0-12 1250 -52
0DZ0328A 2.0-18 1250 -52
Tunnel Planar
0DTO004A 0.1-18 750 -50
0DTO510A 0.5- 4 800 -50 |
0DT0527A 2.0-12 800 -50
ODT0328A 2.0-18 700 -50
ODT0240A 6.0-18 700 -50
COMB GENERATORS
Omniyig Input Output
Model Freq. Output Freq. Pwr.
No.  (MHz) Range(GHz) (dBm)
OHG10140 100 01 -4 -10
OHG10118 100 0.1 -18 -40
0HG20218 200 0.2-18 -34
OHG30318 250 0.25-18 -29
OHG51027 500 05 -18 -20
OHG61027 1000 0.1-18 -33
OHG72027 2000 2.0-18 -10
OHG61026 1000 1.0-26 -35
OHG71026 2000 2.0-26 -20

ZERO BIAS SCHOTTKY
_ DETECTORS LIMITERS .
Omniyig i-‘req. Range k Factor TSS Max. Max.

Omniyig Freq. Range Ins. Loss Lkg. Pwr.
Model No.  (GH2) (dB) (dBm)*

PIN Diode

OLP2801A
OLP2817A
OLP2726A
OLP2640A
OLP2650A

Schottky

0LD2802A
OLD2709A
0LD2762A
OLD2635A 4.0-18.0 25
OLD2650A 2.0-18.0 2.5

*Measured at 1 Watt CW Power

0.1-0.5
1.0- 4.0
2.0-8.0
6.0-18.0
2.0-18.0

0.5
0.5
1.2
2.0
2.5

+20
+19
+19
+18
+18

0.1-1.0
0.5- 2.0
2.0-8.0

+15
+15
+14
+14
+13

0.5
0.5
1.0

COMB GENERATORS with
INTEGRATED INPUT RF AMPLIFIER
Omniyig Input Output
Model Freq. Pwr.
No. (MHz) (dBm)
CG252A 100-200 -24
CG253A 100 -38
CG256A 200 =35
CG259A 250 -30
CG262A 500 -18
CG265A 1000 -15
CG266A 1000 -33
CG268A 2000 2.0- 18 -20
CG269A 2000 2.0- 26 -35

Call Omniyig with your requirements or
for a new updated catalog. We offer
many other models covering a variety of
frequencies.

Output Freq.
Range (GHz)
0.1- 12
1.0- 18
1.0~ 18
1.0- 18
1.0- 18
1.0- 18
2.0- 26

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

| 3350 Scott Bivd., Bldg. #66, Santa Clara, CA 95054
| PHONE: (408) 988-0843 » FAX: (408) 727-1373
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High frequency EM software from Sonnet

Are your high freque
school of hard knoc

connectors, waveguides i nnects?
Spending too much time riments for
prototyping?

Sonnet can provide you with a world of
solutions and support for 3D Planar and Full
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Educational Choices Abound At
Ninth Wireless Symposium

From antennas to wiveless e-commerce, this year’s expanded
technical program delivers the practical know-how that designers
need for the next generation of digital communication products.

-

' |

GENE HEFTMAN '
Senior Editor

OON KELLER ;

Senior Editor L

1 Wireless Symposium, the hot t2¢hnolo-
gies—Bluetooth, band code-division multiple\2¢Cess
(WCDMA), wireless i« -area networks (WLANs), and a €% 0th-

NE year ago, at th:

ers—were still in a taling, rather than doing, stage. Whi™ the
Ninth Wireless Symposium kicks off at the San Jose Convention CC “t:r
(San Jose, CA, February 12-16, 2001) those technologies will be comj\ﬁg -
the forefront as the marketplace forces wireless designers to turn I;he@ry
into reality. And with theory constantly changing and expanding, keeping
abreast of the technology is not only necessary, but also mandatory in or- -
der to succeed in the competitive markets just over the horizon. Recogniz-
ing the need to keep engineers up to speed on a dynamic industry, the Sym-
posium’s organizers broadened and refined last year’s technical program
to keep pace with advances in wireless communications. In addition to the
serious business of the technical
program, the Symposium will again
offer a number of special events for
the entertainment, social and busi-
ness interests of the attendees (see
sidebar on p. 134).

At last year’s Symposium, there
were 19 session tracks—the different
subdivisions into which the technical
program is divided—while this year
there are 21. To keep pace with the
expansion of technical knowledge in
wireless communications, two
tracks, for example, are devoted to
antennas, compared to last year’s
single track. One is the antenna
track, which covers subject matter
similar to last year’s program, and
the newcomer is indoor propagation,
a look at how signals travel when the
environment contains various ob-

i anc

. structions (walls, doors, windows,

ete.), and how to design antennas for
such situations.

New to this year’s program is the
Wirelesss e-Commerce track, which
will eyamine the convergence of
wirele/ss and the Internet, and how
¢ompginies and individuals will use
this ¥nobile technology to do busi-

| Ness. Agsociated with the e-com-

merce

2 br i
, calledt? ack is another newcomer

This t}?Virelgsg Internet ’I_‘echnology.
with re ack is'more detail oriented

A ite ~8@xd to the wireless Internet,
5 mini-tutorials and technical
sessions will address the mobile In-
ternet market environment, the role
of messaging services to reach re-
mote workforces (M-commerce), and

Bluetooth

ireless Made
ple, Part I

amentals, Part Il
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a look at one of the most critical sub- |
jects for the future success of any
kind of Internet commerce—security |
concerns. 5

The 2000 show did not have a sepa-
rate track devoted to the software |
radio, but it is available this time |
around. Led by track chair Mehul !

Udani, customer applications man-
ager at Sychip (Warren, NJ), the

three sessions will delve into current

. issues involved with software-radio
- design, how high-speed analog-to-

digital converters (ADCs) are de-
signed in, laid out, tested and de-
bugged, and the implementation of

-’

399 State St. - Franklin, IN 46131
1-888-736-8837 - 317-736-8833 - Fax 317-736-8382

Visit us at Wireless/Portable booth #1849

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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synthesizer technology using direct
modulation. Along the same lines is a
panel session in the Wireless inte-
grated-circuit (IC)/RF IC track.
Known as “Is The Super-Heterodyne
Radio Dead?,” and led by track Chair
Mark McDonald, design manager at
Linear Technology Corp. (Milpitas,
CA), attendees and a panel of ex-
perts will discuss the fate of the ven-
erable superheterodyne radio. Con-
tenders for its throne are the
software radio, direct conversion,
and a new technology known as su-
per regeneration. Audience partici-
pation is encouraged.

Wireless network operators face
the problem of expanding their net-
works in an increasingly crowded air
space, so a triack on Wireless Capac-
ity is inclnde’q in this year’s technical

proorar .tended as a panel forum
led -ph Jesson, wireless prac-
tice ar, GE Capital Services
(Sta  ,rd, CT), the discussion will

focus more along business than tech-
nical lines. The goal is to get the most
bang from the capital-spending buck,
so various approaches to the problem
will be presented. These include the
introduction of smart antennas, a
build-out of towers, or increasing
data rates. Many other concerns of
network operators will be put on the
table, such as testing the facilities
under load conditions, scaling, and
other matters that will enable net-
work expansion in a cost-effective
manner.

WIRELESS IN DEPTH

For those who need a detailed ex-
planation of many of the key technolo-
gies that underlie today’s wireless
communications, the Symposium once
again provides its in-depth Wire-
less/Portable workshops (see table on
p. 125). These tutorial sessions are ei-
ther one- or two-day workshops that
range from introductory to advanced
subject matter. Some of the most pop-
ular introductory courses are taught
by instructors from the well-respected
Besser Associates (Mountain View,
CA), alongtime leader in technical ed-
ucation for practicing engineers and
managers.




Why spec Filtronic for your semiconductor applications?

1. We have 6-inch wafer fabrication capability for hi-volume,
low-cost PHEMT MMICs.

2. We've proven our reliability in wireless, multipoint telecom
and broadband applications.

3. We're dedicated to bringing the Filtronic level of excellence
to the semiconductor indusiry.

Any other questions? Call us!

Filtronic

Quality runs through everything we do.
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Registration Form

COMPLETE SECTIONS 1-4
COMPLETE SECTIONS 1-6

1. PRIORITY CODE

Please enter your code found in the shaded box near your address.
Only those with a code will receive a very special commemorative gift!

2. PRIMARY INFORMATION

Name

Title

Company

Address

7C|l:f State Zip/Postal Code

Country

Phone P

Email Address

If, like many of our customers, you wish to be contacted via e-mail,

please check Yes below for the reasons we may contact you:

QYes QONo Future Electronics Group events, including Wireless/Portable
Symposium & Exhibition

QYes O No Electronics industry publications, including Wireless Systems Design,
Microwaves & RF. and others

QYes QNo Other information from Penton Media, Inc
QYes QNo Relevant information from third party electronics businesses/organizations

3. SHORT QUESTIONNAIRE

A What Is Your PRINGIPAL Job Function? |__| | Enter one code from below

Company Management

00 Executive & Operating Management

01 Mfg. /Production Management
(Non-Engineering)

Engineering Management

02 Design & Development Management Other

03 Engineering Services Management 09 Engineering Services Management
(Evaluations, OC, Reliability. Standards, Test) 10 Purchasing and Procurement

04 Mfg./Production Management 11 Sales & Marketing
05 Research & Development Management 12 Other

i:]:] Enter one code from below

Electronic Products & Services

Engineering
06 Design & Development Engineering

07 Engineering Services Engineering
(Eval , OC, Reliability, Test)

08 Research & Development

B. What Is the PRIMARY End-Product
or Service at This Location?

Communications Products & Services

21 Cellular Systems & Equipment 41 Consumer Electronics & Appliances

22 Telecom Systems & Services 42 Automotive, Other Ground Vehicles

23 Wireless Data Transmission 43 CATV, Broadcast Systems

24 Satellite Communications, 44 Avionics, Marine, Space & Military Electronics
Telemetry (Including GPS) 45 Security/Identification

26 Communications System End User 46 Medical Electronics

(Telca, Service Provider)

27 Other Communications
Products/Services

=

47 CAE/CAD/CAM Systems

48 Industrial Controls, Systems,
Equipment & Robotics

Component, Mig., Test Products & Services
50 ICs & Semiconductors

Computer Products & Services
30 PCs, Workstations, Servers

3 lﬁiﬁg%&%ﬁ?gzﬁ:&ﬁeﬁg dhelds. PDAs. 51 Electronic Sub-Assemblies (Boards,
. Modules, Hybrids and Power Supplies)

33 Networking Products or Software

. 52 Electronic Instruments, ATE Systems,
34 Computer Peripherals Design/Test Equipment
35 Software Development, Mfg, Sales 53 Components, Materials, Harcware & Supplies
36 Computer Systems Integration 54 Other Electronic Products & Services
37 Other Computer Products & Services

Other Allied Organizations

60 Government & Military

61 Supplier to the Electronics Industry
62 Association, Press or Publisher

63 Other

Wireless

Canference: February 12-16, 2001
Exhibits: February 13-15, 2001
San Jose Convention Center -

San Jose, CA

Partable 25ssb.

4. CHOOSE YOUR REGISTRATION OPTION

Exhibits & Networking Functions O FREE before 1/26/01 Q $35 after 1/26/01
or
Conference, Exhibits, and Networking Functions®

Early Bird Advance Discount  On-Site
before 12/29/00 betore 1/26/01 after 1/26/01
VIP 5-Day Pass 2$1220 281356 Q$1695 BEST VALUE!
Four Day Pass a$1112 %1236 (1$1545
Three Day Pass 23824 3916 281145
Two Day Pass (13583 29648 2810
One Day Pass §342 $380 28475

5. SELECT YOUR SESSIONS

Please check sessions only for the amount of days you selected in #4. See pg. 12-13.
MONDAY, FEBRUARY 12

9:00 am. - 4:30 pm

QWKS01T [AWKS02 QWKS03 WKS04 QWKS05 (IWKS06 WKS07  WKS08

TUESDAY, FEBRUARY 13
10:30 am. - 12:00 noon

21P02 QF0z ULz  G0Coz  QSRIZ QW2 QIR02
1:30 pm - 3:00 pm

Q1P03 OFO03 U3 QDC03  QSR3 QW3 (IR03
3:30 pm - 4:30 pm

Q1Po4 JF04 QU4  aDCO4 QSR04 QWI4  IR04
WEDNESDAY, FEBRUARY 14
9:00 am - 10:00 am

BSOS QOWP05 LQBB0S QWLADS Q3G05 QAWEDS [APB0OS
11:00 am — 12:00 noon

QBS06  WPO6 LBBOE QWLAOG C13G06 QWE0S (APBOG
1:30 pm - 3:00 pm

QBS07  AWPO7 QBBO7  AWLAO7 3G07  LIWE07  aPBO7
3:30 pm - 4:30 pm

BSOS  wP0B (1BBOB  [AWLAD8 (13G08 IWE08  (JPBO8
THURSDAY, FEBRUARY 15
9:00 am - 4:30 pm

CIWKS09 (IWKS10 OWKST1T [AWKS12 WKS13 WKS14
9:00 am — 10:00 am

QTM0S  QANOS  QMT0S @BTO9  QIC09  Q@WC09 (BP0
11:00 am - 12:00 noon

QT™M10  QANI0O QMT1I0 QBTI0 ailcio JWC10  [BP10
1:30 pm - 3:00 pm

Q7M1 QANTT QMT11T QBTN QiIcn QWC11 aBPI1
3:30 pm - 4:30 pm

aTMIZ QAN1Z aQMT1Z aBT1Z2 QIic1z Qwe1z  QBP2
FRIDAY, FEBRUARY 16
9:00 am - 4:30 pm

OWKS15 IWKS16 WKS17 (QWKS18 JWKS19 0J'WKS20

6. PAYMENT INFORMATION

Payment in US funds must accompany your registration.
US Gavernment purchase orders will be accepted (Tax 1D#36-2875386).

Total Fee $ (from #4 above)

11 Check made payable to Penton Media, Inc.  Check #

Credit Card: Q VISA 1 MasterCard 1 American Express
Card Number

Expiration Date

[Name of Cardholder

Cardholder Signature

(! agree to pay r}ze‘ abave amount in with my

Wireless/Portable is a professional trade event open to members of the electronics industry affiliated associations.
Identification may be required. Children under the age of 18 are not permitted.

Conference Policies: Badges are transferable with a written request from the primary registrant. Show Management
reserves the right to change and/or cancel sessions. Requests for refunds must be received in writing with badges
intact and a copy of payment receipt. Request must explain reason for request. All requests must be received by
February 5, 2001, Requests that are incomplete or received after February 5th will not be processed.
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It's a whole new millennium. And you, you get to analyze it.

When desugmng our new ESG s ries of dlglta sxgnai generators we knew they needed to be ready for
the new pace of eng:neenng o ‘
So we made sure they cuu!ﬁ generate buth developmg and Esttmg standards such as W-CDMA,
©dma2000, EBGE Bluetooth™ CDM . GS ,_ ‘ADC PDC, DECT, TETﬂA and PHS. What's more, we made
certam they’d allow yﬁu 10 create your own custom formats by choosing from
more than 15 madulaﬂﬂn types and a v lety of filters (you can even define your
- own). You can aIso venfy mobile racewer demgns with fully coded, infinite length
: sequsnces usmg the newest ¢dma2000 and W-CDMA personalities.
And, of course, with high spectral punty m both dlgltal and ana!og models, now
you can meet tighter spemﬁcatmns than ever before. :
' To leam how we can help you do what you never dreamed possrble VlSlt our websne or call your
local sales offma for a free apphcatlm nate trcubles‘ ootmg RF Commumcataons Receiver Designs.
Because the way it looks nght now, thmgs are go ngta be pretty hectic for the next 1,000 years or s0.
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Two perennial favorites in the in-
troductory category are “RF &
Wireless Made Simple” and “RF
Fundamentals,” both two-day work-
shops. The former is capably taught
by longtime Besser instructor Al
Scott, who presents the material in a
practical and light-mathematical for-

fum

mat which is suitable for marketing
professionals and technical managers
who do not need to deal with the
heavy design concepts of RF/mi-
crowave technology. The presenta-
tion is broad based and provides stu-
dents with a good overview of all
aspects of wireless technology.

ONENT.
290 Santa Ana Court « Sunnyvale, CA 94085

" Certified
408-522-3838 - fax 408-522-3839

WWw.cougarcorp.com - cougar.amps4@cougarcorp.com

Visit us at Wireless/Portable booth #1529

“RF Fundamentals,” taught by
Besser’s Rick Fornes, is a design-ori-
ented course suitable for engineers
who are or will be involved in the de-
sign of wireless system hardware.
All of the engineering concepts asso-
ciated with RF design are included in
this program: passive and active cir-
cuits, scattering (S) parameters,
Smith charts, impedance matching,
transmission lines, RF circuit layout
to ensure optimum performance, and
many others.

A workshop that occurs between
the two aforementioned courses in
technical difficulty and also under
the tutelage of Besser Associates is
“DSP Made Simple For Engineers.”
Presented by Rick Lyons, the two-
day workshop must use some mathe-
matics to explain the concepts of dig-
ital signal processing (DSP), but it is
introduced sparingly and carefully.
Topics covered include lowpass and
bandpass sampling, the discrete
Fourier transform (DFT), and finite-
impulse-response (FIR) filters.

For the working design engineer,
Eric Drucker, a consultant for PLL
Consultants (Seattle, WA) returns
once again with his one-day work-
shop on phase-locked-loop (PLL) de-
sign. Topics include an introduction
to behavioral modeling, curve-fitting
techniques, and how to predict the
nonlinear behavior of transistors,
amplifiers, and subsystems.

Another one-day workshop sure to
arouse interest due to its high degree
of relevance to today’s wireless tech-
nology is WCDMA, ¢dma2000, and
high data rate (HDR), taught by
Darryl Schick, president of Linear
Lightwave, Inc. (Lafayette Hill, PA).
The focus of this course is to present
a comprehensive review of third-
generation (3G) and WCDMA tech-
nologies. Schick covers the air inter-
faces, interfaces to ANSI-41 and
Global System for Mobile Communi-
cations/general-packet-radio-service
(GSM/GPRS) networks and goes into
a relatively new technology, HDR
packet-data protocols. Those inter-
ested in this workshop should have a
reasonably good understanding of
CDMA and the IS-95 air-interface

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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Screaming for
LDMOS?

Go for the GOLD
with Ericsson

PCS - 1.9 to 2.0 GHz 120 Watts LDMOS - With our GOLDMOS™ technology (LDMOS with
PTF 10043  PTF 10065  PTF 10120 all-gold metalization) you get the reliability needed
i e L +41.d8m for todays demanding RF power amplifier designs.

The RF power team at Ericsson Microelectronics

Voo = 28V Vo =28V Vyy =28V has designed a wide range of power transistors
P-1dB = 12z2w F‘~1‘dBm30W P-1dB = 120 W . .
Gain - 1idafel . Fans LB Gan =11 dolp) including the PTF 10065, PTF 10043, PTF 10112

and PTF 10120, providing the reliability and

performance your power amplifiers require. This is

PCS - 1.9 to 2.0 GHz 240 Watts LDMOS

an excellent line-up with the performance needed

PTF 10043 PTF 10112
+10 dBm +23 dBm e for CDMA applications.
Just call or visit our website at
PTF 10120 ,
‘ www.ericsson.comlrfpower for a free copy of
Voo =26V Vgp =28V
P-1dB = 12 W P-1dB = 60 W

et e our product data book, short form or interactive CD.

V=26V
P-1dB=2x 120 W
Gain = 10 dB (Typ)

Ericsson Microelectronics
www.ericsson.com/microelectronics
North America

Tel: +1 877-GOLDMOS (465-3667)

ERICSSON 2

International
Tel: +46 8 757 4700
Fax: +46 8 757 4776

Go to www.mwrf.com and click on the Free Advertiser Information icon
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standard, or they can take the pre-
requisite on the previous day, “Cellu-
lar CDMA Technology For 2G And
3G Systems,” also taught by Darryl
Schick.

One of the strongest technical and
commercial trends in today’s wire-
less universe is the convergence of
wireless technolgy and the Internet.
For those who need to get a handle
on what has happened and where this
technology is headed, the workshop
“Wireless Internet Made Simple”
should be a good starting point. The
aim of the session is to provide an un-
derstanding of the technologies and
market environment involved in
bringing the Internet to the mobile
user, but without delving deeply into
the technical details. Concepts such

as the controversial wireless applica-
tions protocol (WAP), the technology
developed to provide users of mobile
terminals with rapid and efficient ac-
cess to the Internet, will be ex-
plained in the context of its applica-
tion as part of the 3G wireless
technology.

If wireless e-commerce and mobile
commerce (m-commerce) are to have
any chance of succeeding on the In-
ternet, users (consumers and mer-
chants) will have to be assured that
any purchases, sales, or other busi-
ness transactions are free from
fraud, theft, and deception. As some-
what of a complement to the afore-
mentioned Wireless Internet work-
shop, George Bechtel, director of
wireless programs at Strategies Un-

limited (Mountain View, CA), heads
the Wireless Internet Technolgy
track which includes the paper, “Se-
curity from the Wireless Customer
to the Web.” The session will cover
security requirements such as en-
cryption and smart cards. Also to be
examined are network architecture,
data formats, and the use of handheld
information appliances in an e-busi-
ness world.

Getting back to the nuts and bolts
of design engineering, another popu-
lar one-day workshop that has been a
mainstay at the Symposium for a
number of years is “Antennas &
Propagation For Wireless Communi-
cation,” taught by Dr. Steven Best,
president of antenna manufacturer
Cushceraft Corp. (Manchester, NH).

8 Hot & Happening Wireless
‘Spemal Events Stage. This run-

om 4:30 to 5:30 p.m. These
5 ons wﬂl provide atten-
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Synergy Microwave Corporation introduces a new line of’

Patent Pending 1&Q Modulator/Demodulator with High
Dynamic Range in a Miniature Package measuring

055 x 0158 022 inch!

Being a passive device, it eliminates the need for external
supporting circuitry, thus, simplifying the overall application
design at reduced cost. These devices are specifically optimized

for frequencies in the range of 800 to 2000 MHz.
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This is a program for designers who
want an engineering-level overview
of antenna technology and its appli-
cations in wireless communications.
All of the key concepts at the founda-
tion of the technology are covered:
VSWR, radiation patterns, directiv-
ity, polarization, axial ratio, and a
host of others. Of particular interest
to designers in light of the tremen-
dous build out of base stations to ac-
commodate the growth of wireless
communications is the information on
path loss, multipath fading diversity,
and polarization distortion.

Going beyond the basic theory, Dr.
Best will provide practical examples
and demonstrations of antenna de-
sign using commercially available
software.

Some of the less-glamorous, but vi-
tally important technical areas in
wireless design are getting a getting
a new face at this year’s technical
sessions. Filters, for example, are be-

ing implemented
with thin film-
bulk-acoustic-res-
onator (FBAR)
technology as well
as more the tradi-
tional surface-
acoustic-wave
(SAW) process.
This track, to be
headed by Jeffrey
Pawlan, the owner
of Pawlan Com-
munications (San
Jose, CA), will explore new ap-
proaches to filter design made possi-
ble by advances in SAW and FBAR
technologies. One session will delve
into extending filter design methods
to other passive devices such as the
design of matching, coupling, and im-
pedance-transforming circuits. In
addition to this track, Randy Rhea of
Eagleware Corp. (Stone Mountain,
GA) is hosting a one-day workshop

NEW TO THIS YEAR'S
PROGRAM IS THE WIRELESS
e-COMMERCE TRACK,

WHICH WILL EXAMINE THE
CONVERGENCE OF WIRE-
LESS AND THE INTERNET.

titled “Practical
Filter Design.”
The course em-
phasizes applying
filter theory to
practical, real-
world engineer-
ing problems. The
subject matter is
the design of
lumped-element
and distributed
filters for a host of
RF and mi-
crowave systems such as wireless,
satellite, communications, and broad-
cast. Computer-aided-design (CAD)
techniques are integrated into the
presentation.

Since virtually all electronic infor-
mation appliances—cell phones, per-
sonal digital assistants (PDAs), lap-
tops, and pagers—run on batteries, it
is not surprising that two tracks are
devoted to portability and battery

Directional Couplers

(=) KRYTAR

g move, Krytar components!

Microwave Components DC-50 GHz

I
s

Doble Arrow

3 dB 180° Hybrids :I;' ;
5

Planar Doped Barrier Detectors

and
Zero Bias Schottky Detectors

90° Hybrid
Couplers

Visit our website, www.krytar.com

1292 Anvilwood Court, Sunnyvale.CA 94089
Tel.(408) 734-5999 Fax(408)734-3017
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Still searching for the right
amplifier for your latest design?

Successful searches end up at
www.stanfordmicro.com

Stanford Microdevices, Inc. (SMI) is a leading supplier

of RF integrated circuits for the wireless and wired telecom-
munications markets and a supplier of choice of OEMs
worldwide. Stanford Microdevices continues to be on the
industry’s leading edge because of our superior quality,
outstanding value and innovative technological advances.
SMI develops and markets the components needed to create
wireless communications equipment that is smaller, lighter,

more powerful and priced right.

SGA-2000 product family offers wideband operation of up
to 5 GHz, high output linearity, flat gain response and low
noise figure with very low power consumption. These
devices are available in industry standard SOT-363 and
85mil plastic packages from stock to eight weeks.

www.stanfordmicro.com

SPECIFICATION MATRIX

SGA-2163 SGA-2263 SGA-2363  SGA-2463
SGA-2186 SGA-2286  SGA-2386  SGA-2486

Frequency (GHz) DC-5.0 DC-3.5 DC-2.8 DC-2.0
Gain (dB) 10.5 15.0 17.4 19.6
TOIP (dBm) 20.0 20.0 20.0 20.0
P1dB (dBm) 7.0 7.0 7.0 7.0
N.F. (dB) 4.1 3.2 2.9 2.5
Supply Voltage (Vdc) 2.2 2.2 2.7 2.7
Supply Current (mA) 20 20 20 20

All data measured at 1GHz and is typical. MTTF @ 150C Tj =1 million hrs. (Ryy = 97C/W typ)

SiGe HBT MMIC | 86 package
features include:

M Cascadable 50Q M Low current draw

H Single voltage supply M Low noise figure

B High output intercept
SOT-363 package

* S5TANFURD
MICRODEVICES  1-800-764-6642 u.s. rolrree

We Deliver RF Innovation ~ 1-408-616-5400 outside u.s.
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technology. In the Portable Products
track is a mini-tutorial entitled, “Fil-
terless Class-D Amplifiers For Wire-
less Phones,” taught by Michael
Score, systems engineer, and Donald
Dapkus, systems engineer, both of
Texas Instruments (Dallas, TX). Ac-
cording to the speakers, the Class-D

amplifier extends battery life up to
four times, lowers supply current,
and reduces heat generation from
the amplifier. Their paper will deal
with four aspects of the amplifier:
benefits, details of filterless Class-D
modulation, why the modulation
scheme supports Class-D operation,

Stategf-the-art
Quality Crafted,
Full Service —

_Cable
Manufacturing

A.) HCMC manufactures and stocks
fully tested standard straight semi-rigid
and flexible assemblies which can be
hand formed. We also provide cable
assemblies to customer specification.

B.) HCMC has design and engineering
capabilities to produce custom delay
lines to meet specific packaging and
performance requirements.

C.) Utilizing our manufactured

cable HCMC is providing miniature
interconnect components to meet
customer specified requirements for
surface mount applications on printed
circuits and microwave substrates.

Haverhill Cable and Manufacturing Corp.

Semi-Rigid Coaxial Cable Specialists

TEL (978) 372-6386 <+ FAX (978) 373-8024
P O. BOX 8222, Haverhill, MA 01835
www haverhillcable.com

Visit us at Wireless/Portable booth #1045

and system-level guidelines for fil-
terless Class-D operation in wireless
phones. Also in this track is a session
titled “Enabling Low Cost Chargers
for Portable Systems,” presented by
Jason Hansen and Jim Hill, both ap-
plication engineers for ON Semicon-
ductor (Phoenix, AZ). The thrust of
their paper is how the design of an
AC/DC adapter can reduce power
dissipation in portable devices. The
authors will provide examples of var-
ious battery charging schemes and
how to design the charge-control
scheme.

The Battery Power track is under
the chairmanship of Barry Huret,
president of Huret Associates, Inc.
(Yardley, PA) and will explore tech-
nologies such as zinc-air, recharge-
able and primary alkaline, and what
is behind the SuperCapacitor. Other
sessions will examine charger tech-
nology, smart-battery chips, and
software.

For the past year, Bluetooth has
held center stage in the wireless
world and this year’s track, headed
by Robert K. Morrow, consultant
and head of Morrow Technical Ser-
vices (Centerville, IN), looks into one
of the lesser-known but eritically im-
portant aspects of Bluetooth, such as
how it will coexist with other wire-
less protocols. The key question is
how Bluetooth-enabled products will
operate when in close proximity to
their chief competitor, WLANSs oper-
ating under IEEE 802.11. With so
many portable devices—phones, lap-
tops, computer peripherals, and con-
sumer products—expected to be out-
fitted with Bluetooth in the next few
vears, some interaction between the
two wireless systems is inevitable.
Answers to how this will all play out
will be provided by a session entitled
“Bluetooth Coexistence With Other
Protocols.” The design of a Blue-
tooth-friendly RF IC to alleviate the
problem will be presented. For more
on the coexistence problem, see
“Bluetooth Meets WLANs—Can
They Live Together?,” Microwaves
& RF, August 2000, p. 31.

Another problem for Bluetooth
could be the emergence of simpler,
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A Stellex Electronics Company

Surface Mount Mixers

Carrier Mixers

PRINCIPALS _ Ultra Linear

ALPHA INDUSTRIES N
“OMMERCIAL MW TECHNOLOGY Power Amplifiers

CONNECTING DEVICES INC.
ESM CABLE CORP. s
EZ FORM CABLE CORP. Low Cost LNA's N
LIEDER DEVELOPMENT For a complete list of available
MIDWEST MICROWAVE Stellex Microwave and Phoenix Microwave
mccl products email or call First Source Inc.
QUASAR MICROWAVE .
RADIALL First Source Inc.
RF INDUSTRIES Corporate Headquarters
SARONIX ~ 4990 Speak Lane, Suite 260, San Jose, CA 95118
SPECTRUM CONTROL INC. " SALES DEPARTMENT
PHICONNECTCR BN ‘ 1-800-225-7434 Telephone
STELLEX
THUNDERLINE Z 1-877-777-9031 Fax
UTE MICROWAVE email: sales @firstsourceinc.com
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P - N) Arizona So. California Massachusetts
=  EXDrOss: oy ¥ : California Pacific Northwest i Texas
, ﬂ firstsourceinc.co
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Connectors m Filter Plates w Frequency Doublers m GaAs FETs s PHEMTs m Gain Equalizers
m Glass/Metal Feed Thrus m Isolators m ISO / Adapters m Limiters m Limiting Amplifiers m Linearizers
= Microcircuit Packaging w Mixers m Oscillators w Power Dividers m Terminations m RF Transformers
= Splitters m Switches m Waveguide Adapters m Bends s Loads s Straights m Twists m Flexible

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



That's what you get with Eagleware’s new harmonic balance
simulator, HARBEC™. From real-time tuning, to application of artificial intelligence techniques, to co-simulation with
electromagnetics, HARBEC does it all ... with a powerful set of features that includes:

Robust Simulation wide range of sources (voltage, High Performance Design
unlimited, arbitrary circuit power, current, waveform) Al performance optimization
topology DC analysis and optimization fast tuning
wide range of nonlinear device unlimited tone harmonic balance Spice Model Import
models (diodes, JFET, BJT, analysis and optimization Extensive Parts Library
MOSFETS, MESFETS) EM Co-simulation Equations and Post Processing

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

With nonlinear modules priced at $4990, they're going fast. And so will your de

Visit us at Wireless/Portable Booth #831
Go to www.mwrf.com and click on
the Free Advertiser Information icon

- www.eagleware.com
Fax: +1 678-291-097

WARE

RF and Microwave Design Software
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less-expensive connectivity solu-
tions for short-range wireless com-
munications. This aspect of things
will be presented in another paper
that will examine Bluetooth’s bene-
fits and challenges.

While Bluetooth is more of a
promise than reality at this time,
WLANS have been around for a few
years and are accorded their own
technical track under the guidance of
Tim Carey, director of marketing for
Anritsu Co. (Morgan Hill, CA). One of
the major developments in WLANSs is
the emergence of higher data rates
under the IEEE 802.11a and b stan-
dards than under the original 802.11.
A session on high-performance
WLANSs will deseribe these high data-
rate specifications to enable designers
to understand how they are applied in
the different standards. Also on tap is
a useful paper for those who need to
survey the universe of wireless net-
works. Known as “Wireless Network-
ing Fundamentals,” attendees will
learn the difference between circuit
and packet switching, data-packet
structure, network architectures,
multiple-access techniques, and will
obtain a good foundation on the build-
ing blocks of a wireless network.

Bluetooth’s challenges extend to
the test-equipment arena where in-
strument companies must figure out
how to make the complex measure-
ments of the new wireless technolo-
gies. Chaired by Symposium veteran
Ben Zarlingo, product manager for
Agilent Technologies (Everett,
WA), the test and measurement
track offers a session dedicated
specifically to testing Bluetooth,
WLANS, and other short-range
wireless systems. These low-cost
frequency-hopped and direct-se-
quence-spread-spectrum (DSSS)
systems pose special test-and-mea-
surement challenges. A more diffi-
cult problem may be the kind of test-
ing required for 3G wireless that
encompasses complex modulation
schemes, so a session on 3G testing is
on the agenda.

Although it is off to a slower-than-
expected start, the ultra-wideband
local-multipoint-distribution-system
(LMDS) technology and other mil-
limeter-wave applications present

New From spfl:w;n
e

AN

SPINNER
“_#” NORTH AMERICA

6350 Regency Parkway, Suite 500, Norcross, GA 30071 e« Tel: 770-263-6326 ¢ Fax: 770-263-6329
www.spinnerna.com ¢ e-mail: sales@spinnerna.com

- ULTRA LOW NOISE FREQUENCY MULTIPLIERS
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Output Power up to 1 watt
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QUEST for Quality,
QUEST for Performance,
QUEST for the BEST;. .JOIN US.

Quality products with quick delivery at
competitive prices are our standard.

QUEST Microwave Inc. 0

***x WE’VE MOVED *%%

225 Vineyard Court
Morgan Hill, CA 95037
Phone 1 408 778 4949

Fax 1 408 778 4950

Toll Free
1 877 QUESTMW (783 7869)
Website: www.questmw.com
E-mail: circulators@questmw.com
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interesting possibilities for bringing
huge amounts of information—data,
voice, multimedia—into homes and
businesses. The track on ultra-wide-
band, under the chairmanship of
Doug Lockie, executive vice presi-
dent and founder of Endgate Corp.
(Sunnyvale, CA), starts with a mar-
ket outlook on this sleeping giant and
proceeds with a paper entitled “Ra-
dio Subsystems For Ultra-broad-

Tuesday, February 13, 200

KEYNOTE BREAKFAST

band,” that deals with technological
developments such as DSP, error
correction, computer chips, and
millimeter-wave components. The fi-
nal paper, “Ultra-Broadband Net-
work Radio Systems,” looks at the
radio options available to network
designers in architectures such as
asynchronous transfer mode (ATM),
Synchronous Optical Network
(SONET), and Ethernet. ®®

P02 pg1s | FLO2 pg1s | ULO2 pg 15
| Indoor Propagation The Latest Ultra-broadband
Developments Market Qutiook

in Filter Technology

DCoz pg 16 | SRO2 pg 16 | Win2 pg 16 | IR0Z pa 16
Modules and Current Issues in Enabling the Irda, A New Era of
Components Software Radio { Wireless Internet Promised Wireless
for Digital Design j

Communications

EXHBTS . |

DCo3 pg 16 | SRO3 pg17 | Wi03 pg 17 | IRO3 pgi7

L IPO3 pg 16 | FLO3 pa16 | ULD3 pg 16
Propagation Models Extending Filter Radio Subsystems for § Digital Communication | Designing with High M-Commerce: Irda: The Smart
and Measurement Design Methods to Ultra-broadband Hardware Speed ADC's Reaching the Mobile Wireless
Techniques Other Passive Devices Measurement and Customer through
: Optimization the Wireless Internet
P4 pa17 | FLO4 pa17 | ULD4 pa 17 | DCO4 pg17 | SR04 pg 18 | Wio4 pg 18 | IR04 pg 18
Antennas and RF New Approaches to Ultra-broadband Hardware Testing Enabling Software Security from the IrDA: Simply Wireless
Equipment for Indoor | Filter Design Network Radio Rautines Radio via Direct Wireless Customer
Coverage Systems Modulation to the Web

pg 18 | WPOS pg18
Architecture Concerns § LTCC Technalogy: Designing
in Modern Base
Station Design

BBOS pg1e
Fixed Wireless Access
for Wireless Applications
with Green Tape LTCC
Ceramic Technology

Based Synthesis

WLAD5S  pg19 | 3GOS pa19 | WEDS pa19 | PBOS Pg 19
High Performance Spread Spectrum Mabilizing Internet Memory Companents
Wireless LANs Fundamentals Content

for Wireless
Applications

BS06 pg1s [WPOG  pg19 |BBOG  pg19

WLADE  pg19 | 3G06 pg20 | WEDG pa20 | PBOG P20

High Power Amplifiers | LTCC Materials
for Base Station and Applications
i Applications

Fixed Wireless
Access Solutions

i 3G Challenges Trends in Wireless Broadband Wireless WLAN and Bluetooth | Code Domain Mabilizing Filterless Class-D
to Base Station Packaging and Access Systems. Co-existence Issues Measurements Enterprize Data Audio Amplifiers for
System Designers LTCC Design Wireless Phones
EXHIBITS
: BS07 pg 20 | WPO7 Pe20 | BBO7 po20 | WLAD?  pg20 | 3GO7 pa21 | WEDT pa21 | PBO7 pg 21

Wireless Networking
Fundamentals

Components for 3G | Enterprise Solutions

to the Wireless Web

Enabling Low Cost
Chargers for Portable

BS08 pg 21
Base Station Devices
and Modules

WP08  pg21 | BBOS pa21
Plated and Bonded | Technology Update

Cu and Interactive
Discussion Session

Thursday, February 15, 2001
- e Ll Pt IoemwfvmgMnnu\:h.;n

Systems
WLADS  pg21 |3G08 pa21 | WEDS po22 | PBOS Pg22
Real World 36 Outlook: Personalizing, Rotating-Wheel Braille

Experiences
WLAN Systems

Evolving Standards
and Alternatives

Transcoding. and
Repurposing Content
for the Wireless Web

Display Provides
Accessibility for Compact
Portable Devices

BT09 P23 | 1C09 p24 | WC09 p2a | BPO9 p24
Bluetooth Case Study

Real World Active Integrated New Developments in § Understanding, Batteries & SuperCaps
Measurements Antennas Error Saurces Wireless IC/RF IC Predicting, and
Solutions Measuring Wireless
Capacity
™10 p24 | AN1D paa | MIT10 p24 | BT10 p25 | IC10 p25 | WC10 p25 | BP10 p25

Testing for Bluetooth,
Wireless LAN and Design

Compact Antenna Taming the

Quadrature Modulator

Bluetooth Coexistence | Is the Super-
with Other Protocols Heterodyne Radio

Understanding,
Predicting, and

Rechargeable
Batteries

Other Short-Range Dead? Measuring Wireless | and Battery Recycling
| Wireless Capacity
™11 p25 | ANT1 p2s | MT11 p25 | BT11 p25 | IC11 p26 | WC11 p26 | BP11 p26

Wide Dynamic Range | Practical Approaches | Improving Modulators

Bluetooth Applications | RFIC Fundamentals, Understanding, Chargers & Battery

System Performance

Measurements to Antenna Design for Specific Signals and Developments 1,11, and Il Predicting, and Management
Measuring Wireless
Capacity
E TM12 p26 | AN12 p26 | MT12 p26 | BT12 p26 | IC1Z p27 | WCi2 p21 | BP12 p27
36 Testing Antenna Design Advanced Modulation | Bluetooth Wireless IC Issues Understanding, Chargers & Battery
Schemes that Improve | Access Points Predicting, and Management
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Contactless Phase Shifters:
World-First ‘Contactless’ Brings

Better Reliability under All Conditions

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

M Standard Connectorized CPS

- Atype : KPH90OSCLOOO

~ Product Code No.

Frequency Range

0.15dB 0.35dB

1.25:1

Insertion Loss (Max.)
VSWR (Max.)

Incremental Phase Shift

1.25:1 1.25:1

90 degree min. @ 2GHz

Electrical Delay 125 psec min.

Nominal Impedance 50 ohm

KPH90OSCLOO1

1/O Port Connector

Average Power Handling

20W @ 2GHz

Temperature Range

-30°C ~ +60°C

Dimension (inch)

A type : 1.496*1.102*0.457
B type : 1.225*1.102%0.457

i
SMAC(F) / SMA(F) I
|

B Miniature CPS

2 ~ 2.5GHz

M)

2 ~ 3GHz

Frequency Range
I Insertion Loss (Max.) 0.15dB 0.25dB 0.35dB 0.15dB 0.25d8B 0.35dB
VSWR (Max.) 1.3:1 1.3:1 1.31 1.25:1 1.25:1 1.25:1

Incremental Phase Shift 30 degree min. @ 2GHz 35 degree min. @ 2GHz
Electrical Delay 41.7 psec min. 48.6 psec min.
Nominal Impedance 50 ohm 50 ohm
1/O Port Connector Drop-In SMAC(F) / SMA(F)
Average Power Handling 30W @ 2GHz 30W @ 2GHz
Temperature Range -30°C ~ +60°C -30°C ~ +60°C
Dimension (inch) 0.709*0.433*0.244 0.630*0.551%0.244
fo e R S S
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13921 Artesia Blvd., Cerritos, CA 90703-2202
1-800-8320-KMW * www.kmwinc.com

tel: 562-926-2033 » fax: 562-926-6133

RF & Microwave Products




Portable opesium,

Broad Product Mix Slated
For The Wireless Symposium

It’s wiveless-product city when the heavyweights of the electronics
industry unleash thousands of new devices, equipment, software,
and ideas at the leading show for designers.

GENE HEFTMAN
Senior Editor

DON KELLER

Senior Editor

OFTWARE may power the Internet as a recent television ad claims,
but as any designer knows, it takes a combination of hardware, test
equipment, software, and brainware to power a communications sys-
tem into operation. Many of the products which do just that will be
on display when the Ninth Annual Wireless/Portable Symposium & Exhi-
bition opens its doors at the Convention Center in San Jose, CA, February
12-15, 2001. Approximately 400 manufacturers of electrical/electronic
components, instruments, design automation software and services are
preparing their wares for the thousands of designers who will hit the floor
looking for the pieces to build their Bluetooth devices, wireless local-area
networks (WLANs), third-generation (3G) wireless systems, and other
products of the new millennium. The following is a bird’s eye view of what

will appear on this year’s expanded show floor.

LDMOS RF power
transistors push 60 W

The UPF18060 line of laterally-dif-
fused-metal-oxide-semiconductor
(LDMOS) power transistors gener-
ates a minimum of 60 W of RF power
at frequencies that range from
1.805 to 1.880 GHz. The transistors
are ideally suited for use in Class A
or Class AB base-station amplifiers
for code-division-multiple-access
(CDMA), time-division-multiple-ac-
cess (TDMA), Global System for Mo-
bile Communications (GSM), and
multicarrier applications. The de-
vices can serve as drop-in replace-
ments for Motorola’s MRF 18060
transistors. UltraRF, 160 Gibral-
tar Court, Sunnyvale, CA 94089;
(408) 745-5700, FAX: (408) 541-
0139, Internet: http://www. ul-
trarf.com.

Test solution qualifies
CDMA2000 equipment

The model E1962A IS-2000 mobile
test-mode application and the model
E5515T wireless communication test
set combine to help manufacturers
qualify CDMA2000 mobile phones
based on the new IS-2000 standard
for code-division multiple access
(CDMA). After building special test
modes into their phones, manufac-
turers can use the E1962A applica-
tion and the E5515T test set to per-
form a series of IS-2000 transmitter
(Tx) and receiver (Rx) tests, includ-
ing power, frequency, and waveform-
quality measurements. The solution
also provides flexible IS-2000 for-
ward-link emulation that enables the
control of the pilot, sync, paging, and
other channel levels and data rates.
Agilent Technologies, Inc., 5301

Stevens Creek Blvd., MS
54LAK, Santa Clara, CA 95052;
(800) 452-4844, Internet: http:/
www.agilent.com.

ADC boasts
high speed, high resolution
The model AD9410 analog-to-digi-
tal converter (ADC) delivers 10-b
resolution at 210 MSamples/s and is
ideal for communication systems that
require very-high data rates such as
point-to-point radio links. The con-
verter also features on-chip refer-

ADS410

ence and track-and-hold circuitry to
ease the design of high-speed conver-
sion into a variety of communication
systems, such as local multichannel
distribution systems (LMDS) and
multipoint, multichannel distribution
services (MMDS). Analog Devices,
Inc., Roy Stata Technology
Center, 804 Woburn St., Wilm-
ington, MA 01887; (800) 262-
5643, FAX: (781) 937-1021, Inter-
net: http://www.analog.com.

For more information, visit
www.mwrf.com
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Chip set enables
Bluetooth applications

A chip set comprising two integrated circuits (ICs) is
designed to be a complete solution for manufacturers who
want to incorporate Bluetooth capability into their prod-
ucts, including phones and computers. The BSN6030 chip
is a read-only-memory (ROM)-based Bluetooth baseband
controller that includes a fully integrated Bluetooth soft-
ware stack. The chip has an embedded 32-b ARMT re-
duced-instruction-set-computer (RISC) microprocessor,
116 K-word ROM and 16 K of random-access memory
(RAM). It is manufactured using a 0.18-pm complemen-
tary-metal-oxide-semiconductor (CMOS) process, and is
available in several package types, including an 80-pin, 6
X 6-mm package. The TRF 6001 chip is an RF
transceiver that has a sensitivity better than -86 dB/mW.
The transceiver is capable of 2.4-GHz frequency-hopping,
spread-spectrum transmission and reception. It is avail-
able in a b6-lead, 5 X 5-mm package. Both chips operate
from a +3.3-VDC power supply and have a power-down
mode. Texas Instruments, Inc., P.O. Box 172228,
Denver, CO 80217; (800) 477-8924, Internet:
http://www.ti.com.

PA targets GSM,
CDMA, TDMA, 3G handsets

The model AWT6107 indium-gallium-phosphide (In-
GaP), heterojunction-bipolar-transistor (HBT) power
amplifier (PA) is designed for dual-band wireless-hand-
set applications such as Global System for Mobile Com-
munications (GSM), code-division multiple access
(CDMA), time-division multiple access (TDMA), and
third generation (3G). Over the GSM frequency range
from 880 to 915 MHz, the amplifier will accept up to +15
dBm of input power and provides at least +34.56 dBm of
output power. Over the digital-communication-system
(DCS) frequency range from 1710 to 1785 MHz, it typi-
cally accepts +8 dBm of input power and provides at least
+31.5 dBm of output power. Over both bands, the ampli-
fier exhibits a maximum isolation of -30 dBm and a maxi-
mum second- and third-harmonic distortion of -7 dBm.
The device can operate at power-supply voltages from
+2.9 to +4.5 VDC and temperatures ranging from -25 to
+85°C. ANADIGICS, 35 Technology Dr., Warren,
NdJ 07059; (908) 668-5000, FAX: (908) 688-5132, In-
ternet: http//www.anadigics.com.

Air-vent panels
block EMI and fire

The Stream Shield air-vent panels provide electronic
enclosures with fire containment and 50 dB of shielding
against electromagnetic interference (EMI) from 1 to 10
GHz. If exposed to flame or heat in excess of 300°F
(149°C), a thin layer of intumescent coating in the panels’
honeycomb cells expands rapidly and fills the cells with a

For more information, visit www.mwrf.com

Single Layer Chip Capacitor
with Border

o Border helps prevent shorts

. Optimal for Automatic Assembly Applications
» Readily available in Tight Tolerances

. Dimension of sizes from 10 x 10 mils and up
« Extensive uses for commercial & space programs
. Range of values starting at 0.1 pF

(WWW.TECDIA.COM

Visit us at Wireless/Portable booth #1331
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carbonaceous foam that prevents
flames from propagating through the
honeycomb. The coating is based on a
fire-retardant chemistry that meets
ASTM E-84 test-procedure require-
ments, and is classified by Under-
writers Laboratories (UL) as provid-
ing Class A flame-spread protection
and low smoke density. The standard
panels are constructed of one or two
layers of 0.125-in. (3.175-mm) cell and
0.50-in. (12.7-mm)-thick aluminum

-

(AD) honeycomb ecrimped in a
stamped Al frame. The panels are
available for round or rectangular
openings. Chomerics, Div. of
Parker Hannifin Corp., 77
Dragon Ct., Woburn, MA; (781)
935-4850, FAX: (781) 935-4318,
Internet: http://www.chomer-
ics.com.

LDMOS transistor
reaches 2.5 GHz

The model PTF 102006 laterally-
diffused-metal-oxide-semiconductor
(LDMOS) power transistor claims to
be the first such device to reach an
operating frequency of 2.5 GHz. The
internally matched device offers a
typical gain of 11 dB and output
power to 26 W at the 1-dB compres-
sion point. It can tolerate a load mis-
match of 10:1. The transistor is man-
ufactured with all-gold (Au)
metallization, ion implantation, and
surface passivation, which are said to
endow it with long life and good relia-
bility. It operates at a nominal +28

VDC and has a drain-source break-
down voltage of +65 VDC. The de-
vice is available in a flange package
measuring 0.385 X 1.03 in. (9.78 X
26.16 mm). Ericsson Microelec-
tronics, 18275 Serene Dr., Mor-
gan Hill, CA 95037; (877) 465-
3667, Internet: http://www.
ericsson.com/rfpower.

Divider/combiner defies
harsh environments

The model 350-BD-FFE-2 two-
way divider/combiner operates from
460 to 960 MHz in harsh environ-
ments. The weather-tight unit has a
350-W rating when operating with
matched loads and a 150-W rating
in mismatched conditions. Input
VSWR is 1.3:1, and output VSWR is,
at most, 1.2:1. Insertion loss is typi-
cally less than 0.4 dB and always less
than 5.5 dB. Minimum isolation is 20
dB, maximum phase balance is 2

deg., and maximum amplitude bal-
ance is 0.2 dB. Bird Component
Products, 10950 72nd St. N.,
Suite 107, Largo, FL 33777-1527;
(727) 547-8826, (727) 547-08086,
Internett;: http://www.birdfla.
com.

Combiner spans
18 to 26.5 GHz

The model PS8-116 eight-way
power divider/combiner operates
from 18 to 26.5 GHz with a VSWR of
1.6:1. The divider/combiner offers a

minimum isolation of 17 dB and a
maximum insertion loss of 2.8 dB
over nominal loss. Amplitude balance
is =0.5 dB and phase balance is =12
deg. The device is housed in an alumi-
num (Al) enclosure and has female
SMA connectors. Microwave Com-
munications Laboratories, Inc.
(MCLI), 7225 Thirtieth Ave. N.,
St. Petersburg, FL 33710; (800)
333-6254, FAX: (727) 381-61186,
Internet: http:/www. mcli.com.

Voltage supervisor
monitors to 300 mV

The model MIC2776 ultra-low-
voltage supervisor integrated circuit
(IC) monitors power supplies to volt-
ages as low as 300 mV. The
MIC2776’s monitoring voltage is user
adjustable. The chip operates at volt-
ages from +1.5 to +5.5 VDC and typi-
cally draws only 3 pA. It is ideal for
monitoring low-voltage power sup-
plies such as those used in portable
products containing microprocessors,
memories, digital-signal processors
(DSPs), systems on a chip (SoC), and
application-specific integrated cir-
cuits (ASICs). The supervisor has a
debounced, manual-reset input and
generates a power-on reset pulse
with a minimum duration of 140 ms.
The chip is housed in an SOT23-5
package and comes in three versions:
active high output, active low output,
and open-drain, active low output.
Micrel, Inc., 1849 Fortune Dr.,
San Jose, CA 95131; (408) 944-
0800, FAX: (408) 944-0970, Inter-
net: http://www.micrel.com.

Photo-etched lids
seal microcircuits

A line of photochemically etched
metal lids are available for seam-seal-
ing microcircuit packages. The lids
are photochemically etched to main-
tain tight depth tolerances, assure
high uniformity in sealing the seam,
and maximize yields in the seam-seal-
ing process. Lids can be etched to a
thickness of 50 mils (1.27 mm) with a

For more information, visit
www.mwrf.com
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We've taken VCO technology to new lows.

Lower. _
phase noise _g

LoWer
pushing

And with a package size of only 0.5" X 0.5" X 0.22" it can
handle tight spots. Introducing the UMX series voltage

%

controlled oscillator. Take your next design to the extreme.

" Model : - | 2nd Har | Phase Noise Pushing | Pulling | Supply
{dBc) | (10kHz,dBc) | (MHz/V) | (MHz/p-p) | (Vdc)
UMX-254-D16. -23 -110 0.8 i 5
UMX-364-D- i 22 -107 0.8 2 7
| UMX-270-D - 1| 45,21 |  -19 -106 0.7 2 5
- Jumx-333-D16 1071 | +4,22 | 31 -102 0.8 3 5
| UMX-331-D C1.05:1 | +4, 22 -32 -102 0.7 2 5
- JUMX-315-D . 1.05:1 | 46, 22 -20 -120 0.5 2 8
-389- 1.05:1 T+6, +2 -20 -120 0.5 2 8
I Microwave Corporation Yeit 4 4
o el Wireless/Portable
treme Oscillator Solutions Booth #1543

3759332 +  U.S. Toll Free 1-877-375-9332  +  www.VCO1.com

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




Wireess

Pertable Zexss,

nominal flange thickness of 0.005 in.
(0.127 mm). The lids can be etched
with graphics, slots, or holes for glass
windows. Typical metals for lids in-
clude Kovar, Alloy 42, nickel (Ni),
and stainless steel. The lids can be
plated with electrolytic Ni, electro-
less Ni, and Ni followed by gold (Au).
Photofabrication Engineering,
Inc., 500 Fortune Dr., Milford,
MA 01757; (508) 478-2025, FAX:
(508) 478-3582, Internet:
http://www.photofabrication.co
m.

VCO serves
ISM applications

The model RF 2506 low-power,
voltage-controlled oscillator (VCO)
integrated circuit (IC) for applica-
tions such as industrial-scientific-
medical (ISM) band, cordless phones,
and broadband radios. The eight-pin
monolithic device provides a refer-
ence frequency from 10 MHz to 1
GHz with phase noise of -110 dBe at
100-kHz offset. The device operates
at power-supply voltages from +2.7
to +3.6 VDC and puts out -3 dBm of
power. It will also operate with the
supply voltage reduced to +2.2 VDC
with a reduced output power of —11
dBm. The device has a digitally con-
trolled power-down mode that re-
duces current consumption to under
1 pA. The chip is manufactured using
bipolar-complementary-metal-oxide-
semiconductor (BiCMOS) technol-
ogy and is offered in an SOP-8 pack-
age. RF Micro Devices, 7625
Thorndike Rd., Greensboro, NC
27409-9421; (336) 664-1233, In-
ternet: http:/www.rfmd.com.

RF connectors
comply with FCC

A specialized line of interface
adapters and connectors achieve
compliance with Part 15.203 of the
Federal Communication Commis-
sion’s (FCC’s) requirements by of-
fering reverse polarity (gender), re-
verse (left-handed) threads, and
metric threads instead of Unified
Standard threads. One such adapter
is the model RT-1227 TNC-male-to-
TNC-female, right-angle adapter. It
features reversed (left-handed)

threads at both ends, a nickel (Ni)-
plated body, gold (Au)-plated contact
and pin, and Teflon insulation. RF
Industries, 7610 Miramar Rd.,
San Diego, CA 92126-4202; (800)
233-1728, FAX: (858) 549-6345,
Internet: http:/www.rfindus-
tries.com.

Power MOSFETs
span 5 to 300 W

A family of RF power metal-oxide-
semiconductor field-effect transis-
tors (MOSFETS) span RF power
outputs from 5 W at a power-supply
voltage of +28 VDC to 300 W at +50
VDC. The SD29xx series boasts en-
hanced ruggedness for applications
such as magnetic-resonance imaging
(MRI) and plasma discharge where
severe load mismatch can occur. The
transistors are also said to have re-
duced capacitance and improved
gain, making them suitable for a wide
range of high-frequency (HF) very-
high-frequency (VHF), and ultra-
high-frequency (UHF) applications
such as frequency-modulation (FM)
radio, TV, military communications,
and radar. STMicroelectronics,
Inc., Lexington Corporate Cen-
ter, 10 Maguire Rd., Bldg. 1,
Third Fl.,, Lexington, MA
02421; (781) 861-2650, FAX: (781)

861-2678, Internet:
www.st.com.

http://

VCTCXOs cover
12 to 20 MHz

The TT/VT3000 line of voltage-
controlled temperature-compen-
sated crystal oscillators (VCTCXOs)
are available at frequencies from 12
to 20 MHz. They are ideal for a wide
range of applications, including
telecommunications, wireless, net-
working, cellular radio, remote me-
ter reading, phase-locked loops
(PLLs), and other systems that re-
quire a stable frequency source in a
space-efficient configuration. The ul-
tra-miniature, low-profile, surface-
mount crystals are housed in hermet-
ically sealed, 7 X 5-mm ceramic
packages and have a seated height of
2 mm. The crystals emit a clipped
sine wave, and the integral voltage-
control feature permits phase locking
to a stable reference. Operating tem-
perature ranges from —40 to +85°C.
Tellurian Technologies, Inc.,
1801 Hicks Rd., Rolling Mead-
ows, IL 60008; (847) 934-4141,
FAX: (847) 934-4175, Internet:
http://www.telluriantech.com.

Capacitors reach
gigahertz range

A line of dual-tracking, precision
trimmer capacitors has expanded to
include capacitors that function in
the gigahertz range. The capacitors

$10 3057

have one common terminal and a
split stator whose tuning screw ad-
Jjusts two capacitors at the same rate.
One member of this line, the sapphire
dielectric model KZ38S, tunes from

For more information, visit
www.mwrf.com
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Generation Il
YiG-Based Synthesizers

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

Tunable bandwidths of either 2 GHz

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

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

FEATURES

Dual RF Output, Internal Reference ... .. coorue
YIG-Based Synthesizers ::="
for Digital Radios

3-Line Serial Interface

Internal Crystal Reference

500 kHz Step Size

Internal Memory

(last frequency programmed - recall)

MLSL-SERIES SYNTHESIZERS

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

M | CRO architecture.

S
V= LAMBDA, INC. = Vx|

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

Visit us at Wireless/Portable Booth #1223
Go to www.mwrf.com and click on the Free Advertiser Information icon



0.3 to 3 pF and can be used at fre-
quencies up to and beyond 2 GHz. At
250 MHz, it has a Q of more than
1500. This 0.53-in. (1.33-cm)-long ca-
pacitor can be finely tuned over 10
full turns. Voltronies Corp., 100
Ford Rd., Denville, NJ 07834;
(973) 586-8585, (973) 586-3404,

Internet: http://www.vol tron-
ics.com.

Divider/combiners
span 0.8 to 2.0 GHz

A line of dual-band power di-
vider/combiners operates from 0.8 to
2.0 GHz to cover all wireless bands

Atlast! Alow cost
microwave laminate
that meets commercial
wireless performance
requirements.

- Antenna Design by
avey Engineering

- Material and Processing

" by Polyflon Company

POLYGUIDE offers a dielectric constant of 2.32 and
dissipation factor of .0002—making it superior to any other
comparable constructions. Plus, POLYGUIDE has fully isotropic
electrical properties. Ideal for moderate temperature applications.
Onlfy POLYFLON has it!

Ask about POL YFLON materials and services: Microwave Substrafes,
Circuit Processing, Electroplated PTFE, HU/RF Capacitors and much more!

POLYFLON

" §l° Polyflon Company.

One Willard Road. Norwalk, CT 06851.
Tel: (203) 840-7555. Fax: (203) 840-7565.
email: info@polyflon.com

Web Site: http://www.polyflon.com

POLYFLON and POLYGUIDE are registered trademarks of Polyflon Company.

from cellular through personal com-
munication services (PCS8). The
model 802-2-1.400 two-way divider/
combiner has a typical insertion loss
0f 0.3 dB, a VSWR of 1.1:1, and 30-dB
isolation. It measures 1.5 X 2.0 x
0.44 in. (3.81 % 5.08 X 1.80 cm). The
804-2-1.400 four-way divider com-
biner has a typical insertion loss of
0.6 dB, a VSWR of 1.15:1, and 30-dB
isolation. It measures 2.5 X 2.5 x
0.44 in. (6.35 X 6.35 X 1.18 cm). All
models can handle 10 W of total RF
power and operate at temperatures
from -55 to +70°C. They are equip-
ped with stainless SMA or brass
type-N connectors, gold (Au)-plated
beryllium-copper (BeCu) contact
pins, electrical-grade Teflon insula-
tion within the connectors, and alu-
minum (Al) housings. MECA Elec-
tronics, Inc., 459 E. Main St.,
Denville, NJ 07834; (973) 625-
0661, FAX: (973) 625-1258, Inter-
net: http:/www.e-meca.com.

Generators test
wireless and cable systems

A series of carrier-to-noise (C/N)
generators produces noise at specific
strengths and frequencies to test the
performance of wireless-, satellite-,
and cable-communications equip-
ment and systems. The CNG series
generators can test parameters such
as the ratio of carrier to noise (C/N),
the ratio of bit energy to normalized
noise (E,/N,), the ratio of carrier to
normalized noise (C/N,), the ratio of
carrier to interference (C/I), and
noise only. The generators provide
accuracy to 0.15-dB received signal
strength (RSS) and have a true root-
mean-square (RMS) power meter for
advanced averaging and curve-fit-
ting algorithms. They can automati-
cally calculate ratio limits based on
initial conditions. Micronetics,
Inc., 26 Hampshire Dr., Hudson,
NH 03051; (603) 886-2900, (603)
882-8987, Internet: http://www.
micronetics.com.

For more information, visit
www.mwrf.com

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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You are on a power trip...

you design amplifiers and every last dBm counts.

rely on Harmonica

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

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

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

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

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

Harmonica, the most powerful high-frequency circuit design solution

available for the PC desktop. With physics-based distributed

models and a time-tested

Harmonic Balance engine, P T s p
Harmonica delivers superior owe r rl
speed, accuracy, power and
functionality. And as a part of
Ansoft's Serenade Design
Environment, Harmonica
offers seamless links to
layout, system simulation,

electromagnetics, and third-party tools.

After all, every dBm counts.

Discover the difference Harmonica makes in the
design of amplifiers, mixers, oscillators, filters,

matching networks and other components in

your wireless design.

For your free evaluation copy of Harmonica or

any of the tools in Ansoft's Serenade Design

Environment call 412-261-3200

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

Visit us at
Wireless/Portable Booth #1119
Go to www.mwrf.com and

click on the Free Advertiser
Information icon

www.ansoft.com




Lark Engineering’s “Internet Catalog” and Interactive Filter Design Program is now on

line and waiting to serve you at
¥ y 4 4
www. larkencineering, com

This is the source for the most comprehensive selection of RF / Microwave Filters. Within the
Lark Engineering product line you will find a complete filter product selection that covers the
RF/Microwave spectrum from 100 kHz to 18 GHz. These products are realized utilizing the
most cost effective filter structure required to meet our customers requirements. The filter
structures utilized in our broad product line include: Lumped Constant; Tubular; Ceramic;
Interdigital; Combline and Cavity. Mechanical packaging available includes Leadless Surface
Mount and connectorized units with solder pins to Type N Connectors.

Let our state of the art Interactive Filter
Design software guide you to the

INJOUT
optimum filter for your application, and = Noim
supply you with performance plots, pe l
specifications sheets, outline drawings I
.50
and a part number INSTANTLY. D82 OIA. :
PLATED THRU
Typ. h d
/1 0 VSWR . ‘ GROUND E :—[
\/‘ \\/ 5
\ / "
7 \ 5y, Whether its the latest up to the minute
20 B . . .
/ .y information on RF and Microwave
N 0 ° filtering technology, or the newest in filter
= design and synthesis, when you need
. g y ) y
. answers fast, you’ll find them on line at
50 L0SS Lark.
970.59Mhz 1000Mhz 1029 4Mhz

Lark Engineering, an ISO 9001 certified company, is a leading supplier of RF and Microwave
filters. The company’s goal is to design and manufacture quality products that satisfy the needs
and requirements of our customers. Today, with an ever changing industry, Lark continues to
be the leader in the supply of RF and Microwave filters. The product mix of the company is one
of the most extensive in the industry with filters from 100 Khz to 18 Ghz. These products are
currently being utilized in major wireless communications systems.

Visit us at
www.larkengineering.com

Lark Engineering Co.™

Div. Baier & Baier, Inc.

eto, > 27282 Calle Arroyo
o *e ( 5 San Juan Capistrano, CA 92675
N A ° Vs Phone: 949-240-1233
>, AR g “m—— Fax: 949-240-7910
Crgxt focegiedbythe  PERRY JOHNSON Internet Address: sales @larkengineering.com
for Certification REGISTRARS, INC. * Trademark of Lark Engineering. Patent Pending.

Go to www.mwrf.com and click on the Free Advertiser Information icon
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Latest EDA Software
Adds Wireless Features

The fourth release
of the popular
Advanced Design
System for
communications
offers updated RF
design, library,
and test-
simulation
capabilities.

WITH WIRELESS COMMUNICATIONS MOVING
quickly toward its third generation (3G), designers need
frequent updating of the electronic-design-automation
(EDA) software tools they use to develop the hardware of
the technology. To reduce development time and further
refine the design process, Agilent Technologies EEsof EDA
Group (Palo Alto, CA) has made a number of important
revisions to its widely used advanced design system (ADS)
with the announcement of Release 1.5 (see figure). The
improvements come in the areas of microwave/RF, RF inte-
grated circuits (ICs), and communications systems.

The Momentum/Planar electro-
magnetic (EM) simulator of earlier
versions sports a new “RF mode”
that allows a designer to switch
between the RF and microwave
modes. The choice depends on the
electrical size of the circuit relative to
its wavelength. Included in RF mode
are a quasistatic solver, arbitrary
polygonal mesh, and a starloop-basis

&

B
i“ i

br

ST

function which are intended to
sharply reduce simulation time and
increase capacity without the loss of
accuracy for structures under a half
wavelength. RF mode is suitable for
wireless applications in ball-grid-
array (BGA) packages and intercon-
necting complex RF circuit boards.
The design guides that provide
expert assistance toless-experienced
users in complex
design and verifica-
tion tasks contain new
guides geared toward
the latest wireless
applications. Release
1.5 has design guides
for Bluetooth,
cdma2000, a mixer,
and an RF system.
These will join the lin-
earization, oscillator,
power amplifier (PA),
and other guides
already in ADS. A
design-guide develop-
er studio is now avail-
able to develop cus-
tom content for ADS

ADS Release 1.5 incorporates a new and expanded
EDA tool set to handle a variety of 3G wireless

communications designs‘

in the form of custom
models and custom
simulations. A library
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Sofware Adds Wireless
Ilesign Features

browser is a new utility for setting up
custom libraries that can be tailored
to designer’s needs by the familiar
cut/copy/paste/drag/drop functions
in Windows. The library serves to
manage and list component informa-
tion, and each component can be
linked to a manufacturer’s World
Wide Web site for specifications,
data sheets, and application notes.

A variety of design kits that are
supplied and supported by IC
foundries such as ANADIGICS, RF
Micro Devices, ST Microelectronics,
Triquint Semiconductor, and others
are included in the new software. A
design kit is a software model of a
foundry’s process for a particular
semiconductor technology. These
models are used by IC designers who
want to have their design executed
by a specific foundry.

Improved tools are available for
system design and verification.
Design libraries are software that
provide behavioral models and simu-
lation setups on the physical layer.
They can generate the input stimulus
(signals) to circuits under develop-
ment to enable system engineers to
verify their designs to current wire-
less standards. Release 1.5 offers
such packages for emerging wireless
standards such as the Third Genera-
tion Partnership Project (3GPP),
wideband code-division multiple
access (WCDMA), and the Enhanced
Data Rate for GSM Evolution
(EDGE). More than 130 models
based on 3GPP specifications and
more than 100 for EDGE are part of
the new release.

An important addition to ADS is
its upgraded support for test instru-
mentation. The software can now be
integrated with test equipment such
as the Agilent 89600 vector-signal
analyzer (VSA), the 70900 spectrum
analyzer, and the 546XX/548XX
oscilloscopes. A signal, for example,
can be generated with an Agilent
ESG-D RF signal generator, cap-
tured with a VSA, and transported
back into a design in ADS.

Most designers will want to bring
their legacy designs into ADS 1.5, so
file translators have been added to

L N NN NN NN NN ]

permit Series IV and multipoint-dis-
tribution-system (MDS) designs to
be imported. The software will trans-
late most schematics, layouts, analy-
sis setups, and test benches, as well
as user-defined custom-mapping
rules. Vendor libraries and discrete-
value parts can be transferred, along
with various types of documentation
and custom libraries. Another new
feature is an RF IC dynamic link for
Cadence 1.5.1. This permits the
direct simulation in ADS of the
schematic, extracted, and configura-
tion views from Cadence. Also,
designers can annotate DC current
and voltage values on a Cadence
schematic at all levels of the hierar-
chy. In addition to Cadence support,
there is increased compatibility with
SPICE simulators.

A new bondwire model includes
the effects of bond wires in RF IC
simulations. It computes the self- and
mutual-inductance of bond wires
based on their location and shape.
Device-model “binning” is a way of
storing several model cards for a
device type based on geometries,
length, width, temperature, and
other variables. ADS selects the
appropriate model card for each
instance depending on the parameter
value.

As part of the increased emphasis
on wireless communications, the
ADS 1.5 software’s antenna and
propagation library has been upgrad-
ed. This permits testing 3G wireless
designs with realistic antenna and
propagation models. These propaga-
tion models are the new antenna
array, vector channel, and the
WCDMA (3G).

ADS, Release 1.5 will be available
in December starting at $8080. It
runs on UNIX and Windows
95/98/2000/NT4.0. Agilent Tech-
nologies, Test and Measure-
ment Organization, 5301
Stevens Creek Rd., MS 54LAK,
Santa Clara, CA 95052; (800)
452-4844 ext.7301, Internet:
http://www.agilent.com.

GENE HEFTMAN
Senior Editor
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Burn out
or burn with passion?

» Electromagnetic engineers with a passionate disposition? At CST we've found this to be quite the norm.
This attitude ensures our technical leadership in the field of 3D EM simulation: The incorporation of
the Perfect Boundary Approximation™ (PBA) technique allows an accurate modeling of curved surfaces
while maintaining the unparalleled performance of the FI method in the time domain.

CST MICROWAVE STUDIO™’s typical applications include the simulation of waveguides, couplers, filters,
power splitters, multiplexers, switches, planar structures, coax and multipin connectors, MMIC packages,
RLC-extraction, and all kinds of antennas.

CST

COMPUTER SIMULATION,

Visit us at Wireless/Portable Booth #1848 TECHNOLOGY

GST. GHANGING THE STANDARDS.
CST of America, Inc. - Cambridge, Massachusetts - http://www.cst-america.com
To request literature or a free demo CD, 617-576-5857, or info@cst-america.com

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

Data Analysis

The latest release
of this powerful
graphing program
allows users

to select from more
than 30 scientific
and engineering
graph formats.

SPREADSHEET PROGRAMS BUNDLED WITH DESK-
top-publishing suites perform well for some functions, but
are generally limited for plotting scientific or engineering
data. Although numerous data-plotting packages are avail-
able, SigmaPlot 2000 from SPSS Science (Chicago IL) is one
tool that can quickly eliminate the challenge of finding the
optimum graphical presentation for a particular set of data.
The software offers a choice of 22 engineering and scientif-
ic two-dimensional graph formats, nine three-dimensional
(3D) formats, and eight views created through transforms.
The flexible plotting tool includes 14 types of 2D scatter

plots, four line-type plots,
formats.

SigmaPlot 2000 supports large
arrays of data. Its huge scientific
worksheets can handle more than
32,000 columns by millions of rows.
Built-in functions include automatic
generation of column statistics, data
sorting, and text support for up to
256 characters per plot.

The latest version of SigmaPlot
2000 offers enhanced features and a
variety of improved functions. A new
“arrange-graph” function allows an
operator to see a preview of each lay-
out template when the function’s dia-
logue box is used to arrange a graph.
Several new graph types have been
added to this software version,
including filled 2D contour plots, 3D
waterfall plots, graphs with asym-
metric error bars, range plots, quar-
tile plots, and high-low-close plots.

A total of 13 user-definable funec-
tions have been added to SigmaPlot
2000’s collection of technical-axis def-
initions. Among these are linear, log-
arithmie to base 10, natural log, and
probability functions, with a user-
defined custom axis to create Arrhe-
nius, Weibel, and a variety of other
plots. Included in the 13 mathemati-

and 10 mixed scatter/line

cal transforms are histogram, one-
way ANOVA, Fast Fourier with fil-
ters, ad statistics including skew-
ness, 95-percent and 99-percent
confidence, and t-tests.

New error-bar options automatical-
ly compute and graph percentile com-
putations, standard deviations, mean,
median, first and last values for sym-
bols, minimum and maximum values,
and 95- or 99-percent confidence val-
ues across columns and across rows.

SigmaPlot runs under the Win-
dows 95, Windows 98, Windows 2000,
or Windows NT 4.0 operating sys-
tems on a personal computer (PC)
with at least 32 MB of random-access
memory (RAM), 20 MB of available
hard-disk memory, and an super
video-graphics array (SVGA) or bet-
ter monitor. P&A: $599.00; stock.
SPSS, Inc., 233 S. Wacker Dr.,
11th Floor, Chicago, IL 60606-
6307; (800) 525-4950, (312) 651-
3690, FAX: (312) 651-3960, Inter-
net: http://www.spss.com.

For more information, visit
www.mwrf.com
ALAN (“PETE”) CONRAD
Special Projects Editor
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bring your

design team

together with

Systeszew

ELANIX

The program
manager gets a

Romplets wew The DSP designer ~ SystemView is the only

of the project at o

hand, including o f';;ﬂme . _ integrated design and

the immediate oo -

b g, a direct path to i s:mulataon system fur
i - Tl C5x/C6x DSP -

implementation.

ThL RF designer
can design with
distortion-true
system blocks,
then move directly
to Xpedion

The systems architect
can build his working
simulation with easy to
use functional blocks—
then hand off to DSP

and RF designers.

Visit us at Wireless/Portable Booth #1228
Go to www.mwrf.com and click on the Free Advertiser Information icon
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Linear Simulator
Hones Performance

A powerful and
low-cost linear
simulation
program has been
upgraded to
include new
tuning, matching-
network-
generation, and
schematic-entry
capabilities within
the Windows
operating
environment.

CIRCUIT SIMULATION HAS ALWAYS BEEN AFFORD-
able with the aid of Applied Computational Sciences
(Escondido, CA) software. But with the company’s upgrad-
ed version of the LINC2 Pro circuit simulator, users can
now access full-featured simulation capability and
schematic-capture capabilities for about the price of a typ-

ical spreadsheet program.

The LINC2 Pro program is writ-
ten for a personal computer (PC)
operating with the Microsoft Win-
dows environment. Operators can
click on the “analyze” button directly
from the software’s schematic-entry
page in order to generate simulation
data, and then click on the “view”
button to see the results. The soft-
ware is that easy to use.

The upgraded version features
improved RF impedance-matching
network synthesis, microstrip and
stripline transmission-line synthesis,
pi- and T-pad design, and a powerful
“circles” utility for designing input-
and output-matching networks
around a two-port network/device or
transistor. Networks generated by
the circle’s utility are based on inter-
active displays of gain, noise figure,
and stability circles overlaid on
a Smith chart. The utility automati-
cally synthesizes input- and output-
matching networks for a user’s
choice of circuit topology and sup-
plied impedance, working with L,
pi, T, transmission-line, and stub
formats.

LINC2 Pro features a built-in full-
screen text editor to assist with gen-
erating and editing netlist circuit
files. The text editor simplifies
importing and exporting S-parame-
ter data files from measured results
and other simulation programs, as
well as S-parameter-based circuit

files, as available from a large num-
ber of component and device
manufacturers.

The program offers a set of 18 anal-
ysis responses and performance indi-
cators, including magnitude (loga-
rithmic or linear) and phase for all
S-parameters (forward and reverse
transmission and reflection), as well
as group delay, input impedance, out-
put impedance, input VSWR, and
output VSWR. If data must be plot-
ted, the software offers a wide range
of graphical options, including Smith
charts, simultaneous rectangular
graphs of any two circuit responses,
and tabular displays of all circuit
responses.

The software features over 2000 S-
parameter files from major transis-
tor suppliers, stored in the SDATA
folder on the supplied compact-disc
read-only memory (CD-ROM). In
addition, this latest version of the
software includes a wide range of S-
parameter models for miniature and
surface-mount inductors from Coil-
craft (Cary, IL). P&A: $495.00; stock.
Applied Computational Sciences,
1061 Dragt P1., Escondido, CA 92029;
(760) 612-6988, e-mail: linc2@applied-
microwave.com, Internet: http://
www.appliedmicrowave.com.

For more information, visit
www.mwrf.com
ALAN (“PETE”) CONRAD
Special Projects Editor
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Our high-power chip terminations are now offered in AIN as
well as beryllium oxide in power ratings from 10 to 125 watts.
They are designed to minimize the variability of capacitive reactance

and localized hot spots associated with trimming. And reduced Call us at 856- 429-7800

lot-to-lot variation means your circuit performs without expensive, and ask about Aluminium Nitride

individual-part tuning. Our recent capacity expansion power terminations, another brainstorm

enables us to maintain our outstanding delivery from EMC. Or visit WWW.emCt.Com
performance as customer demand increases.

Visit us at Wireless/Portable Booth# 1042
Go to www.mwrf.com and click on the Free

Aeertisor tformation con EMCTECHNOLOGY, INC. Ej

Right Brain Components.

D A Smiths Industries Company
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Software Simulates

Gomm Systems

Engineers can
easily design

communicaitions

systems and
perform time-
domain

simulations with
this user-friendly
software package.

This explores &
amplitude compressorexpander, where the LOG

compressor is perfect, while the EXP expander devistes

INPUT AMPLITUDE

from its ideal complemaentary shape by 5§%. In addition,

ourruT
HARMONIC DISTORTION 6101142

Sensitivily analysis has been enabled o show varlation in

In the tables at right The Spectrum Anahyzer is used to

narmonie distorion as & function of input amplttude, shown |~ 4" """

COMMUNICATIONS SYSTEMS DESIGN CURRENTLY
DOMINATES high-frequency engineering, given the
growth in wired, optical, and wireless communications
around the world. To speed the growth of those applica-
tions, RF Intercept from RHR Laboratories (Richmond Hill,
Ontario, Canada) is a system-level simulator that provides
useful insights into system-model behavior in the time
domain. In addition to simulating entire systems and sub-
systems, the program can also simulate circuits whose
topology contains separate functional subcircuit blocks. It
operates as a comprehensive library within the
EXTEND®™program, a general-purpose simulation tool
from Imagine That, Inc. (San Jose CA).

RF Intercept can simulate signal- | (BER), group delay, spectrum occu-
to-noise ratio (SNR), bit-error rate | pancy, intermodulation (IM) and
cross modulation, triple beats, as well
as harmonic distortion with user-
defined output commands. The pro-

gram is a collection of library blocks
and functions that are dragged and

s 5] dropped into a workspace and then
s i connected together into a desired
moval (| configuration. Component parame-

2101142
4101142
4101142

| ters are defined in drop-down win-
N I dows before running a simulation. A
avial jm‘ L i = dialogue box simplifies specifying the

G s S parameters of each individual block.
Once parameters have been entered,

calculate harmoni¢ distortion, and the Plotier, VO black

shows the various time-domain waveforms.

a design is ready for simulation.

RF Intercept operates within
EXTEND’s dynamic simulation

environment with a built-in develop-
ment system that supports the
library models and functions of RF

Intercept. Complementary libraries
in EXTEND include printer and

Tienep [ Expanded %l!&hﬂm AL

L]

0065 W&Wﬁﬁﬁﬁl’&'""""' 3 10704 187

plotter drivers, animation routines,
o4 | and electrical-engineering functions.

This example screen from RF Intercept within the EXTEND program shows an The combination of RF Intercept and

amplitude compressor/expandor (compandor), along with its transfer function EXTEN D en.ables users to ef}"ective—
and a Fast Fourier transform (FFT) plot. ly simulate discrete and continuous
R T R P T A R (CONTINUED ON PAGE 227)
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High Performance Electromagnetic and Network
' Simulation and Optimization Tools

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

Products:

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

LINMIC microwave Network Simulator from Jansen Microwave GmbH

Applications:

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

Important Announcements:

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

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

® The IE3D with precise modeling of enclosure will be added soon. The IE3D has been known for its
open structure formulation and its flexibility and capability in modeling 3D and planar structures of
general shape. The implementation of enclosure will make the IE3D more flexible in the modeling of

microwave circuits and antennas. Microwave designers will no longer be locked to a uniform grid for
enclosed structures.

IE3D Simulation Examples and Display FIDELITY Examples
The current distribution on an AMKOR SuperBGA The current distribution and radiation pattern of The near field and Poynting vector display on a
model at | GHz created by the IE3D simulator a handset antenna modeled on IE3D packaged PCB structure with vias and connectors

IE3D modeling of a circular spiral Inductor with IE3D modeling of an IC Packaging with Leads and FIDELITY modeling of a cylindrical dielectric
thick traces and vias Wire Bonds resonator and the Poynting vector display

Poynting vector
and E-field distnbution
on & dielectnc resonator.

Zeland Software, Inc. provides excellent technical support and services.
Zeland Software, Inc. is also the north American exclusive representative for the LINMIC product from Jansen Microwave GmbH

Go to www.mwrf.com and click on the Free Advertiser Information icon
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GD-ROM Encyclopedia
Sorts Glohal Radars

Fanciers of the
world’s radar
systems will find a
wealth of
information on
different
platforms and
their
manufacturers in
this informative
electronic
collection.

ACTIVE RADAR PLATFORMS IN OVER 50 SYSTEM

categories have been compiled into a single, powerful
source—the International Radar Directory. This compact-
disc read-only memory (CD-ROM) from Stephon L. Johnson
(Huntsville, AL) offers platforms from 25 different coun-
tries and more than 130 different manufacturers. The ref-
erence source includes a variety of systems, such as ballis-
tic-missile systems, airborne early-warning radars,
battlefield-surveillance radars, bistatic-radar platforms,
aperture-radar systems, terrain following, and terrain
avoidance systems, air-to-air systems, and air-to-ground
systems. Users can sort by manufacturer, country of origin,

installation application, and function.

Countries on the selection list
include Israel, Ttaly, Poland, Russia,
South Africa, Spain, Sweden, the
Ukraine, and the US. The 12 installa-
tion categories include fixed ground
installations, mobile ground, and
piloted and unpiloted airborne appli-
cations. Browsers will find more than
45 specific system functions. They
include antiballistic missile (ABM)
systems, airborne early-warning
(AEW) systems, and fire-control
radar systems.

Selecting the list of manufactures
presents the browser with a choice of
more than 130 worldwide radar-sys-
tem manufacturers, with pictures
and system specification for almost
all platforms. For example, selecting
Elta, a manufacturer located in
Israel, opens a list of 23 radar plat-
forms, such as maritime-surveillance
radars (MSRs), fire-control radars,
and general-purpose intrusion radar
systems.

Choosing The Netherlands from
the country list presents the browser
with a list of 29 platforms. Included
are battlefield radar systems, two-

. dimensional (2D) portable air-search

systems, and a family of laser, elec-
tro-optical, and infrared (IR) sys-
tems. Selecting a particular system .
of interest displays an image of the
platform or an installation picture
along with system specifications.
Choosing Japan presents the viewer
with over 80 systems. Selecting the |
Japan Radio Co. from the list pre- |
sents the user with a new list con-
taining a choice of 20 systems.
Selecting Russia presents the viewer
with a list of 170 platforms. These
include missile-guidance, air-to-air,
air-to-ground, and electro-optical
systems. Each listing typically con-
tains a profile of operational parame-
ters. The CD-ROM is a true collec-
tor’s item for fans of radar systems,
or engineers working in the field in
need of general information. P&A:
$599.00; stock. Stephen L. John-
son, 4015 Devon St., Huntsville,
AL 35802; (256) 881-9020, FAX:
(256) 881-9020, e-mail: jonskaat
@advicom.net. :
For more information, visit
www.mwrf.com
ALAN (“PETE”) CONRAD
Special Projects Editor
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FOR YOUR W-CDWN A BASE STATI O}

W-CD APPLIC ION

Frequency range: 2110-2370MHz
Bandwidth: 20MHz
Powers 20W/ carrier (

APPLICATIONS

FLL120MK

FREQ. = 2.0 GHz (1)
P1dB = 40.0 dBm
GidB = 10.0 dB

Nadd = 40%

FLL600IQ-2C

FREQ. =2.17 GHz
Pout = 48.0 dBm
G1dB = 12.0 dB

Nadd =51%

FLL15001U-2C

| FREQ. =2.17 GHz
Pout =51.8 dBm
G1dB = 12.0 dB

Nadd = 48%

N JOSE, CA 95131

Visit us at Wireless/Portable
Booth #535

g, . ~ wwwlfcsi_fuj .C u Specified at: (1) 2.3 GHz

FU SU COMPOUND SEMICONDUCTOR, INC. 2355 ZANKER RD.
(408) 232-9500 FAX: (408) 428-9111

Products manufactured by Fujitsu Quantum Devn

td.

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



Low Cost Machined Housing

Low Intermod Construction S 0 I u ti O n S fo I

High Volume Production

Capability ——| Wireless Applications

High Power Handling

Symmetric and Asymmetric Lorch Microwave is now producing a full line of filters and

Pseudo Elliptic Designs diplexers specifically optimized for wireless applications.

In addition to offering a wide range of standard designs

covering the entire cellular and PCS spectrum, our engineers
or over 30 years, ; can assist you with developing custom filtering solutions.

Lorch Microwave has supplied Contact sales so we may offer a solution

quality microwave .components and to your wireless requirements today.

sub systems to a diverse and ever

changing electronics and

communications lndustly With

new facilities and state-of-the—ari

equipment, dedicated [

MICROWAVE

e Helpmg your
/deas take wing ™
 Visit us at Wireless/Portable Booth #936 / !

1725 N. Salisbury Bivd. | |
PO Box 2828

Salisbury MD 21802 USA
Phone 410-860-5100 -
Fax 410-860-1949 yl C
Web http://www.lorch.com 60 00 B apiinn F L 530-1990
E-mail lorchsales@lorch.com 800 9 050




APPLICATION NOTES
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8 lla33'
Study hase

theoryand
measurements

Make CATY |
Sweepand
‘balance tests

Phase-noise measurements have grown in importance due to the proliferation of dig-
ital modulation schemes in modern communiecations systems. Since phase states are
used to represent digital codes, rather than the traditional use of amplitude or fre-
quency to carry messages, the phase noise of a communications system’s local oscilla-
tor (LO) must be extremely low for reliable operation. For those in need of education
on phase noise and how to measure it, an excellent application note entitled “Phase
Noise Theory and Measurement” is available from Aeroflex Comstron (Plainview,
NY).

The note describes phase and other types of noise, first in the time domain (in rela-
tion to time) and then in the frequency domain (as a function of frequency). In the time
domain, noise appears as a random function, which can be characterized statistically
by its distribution, typically as a Gaussian function. In the frequency domain, noise can
be shown as the spectral density of phase fluctuations, frequency fluctuations, ampli-
tude fluctuations, and other disturbances.

The note goes on to define the relationship of noise to a desired signal, and how a sig-
nal’s spectral purity is expressed in terms of noise sidebands relative to the desired
signal carrier. The literature describes amplitude noise and phase noise, the relation-
ship between spectral purity and spectral density, the time-domain characterization
of phase noise and frequency noise, how to characterize the jitter of a source, how to
demodulate the frequency noise of a signal, techniques for making measurements of
frequency noise with a frequency counter and of jitter with an oscilloscope, noise
sources in signal generators, noise in oscillators, and how to characterize a signal gen-

erator in terms of its spectral purity.

The 36-page application note is an excellent single source for information about the
sources of phase noise and how to measure them. The application note is available upon
request from the company. It is also available as a free download from the TestMart
website at http://www.testmart.com. Aeroflex/Comstron, 35 South Service Rd.,
Plainview, NY 11803; (516) 694-6700, FAX: (516) 694-6771, Internet:
http://www.aeroflex.com.

For more information, visit www.mwrf.com

Engineers and technicians faced with evaluating the performance of cable-television
(CATYV) systems must inevitably perform forward-sweep and balance measurements
on the system. Fortunately, a concise six-page application note from Wavetek Wandel
Goltermann provides precise details about setting up and performing these tests.

The application note (No. 1) is based on the use of the company’s StealthSweep fam-
ily of test instruments. In setting up the CATV head end for forward-sweep mea-
surements, for example, the application note recommends the use of a diplexer filter
rather than a power splitter (due to isolation issues) to combine reverse signals. Since
the return signals are generally over the range of 5 to 200 MHz, the note cautions that
improperly setting up the measurement system could result in jitter added to the for-
ward sweep. It recommends that the levels be set between 4 and 12 dBmV. If the lev-
els are set too high, unwanted channels will be enabled and will confuse the measure-
ment.

The note also recommends that a practical channel plan be established, if a channel
plan has not already been created. The channel plans are stored in the memory of the
test equipment. Following this, it is necessary to build sweep points for the transmit-
ter (Tx), if it is required to examine vacant bandwidth during a test.

The note provides guidance on how to copy channel plans with the test receiver (Rx),
how to change settings in the field, and balance signal levels. It includes a trouble-
shooting section on common forward-sweep problems, and how the portable mea-
surement Rx can be used for other test applications.

The six-page application note is available upon request from the company. It is also
available as a free download from the TestMart website at http:/www.testmart.com.
Wavetek Wandel Goltermann, 1030 Swabia Court, P.O. Box 13585, Re-
search Triangle Park, NC 27709-3585; (919) 941-5730, FAX: (919) 941-5751,
Internet: http://www.wwgsolutions.com.

For more information, visit www.mwrf.com
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I A T
WAVEFDRI

e domain simulation of waveform
highly nonlinear microwav.
d optoelectromc circuit

Complements existing time domain and
harmonic balance simulators allowing:

» prediction of voltage waveforms at every
node in a nonlinear circuit

» analysis of pulsed RF network responses

» examination of transient and start-up times
in oscillators

» analysis of filter step-function

» detection of unintentional oscillation in
amplifier circuits

* assessment of response to complex dnvmg
signals such as in NRZ=E
commimiCaN TN TEST EQUIPMENT CONTROL

» visualization:of switchilig wreEions ik YIELD ANALYSISg -
digital cireuits, . ALY R

e

componérj_ \
for PCs.

SCHEMATIC CAPTURE

LINEAR CIRCUIT SIMULATION
NONLINEAR WAVEFORM SIMULATION
LAYOUT

DATA ACQUISITION

OPTOTER  EYTYIRT

' 'sales@optotek.com

Ph :613-591-0336 H H
Phone: $13.891-0336 ...the right tool for the jo

Fax: 613-591-0584

Go to www.mwrf.com a
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Novel Passive FET Mixers Provide
Superior Dynamic Range

The dual-double-balanced configuration of these FET mixers
helps to improve dynamic range with reduced conversion loss

and noise figuve without expending DC bins.
Daxiong Ji and Radha Setty

Engineering Department
Mini-Circuits, P.O. Box 350166, Brooklyn, NY 11235; (718) 934-4500, FAX: (718) 332-4661, Internet:
http:/fwww.minicircuits.com.

“

ECEIVERS (Rxs) in support of the continually expanding wireless market-
place rely heavily on improved performance from mixer components. What
was once considered adequate performance in terms of dynamic range—
mixer noise figure at the low-level end of the dynamic range and third-order
intercept point (IP3) at the high-level end—is no longer good enough. Since mod-
ern mixers must provide third-order intercept performance in excess of +35
dBm, the engineers at Mini-Circuits (Brooklyn, NY) set out to beat that number
by at least 3 dB, with a new line of field-effect-transistor (FET) mixers designed

for third-order intercept performance to +38 dBm.

Due to the crowding of licensed and unlicensed
bandwidths by an increasing number of wireless
applications, including cellular telephones, wireless
local-area networks (WLANSs), and the coming of
Bluetooth devices (see the supplement on Blue-
tooth packaged with this issue), Rxs are faced with
a growing number of undesired carriers along with
the wanted signal carriers. When the unwanted car-
riers are close in fre-

in relation to the IP3 of the Rx. The higher the Rx’s
IP3, the better suited it is to capture the desired

signal in the presence of unwanted IMD.
Conventional double-balanced and triple-bal-
anced mixers are produced using Schottky barrier-
diode quads. An IP3 of +25 to +31 dBm can be
achieved by using this technique. However, to
achieve such high IP3 performance in a diode-based
mixer requires a great

quency to the desired
carrier, front-end Rx
filters cannot remove

the interference sig- Lo 2 . IF
nals. The unwanted : 1 :
carriers then mix with [ P |

each other and with i oo

the desired signals and
generate intermodula-
tion distortion (IMD).
Every system
designer wants to min-
imize IM products. In

narrowband Rxs, one o

of the most trouble-
some IM produets is

deal of tuning, which
then increases the
manufacturing com-
plexity and cost. Well-
designed FET mixers,
on the other hand, can
provide extremely lin-
ear performance, and
can be used as mixing
elements, with high
IP3  performance
readily possible. This
article highlights a
series of double-bal-
RF anced and dual-dou-

the third-order prod-
uct, which is measured

1. This schematic diagram shows the basic
configuration for a double-balanced FET mixer.

ble-balanced (patent-
pending) FET mixers
designed for IP3 per-
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The futuré of wireless is here: Bluetooth™* has
arrived. And to really expldi_t tho&e_ cable-free
market oppoftuniﬁ& - in phones, home appliances,

 semiconductor vendor thar delivers quickly. '

\iconductors is that vendor. Evidence? Already a leader in

'Seniicbndﬁé;_tﬁrjs brought t!_r\e" fi

computers and peripherals - you'll need a

R
RS

'wireleés_ intefcdr:x_hcczivity.s'mﬁdir.ds‘like 802.11 .“and-: IEEE 1"3‘5'34,‘-Philips

rst Bl:ticthdt‘h";hipsets 0 ‘I‘I‘lgil'két.- Anc

became one of the wor]d’_s'lafgésit producers of;]quﬁmuyﬁuc_:i_ti.qn ICs

 More than just ch_ipgéts, we ‘-p'rQVidc'optimli'z'eﬂ; é.\dh'x‘umﬁ:“im“r_o:l\}i‘ng 1Cy

software, OEM destgns and Ebhzivﬂiéd support ln all‘.stégo:%s of dézvéiép}nent
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system-on-chip design. If you don', then you can rely on us for plug-and-play
modules that equal instant Bluetooth funcrionality. There are countless ways

we link the world without wires. And link your imagination to reality.

To find our more, visit www.semiconductors philips.coni/B

*Bluetooth is owned by its proprietor and licensed to Philips Semiconductors.
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formance to +38 dBm.

Modern mixers with IP3 on the
order of +30 dBm and higher typical-
ly use FETs as mixing elements.
Some of the disadvantages of com-
mercially available FET mixers are a
higher conversion loss/noise figure of
approximately 9 dB, and the need for
DC bias current.

Mixers are usually specified for
their input IP3 performance. The
corresponding output IP3 perfor-
mance is the difference between the
input IP3 and the conversion loss.
Thus, higher conversion loss results
in lower output IP3. Higher mixer
noise figure results in higher Rx
noise figure. To reduce the Rx noise
figure, high-gain low-noise amplifiers
(LNASs) must be used in the front
end. However, this increases the sig-
nal level (wanted and unwanted)
reaching the mixer, and limits sys-
tem performance due to the IP3 limi-
tation of the amplifier.

The need for DC current increases
the complexity of a circuit design.
The current supply should have low
noise, or it may introduce spurious
signals at the output. It requires ad-
ditional real estate on a printed-cir-
cuit board (PCB) to transfer the cur-
rent from its source to the mixer. The
need for mixer current increases the
DC power budget for an Rx design.

Fortunately, the traditional short-
comings of FET-based mixers have
been addressed by a line of dual-dou-
ble-balanced FET mixers and dou-
ble-balanced FET mixers from Mini-
Circuits. The patent-pending
dual-double-balanced and double-
balanced FET mixers feature low
conversion loss, low noise figure, and
high IP3 performance, even though
they do not require DC bias current

2. The model HJK-21H is a double-
balanced FET-based mixer
designed for use with RF signals
from 1850 to 1910 MHz and LO
signals from 2090 to 2150 MHz.

and use patented' FET quads.
Figure 1 shows a schematic dia-
gram of a double-balanced mixer
based on FET devices. It consists of
four FETSs in a quad configuration,
along with RF, local-oscillator (LO),
and intermediate-frequency (IF) bal-
anced-unbalanced (balun) transform-
ers. The operation of this type of
mixer is similar to that of a conven-
tional diode-based double-balanced
mixer. The main difference is that the
FET mixer has six terminals, com-
pared to the four terminals of the
double-balanced diode mixer. During
the positive half-cycle of the LO sig-
nal to the FET mixer, two of the
FETs are in conduction while the
other two are turned off. As a result,
the secondary winding of the RF
balun is connected to the secondary
winding of the IF balun through the
FETs that are switched on. During
the LO signal’s negative half-cycle,
the FETs which were on during the
positive half-cycle are turned off and
vice versa. This results in a reversal
of the polarity of the RF signal reach-
ing the IF balun. The frequency at
which the FETs are turned on and off

is determined by the frequency of the
LO signal. This is mathematically
equivalent to a multiplication of the
RF and LO signals, resulting in the
generation of sum and difference fre-
quencies at the IF port.

To obtain high IP3, all the switch-
ing elements in the mixer circuit
should be linear and well balanced.
To achieve even higher IP3 and isola-
tion compared to a standard double-
balanced FET mixer, a dual double-
balanced mixer configuration (patent
pending) is used in the new series of
FET mixers from Mini-Circuits.
These high-1P3 mixers are available
in numerous cellular and personal-
communications-services (PCS) RF
ranges through 2 GHz (see table).

An example of the new FET mixer
line is the model HJIK-21H (Fig. 2),
which operates with RF signals from
1850 to 1910 MHz and LO signals
from 2090 to 2150 MHz. It yields IF
signals from 180 to 300 MHz and is
designed for LO power levels of +17
dBm. The mixer exhibits maximum
conversion loss of 8.9 dB, with typical
performance of 7.6 dB. The HIK-21H
achieves typical input IP3 perfor-
mance of +36 dBm (Fig. 3). The LO-
to-RF isolation is typically 28 dB,
while the LO-to-IF isolation is typi-
cally 25 dB. The mixer, with return
loss of typically better than 9 dB,
exhibits minimal change in return-
loss and isolation-performance levels
as a function of LO power. The effect
of LO power on RF and LO return
loss is minimal for the FET-based
mixer, although the effect of varying
the LO power on IF return loss is
comparable to the effects seen with
diode-based mixers.

A significant advantage of a FET
mixer over diode is in its compression

Electrical specifications (FET mixers)

Frequency
(MHz)

Lo

18010300 |

910 2090 to 2150 ;_

1910 1710101769 50 to 200

910 1780101840 70t0130 | 17 | 36 T167
| 7580778 40to100 | 17 | 33 167
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characteristics. The RF power level
at which the conversion loss of the
mixer increases by 1 dB, when com-
pared to the conversion loss at low
RF power, is known as the 1-dB com-
pression point. The 1-dB compres-
sion point of a diode mixer is general-
ly 4 to 6 dB lower than the power
level of the LO signal, whereas the 1-
dB compression point of a FET mixer
such as the HJK-21H is typically +20
dBm, or 3 dB higher than the power
level of the LO signal.

Dual double-balanced mixers
employ two FET quads and a novel
balun arrangement (patent pending)
to achieve high IP3 and high isola-
tion. An example of such a mixer is
the model HUD-19SH, which has a
typical IP3 of +38 dBm (F'ig. 4). This
TP3 performance is high enough to
meet the most demanding require-
ments of today’s communication
equipment. The FET-based mixer is
designed for RF signals from 1819 to
1910 MHz and LO signals from 1710
to 1769 MHz. It yields IF signals
from 50 to 200 MHz. Its conversion
loss, which is typically 7.5 dB for an
LO power level of +19 dBm, suffers
variations within 0.2 dB for changes
in LO power level. The LO-to-RF iso-
lation is also tightly controlled. The
isolation performance of this mixer is
approximately 8 to 10 dB better than
that of a double-balanced mixer, with
return loss that is comparable to the
performance of a diode-based mixer.

Two other mixers are listed in the
table, models HIK-19H and HIK-9H.

COVER FEATURE

- L020 (dBm) / \

38 W\\»<

@ N
\W/

& |L019 (dBm) \ / / \
; a7 P i \
% LO18 (dBm) \
35 &
4
1800 1820 1840 1860 1880 1900 1920 1940

RF frequency—MHz

4, The IP3 of the HUD-19SH FET mixer was measured from 1800 to 1940 MHz
for LO power levels of +18, +19, and +20 dBm.

The former is designed for RF signals
from 1850 to 1910 and L O signals from
1780 to 1840, and yields IF signals
from 70 to 130 MHz. The latter is
designed for RF signals from 818 to
853 MHz and LO signals from 753 to
778 MHz and yields IF signals from 40
to 100 MHz. Both mixers are suitable
for use with an LO power level of +17
dBm. The HJK-19H achieves IP3 per-
formance of typically +36 dBm with
typical conversion loss of 7.5 dB, LO-
to-RF isolation of typically 28 dB, and
LO-to-IF isolation of typically 22 dB.
The HJK-9H achieves IP3 perfor-
mance of +33 dBm with typical con-
version loss of 6.7 dB, typical LO-to-
RF isolation of 35 dB, and typical
LO-to-IF isolation of 31 dB.

Future designs will address appli-

42

a0 /
38 ‘%__

LO18 (dBm)
y

L019 (dBm)

IP3—dBm
\\

LO17 (dBm)
34
g7
LO16 (dBm)
30
28
1790 1820 1850 1880 1910 1940 1970

RF frequency—MHz

3. The IP3 of the HJK-21H FET mixer was measured from 1790 to 1970 MHz
for LO power levels of +16, +17, and +18 dBm.

cations beyond 2 GHz. These FET-
based mixers have been developed to
satisfy the demanding requirements
of modern communications applica-
tions. In these mixers, the IP3 per-
formance is predictably sensitivity
(with a shift of approximately 2 dB in
IP3 performance for every 1-dB shift
in LO power) over a +2-dB level of
nominal LO power requirements.
This is useful for system designers
when budgeting for power consump-
tion. In addition to superior IP3 per-
formance, these mixers provide con-
version loss and isolation per-
formance that is comparable with the
state of the art of present day mixers.

A series of FET mixers, which
offer an IP3 of +15 dBm in excess of
LO power (i.e., +7-dBm LO power
mixer offering +22-dBm IP3), is also
being offered to complement this
series of mixers.

The HJK and HUD series of FET
mixers have been designed by using
standardized fixtures and internal
design layouts, enabling automated
manufacturing in Mini-Circuits man-
ufacturing plants. Consequently,
these mixers are offered at a lower
cost compared to market offerings.
Mini-Circuits, P.0. Box 350166,
Brooklyn, NY 11235; (718) 934-
4500, FAX: (718) 332-4661, Inter-
net: http://www.minicircuits.com.

For more information, visit
www.mwrf.com
Reference

1. United States Patents, Nos. US5416043 and
US5600169.
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In a year wher
solid product d

onomy peaked, the industry produced
es largely aimed at fueling continued

growth in wiveless and high-speed mavkets.

JACK BROWNE
Publisher/Editor

OLID, but not spectacular” might be a phrase to sum up the thou-

sands of products introduced by high-frequency firms during the

year 2000. Wireless communications continued to be the major driv-

ing force behind many new product developments, although some of

the products among this year’s picks indicate a movement of the mi-
crowave industry toward the realm of high-speed data communications.

This year’s lineup of Top Productsis | benefit to the high-frequency engi-

based not only on technological innova- | neering community. As always, the list

tion, but also on perceived practical | offers a variety of different product

Agilent Technologies’ NFA Series
Cover, p. 199)

Agilent Technologies’ PNA Se
(September, p. 140) .

Agilent Tachnologles PSA Saﬁas 0f
analyzers
(November Cover p. 137)

Analog Devices' modelADSBS 4- uadratu

Celerity Systems’ modeiﬂcsmm distortion
150) :

Dow-Key Mlcrowave s spac:e—qua i ed
Cover, p. 135)

types, from tiny integrated circuits
(ICs) to costly measurement equip-
ment. Each product or product series
represents a significant development,
as well as many long hours of develop-
ment and toil by dedicated engineering
teams. Congratulations are due to all
of the engineering teams represented
by the list below for their efforts in
bringing these products to market.
Since instrumentation is vital to the
characterization of new circuits and
devices for communications applica-
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Top Products 0f 2000

tions, it is not surprising to see a num-
ber of test instruments on the Top
Products list for 2000. The first issue of
the year, in fact, introduced the TAS
8250 cable network and interference
emulator from Telecom Analysis Sys-
tems (Eatontown, NJ). Now known as
Spirent Communications, the company
created a multifunction instrument to
accurately model the characteristics of
hybrid-fiber/coaxial (HFC) networks,
including cable modems and cable-mo-
dem termination systems.

The TAS 8250 provides wideband
channel emulation of the 50-to-860-
MHz cable-television (CATV) down-
stream frequency band, as well as the
5-t0-42-MHz upstream frequency
band. The unit can generate additive
impairments such as wideband noise,
along with key cable-network charac-
teristics such as amplitude tilt, net-
work-filter emulation, and intermodu-
lation distortion (IMD). The
instrument allows users to indepen-
dently control the level, frequency, and
burst-timing characteristics of all im-
pairment conditions in the upstream
and downstream channels, making it
possible to evaluate the effects of ca-
ble-network impairments under a con-
trolled environment.

Celerity Systems (Cupertino, CA)
also brought a communications tester
to market in 2000 with their model
CS29010 distortion test set
(Fig. 1). Based on a personal-
computer (PC) platform, the
innovative tool generates and
analyzes complex modulated
waveforms over instanta-
neous bandwidths as wide as
40 MHz, making it ideal for all
formats of code-division mul-
tiple access (CDMA), includ-
ing the widest-bandwidth §
proposed formats.

The CS29010 digitizes in-
put signals across an instanta-
neous bandwidth of 45 MHz, &
converting them to 12 b of £
digital data. The system can s
be specified with a variety of [
frequency-conversion options #
for operation with carrier fre-
quencies up to 40 GHz. It has
a standard input amplitude

measurement range of -60 to 1. The model CS29010 distortion test set uses a
0 dBm, with a high-power op- personal-computer platform to provide generation and

up to +20 dBm. The CS29010 incorpo-
rates an arbitrary waveform genera-
tor (AWG) for creating all forms of dig-
itally modulated signals with
bandwidths as wide as 40 MHz.

As digital circuits increase in speed,
they behave more like traditional mi-
crowave circuits—affected by para-
sitic-circuit elements with circuit
geometries that depend upon wave-
lengths. In response to a growing
need, ATN Microwave (North Biller-
ica, MA) made news with their model
ATN-4002A measurement system.
Based on a vector- network-analysis
mainframe, the system is designed to
evaluate the differential (matched) cir-
cuits common to digital applications.
The measurement system features a
20-GHz bandwidth and uses mixed-
mode scattering parameters to track
the flow of energy through balanced
circuits and components. Compared to
single-ended S-parameters where
stimuli and responses are analyzed in
terms of single-terminal devices,
mixed-mode parameters examine cir-
cuits and devices as having two termi-
nals. In essence, the ATN-4002A is the
first measurement system to bring the
precision of a microwave vector net-
work analyzer (VNA) to the digital
realm.

Agilent Technologies (Santa Rosa,
CA) “scored” high marks in this year’s

mm— T g g
e

o,

tion for handling signal levels analysis of broadband modulated signals.

Top Products awards with three major
product introductions. The first was
the NFA series of noise-figure analyz-
ers, unveiled in the May issue of Mi-
crowaves & RF. The first major up-
grade to the industry’s venerable 8970
noise-figure analyzer in approximately
two decades, the NF A analyzers pro-
vide new levels of accuracy over their
predecessor, with the measurement
speed needed for modern, high-volume
communications device and compo-
nent testing.

The first two instruments in the
NFA series (Fig. 2) are the model
N8972A with a frequency range to 10
MHz to 1.5 GHz, and the model
N8973A with a frequency range of 10
MHz to 8 GHz. The measurement
noise-figure uncertainty of the lower-
frequency unit is a low +0.10 dB, while
the measurement noise-figure uncer-
tainty of the higher-frequency unit is
an impressive +0.05 dB. A noteworthy
enhancement to these analyzers over
their predecessor is the addition of se-
lectable measurement bandwidths (in
the higher-frequency unit). Operators
of the N89T3A can choose from an ar-
ray of measurement bandwidths, in-
cluding 100 kHz, 200 kHz, 400 kHz, 1
MHz, 2 MHz, and 4 MHz. With the
choice of measurement bandwidths,
operators can select a bandwidth that
is closer to the actual bandwidth
“seen” by a particular applica-
tion, such as using 200 kHz for
evaluating Global System for
Mobile Communications
(GSM) filters.

Later in the year, the com-
pany brought the PNA series
of VN As to market which fea-
7 tured upgrades in speed, ac-
g curacy, and ease of use com-
pared to their predecessors,
the 8753 line. The new analyz-
"% ers offer measurement

§ speeds between 6 and 35
W times faster than their prede-
g cessors, and as fast as 35 ps
per point. The trace noise is as
low as 0.0005 dB, the lowest
level the company has ever
achieved with a VNA.

Unlike earlier sampler-
based VN As, the new analyz-
ers have mixer-based front
ends. Mixers help to lower the
test system noise floor (and
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Top Products of 2000

increase dynamic range). The analyz-
ers also use two reference receivers
(Rx) rather than the single reference
Rx of their predecessors, for improved
power-level accuracy, source match,
and measurement repeatability. The
two reference Rxs also support trans-
mission-reflect-line (TRL) calibra-
tions, which are useful when making
probe-based measurements. The ana-
lyzers offer an operator system that
will be familiar to many engineers,
since they are among the first mi-
crowave measurement instruments to
be based on Microsoft’s Windows 2000
operating system.

The company closed out a
successful year with the intro-
duction of the Performance
Spectrum Analyzer (PSA) se-
ries of instruments in the No-
vember issue. Building upon
the tradition of the model HP
8566 spectrum analyzer, a
long-time industry
workhorse, the PSA instru-
ments bring the latest in
phase-locked-loop (PLL) syn-
thesizer technology and digi-
tal resolution-bandwidth fil-

tering to the world of 2.The NFA series of noise-figure analyzers bring new
levels of accuracy and speed to noise-figure
measurements through 3 GHz.

spectrum analysis. The model
E4440A is the first analyzer in
the new line, with coverage
from 3 Hz to 26.5 GHz. It embodies
several innovations that enable it to
set new standards for measurement
speed, accuracy, and dynamic range at
a competitive cost.

The E4440A (Fig. 3) carries an im-
pressive list of credentials, including
sweep speeds of 1 ms, gensitivity of
-153 dBm, logarithmic linearity of 0.1
dB across a 100-dB dynamic range, a
distortion-free dynamic range of 113
dB, and an absolute amplitude accu-
racy of +0.35 dB. Across a frequency
range of 26.5 GHz, microwave engi-
neers now truly have an open window
to a wide range of continuous and in-
termittent signals.

The complex intermediate-fre-
quency (1F) circuitry found in the pre-
decessor 8566 A/B instruments has
been reduced to a single IC. And what
required eight circuit boards in signal-
processing electronics in the 8566 is
just a single circuit board in the
E4440A. The new analyzer, which is
based on a reduced-instruction-set-

computer (RISC) microcontroller,
takes advantage of advances in micro-
processor technology for enhanced
processing speed and accuracy.

The E4440A offers 160 resolution-
bandwidth-filter settings, with filters
adjustable from 1 Hz to 3 MHz in 10-
percent steps, and fixed at 4, 5, 6, and 8
MHz. All resolution-bandwidth filters
are digital, contributing to the excel-
lent absolute amplitude accuracy and
measurement speed. By implementing
the filters with digital-signal-process-
ing (DSP) techniques, it is possible to
achieve near-ideal shape factors (the
ratio of the 3-dB bandwidth to the 60-

dB bandwidth). Traditional analog res-
olution-bandwidth filters exhibit shape
factors on the order of 12:1. The digital
filters in the E4440A boast nominal se-
lectivity of better than 4.1:1. Due to
this improved performance, operators
can use wider resolution-bandwidth
filters with the E4440A than in con-
ventional spectrum analyzers with
analog filters, resulting in improved
measurement speed.

The E4440A offers absolute ampli-
tude accuracy of £0.3 dB at 50 MHz.
The noise floor sits at 156 dBm, while
the analyzer can also handle signals as
“hot” as +30 dBm with a built-in input
attenuator (and up to +5 dBm without
the attenuator). The spectrum ana-
lyzer achieves a third-order intercept-
to-noise dynamic range of 76 dB, which
is suitable for evaluating the adjacent-
channel-power (ACP) characteristics
of wideband-CDMA (WCDMA) sig-
nals. The phase noise for offset fre-
quencies from 10 to 100 kHz is typi-
cally —113 to -118 dBc/Hz, but drops to

-142 dBc/Hz offset 1 MHz from the
carrier. The E4440A’s phase noise can
be optimized manually, or operators
can choose an automatic mode that se-
lects the phase-noise setting that opti-
mizes measurement speed.

The increasing use of fiber optics
and digital technologies at high-fre-
quencies was reflected in the choice of
the MDD series of fiber-optic links
from MITEQ, Inc. Hauppauge, NY).
Designed as replacements for coaxial
lines, the fiber-optic links offer analog
bandwidths as wide as 10 GHz from 1
to 11 GHz. Supplied with 50-Q input
and output ports for ease of connection
to RF systems, the optical
links are immune to electro-
magnetic interference (EMI),
relatively secure from jam-
ming and interception, with
low susceptibility to interfer-
ence from lightning.

The MDD series of optical
links operates at a wave-
length of 1550 nm with a 3-dB
bandwidth of 1 to 11 GHz.
The links have an input/out-
put (I/0) transfer function of
nominally 10 dB, with a nomi-
nal noise figure of 14 dB at 4
GHz. The links suffer only 0.1
ns nominal peak-to-peak
group delay with nominal I/O
VSWR of 1.25:1. The noise figure is
nominally 14 dB at 4 GHz, while the
output third-order intercept point
(IP3) is nominally +7 dBm at 4 GHz.
The links offer the advantages of fiber-
optic technology to RF/microwave de-
signers, with simple 50-Q) interfaces
that ease interconnection with RF/mi-
crowave systems,

On the component side, the Top
Products list featured numerous ad-
vances in “building-block” technolo-
gies. The model 511HAJ-730322-3 T-
Switch from Dow-Key Microwave
(Ventura, CA) brought new levels of
performance to an S-band space-quali-
fied electromechanical switch. De-
signed for durability over time (15
years or more) rather than switching
cycles, it can handle average power
levels of 140 W at S-band and peak lev-
els up to 560 W. The switch is designed
for deep-space use from 2.5 to 4.8 GHz.
It exhibits minimum isolation of 70 dB
between ports across its full frequency

(continued onp. 229)
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Power Amplifiers

Multichannel PA
Boosts Gellular Signals

A series of PAs with feedforward
linearization helps cellular base stations
boost digital and analog wiveless signals.

DON KELLER

Senior Editor

F power amplifiers (PAs) are integral components of cellular net-

works. An RF PA must support current analog and digital cellular

standards. Ideally, it would also be adaptable to emerging third-gen-

eration (3G) standards. Paradigm Wireless Systems (Irvine, CA) of-
fers a series of RF amplifiers that meet these criteria. The MAF Slim series
includes five multichannel, 50-to-60-W PAs that support current and
emerging wireless applications, including Advanced Mobile Phone Service
(AMPS), time-division multiple access (TDMA), code-division multiple ac-
cess (CDMA), wideband code-division multiple access (WCDMA), Global
System for Mobile Communications (GSM) Enhanced Data rate for GSM
Evolution (EDGE), and IMT-2000. The amplifiers use feedforward con-
trol-loop technology to enhance linearity and reduce distortion.

The main difference among the . any 20-MHz band between 920 and

five amplifiers is the frequency range
in which they operate, and the band-
width over which they deliver
their specified parameters. Model
MAF&800-60S operates over the 25-
MHz band from 869 to 894 MHz,
model MAF900-508 operates over

960 MHz, model MAF1800-60S oper-
ates over any 30-MHz band between
1805 and 1870 MHz, model

MATF1900-60S operates over any 30-
MHz band between 1930 and 1990
MHz, and model MAF 2100-50S op-
erates over the 60-MHz band from

2110 to 2170 MHz. Other differences
among the models include average
power output, intermodulation dis-
tortion (IMD), and power-supply
current requirements (see table).
The amplifiers.are otherwise simi-
lar. For all models, RF gain is 60 dB,
gain flatness is 0.5 dB, and mini-
mum input and output return loss
are 14 dB. The amplifiers produce
second harmonics of better than —50
dBe, third harmonics of better than
—60 dBc, and out-of-band harmonics
of better than —60 dBe. They oper-
ate from a +27-VDC power supply
and require external forced-air cool-
ing to stay within their operating
temperature range of 0 to +50°C.
The amplifier modules can be de-
ployed singly or combined in groups
of up to six modules through the use
of combining racks. Two types of
rack are available—one that holds up
to six modules, and another that can
hold up to four. This allows users to
create scalable, redundant, hot-

swappable configurations that can
. generate up to 325-W total RF out-

put power.

The RF input, RF output, alarm,
and power-supply connectors are all
D-SUB. Front-panel indicators and
alarms include DC power on, VSWR
(mismatch), overtemperature, out-
put power (RF), loop failure, and
power-supply failure. Paradigm
Wireless Systems, 1672 McGaw
Ave., Irvine, CA 92614; (949)
260-1840, FAX: (949) 260-0883,
Internet: http:/www.pws.com.

For more information, visit
www.mwrf.com
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RF Connectors * Cable Assemblies ¢ Resistive Products

As a leader in the microwave industry, our
RF Connector, Cable Assembly and Resistive
Products Division has over 40 years of proven
high-quality performance. We design and
manufacture RF coaxial connectors, cable
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Frequency Synthesizers

Model, Analyze, And Simulate >.A
Fractional-N Frequency Synthesizers

Linear and nonlinearv analysis techniques have

Part 1 of
2 parts

been applied to the study of several fractional-N
frequency-synthesizer avchitectuves.

Yiping Fan

Senior Design Engineer

OISE and speed are critical performance parameters for frequency

synthesizers in communications systems. One of the more versatile

synthesizer architectures is the S A fractional-N circuit, which com-

bines fast-switching speed, high resolution, and low phase noise.
But to better understand how to apply such sources, techniques were de-
veloped at Philips Semiconductors (San Jose, CA) for the analysis and syn-
thesis of XA fractional-N synthesizers. Work was applied to various synthe-
sizer configurations (MASH1, MASH11, and MASH111), and a set of
mathematical expressions were developed to show the relation between
the %A sequence and >A phase noise. Through analysis and simulation, it
will be shown that the inherent nonlinearity of the voltage-controlled os-
cillator (VCO) in a fractional-N synthesizer, in conjunction with insuffi-
ciently suppressed > A phase noise from the synthesizer, are causes of spu-
rious generation in the synthesizer. In addition, gain mismatch of the
charge pumps and other nonlinearities inside the synthesizer loop are ma-
Jjor contributors to the phase-noise and spurious performance of a frac-
tional-N frequency synthesizer.

Due to the rapid growth of commu- |
' modulus fractional-N) frequency
system designers require frequency |
synthesizers with faster switching |
speeds and improved spurious/ |
i vice versa. However, for a 3A frac-
fine-grained resolution (channel

nications applications worldwide,

phase-noise performance, along with

spacing). In an integer-N (or low-
synthesizer, one must compromise
the noise performance in order to ob-
tain a higher switching speed, and

tional-N frequency synthesizer, such

K Accumulator

MASH11

K Accumulator

MASH111

1. The MASH11 (left) and MASH111 (right) fractional-N frequency
synthesizers can be implemented with these hardware configurations.

a trade-off does not appear to be nec-
essary. Since an RF divider can only
divide a complete number of VCO cy-
cles, a fractional dividing ratio must
be realized by means of time averag-
ing. The multistage-noise-shaping
(MASH) structure is popular within
the synthesizer-design community
not only because it is simple to imple-
ment in hardware, but also because it
has an attractive noise-transfer func-
tion and is unconditionally stable
across the full fractional region.
Figure 1 shows two MASH struc-
tures (MASH11 and MASH111)
where common digital blocks such as
accumulators, adders, and D flip
flops are used. To begin the analysis
of a 2A frequency synthesizer, it may
help to review a basic block diagram
(Fig. 2). The charge pump is as-
sumed. The block diagram is almost
identical to an integer-N synthesizer,
except that the dividing number N(t)
is varying according to the output of
the ZA calculator. The dividing num-
ber N(t) consists of two parts—the
constant integer N and the time-
varying integer AN(t), which is up-
dated by the ZA calculator between
two divisions. Parameter AN(t) is a
periodic number and its period is
twice the accumulator’s overflow
value. Once the hardware of the cal-
culator is specified, AN(t) is the func-
tion of the integer K. The average
fractional dividing ratio is equal to
the K value scaled by the overflow
value. The states of the 2A calculator
is updated by the edges of the RF di-
vider output. Therefore, the updates

¢ of the 2A calculator are not in syn-
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chronization with the reference clock
edges. The integer range of AN(t) de-
pends on a particular XA modulation
used by the %A calculator. Parameter
AN(t) will have four levels from -1 to
+2, and eight levels from -3 to +4 for
the MASH11 and MASH111 configu-
rations, respectively.

For a XA fractional-N frequency
synthesizer, a phase error almost al-

ways exists at every compare in-
stance. In the locked condition, the av-
erage phase error over a complete %A
sequence, i.e., AN(t), must be zero.
Due to the varying dividing number,
the pulse edges of the RF divider out-
put are position-modulated. When the
divider output is edge-compared with
the reference clock at the phase detec-
tor’s input, the phase detector will

BEFORE.

QONFEX

. pacitors are and always
oduct for over 20 years, we have

q deveiop the broadest variety of chip types,

s, sizes, values, and tolerances available today.

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

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

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

quantity and tolerance limitations apply).

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

part or cross referencing a part currently in use.

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

comeex CORP

electronic components
Visit us at Wireless/Portable booth #1325

generate a phase-error (or noise)
waveform which is pulse-position and
pulse-width modulated. The pulse
width indicates the sign and magni-
tude of the phase error and the pulse
position indicates when this phase er-
ror occurs within a period. It is intu-
itive that this phase error will modu-
late the VCO through the charge
pump/loop filter and the VCO output
influences the RF divider output. Due
to this “chicken and egg” dilemma,
this intuition leads to a difficult situa-
tion for analyzing the synthesizer per-
formance. Further analysis shows
that among all noise sources, the
phase error at the phase detector is
primarily contributed by the XA se-
quence. Therefore, the analytical
model for the noise/spurious perfor-
mance can be abstracted into a some-
what-modified block diagram (Fig. 3),
where the phase error, due to the A
sequence, is taken out of the loop and
treated as if it came from an indepen-
dent noise source at the phase detec-
tor. In this model, N + nis the average
dividing ratio, and n is the average
fractional part.

Since the focus here is on the XA
phase noise, other noise sources,
such as those from the reference
clock or the VCO itself, are not con-
sidered here. When the noise sources
are not correlated, they additively
contribute to the overall noise and
spurious performance, and can be
straightforwardly analyzed. Unlike
the classic linear approach, the VCO
block is split into two blocks—the
VCO phase block and the sinusoidal
block in this model. The feedback
path starts at the VCO phase output.
From the phase-feedback point of
view, this point is the same as the
VCO output used in hardware.

To quantify the XA phase-noise
source in Fig. 3, two properties are
used—the periodic XA sequence and
the negligible VCO noise to the input
of the phase detector. The second
property enables the use of an ideal
carrier with a proper frequency in
calculating the XA phase-noise
source (Fig. 4). The first property en-
ables the expansion of the %A phase
error at the phase-detector output,
PE(t), by the Fourier series:

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

MICROWAVES & RF « DECEMBER 2000

184




TRW packs hefty broadband performance
into some pretty cool MMIC amplifiers.
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3. This block diagram of a S A fractional-N frequency synthesizer has been

modified for analysis purposes.
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sm{ v ZW(J) } lated according to Eq. 5: The ith harmonic power of the ZA
_ phase noise is then POW(i):
cosfi g By (j)] (2) P (i) = [z N+ AN ] SO + O
+ )
j=1 pow(i) = 2 T IO : 2O qg)
L
2 P (i j
y(i) = 2 (;J —[ (0] T_iNn+ A0 (5) Therefore, Eqs. 6, 7, and 8 estab-
j=i 2 2 lish a link between the phase error at
i w, P, (j) where: the output of the phase detector in
sin.{ 04“]} T. = the period of the carrier. the time domain and the phase-noise
2 After eliminating P (i) from Eqs.2 = power in the frequency domain.
i o P 3 and 3, the result is: _When iwoP,(j) <2, sin[in P, ()] =
sinfi 0y ()] (3) iwoPy(j) and cosliwgPy ()] = 1. Note
where: that if i <LL/2, that is, if it is half the
P}, (i) = the pulse position at the ith sm[,’ w, pw(j)] reference frequency, these condi-
reference clock instance (the pulse tions are easily satisfied. Under this
position is defined as the middle of 605[2_71' ,’j} + condition, Egs. 6 and 7 become:
h pul L
ea%p l()g S:ei’he pulse width at the ith % ( i ms[i 0 P, )D (6) x(i) = Do i P.(j)
reference clock instance, 0 fwlJ ey
I, = the fundamental frequency of T2 ..
PE(t), and s cos| 2% i j] (9)
L = the length of the A sequence. L
L
The pulse width can be calculated sini 9 2, )] ) = Lo Z P, (
. : w b
from: m{z_ﬁ ij] . j=1
i - 1] LL 2n
yli) = — (7) in|— 1j 10
P, (i) = TC{Z AN (j) - ] W T o) [ L ”] 1o
=1 an[zl i.)} Equations 9 and 10 are simply the
The pulse width and position are re- L discrete Fourier transfer pair of the
p
Reference > Reference > >
g | Charge | | Loop . clock _[KPFD —> SAPhase Noise
clock _’>PFD .| pump fier > VCO >
Ideal RELUE .
M= | carrier N+ AN(t)
N + AN(1)
A
Sigma-delta
Sigma-delta < <}«
caloulator [€——K calculator
4. This block diagram of a XA fractional-N frequency

2. This basic block diagram shows the structure of a ZA

fractional-N frequency synthesizer.

phase noise.

synthesizer has been modified to help in calculating
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Frequency Synthesizers b AT
-30 3 A phase noise ol
periodic phase error with a scale fac- E 40 L
tor. This is why it is possible to use @ Closed-loop r"‘:
the FFT of the A sequence to esti- I -50 phase noise| i e S i o B 31
mate the noise performance, because k7] W y
the AC relationship between the A E 60 P\ :ggg
phase error and the XA sequence is 8 70 AN —98.3 1
. . & =971
an integration. Nevertheless, Egs. 6 o. ( -105.5
and 7 have an advantage in that they -80 / ¥ =105.3
: ! AT 112.2
make it possible to explore the fre- LA -112.1
quencies at higher than one-half of -90 j};g
the reference frequency, such as the ~100 |
clock harmonics. 10 100 1000 10,000 100,000
To analyze the closed-loop phase Frequency—kHz

noise due to the XA phase noise, the

classic linear approach or a novel 5. This plot shows the linear closed-loop phase-noise response of a
nonlinear approach can be used. MASH11 synthesizer.
These approaches result in quite dif-

ferent noise/spurious performance a0
levels. The closed-loop phase noise HH Y
(or the 2A phase noise with loop) is 30 20 dB/dec
obtained by overlaying the closed- \e/
loop transfer function to the XA 20
phase noise. The reason for this ap- - 1
proach is that when the VCO phase 'T
noise is low, the phase modulation 2 9
can be approximated by the double- £
sideband (DSB) amplitude modula- € _10
tion of as seen from: = Va
- -40 dB/dec
cos[wc r+ (I)(t)] = cos[q)(l)] %0
C()S(COL‘ t) - sin[(p(t)] sin(a)l. t) (11) -30
-40
cos|o t + ¢(1)] = cos(@, 1) 001 0.1 10 100 1000 10,000 100,000
¢ ¢ Frequency—kHz
~¢(1) sin(w, t) (12)

6. This plot shows the frequency response of the closed-loop transfer
Figure 5 plots the closed-loop = function for a fractional-N synthesizer, with slopes of 20 and 40 dB/decade.
phase-noise spectrum (the dashed
line) along with the XA phase-noise )
spectrum (the solid line) using the
linear approach. The closed-loop 20 SA phase noise | "]
transfer function, which incorporates \
a two-pole filter, is shown in Fig. 6. '/V 1]
The spectrum was measured with a P 1y I
spectrum-analyzer resolution band- TR
width of 7.6 kHz. MASH11 is used -89.
and K corresponds with a fractional X 1 -98.
frequency of 60 kHz with a 20-MHz DS -116.3 -102.1
reference frequency. The horizontal
axis corresponds with the offset fre-
quency from a 900.060 MHz carrier. /
Below 200 kHz, the ZA phase noise 140 N
and the closed-loop noise are the B -166.6
same; they increase with frequency 160 ~166.6
at a rate of 20 dB/decade. After ap- 10 100 1000 10,000 100,000
proximately 200 kHz, the loop filter Frequency—kHz
kicks in and the slope (-20 _
dB/decade) of the loop transfer fune- . 7. The linear closed-loop phase noise of a MASH11 frequency synthesizer is
tion cancels the %A phase-noise = plotted here.
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£

slope, which creates a flat area for
the closed-loop phase noise. The
close-in noise level is excellent and
there is no spurious content. When
the same setting is applied with the
MASH111 structure, the results are
somewhat different (Fig. 7). In this
case, the noise slope is 40 dB/decade
below 200 kHz and 20 dB/decade ;)
above 200 kHz. The close-in noise 70 H |~ 04.1
level at a 10-kHz offset for the AR 1Y -103.6
MASHI111 structure is approxi- . Upper (right) | | _:"7
75— -109.4 --107.
mately 50 dB below that for the sideband ||| 08’y
MASH11 structure and also below -80 Bl | i
the thermal-noise level. 10 100 1000 19,000 100,
When the 3A phase noise is not Frequency—kHz
sufficiently suppressed by the loop,
the linear approach will not correctly = 8. The nonlinear closed-loop phase noise of a MASH11 frequency
predict the noise/spurious perfor- | synthesizer is plotted here.
mance due to the inherent VCO non-
linearity (a sinusoidal function). The )
nonlinear approach, based on Eq. 11,
better predicts the closed-loop 45
phase-noise spectrum. By using the
same parameters, Figs, 8 and 9 were
generated, showing the closed-loop
phase-noise spectrum for the
MASH11 and MASH111 structures,
respectively. The upper and lower
sidebands are shown in each case.
Huge differences are apparent 65 W -1 !
when comparing the linear and non- sl e et Pl % -1,
linear analysis approaches. With the ~106.5 ~106.
MASHI11 structure, there is a spur -106.4 -106.
with magnitude of -53.2 dBc (in the
right-hand sideband) and -53.7 dBe -80
(in the left-hand sideband) at a fre- 10 160 1800
quency offset of 60 kHz, with a knee Frequency—kHz
occurring at an offset frequency of
approximately 10 kHz. Below the | 9. The nonlinear closed-loop phase noise of a MASH111 frequency
knee, the phase noise remains flat at | synthesizer is plotted here.
approximately ~108 dBe/Hz instead
of having a slope of 20 dB/decade.
Compared to Fig. 5, the close-in noise
performance degradation at 10 kHz
is approximately 9 dB. For offset fre-
quencies above 100 kHz, the linear
and nonlinear analyses produce simi-
lar results. With the results for the
MASH111 structure shown in Fig. 9,
however, no spurious content is evi-
dent. However, the knee frequency
is higher than that of the MASH11
structure, at an offset frequency of
approximately 2 MHz. Compared to 7 . . : . _ :
Fig. 7, the noise performance loss at 899.6 899.8 900.0 900.2 900.4
a 10-kHz offset is 60 dB. The close-in Frequency—MHz
noise at a 10-kHz offset with the
MASHI111 structure is approxi- = 10. This plot shows the carrier spectrum of an ideal model for a MASH11
mately 3 dB above that with | fractional-N frequency synthesizer.
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Table 1: Comparing simulations and analysis
(Figs. 8 and 10)

MASH11 when analyzed with the
nonlinear approach. Therefore, non-
linear analysis applied to a perfect
circuit configuration suggests that
the MASH111 structure may not
outperform MASH11 in close-in
noise performance.

Generally speaking, idle tones or
spurious signals appear when the
phase noise is correlated. However,
only when such a correlation inter-
acts with the inherent VCO nonlin-
earity or other nonlinearities, can
spurious generation occur. For the

MASH11 structure, the spurious lo-

cation is proportional to the frac-
tional-dividing ratio. Thanks to noise
shaping and loop-filter attenuation, a
fractional-dividing ratio of approxi-
mately 0 or 1 tends to make the spu-
rious levels obvious while they be-
come less visible as the ratio
approaches 0.5. Since the MASH111
structure has a higher noise power at
high frequencies than the MASH11
structure with the same loop filter,
the effect of folding back is worse for
the MASHI111 configuration. This is
clearly evidenced with the greater
knee frequency and greater degrada-

PRODUCT TECHNOLOGY

Frequency Synthesizers

tion of the close-in noise perfor-
mance. Nevertheless, the VCO non-
linear effect can be sufficiently re-
duced if the loop filter’s bandwidth is
narrow enough. When this happens,
the linear and nonlinear analysis ap-

proaches produce similar results.
Simulations were performed to ver-
ify the noise-prediction approaches
presented above. The simulation is
functionally equivalent to a synthe-
sizer circuit. Figure 10 shows an aver-
aged carrier-spectrum measurement
with a 7.6-kHz resolution bandwidth
when the MASH11 structure is used.
The VCO’s nominal power is -3 dBm
and only positive frequencies are
counted in the measurement. A spuri-
ous level of -52.9 dBc at the 60-kHz
offset is even with an ideal circuit de-
sign. This is the same spur predicted
in Fig. 8 with a magnitude of -53.7
dBe, which shows a strong correlation
between theory and computer simula-

tion (see Table 1).

For more information, visit
www.mwrf.com
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nearly thirty years.

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

The RF Amplifier Company

11807 North Creek Parkway South, Suite 109, Bothell, WA 98011  Phone: (800) 344-3341 e (425) 485-9000  Fax: (425) 486-9657
E-mail: kalmus@kalmus.com » Web: www.kalmus.com

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




Tx and Rx ICs

Transmitter And Receiver IGS
Run On ISM And SRD Bands

These transmaitter and veceiver 1Cs ave ideal for a
wide range of low-cost, low-power unlicensed wireless
applications from 300 to 950 MHz.

JACK BROWNE
Publisher/Editor

MAGES of wireless technology usually include cellular telephones oper-
ating within the tightly licensed bands at 900 and 1800 MHz. Many
wireless applications, however, are not licensed, working within allot-
ted bands such as the industrial-scientific-medical (ISM) and short-
range-devices (SRD) bands. In support of these applications, which in-
clude wireless remote keyless entry (RKE) for vehicles, remote
tire-pressure control, alarm systems, security monitoring, telemetry,
garage-door openers, baby monitors, and wireless door bells, Melexis, Inc.
(Concord, NH and Erfurt, Germany) has developed lines of low-cost RF
transmitters (Txs) and receivers (Rxs) for use from 300 to 950 MHz.
These low-cost bipolar-complementary-metal-oxide-semiconductor
(BiCMOS) RF devices feature transmit-current consumption of 5 to 13 mA
and Rx current consumption of 6.5 to 9.0 mA, making them ideal for a wide
range of commercial and consumer wireless products.
The Tx integrated circuits (ICs) | printed-circuit-board (PCB) loop an-

offer adjustable differential or sin- |
gle-ended output-power levels from
-18 to +3 dBm, depending upon !

model (see table), and a fully
integrated phase-locked-
loop (PLL) synthesizer for
good frequency stability.
They feature automatic
power-amplifier (PA) turn-
on after PLL lock, do not re-
quire external RF oscillator
components, and offer good
frequency stability over
temperature and power-
supply variations.

The Txs (Fig. 1) can be di-
vided into two groups. The
lower-frequency Txs operate
in the 300-to-480-MHz range.
Model TH7107 features a dif-
ferential open-collector out-
put optimized to drive a bal-

tenna. It can be used in frequency-
modulation (FM), frequency-shift-key-

ing (FSK) modulation, as well as

1. The TH710xx series of Tx ICs are available in two
frequency bands from 300 to 950 MHz in SOP-8 and

anced RF load, such as a SSOP-16 housings.

amplitude-shift-keying (ASK) modula-
tion systems. Model TH71071 features
the same balanced RF output, but has
been designed for either ASK or con-
tinuous-wave (CW) operation only.
Model TH71072 has a single-ended RF
output and a mierocontroller clock
output.

The higher-frequency models
TH7108, TH71081, and TH71082 (see
table) have been designed for applica-
tions from 850 to 950 MHz. Model
TH7108, with a differential open-col-
lector output for driving a balanced
RF load, is designed for FM, FSK, and
ASK. Model TH71081 also has the bal-
anced RF output, but is designed for
CW or ASK use. Model TH71082 has a
single-ended RF output and a micro-
controller clock output.

In general, the Tx ICs are de-
signed for operating voltages from
+2.0 to +5.5 VDC, with typi-
cal supply currents of 5 to 12
mA and typical current con-
sumption of less than 100 nA
in standby mode. The Txs
are supplied in eight-pin
surface-mount SOP-8 pack-
ages, with the exception of
the model TH7107 and
TH7108, which are supplied
in a 16-pin SSOP housing.
The Txs are designed for op-
erating temperatures from
—40 to +85°C.

The TH710xx Tx ICs,
which are fabricated with a
0.8-pm silicon (Si) BICMOS
process, combine flexibility
with high levels of circuit
complexity. Compared to so-
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nal source can do.

Introducing the 2029 vector modulator from IFR

Now, any analog source can generate a digitally modulated carrier. Just add the 2029.
Instantly, you’ll have a cost-effective, production-ready solution for testing wireless
systems. Your investment in analog sources is alive and well, and you compromise
nothing. Understanding your needs and meeting those needs — that’s the idea

behind all IFR signal sources. IFR’s portfolio of signal sources covers frequencies

|
|
i
\
|
\
J ranging from 9 kHz to 5.4 GHz. Plus, each and every IFR signal source features

“The IFR"2029 Vector Modutator tests——
systems in a variety of wireless formats
including 2G, 2.5G and 3G, WCDMA,
EDGE, GSM and 1S95. data sheet and application note. IFR — Advancing Wireless Test

excellent phase-noise and exceptionally high output power. Get to know IFR. Call us

or visit www.ifrsys.com/kit to get your free IFR Signal Sources brochure, a 2029

web: www.ifrsys.com emaijl: sales@ifrsys.com voice: (888) IFR-TEST IR

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




PRODUCT TECHNOLOGY

Tx and Rx ICs

lutions based on surface-
acoustic-wave (SAW) res-
onators, the TH710xx PLL-
based Txs offer sub-
stantially more frequency
stability. While SAW-based
solutions are limited to the
operating frequency bands
covered by the SAW res-
onators, the TH710xx series
of Txs can be easily reconfig-
ured for another output fre-
quency just by changing the
crystal frequency.

The companion Rx ICs
enable designers to per-
fectly match their RF sys-
tem requirements for each
application’s frequency
range, modulation scheme,
blocking, and channel re-
quirements. The models
TH7110 through TH71112
Rx ICs are designed for use
in the unlicensed ISM and

for double-conversion use
while model TH71101 is
geared for single-conversion
superheterodyne Rx archi-
tectures. The Rx ICs can
handle maximum input sig-
nals to -2 dBm.

The higher-frequency Rx
ICs, models THT7110,
THT71111, and TH71112, op-
erate with typical supply
currents ranging from 7.6 to
9.0 mA at supply voltages of
+2.2t0 +5.5 VDC. These ICs

; ¢ and the three lower-fre-

2. The TH711xx series of Rx ICs are fabricated with a
reliable 0.6-.m Si BICMOS semiconductor process.

SRD bands from 300 to 950 MHz
with operating flexibility similar to

that of the Tx ICs.

- signal sensitivity of —112 dBm in a 26-

The Rx ICs can be used in single-
channel, single-conversion designs as

well as single-channel, dou-
ble-conversion designs. The
Rxs can handle most modu-

The

lation schemes used in mod- [*

ern low-power Rxs, includ-
ing FSK, FM, and ASK. For
FM and FSK applications,
designers have a choice of
phase-coincidence or more
advanced PLL demodulator-
type techniques. ASK de-
modulation is achieved by a
received-signal-strength-in-
dication (RSSI) data-slicer
circuit. In addition, an auto-
matic-frequency-control
(AFC) circuit can be config-

ured in case the RF input

signal suffers from wide car-
rier-frequency tolerances, as
is the case with some non-
PLL Txs.

As with the Txs, the Rx |-
ICs can be divided into 310- |

t0-480-MHz models and 800-

t0-950-MHz models. Models |

TH7110, TH71101, and
TH71102 operate in the
lower-frequency band with

supply voltages from +2.2 to L

+5.5 VDC and supply currents from |
6.5 to 7.8 mA. These Rx ICs achieve

kHz channel bandwidth. Models
TH7110 and TH71102 are designed

USM/SRD transmitter/receiver
ICs at a glance

' 800 to 950 MHz

800 10 950 MHz

800 0 950 MHz

Receiver 31010 480 MHz

| Receiver 310t 480 MHz
TH71102 | Receiver 31010480 MHz
TH7111  Receiver 80010950 MHz ~ —110 dBm at
26-kHz BW
 TH71111  Receiver 80010 950 MHz '

- 800 to 950 MHz

quency Rx IC models, fea-
ture a standby-current con-
sumption of less than 50 nA.
Models TH7111 and
TH71112 are designed for
double-conversion use while
model TH71111 is aimed at
single-conversion super-
heterodyne Rx architec-
tures. The Rx ICs feature

slightly less sensitivity than their
. lower-frequency counterparts, at
- =110 dBm in a 26-kHz bandwidth.
- The higher-frequency models are de-
. signed to handle input signal levels

up to 0 dBm.

All of the Rx ICs are fab-
ricated with a 0.6-pum BiC-
MOS process (Fig. 2). They
share low spurious-emission
levels that are less than -70
dBm. In conjunction with an
RF front-end filter, the Rxs
can achieve more than 65-
dB image rejection. The
models with multichannel
option, THT110 and
THT7111, are supplied in 44-
pin surface-mount LQFP44
housings while the single-
channel, low-cost Rx ICs
are supplied in 32-pin sur-
face-mount LQFP32 pack-
ages. All of the Rx ICs are
designed for operating tem-
peratures ranging from —40
to +85°C. P& A: $1.50 and up
(100,000 qty.). Melexis,
Inc., 41 Locke Rd., Con-
cord, NH 03301; (603)
223-2362, FAX: (603) 223-
9614, Internet: http://
www.melexis.com.

For more information, visit
www.mwrf.com
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The Simple Swmh Solution

150-9001
C € Certified
2-Year Warranty

SPDT Switch

e 5 Million Cycle Life

e DC - 18 GHz

e Isolation: 90 dBm, min. @ 4 GHz

e Insertion Loss: 0.1 dB, max. @ 4 GHz
e VSWR: 1.15:1.0, max. @ 4 GHz

e Latching or Failsafe
* Indicator Option

A o

ﬁWireIess (omlﬁilnicﬁlions Aviation Applications

AW TELEDYNE
WIRELESS Visit us at Wireless/Portable Booth #925
Go to www.mwrf.oom and click on A Teledyne Technologies Company

the Free Advertiser Information icon

Teledyne Wireless, 1274 Terra Bella Avenue, Mountain View, CA 94043, Phone: 800.832.6869, Fax: 650.962.6845




PRODUCT TECHNOLOGY

RF Heads

Broadbhand Fixed Wireless
Transceiver Serves UNII Band

This RF head opevates in the UNII band and is
compatible with Cisco point-to-point vouters for
fixed wiveless communications.

DON KELLER

Senior Editor

N 1997, the Federal Communications Commission (FCC) established
three frequency bands in the 5-GHz region, collectively called the Unli-
censed National Information Infrastructure (UNII), to help schools and
businesses connect to the Internet without incurring the expense of
hardwiring. One of the main devices that makes up this new wireless infras-
tructure is the RF transceiver, which connects between the hardwired
Internet and the antenna. When this transceiver is used in a point-to-point
configuration, it is referred to as a “head” or “outdoor unit” (0DU). The
model SX1115, produced by Watkins-Johnson (Palo Alto, CA), is a point-
to-point ODU that operates in the 5.8-GHz UNII band (see figure).
The SX1115 is compatible with mitter (Tx) portion of the transceiver

Cisco System’s uBR7246/7223 router
and connects the router and the site
antenna. The transmit and receive sig-
nals sent between the router and the
ODU operate at intermediate frequen-

can be adjusted in 1-dB steps from +5
to +25 dBm. Maximum VSWR is 2:1.
Close-in spurious response (1 kHz to 1
MHz) is -50 dBe, inband narrowband
spurious response is -40 dBe, and

cies (IFs) that are combined onto a sin-
gle cable using frequency-division du-
plexing (FDD), along with the 24-MHz
reference signal and DC bias. The
ODU provides the conversions neces-
sary to operate at UNII frequencies.

The SX1115 0DU uses a duplexer to
allow it to transmit and receive over
different frequency bands, called sub-
bands A and B. Either subband can
be used for transmission or recep-
tion; when one subband is used for
transmission, the other is used for
reception. Two duplexers are
available. For the model SF'1119 du-
plexer, subband A ranges from 5.727 to
5.751 GHz and subband B ranges from
5.775t0 5.779 GHz. For the model
SF1120 duplexer, subband A ranges
from 5.751 to 5.775 GHz, and subband
B ranges from 5.779 to 5.823 GHz.

The RF output power of the trans-

wideband spurious
response is 44
dBe.

*&%ﬁﬁg g,

The $X1115 can transmit up to +25
dBm of RF power for point-to-point
data communications.

The RF receiver (Rx) portion can tol-
erate a maximum input power level of
—20dBm. It has a gain of 32 + 2dB, and
a gain-control attenuator that can be
adjusted over a range of at least 25 dB
with an accuracy of =3 dB. Its maxi-
mum noise figure is 3.8 dB.

On the IF side of the transceiver
(connected to the router), the Tx input
operates at 324 =6 MHz. Its cable-
compensation attenuator can be ad-
justed in 1-dB steps from -3 to -15
dBm. Maximum VSWR is 2:1. The IF
Rx operates at 420 =6 MHz with a
maximum VSWR of 1.75:1. Close-in
spurious response (1 kHz to 1 MHz) is
-50 dBe, narrowband spurious re-
sponse is =50 dBe, and maximum wide-
band spurious response is —44 dBc.

The SX1115 has four female connec-
tors. One of the type-N connectors is
for the RF antenna; the other is for the
cable that carries the IF signal, the 24-

MHz reference signal, and the DC bias.

The mono phono jack is for an-
# .. tenna alignment, and the “lemo”
jack carries the signals used to
= control the ODU and to monitor
> its status.

The transceiver can operate
at voltages from -33 to —60 VDC
(=48 VDC nominal) and draws a
maximum of 555 A. It is encased in an
aluminum (Al) heat-sink housing with
overall measurements of 14.7 X 9.5 X
6.69 in. (37.34 X 24.13 X 16.99 em).
Watkins-Johnson Co., 3333
Hillview Ave., Palo Alto, CA
94304-1223; (800) 951-4401, FAX:
(650) 813-2447, Internet: http://
WWW.Wj.com.

For more information, visit www.mwrf.com

MICROWAVES & RF » DECEMBER 2000
200




Whether you are designing a Si RFIC for Bluetooth, a high performance GaAs
power amplifier for 3G, or a multi-band planar antenna, Ensemble's advanced
planar electromagnetic field solver helps you reduce die space, predict EM

coupling, and calculate antenna radiation.

Use Ensemble to compute S-parameters and full wave fields for on-chip
components such as spiral inductors, capacitors, thin-film resistors, and
interconnects in microstrip, stripline, slotline, and coplanar waveguides.
Ensemble handles realistic circuits with straight and curved traces,
radiation, multiple layers, open plus closed cavities, and

packaging effects.

Ensemble offers an easy-to-use interface, DXF

import, a graphical post-processor, optimization, F reed om
parametrics, industry leading fast solver
technology, and integration with other products in

the Serenade Design Environment.

B

Ensemble allows you to design complex planar antennas and on-chip
components like spiral inductors, vias and interconnects.

Visit us at Wireless/Portable Booth #1119 high performance EDA
For your free evaluation copy of Ensemble, or any of the tools in Ansoft's Serenade

Design Environment call 412-261-3200 or send e-mail to info@ansoft.com www.ansoft.com

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



PRODUCT TECHNOLOGY

FEC Chips

Error-Correction ICs Bolster
Wireless Internet Access

These forward-evvor-corvection chips offer designers
numevous options for upgrading wiveless system
performance at modest cost.

GENE HEFTMAN

Senior Editor

AFTER years of fixing the faulty bits in high-end data-communica-
tions systems, forward-error-correction (FEC) technology is moving
into the mainstream with the introduction of a pair of low-cost FEC
chips from Advanced Hardware Architectures (Pullman, WA), a 12-
year-old fabless semiconductor company. The ICs are the Astro LE family
with block sizes of 2 and 4 kb (see figure). With prices targeted at $5 per chip
in large quantities for the 2-kb version, the company is promoting the devices
as a way to improve the performance of wireless Internet access and wireless
local loop (WLL) with advanced error-correction technology at low cost.

Decoder
C data > Y " II )’
elica
D data < ,,,,,I{Ene, deinterleaver
{(——] '\ Y
I
Configuration CRC Descrambler
registers verification
Encoder
y B
U data 1 CRC / 1 }
E data < formatter | |[SOmputation Scrambler
¢ { 1 ]\ TPC §
A e
Configuration Helical decoder
registers interleaver
Astro LE

Separate and independent decoder and encoder

sections are built into the Astro LE FEC devices from

Advanced Hardware Architectures (the 2-kb block

diagram is shown here and a 4-kb version is available). cause it provides a

The Astro LEs are
single-chip turbo-
product-code (TPC)
FEC encoders/de-
coders capable of up

to 35-Mb/s coded

data rates and code
rates from 0.25 to
0.95. The company’s
TPC is patented and
is said to provide
more than 3 dB of
coding gain over
other methods such
as Reed-Solomon/
Viterbi. The stan-
dard Reed-Solomon
and the high-per-
formance Reed-
Solomon/Viterbi
were supposedly
the most-effective
FEC techniques
available.

Coding gain is a
key parameter in the
design of communi-
cations systems be-

designer with a range of options for
increasing the capabilities of a sys-
tem or decreasing its cost. Some op-
tions include reducing the required
bandwidth, increasing the through-
put, reducing transmitter (Tx) band-
width by a factor of 2, increasing
range by 40 percent, and reducing
antenna size by 30 percent. Coding
gain and increased bandwidth effi-
ciency translate into cost savings in
satellite applications where
transponder costs are a direct fune-
tion of the power and bandwidth
used. A major application for Astro
LE chips is in modems designed for
high-speed wireless Internet access
including point-to-multipoint terres-
trial and satellite connections. They
are also intended for power-line net-
work access which supports home
and business networks on standard
electrical outlets.

The Astro LE devices incorporate
an independent decoder and encoder
and can operate in full- or half-duplex
mode. The 2-kb version is for low-
cost systems while the 4-kb version
offers additional coding gain for less
cost-sensitive applications.

Astro LE prototypes will be avail-
able in the first quarter of 2001 with
volume shipment in July. P&A: $5.00
(1,000,000 qty.) for the 2-kb version.
Advanced Hardware Architec-
tures, Inc., 2365 NE Hopkins
Ct., Pullman, WA 99163-5601;
(509) 334-1000, FAX: (509) 334-
9000, Internet: http:/www.aha.
com.

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

| Fixed
Attenuators

From low cost, in-line pads and termina-
tions to high performance custom
designs, JFW has the solutions to your
attenuation needs. Applications include
cell site installation, base station design,
laboratory testing, and instrument
protection. For more information,
please contact us or visit the Fixed
Attenuator and Termination sections

on our web site at

www.jfwindustries.com/fixed.html and
www.jfwindustries.com/terminations.html

Models are available with the
following feature:

¢ 50 and 75 ohm versions

* Large range of bandwidths from
DC to 26.5 GHz

e Up to 1.5 KW continuous
RF power

* Peak power ratings up to
2500 watts

* Right angle and custom connector
configurations

* Low IMD options

FW ln dustri es In C TeL (317) 887-1340 Toll Free 1 (877) 887-4539
| |

yecialists in Attenuation and RF Switching

Visit us at Wireless/Portable Booth #924

Fax (317) 881-6790
5134 Commerce Square Dr. ¢ Indianapolis, Indiana 46237

Internet- http://www.jfwindustries.com
E-mail- sales@jfwindustries.com
ISO 9001 Certified

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




Clock Oscillator

Crystal-Glock Oscillator
Reaches New Supply Low

It takes a supply voltage of only +1.8 VDC to power
this family of low-power crystal-clock-oscillator

integrated civcuits.

GENE HEFTMAN

Senior Editor

YSTEM designers of all stripes need new varieties of miniature, low-
voltage, low-power components to design the portable and handheld
products of today’s communications and computing world. Making a
contribution to this end in frequency-control devices is SaRonix
(Menlo Park, CA) with its high-density complementary-metal-oxide-semi-
conductor (HCMOS) crystal-clock-oscillator integrated circuit (IC) that is
available in two types of small packages and runs from a nominal supply
voltage of +1.8 VDC. Supply voltages for logic and other devices have fallen
over the years from the once-standard +5.0 to +3.3 VDC and are heading

toward +2.0 VDC or less.

The crystal-clock ICs are supplied
in a metal-package version (NTH se-
ries) and in a leadless ceramic sur-
face-mount package (S1612 series)
for pick-and-place surface-mount-
technology (SMT) manufacturing en-
vironments (see figure). The NTH
package is a half-size, four-
pin, through-hole mount,
metal dual-in-line package
(DIP) that addresses the
needs of system developers
who prefer leaded devices
that fit sockets on their de-
velopment boards. The same
functionality is provided in
the 5 X 7 X 1.9-mm high ce-
ramic package with gold
(Aw-plated contact pads.

NTH-type oscillators
cover a frequency range of 20
to 70 MHz while the S1612
devices are rated for 40 to 70
MHz. Two ranges of fre-

quency stability are avail- Two different package styles are available in SaRonix’s
able: +50 PPM and +100 line of +1.8-VDC crystal-clock-oscillator ICs. The metal
PPM. Each is specified over DIP is for development applications while the surface-

ing-frequency range—calibration tol-
erance, operating temperature, input
voltage change, load change, aging
(one year at 25°C ambient operating
temperature), shock, and vibration.
The operating-temperature range for
both package types is 0 to 70°C.

all conditions of the operat- mount type is for end-product use.

The recommended supply voltage
is +1.8 VDC, + 5 percent. Supply cur-
rent is a maximum of 6 mA for opera-
tion between 20 and 50 MHz and 10
mA maximum for the 50-to-70-MHz
range. The devices have a three-
state function that enables the fre-
quency-output pin to go into a high-
impedance state. Rise and fall times
are a maximum of 2.5 ns. Period jit-
ter specifications are a maximum of 8
ps for the NTH series and 10 ps for
the S1612 series.

The demand for low-voltage, low-
power components is driven by three
technical factors—lower power con-
sumption to extend battery life in
portable products, the need to reduce
heat generation in components re-
sulting from faster clock speeds, and
the evolution to lower breakdown

voltages resulting from

wizx  finer-line geometries in ICs.

Typical applications for the
oscillators involving these
factors are microprocessor-
based systems such as note-
book and palmtop comput-
ers, Personal Computer
Memory Card International
Association (PCMCIA)
cards, or any battery-oper-
ated SMT product. Sa-
Ronix, 141 Jefferson
Dr., Menlo Park, CA
94025; (650) 470-7700,
FAX: (650) 462-9894, e-
| mail: saronix@saronix.
com, Internet: http://
Www.saronix.com.
For more information, visit
www.mwrf.com
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AMPS
CDMA
CDPD
DAMPS

- Over 400

EDGE

i customers.

GPRS
GPS

9,500 part
numbers.

pcstase 9,000,000

RADAR
RFID | e
solutions
SMR
TDMA [}

shipped.

UMTS

WAP
WBA

el Creating RF and Microwave solutions since 1953.
What can we do for you?

WLAN
WLL
WWAN

We Have A Part In Your Future

Visit us at Wireless/Portable Booth #724

ISO09001 Certified

lorado 80239 i i i
-olorado 80239 PRODUCTS Special Integrated Assemblies | Voltage Controlled Oscillators I Double Balanced Mixers
303.371.1560 INCLUDE:
0845

Wideband RF Transformers

4895 Peoria Street OUR PLL Synthesizer Modules Couplers

Denver,

=

Power Dividers/Combiners I 1Q Modulators/Demodulators I PROUDLY MADE IN THE USA hé*"*
303.371

fax

Contact the Vari-L Sales Department for your special microwave and RF component assembly needs.

e-mail: sales @ vari-L.com

Vari-L Company, Inc.

Go to www.mwrf.com and click on the Free Advertiser Information icon
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Surface-Mount Attenuators

Surface-Mount Attenuators
Tune Levels To 5 GHz

These compact analog voltage-vaviable attenuators provide
linear attenuation as a function of voltage with low insertion
loss and negligible phase-shift variations.

JACK BROWNE
Publisher/Editor

TTENUATORS are essential in high-frequency systems for control-
ling signal levels. In many ways, they are the perfect companion
components to phase shifters, especially in communications sys-
tems that rely on precise amounts of phase and amplitude to create
digital modulation formats, such as quadrature-amplitude modulation
(QAM) and quadrature-phase-shift-keying (QPSK) modulation. For de-
signers in need of compact surface-mount attenuators for use with phase
shifters or other applications, the Commercial Products Group of SV Mi-
crowave (Largo, FL) offers several lines of analog voltage-variable attenu-
ators (VVAs) covering bands from 30 MHz through 5 GHz. The components
are available with minimum attenuation ranges of 15 and 30 dB.
The miniature surface-mount
attenuators are ideal companions for

shift, since the VA382A-35A suffers

phase shift versus attenuation of 1
deg/1 dB. The model VA382A-35A
VVA is rated for a nominal maximum
RF input power of 0 dBm. The mini-
mum third-order intercept point (IP3)
is +35 dBm with two 0-dBm input
tones; the typical performance is closer
to +40 dBm. SV Microwave, Com-
mercial Products Group, 7247
Bryan Dairy Rd., Largo, FL
33777; (727) 541-5800, FAX: (727)
541-5869, e-mail: salescpg@
svmicro.com, Internet: http://

WWW. Svmicrowave.com.
For more information, visit
www.mwrf.com

the company’s line of surface-mount

phase shifters (see Microwaves & RF,

May 2000, p. 210). Similar to the phase

S e S

shifters, the attenuators are supplied

in six-lead surface-mount-technology

(SMT) packages measuring 0.6 < 0.38
X 0.21n. (1.52 x0.97 X 0.51 cm). They

Insertion loss—dB

-~ O g AW N =

do not require DC bias voltages;

rather, attenuation is adjusted by 3.00

means of standard 0- to +5-VDC
control voltages. DC current is typi-

Frequency—GHz

3.75 4.50

cally less than 10 mA at +5-VDC con-
trol voltage.
A typical model for applications from

1. Measured insertion loss for the VA382A-35A VVA is rated as typically 2.8
dB from 3550 to 4000 MHz, with a maximum value of 3.5 dB.

3550 to 4000 MHz, model VA382A- m 0

3bA, is rated for minimum attenuation T W0 p———]

of 30 dB, although the unit typically 2 20 e
provides more than 40-dB attenuation E 30

with a control voltage of +5 VDC. The % a4

typical insertion loss is rated as 2.8 dB,

with a maximum rating of 3.5 dB (Fig. T

1). The VV A is rated for a typical re-

turn loss of 18 dB, with a minimum rat-

Frequency—GHz

3.75 4.50

ing of 12 dB (Fig. 2). The applied atten-
uation features little penalty in phase

with a minimum rating of 12 dB.

2. Measured return loss for the VA382A-35A VVA is rated typically as 18 dB
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Into the Millennium and beyond... ;‘E:’;Ef, f,:g,;,;ﬂfg,sfj:g’;;ﬁ,s
- o License _an requency mig
A Stronger Signal Data Rate Wireless nternet Access
* Highly Integrated

* 3.5 and 3.8 GHz Available Now!
* For other bands, call for availability

Taking ISM to
Licensed Commercial Bands

Investing in the growing Wireless market, Signal Technology developed a series of low cost, high
performance transceivers for Internet access in Wireless Local Loop applications. Series STMS fully integrated
transceivers, currently performing in the field are fully ETSI compliant and deliver outstanding phase noise with
a high level of reliability. The availability of our small, high performance, low cost STMS series provides the
value added WLL designers have been looking for. Series STMS transceivers follow our formula for success,
low cost, high performance and product availability! If your requirements dictate something different, we’ll be
happy to design a custom transceiver to meet your specifications.

At Signal Technology our standard is providing the industry with the products it needs, when it needs them.

To learn more about our low cost, high performance, transceivers, visit our website at
www.sigtech.com or call (408) 730-6300.

See Signal Technology in Booth #1628 at Wireless & Portable by Design
San Jose Convention Center, February 13-15, 2001

975 BENECIA AVENUE  SUNNYVALE, CA 94086 « TEL. 408.730.6300 » FAX 408.733.0254

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



PRODUCT TECHNOLOGY

DC Block

DC Block Provides Broadhand
Voltage Protection Through 50 GHz

This rugged coaxial DC block provides a good

measure of protection while keeping VSWR
and insevtion loss tightly controlled.

JACK BROWNE
Publisher/Editor

ROTECTION against DC energy flowing through sensitive RF compo-

nents is a major concern for designers of receivers and test equipment.

With the growing use of millimeter-wave frequencies for such applica-

tions as optical networking, line-of-sight communications links and RF
identification (RFID), protection against unwanted DC energy becomes an
even greater concern, given the cost of components at millimeter-wave fre-
quencies. Fortunately, the model 8535E from Inmet Corp. (Ann Arbor, MI) is
an extremely broadband DC block developed for such DC protection in mil-
limeter-wave designs. The rugged DC block operates from nearly DC through
50 GHz using 2.4-mm connectors to link to associated hardware.

A DC block is essentially a capacitor
in series with a transmission line. The
capacitor prevents the flow of DC en-
ergy while allowing a broad range of
RF signals to pass, ideally with only
nominal attenuation. The trick in de-
signing a high-performance DC block
such as the 8535E (F'ig. 1) is to select a
capacitor with high-enough voltage
rating that also exhibits a high self-res-

through 50 GHz.

1. Model 8535E is an extemely adband coaxial DC
block capable of passing RF signals with minimal loss

onance frequency.

Obviously, the correct choice in ca-
pacitors was made in the 85635E. The
broadband coaxial DC block provides
a high level of DC protection with
minimal sacrifice in RF performance.
The component is rated for DC volt-
ages up to +30 VDC, yet features less
than 1-dB insertion loss through 32
GHz. The insertion loss through 50

GHz is still less than 1.25 dB (Fig. 2).
Similarly, the voltage-standing-
wave-ratio (VSWR) performance is
as impressive, reaching a maximum
of 1.20:1 for frequencies through 32
GHz and a maximum of 1.60:1 for sig-
nals from 32 to 50 GHz. The return-
loss performance is better than 25 dB
at 10 GHz, better than 23 dB at 32

GHz, and almost 20 dB at 50 GHz.
The 50-Q DC block is manufac-
tured with gold (Au)-plated beryl-
lium copper (BeCu) and is supplied
with 2.4-mm coaxial connectors. It is
rated for operating temperature
from —35 to +85°C. Inmet Corp.,
300 Dino Dr., Ann Arbor, MI
48103; (888) 244-6638, (734) 426-
5553, FAX: (734) 426-5557,
e-mail: sales@inmetcorp.com,
Internet: httpJ//www.inmetcorp.

com.

For more information, visit
www.mwrf.com
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50 GHz.

2. The measured insertion-loss performance of the
8535E DC block exceeds the specified value of 1.5 dB at

MICROWAVES & RF « DECEMBER 2000
208




en you need Clarity and Power

Stanford Microdevices is the clear choice.

When clarity and power matter most,
Stanford Microdevices delivers.

Stanford Microdevices, Inc. (SMI) is a leading supplier of RF
integrated circuits for the wireless and wired telecommunications
markets and a supplier of choice of OEMs worldwide. Stanford
Microdevices continues to be on the industry’s leading edge
because of our superior quality, outstanding value and innovative
technological advances. SMI provides the tools to create wireless
communications equipment that is smaller, lighter, more powerful
at market leading prices.

Our SGA 6000 series of silicon germanium MMIC amplifiers
offers the high intercept point, high efficiency and high integration
level at high output power desired, while providing the low noise
figure and low power consumption needed for all wireless
applications.

SGA-6386 has 1dB compressed output power of +20dBm,
output third-order intercept point of +36dBm and 15.5dB

of gain at 900MHz. Pricing on the SGA-6386 is $1.21 in quantities
of 10,000 pieces with availability from stock to eight weeks.

www.stanfordmicro.com
Make us your home page!

SGA-6286 SGA-6386 SGA-6486

SGA-6289 SGA-6389 SGA-6489
Frequency (GHz) DC-3.5 DC-3.0 DC-1.8
Gain (dB) 13.8 15.4 19.7
TOIP (dBm) 34.0 36.0 34.0
P1dB (dBm) 20.0 20.0 20.0
N.F. (dB) 3.9 3.8 29
Supply Voltage (Vdc) 4.2 5.0 5.2
Supply Current (mA) 75 80 75

All data measured at 1GHz and is typical. MTTF @ 150C Ti=1 million hrs. (Ryy = 97C/W typ)

&
SiGe HBT MMIC /\t/’ SOT-89 package
d

features include: -
M Cascadable 502 M +20dBm 1dB Compression Point

M Single voltage supply M Low current draw
M High output intercept M Low noise figure ?
86 package

* STHANFORD
MICRODEVICES

We Deliver RF Innovation

1'800‘764-6642 U.S. Toll-Free
1 '408-6 1 6-5400 Outside U.S.

Visit us at Wireless/Portable Booth #1319

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



Electronics G

PlanetEE is your comprehensive technical resource that will help you design
smarter and faster. Supported by more than 50 technical editors and key
partner companies, PlanetEE'S mission is to help you take your design ideas
from concept to completion. We understand your world. Come visit ours.

Communities
¢ Analog/Mixed-Signal

¢ Communications/Networking

¢ Components & Assemblies

e Computing & Information
Appliances

* Digital ICs & ASICs

¢ Electronic Design Automation

¢ Embedded Systems

* Interconnects/Packaging &
Materials

¢ Power Control & Supplies

e Test & Measurement

Resources

* Industry News

* Technical Articles

» Careers

* Education

* Discussion/Live Chat
* New Product Locator
¢ Product Directories

¢ Events

® Data Sheets/App Notes
e Ideas For Design

* Magazine Archive

Partners

* TestMart

¢ The Chalkboard Network
¢ Embedded University

* ESOFTA/VITA

¢ CareerMosaic

* Prentice-Hall

* Surplus Corner

~ To visit the planet, set a course for

www.PlanetEE.com

Electronics Group
EE? o News

Micowaves
&RF
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SYSTEMS [)ESIGN
EMBEDDEDSYSTEMS

ELOPMENT

USED EQUIPMENT
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COMMERCIAL

* New distributor aims at RF and fiber solutions (March,
p- 40)

« Distribution group adds value to industry (August, p. 40)
* Global group provides extensive design services
(August, p. 170)

COMMUNICATIONS

» Wireless up-and-comers head for the spotlight (April, p.
29)

¢ Fiber-optic link connects 10-GHz signals (April, p. 133)
¢ Antenna technology tunes to wireless markets (May, p.
31)

* Refining CDMA mobile-phone power control (May, p. 71)
* Bluetooth meets WL ANs—can they live together?
(August, p. 31)

* Turbulence muddies the telecom waters (December, p.
29)

COMPONENTS

* Design a logamp RF pulse detector (January, p. 62)

» Extend DDS bandwidth above the Nyquist limit (Jan-
uary, p. 82)

¢ Develop a trimless voltage-controlled oscillator (Jan-
uary, p. 94)

¢ Virtual LO tunes direct-conversion receivers (January,
p. 107)

¢ Balance trade-offs in GaAs FET LN As (February, p. 55)
* Achieve phasor rotation with analog switches (February,
p. 59)

» Directional detector chip monitors wireless handsets
(February, p. 65)

» Power dividers hold tight tolerances (February, p. 136)

» Attenuators combine speed and bandwidth (February, p.
138)

* Digital predistortion linearizes CDMA LDMOS amps
(March, p. 55)

¢ Design an antenna for pacemaker communication
(March, p. 73)

* Reviewing the basics of microstrip lines (March, p. 79)

» Extend DDS bandwidth above the Nyquist limit (March,
p. 97)

o InGaP amplifier targets wireless applications (March, p.
156)

* HBT power amplifier serves CDMA needs (April, p. 72)
 Design waveguide bandpass filters (April, p. 93)
¢ Details count in power-amplifier design (April, p. 105)

» OCXOs shrink in size and power consumption (April, p.
140)

e Multicarrier power amplifier boosts cellular signals
(April, p. 146)

¢ Simulate and build a Ku-band DRO (May, p. 103)

» Update the design of image-parameter filters (May, p.
119)

¢ Predict total losses in amplifier-matching networks
(May, p. 130)

» RF notch filters are programmable (May, p. 207)

e SMT phase shifters adjust PCS designs (May, p. 210)

e Instant programming customizes oscillators (May, p. 216)

e Advancing the analysis of microwave oscillators (June, p.
55)

* Model and build a Ku-band DRO (June, p. 85)
e Couplers shrink HF/VHF/UHF designs (June, p. 93)

e Multilayer technology delivers high-performance minia-
ture components (June Cover, p. 131)

o Phase-locked DRO achieves low noise and cost at 26 GHz
(June, p. 144)

¢ LDMOS device powers WCDMA amplifier (June, p. 150)

¢ Design a Ka-band integrated microstrip isolator (July, p.
68)

* Roll rings offer stable electrical coupling (July, p. 110)
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e Four-port circulator drops into PCS systems (July, p.
112)

* Analyze VCOs and fractional-N synthesizers (August, p.
57)

* Modulation schemes affect the linearity of an HBT amp
(August, p. 80)

e Digital predistortion linearizes RF PAs (August, p. 95)

¢ Determine IMD products for digitally modulated com-
munication standards (August, p. 137)

¢ FBAR technology shrinks CDMA handset duplexers
(August, p. 71)

* Design regular and irregular-print coupled lines
(September, p. 97)

e Create technology line matching circuits for power
amplifiers (September, p. 109)
e Control circuit compensates error loop in feedforward
amplifiers (September, p. 120)
e HBT amplifiers boast high linearity (September, p. 148)

* Dielectric resonators offer broad tuning ranges (Septem-
ber, p. 153)

e Filter-based subsystem switches from 1 to 18.5 GHz
(September, p. 154)

* BWOs tune across millimeter-wave applications
(September, p. 156)

* SDLVAs detect high-speed pulsed signals (September,
p. 158)

¢ Devise a millimeter-wave PHEMT mixer (October, p. 56)
* Biphase modulators serve wireless and radar systems
(October, p. 75)

® Create transmission-line matching circuits for power
amplifiers (October, p. 113)

© Space switch transfers 140-W power at S-band (October
Cover, p. 135)

» Module combines switches and amps for 5-GHz WLANs
(October, p. 154)

¢ Precision SMA pads operate from DC to 18 GHz (Octo-
ber, p. 1568)

» S-band amplifier modeled for wireless data (November,
p. 53)

* Defining and testing dynamic ADC parameters (Novem-
ber, p. 75)

» Simulate PLL performance through direct digital syn-
thesis (November, p. 87)

¢ Devise a GMSK modulator using the power of DSP
(November, p. 109)

¢ Linear amplifiers provide power for telecom use
(November, p. 152)

* Embedded antenna simplifies integration in WLAN
devices (November, p. 154)

* Check amplifier dynamic behavior with true test signal
(December, p. 47)

* Calculate the effect of RF building blocks on AM and PM
noise (December, p. 56)

= Gunn oscillator attains W-band operation with GaAs
diode (December, p. 65)

o Simplified method eases the design of bandpass filter
(December, p. 97)

* Choosing terrestrial microwave antennas for extreme
environments (December, p. 115)

e Novel FET mixers balance dynamic range and power
consumption (December Cover, p. 167)

* Multichannel PA boosts cellular signals (December, p.
181)

* Model, analyze, and simulate fractional-N synthesizers
(December, p. 183)

* DC block provides high-voltage protection through 50
GHz (December, p. 208)

| COMPUTER-AIDED ENGINNEERING |
* Math software is ready for the millennium (January, p.
136)

* Model PLL dynamics and phase-noise performance
(February, p. 73)

* Software tames engineering drawings (February, p. 134)
e Webwatch section (March, p. 111)
* Webwatch section (April, p. 121)

¢ Create a supercomputer for design and optimization
(May, p. 80)
e Model PLL dynamics and phase-noise performance
(May, p. 88)

e Accurately compute PLL active-filter parameters (June,
p-78)

* EM-based models improve circuit simulators (June, p. 97)
e Software simplifies physical modeling (June, p. 113)

* CD-ROM contains powerful analysis tools (June, p. 116)
» SPICE program sweetened with features (June, p. 119)

e System-design tool augments model libraries (June, p.
122)

* Math program adds functions, toolboxes (June, p. 124)

e Signal-processing packs extend math software (June, p.
126)

* Predict NPR for RF modules using system simulation
(July, p. 55)

* Mathematical recipe calculates the response of dipole
antennas (September, p. 51)

¢ Webwatch section (October, p. 125)
* Latest EDA software adds wireless features (December,
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Introducing High Power
Linear Power Amplifier Modules.

6 ' Watt-Wireless L ilieny o Anlplificrs

Typical performance @ +25° C

Parameter

PA1186

PA1166

PA8106

PA8105

PA1182

Frequency (MHz.) 800-960  1930-1990 2000-2200 2110-2170 2300-2400
Gain (dB.) 29.0 26.0 25.0 25.0 23.0
Pout @ 1 dB. comp. (dBm.) 38.0 38.0 37.5 37.5 37.5
Noise Figure (dB.) 24 27 3.0 3.0 3.0
ACPR (30kHz BW)* -50.0 -54.0 -47.0 -47.0 -47.0
VSWR (Input/Output) 1.5:1/2:1 1.5:1/2:1  1.5:1/2:1  1.5:1/2:1 1.5:1/2:1
IP3 (two tone)*™ +56.0 +54.0 51.0 51.0 51.0
Supply Required +28/1000  +28/1000 +28/1000 +28/1000 +28/1000

* +850kHz from fc at power level of 30 dBm. (IS-95)
** IP3 measured with 2 tones @ +25dBm. per tone

180 9001

@®

Registered Company

Available at: &2 First Source Ime.5} 1 800-225-7434

In today’s competitive wireless environment “Time to Market” is
a very crucial factor for the success of a new product.

For Cellular, PCS, and WLL cell sites, Stellex Phoenix
Microwave offers the largest selection of linear amplifier modules wo
accelerate your multi-carrier power amplifier designs.

With our unmatched performance and delivery you not only
reduce your design time but also enhance your system’s capability.

In addition, our application’ staff is ready to develop new cost
effective linear amplifier modules customized to your requirements.

So from your initial design concept to high volume production,
make Stellex Phoenix Microwave your linear amplifier module partner.

Call today: 215-723-6011 or e-mail us at info@phnixmw.com

PHOLNLY

/ Stﬂllex MICROWAVE
Richardson
Electronics 1 800-737-6937

Engineered Solutions

Stellex Phoenix Microwave 100 Emlen Way Telford, PA 18969 Website: www.stellexms.com

Go to www.mwrf.com and click on the Free Advertiser Information icon
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p. 153)

* Software tames data analysis (December, p. 156)

e Linear simulator hones performance (December, p. 158)
* Software simulates comm systems (December, p. 160)

* CD-ROM encyclopedia sorts global radars (December, p.
162)

CONFERENCES

* Wireless Symposium heralds innovations (March, p. 31)
2000 International Microwave Symposium (May, p. 150)
¢ MTT-S products (May, p. 192)

* Educational choices abound at ninth Wireless Sympo-
sium (December, p. 125)

* Broad mix slated for the Wireless Symposium (Decem-
ber, p. 144)

CROSSTALK

* Eugene Brannock, executive vice president of marketing
and engineering for Fujitsu Compound Semiconductor,
Ine. (July, p. 37)

DEFENSE ELECTRONICS
 Defense spending choices force a balancing act (June, p.
29)

* Frequency synthesizer spans 2 to 18 GHz in 10-MHz
steps (October, p. 150)

DEVICES & ICS

* High-speed GaAs ICs network at 10 Gb/s (January, p.
132)

® Transceiver ICs advance Bluetooth applications (Jan-

uary, p. 138
® Chip solutions aim at low-cost WLANs (February, p.
108)

* InGaP/GaAs provides high-linearity HBTs (February, p.
121)

* TDMA receiver [Cs serve PCS (February, p. 140)

» GaAs MMIC switch is designed around low-capacitance
MESFETSs (March, p. 93)

* Bluetooth integration poses challenges for developers
(May, p. 55)

» Analyze IC integrations at the system level (May, p. 67)
e Stable IC controls amplifier power (May, p. 212)

e Transceiver chip targets PWC (May, p. 214)

» Multiplexer/demultiplexer ICs cut SONET power and
cost (May, p. 220)

* GaAs FETSs offer improved specifications (June, p. 160)

¢ Use transmitting power FETSs for antenna switching
(July, p. 81)

* High-power transistor boosts aircraft radar (July, p. 114)

* Digital upconverter IC tames complex modulation
(August Cover, p. 159)

* ICs help implement a trim-free VCO (August, p. 172)

® Vacuum electronics are alive and well at the NRL
(September, p. 31)

¢ Biasing N-channel GaAs MESFETs (September, p. 81)

® RF ICs serve handsets and base stations (September, p.
160)

¢ Understanding thermal basics for microwave power
devices (October, p. 101)

* JEDM offers first glimpse of future devices (November,
p.29)

* Power devices stake their territories (November, p. 125)
* CMOS yields high-speed 5-GHz WLAN chip set (Novem-
ber, p. 156)

® Transmitter and receiver ICs run on ISM and SRD bands
(December, p. 196)

* Broadband fixed wireless transceiver serves UNII band
(December, p. 200)

¢ Error-correction ICs bolster wireless Internet access
(December, p. 202)

¢ Crystal-clock oscillator reaches new supply low (Decem-
ber, p. 204)

MATERIALS

* Wireless semi technology heads into new territory
(February, p. 31)

¢ Thick-film fabrication yields thin-film performance
(February, p. 97)

¢ InGaP/GaAs provides high-linearity HBTs (February
Cover, p. 121)

* New materials make microwave components safer for
users (September, p. 62)

e Aluminum nitride forges high-power resistive compo-
nents (September Cover, p. 135)

e SiGe’s influence spreads to many applications (October,
p. 29)

SYSTEMS & SUBSYSTEMS

¢ Studying biomedical issues of high-frequency radiation
(February, p. 105)

* Microwave synthesizer meets demanding communica-
tions requirements (March, p. 63)

* Dual digital receiver commands 70-dB range (March, p.
154)
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Call The Solutions Expert:
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» Enhance GMSK performance with two-point modulation
(April, p. 59)

® Macro applications seen for micro radar (May, p. 39)

¢ Caleulate intercept and compression points (May, p. 141)

* Refining CDMA mobile-phone power control (June, p.
71)

¢ Integrated RF synthesizer conserves space and power
(June, p. 158)

* Optical systems look to 10 Gb/s and beyond (July, p. 29)

* Increase CDMA network capacity with a transmit com-
biner (July, p. 66)

* DSPs cut power and add cellular channels (July, p. 118)
* Modeling systems based on Bluetooth wireless connec-
tivity (August, p. 121)

* Gauging the effects of nuclear radiation on microstrip
antennas in space (August, p. 145)

¢ Bluetooth enables line of wireless sensors (September, p.
150)

* GaAs MMICs power high-frequency communications
systems (October, p. 148)

* Design a frequency synthesizer for mobile communica-
tions systems (November, p. 63)

TEST & MEASUREMENT

* Mobile-phone test sets take aim at a moving target (Jan-
uary, p. 29)

e Measure harmonics with a spectrum analyzer (January,
p. 55)

o NIST unveils status of PIM testing (January, p. 72)

* Comparing on-wafer cal techniques to 110 GHz (January,
p- 114)

¢ Instrument emulates cable-network impairments (Jan-
uary Cover, p. 124)

e Signal analyzer checks transmitters to 10 Gb/s (January,
p. 134)

» Increase throughput with confidence interval testing
(February, p. 85)

» Noise generator checks high-data-rate satcom (Febru-
ary, p. 131)

 Field-strength analyzer undergoes upgrade (February,
p. 142)

* VNA-based system tests differential components
(March Cover, p. 126)

» Prematching tuners advance load-pull testing (March, p.
139)

e Switch cards fit compact VXI format (March, p. 152)
e Making EMI-radiated emissions measurements (April,

p. 49)

¢ Fine-tuning test methods for CDMAOne handsets
(April, p. 84)

® Measurement receiver speeds signal-generator calibra-
tion (April, p. 144)

* Vector signal analyzers augment test bandwidths (April,
p. 148)

» Test system evaluates broadband distortion (April, p.
150)

» Automated preselector filter streamlines CATV testing
(April, p. 152)

® Analyzer adds speed and accuracy to NF testing (May
Cover, p. 199)

* Scopes test mixed analog and digital designs (May, p. 218)
e VXI synthesizer sports wideband modulation (June, p.
140)

= Digital modulation forces new testing techniques (July,
p- 89

» Line stretchers ease VCO load-pull testing (July Cover,
p- 107)

» Multipurpose analyzers tackle group-delay tests (July, p.
116)

» Measure INL and DNL for high-speed ADCs (August, p.
109)

* VNAs set new marks for noise, speed, and automation
(September, p. 140)

» Solving a high-frequency signal-integrity problem (Octo-
ber, p. 63)

* Measuring power levels in modern communications sys-
tems (October, p. 89)

» Meters and sensors simplify power tests on complex
waveforms (October, p. 142)

e Scopes offer high bandwidth and time-saving features
(October, p. 146)

¢ Measure gain of power RF/microwave transistors
(November, p. 117)

* Spectrum analyzers tune to new levels of test perfor-
mance (November Cover, p. 137)

» Vector modulator forms digital generators from analog
sources (November, p. 146)

¢ Communications analyzer boasts versatility and high
bandwidth (November, p. 150)

e Evaluate the shielding effectiveness of flexible coaxial
cables (December, p. 69)

® Measuring and evaluating dynamic ADC parameters
(December, p. 78)

» Perform precise microwave measurements (December,
p. 101)
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S THEBESTY

* RF AMPLIFI
STAGES ARE THE
"SONES THAT DROPM

© — RIGHTIN,

With QuikPAC® RF amplifier modules,
you don‘t need to go through the time-
consuming process of designing and
aligning your own stages. Simply go to
www.xemod.com and find the answers
you need according to your target applica-
tion's frequency band and power output.
oo » You also have a choice of pre-set, regulated,
PUZZLED? QUIKPACS ARE AVAILABLE IN ' | and compensated gate bias, or direct
THE FOLLOWING BANDS AND POWER RANGES 'fi.j.-:?;'\ajccess to the gate terminals, to satisfy
o T T T A : those special requirements.

869-894 MHz « 30W-200W ] e
925-960 MHz - 30W-120W e
1805-1880 MHz « 25W-120W f ware or with Xemod’s
1930-1990 MHz « 25W-110W e " innovative QuikClip,

2110-2170 MHz « 25W-180W " which enables faster and

more cost-effective manufacturing and
testing. And to further streamline the
manufacturing process, you can specify

. QuikPACs with custom bias settings that
j drop right into your unique amplifiers

i and eliminate the need for alignment.

To find out exactly which QuikPACs you
need to complete your RF amplifier, or
to place an order, contact a Xemod
representative at 408-748-7360.

Visit us at Wireless/Portable Booth #243

Xemod, Inc. « 3350 Scott Blvd., Bldg. 49 I"] EMOD
Santa Clara, CA 95054 . 408-748-7360
© Copyright 2000 Xemod, Inc. All rights reserved. QuikPAC is a registered trademark of Xemod, Inc
Go to www.mwrf.com and click on the Free Advertiser Information icon



MICROWAVES & RF DIRECT CONNECTION ADS

TO ADVERTISE CALL JOANNE REPPAS (201) 666-6698
|

New and Current
'aowam Products Presented
& R F By The Manufacturer

DIRECT CONNECTION ADS

For futher information circle the
~appropriate number on the Reader Service Card.

To Advertise Call Joanne Reppas (201) 666-6698

RF Test

Particle Interconnect from this...

sPrecision CPW to uStrip Adapter Substrates

...to complete sockets. ~Conpaain Geforalion stk s md

Agcurate Electrical Data to Frequencies greater than 50 GHze
. exatron “Cangate it 4. s
Test Sockets @m T e
: : (508 3919995 P
Available as (408) 629-7600 (800) EXA-TRON Wit el
I Hi - www.exatron.com Test Tooling for the Untestable
sma ' |Qh Hﬂmﬂ“ﬁy Please visit us at Wireless/Portable Booth #1339 J MICROTECHNOLOGY
ZSVDE Mﬂdule ar e e Microwave lIsolators/Circulators
as Full Economical SysCalc & .. v....
Rack Mount System HIGH-LEVEL SYSTEM DESIGN
control

(120/220 VAC)

RF POWER AMPLIFIERS

Frequency coverage 450 MHz to 26.5 GHz
Low Insertion Loss <0.3 dB; High Isolation 23 dB
Excellent VSWR g.ZS:I

J/ Drop-in Packages v Volume Discount

J/ Reflection sensingtabs  / Application Support
/ Surface Mount Packages ./ TQM Organization
J/ Four port custom designs / Just in Time delivery

/ Connector options  MIL-+45208 Quaified
Blding A, 570 West Clearwater Loop v ﬁoﬁf padefges v gﬁfna"; dﬁﬂsgs
Vv inction for it " .JCOI 3
208-457.0203 « Fax 208.457.0208 pigrertolson o
- - - ax - -l )

warw Jofamps.com Arden Technologies, Inc. | | | /Low cost/ High Volume Production Gapabilty
g ’ PO Box 286 « Forest, VA 24351 380 Tennant Ave. Morgan Hill, CA 95037

E-mail: info@Icfamps.com Sales: 804/525-6837 or 888/535-6837 (US only) http:/Www.novamicro.com
Fax: 804/525-5376 © E-mail: soles@ardentech.com Tel. 408-778-2746 » Fax.408-779-5967

FREE fully functional demas at hitp://www.ardentech.com MICROWAVE e-mail: novamic@msn.com

LCF ENTERPRISES ARDEN TECHNOLOGIES NOVA MICROWAVE, INC.
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) PLCRQO’s

SATELLINK, INC.
SUPER LOW NOISE
FREQUENCY  NOISE TEMPERATURE

15 GHz 25°K

7.5 GHz a5°K

15.0 GHz 100°K

AMPLIFIERS
CONVERTERS
RECEIVERS

SATELLINK, INC.

3525 MILLER PARK DR.
GARLAND, TX 75042
(972) 487-1434

FAX ©72) 487-1204
TWX 910-860-5081

SATELLINK LUFF RESEARCH, INC. _

20 N. Tyson Ave., Floral Park, NY 11001

CUSTOM

PLDRO’s

Tel: (516) 358-2880 Fax: (516) 358-2757

Web: www.luffresearch.com
E-mail: sales@luffresearch.com

New RF Shielded Test Enclosure

Egﬂ Oﬂ_ Iftlh:%! < /

e e 2,

The STE 5000 enclosure represents a
breakthrough in RF shielded enclosure
design and value. At 24" X 24" X 18" ID the
enclosure holds even 19" rack sized
instruments. Constructed of type 304 SS
and lined with microwave absorbent foam,
RF suppression is -110 db at 1 GHz. A 4" x
6" connector panel allows custom configura-
tion with fast delivery. The standard unit
includes 4-terminal power, 2-BNC, 2-"N"
type, and 1-DB9 connector. Call or visit our
web site for complete details.
Ramsey Electronics Inc 800 446-2295
www.ramseytest.com

RAMSEY ELECTRONICS

Filter with Flat Grou
Y , R

WAVECON

A Better Way to
Communicate

VDMOS
&
LDMOS

yvfet rf devic

New and Current Products Presented By The Manufacturer

icrowaves
(6%

For further information,
circle the appropriate
number on the
Reader Service Card.

|

.. avertise, Call Joanne Reppas at
(201) 666-6698, Fax (201) 666-0557
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Configurable
High
Thru-put

A compact, full fealured, user configurable, manually operaled fest fiture

with rapid foad unload capability. Useful for production measurements of
thin fifm and packaged microwave components with NIST traceability.

» BenchiopSize{<11t’) » Vacuum chuck ® X-Y-Z probe positioners »
» Top Plate Z-i#t » Locking Stage » Integral Vacuum Accessery Maniloid e
» 7X-40X Stereo Zoom Mitroscope » Adjustable Halogen liuminator «
 Vacuum Accessories » Compatibie with 40GHz+ probes

Standard and custom chuck piales for testing

MICROSTRIP PACKAGES

@

The Standard for Test Correlation
J MICROTECHNOLOGY

 microTechnology
3744 NW Bluegross P
Portland, OR 97328
{508} G14-8308
503 B3 1-0328 tFAXT

wwrorw jmicroteehnology.com
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SimPLL |

User friendly PLL design
and simulation software

DIRECTIONAL COUPLERS

TYPES: Single & Dual Versions

FREQUENCY RANGES:
varies between .01 and 1000 MHz

COUPLING LEVELS: 20 dB &30 dB

IN LINE POWER:
2 W to 200 W depending on model

Couples are available for Standard Performance, High
and Refi Grade applications. Minimum

{777t Transient response - frequency,
i frequency error, phase error.
: Simulates Lock Detect circuits
both Analog & Digital.
i Simulates switched loap filter
;  for faster locking.
Phase noise L
Reference spurs .
Loop gain & phase
Modulation response AR
Passive & Actve Fiters  _w..1111| | [T111..
More details and s:s::fd
FREE demo at S Labs

www.radiolab.com.au
\_ Introductory pricing until 31st January 2001 J
APPLIED RADIO LABS

Directivity, Loss, Flalness & VSWR refiect these applications.

WIDE BAND ENGINEERING CO. INC.

P.O. Box 21652, Phoenix, AZ 85036
Phone & Fax (602) 254-1570
http://www.wbecoinc.com

WIDE BAND ENGINEERING

A3
1
i

K¥S~

L L |
ELECTRONICS
I "Where your dreams turn into reality.” l

* Std. 5 and 10 MHz OCXO

* TCXO VCXO TC-VCXO

* WIDE BAND VCXO +/- 5000 ppm pull

« Customized crystal and L/C filters

* std. 10.7/21.4/45/70 MHz two pole crystal filters

* Phase noise measurement services
Call / fax for the quote.

Call or Fax your requirements.

16406 N. Cave Creeck Rd. #5
Phoenix, AZ 85032-2919
Ph: (602) 971-3301 Fax: (602) 867-7250

Visit our website www.kselectronics.com

KS ELECTRONICS

PRECISE MEASUREMENT

AVCOM's MSA-90A

Microwave Spectrum Analyzer

AVCOM's newest addition to its impressive line of afford-
able Microwave Spectrum Analyzers, model MSA-S0A,
covers a frequency range of 50 KHz to over 1 GHz inone
sweep with a sensitivity greater than -110 dBm at narrow
spans and uses state-of-the-art direct frequency synthe-
sis to assure accurate cenler frequency measurements
down to 1 KHz accuracy, for the amazing price of $ 3875.

CAVCOM v o i i

500 SOUTHLAKE BLVD
RICHMOND, VA 23236 USA
B04-794-2500

OF VIRGINIA INCORPORATED FAX: 804-794-8284
Web site: www.AVCOMofVA.com

itrs to 50 Gtz

® Waveguide

® Stripline/Microstrip

® Transmission Line

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 - 800-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http:/iwww.microwavefilter.com

MICROWAVE FILTER COMPANY

Rb Standards & DDS Synthesizers
“Precision You Can Afford”

i

$395
» Atomic Frequency Standards
1450A Rubidium+DDS Synthesizer (Rack)
2950AR Rubidium Standard (Bench)

* Modular and PC-based Synthesizers
DDS6m (shown) 40MHz RS232 Controlled
DDS5m Locks to Standards RS232 & Switch
DDS3pe & DDS4pe PC ISA-bus to 34 MHz

* Bench Top Synthesizers
2910A Series 1pHz steps to 48MHz

Novatech Instruments, Inc.
206-301-8986 (v) , 206-363-4367 (fax)
Specs & prices: www.eskimo.com/~ntsales

AVCOM OF VIRGINIA, INC.
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Software configures
analyzers

Guided scalar measurement soft-
ware enables the configuration of the
6800 series of scalar and system
microwave analyzers

so that

unskilled operators can simply and
precisely perform complex or repeti-
tive measurements. The software
enables the instruments to be cus-
tomized for short-run production
measurements on components,
assemblies, as well as subsystems.
IFR Systems, Inc.; 10200 West
York St., Wichita, KS 67215-
8999, (800) 835-2352, (316) 522-
4981, e-mail: info@ifrsys.com,
Internet: http://www.ifrsys.
com.

Switch simplifies
PCB layout complexity

The model AS196-307 is a high-iso-
lation, nonreflective gallium-
arsenide (GaAs) integrated-circuit
(IC) switch with driver. Operating
over the DC-to-6-GHz band, the unit
is suitable for Global System for
Mobile Communications (GSM), per-
sonal-communications-services
(PCS), digital communications ser-
vices (DCS), and base-station syn-
thesizer switching with 55-t0o-60-dB
isolation from 0.5 to 2.5 GHz. The
switch offers single +3- or +5-VDC
control with an integrated silicon (Si)
driver. Alpha Industries, 20 Syl-
van Rd., Woburn, MA 01801;
(781) 935-5150, FAX: (617) 824-
4564, Internet: http://www.
alphaind.com.

Amplifier covers
150 to 2500 MHz

The model Rf2367 code-division-
multiple-access/time-division-multi-
ple-access/Global System for Mobile

Communications power amplifier
(CDMA/TDMA/GSM PA) driver
amplifier spans the frequency range
of 150 to 2500 MHz and is optimized
for operation in the digital-communi-
cations-services (DCS) and personal-
communications-services (PCS)
bands (1700 to 2000 MHz) for applica-
tions where low-transmit noise
power is of concern. The unit oper-
ates from a single +3-VDC (+2.5- to
+6.0-VDC) power supply and fea-
tures an adjustable bias current. The
device’s performance at 1880 MHz
includes 21.5-dB gain, +24-dBm out-
put third-order intercept point (IP3),
and a 2.2-dB noise figure. RF Micro
Devices, 7625 Thorndike Rd.,
Greensboro, NC 27409-9421;
(336) 664-1233, FAX: (336) 664-
0454, Internet: http://www.
rfmd.com.

VCO generates frequencies
from 1295 to 1385 MHz

The model CLV1350E is a voltage-
controlled oscillator (VCO) that gen-
erates frequencies between 1295 and
1385 MHz within +0.5 to +4.5 VDC of
control voltage with an average tun-
ing sensitivity of 36 MHz/V. The
device boasts a typical spectral signal
of -109 dB¢/Hz, at 10 kHz from the
carrier while attenuating the second
harmonic to better than —12 dBc. The
unit’s 1.1:1 linearity over frequency
and temperature supports quick
implementation into phase-locked
loops (PLLs) where the error voltage
can be taken directly from the inte-
grated circuit’s (IC’s) charge-pump
circuitry. The VCO operates from a
+5-VDC source while drawing only
26 mA, typically, and it is designed to
operate over the extended commer-
cial temperature range of —40 to
+85°C. Z-Communications, Inec.,
9939 Via Pasar, San Diego, CA
92126; (858) 621-2700, FAX: (858)
621-2722, e-mail: sales@zcomm.
com, Internet: http://www.
zcomm.com.,

Attenuator offers
23-dB return loss

Model VA182B-36C2 is a low-loss,
surface-mount, analog-voltage vari-
able attenuator designed to operate
from within the digital-communica-
tions-services (DCS) receive band.

The attenuator was designed for
feedforward and multicarrier power-
amplifier (PA) applications. The
attenuator boasts superior attenua-
tion flatness, a return loss of better
than 23 dB typical across the entire
attenuation range. Phase shift versus
attenuation is less than 1 deg. per
decibel, and third-order intercept
point (IP3) is better than +45 dBm
over a 20-dB minimum attenuation
range. Attenuation is achieved with a
control voltage from 0 to +5 typically,
with less than 20 mA and no DC bias
required. SV Microwave, 7247
Bryan Dairy Rd., Largo, FL
33777, (727) 541-5800, FAX: (727)
541-5869, Internet: http:/www.
svmicrowave. com.

Filters suit
wireless markets

The MPC series is a line of highly
stable filters that are for use in wire-
less and telecommunications market
applications. The filters boast a cen-
ter frequency of 881.5 MHz and a
bandwidth of 25 MHz. The insertion
loss is 2.6 dB maximum, with an
attenuation of -12 dB at 849 and 914
MHz. Spectrum Control, Inc.,
8031 Avonia Rd., Fairview, PA
16415; (814) 835-1650, FAX: (814)
835-1651.

Power dividers
operate to +125°C

A family of stripline power
dividers includes 2-way, 4-way, and
8-way configurations. The models
MDC2200 and MDC2400 provide 2-
and 4-way division, respectively,
from 0.5 to 18 GHz in octave and
broadband models. The models—
MDC2800 and MDC8PX00 are 8-way
dividers covering the frequency
range of 0.75 to 18 GHz, respectively,
in narrow and broadband frequency
ranges. MIDISCO, 1707 Veterans
Memorial Highway, Unit 32,
Islandia, NY 11749-1581; (800)
637-4353, (631) 234-3505, FAX:
(631) 234-3913, Internet: http:/
www.microwave_distributors.
com/midisco.

For more information, visit
www.mwrf.com
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VCXO outputs
155.52 MHz

Model F17355 is a surface-mount-
technology (SMT), industry-compati-
ble, positive-emitter-coupled-logic
(PECL) voltage-controlled crystal
oscillator (VCXO0) that is powered by a
+3.3-VDC supply voltage and has an

output frequency of 155.52 MHz. The
unit features a frequency stability of
+30 PPM at -10 to +70°C and =50
PPM at 40 to 85°C. The VCXO also
provides a minimum deviation of +60
PPM, low jitter characteristics of 1 ps
root mean square (RMS) typical, and
rise/fall times of less than 450 ps.
Champion Technologies, Inc.,
2553 N. Edgington St., Franklin
Park, IL 60131; (800) 888-1499,
Internet: http//www.champtech.
com.

Diplexer filters
UMTS signals

The model W2446D is a miniature
intermodulation-distortion (IMD)-free
diplexer that filters Universal Mobile
Telecommunications System (UMTS)
signals. Designed for video reception
and transmission in the UMTS band,
the unit’s operating temperature is 40
to +70°C. Insertion loss is 1 dB at a 60-
MHz digital-communication-services
(DCS)/UMT bandwidth (2110 to 2170
MHz). Two standard +43-dBm input
test signals produce less than
-100 dBm of IMD signals. Wireless
Technologies Corp., 1009 Shaver
St., Springdale, AR 72762; (501)
750-1046, FAX: (501) 750-4657,
e-mail: wireless@ipa.net, Inter-
net: https//www.duplexers.net.

Coupler targets
800 to 2500 MHz

The model 100-AC-FFN-20 is a 100-
W coupler with a frequency range of
800 to 2500 MHz that couples at 20 dB

NEW PRODUCTS

with a directivity of 20 dB minimum,
making it ideal for cellular and person-
al-communications-services (PCS)
applications. The operating tempera-
ture extends to 105°C, while insertion
loss is 0.25 dB (excluding coupled
power) and 0.3-dB through line. Bird
Component Products, 10950
72nd St. N., Suite 107, Largo, FL.
33777-1527; (727) 547-8826, FAX:
(727) 547-0806, e-mail: sales@
birdfla.com, Internet: http://
www. birdfla.com.

Cable offers
2.3-dB loss factor

The KW800 is a line of flexible cable
that is specifically designed to provide
extra performance margins for appli-
cations with demanding specifications.
The cable boasts a loss factor of 2.2
dB/100 ft. at 1 GHz and can be formed
by hand into a 4-in. (10.16 cm) diameter
loop without the need for special man-
drels or bending apparatus. Semflex,
Inc., 5550 E. McDowell Rd., Mesa,
AZ 85215; (800) 778-4401, (480)
985-9000, FAX: (480) 985-0334,
Internet: http://www.semflex.
com.

Gaskets provide
100-dB shielding

The models SNK 45 and SNG 55 are
single-component, silicone (Si)-based,
automated form-in-place electromag-
netic-interference (EMI) gaskets. The
gaskets are filled with proprietary con-
ductive particles and provide shielding
effectiveness of greater than 100 dB at
1 GHz. The gaskets do not have to be
mixed, enabling them to shorten pro-
duction cycles and reduce waste. They
adhere to a variety of materials.
Instrument Specialties, Shield-
ing Way, P.O. Box 650, Delaware
Water Gap, PA 18327-0136; (570)
424-8510, FAX: (570) 424-6213,
e-mail: info@instr.com, Internet:
http//www.instr.com.

Visual fault finder
identifies bending losses

The model 263MT visual fault finder
aids in quickly identifying breaks and
bending losses in fiber-optic cables ter-
minated with MT-RJ small-form-fac-
tor (SF'F) duplex connectors. A power-
ful 0-dBm (1-mW) 635-nm red laser
launched into the fibers makes breaks,

bending losses, and other defects visi-
ble up to 1 km. The unit features con-
tinuous-wave (CW) output and a 1-s
pulsed output mode that increases
viewing contrast in difficult lighting
conditions. RIFOCS Corp., 1340
Flynn Rd., Camarillo, CA 93012;
(805) 389-9800, FAX: (805) 389-
9808, e-mail: sales@rifocs.com,
Internet: http//www. rifocs.com.

Synthesizer features
low distortion

The model AN2050A-NARB is a
nonarbitrary waveform synthesizer
suitable for hard-disk-drive (HDD)
industry needs. The synthesizer fea-
tures an integrated thermal asperity
generator, which enables the wave-
form data to maintain 8-b resolution
through most of the data pattern. The
accuracy of an 8-b digital-to-analog
converter (DAC), followed by a 12-b
variable gain stage, allows very-small
amplitude variations to be studied
while the DAC operates at full range.
The unit’s sampling clock operates at
2.4 GHz, producing an 800-Mb/s wave-
form with 3Xoversampling or 1.2 Gb/s
at 2X oversampling. The 850-MHz
bandwidth keeps distortion of the sig-
nal at high data rates to a minimum,
enabling input to be easily varied in
order to investigate performance and
yield effects in the channel around
Monte Carlo distributions, rather than
a single waveform. Analogic Corp.,
8 Centennial Dr., Peabody, MA
01960; (978) 977-3000, e-mail:
T&M_info@analogic.com, Inter-
net: httpJ//www.analogic.com.

For more information, visit
www.mwrf.com
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THE COMPLETE
The TRU-OSO...PLL SOLUTION

a Phase-Locked Loop ASIC...
with a Quartz Stabilized VCXO
to 65 Mb/s.

* Reduces Design Time
and Board Space

* Improves Jitter
Performance Reliability

We are the One!
VECTRON 166 Glover Avenue, Norwalk, CT 06856

INTERNATIONAL Tel. 1-88-VECTRON-1 » Fax. 1-888-FAX-VEC-

TRON
u A TECHNOLOGIES COMPANY e-mail: vectron@vectron.com

www.vectron.com

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



VCO ranges
to 5420 MHz

The model V940MEO02 is a voltage-
controlled oscillator (VCO) operating
in the 5220-to-5420-MHz frequency
range. Tuning voltage spans +0.5 to
4.5 VDC, the phase noise at 10 kHz
offset is —-83 dBc/Hz, harmonic sup-
pression is —25 dBe¢, and power out-
putis-1 + 3 dBm. With aload imped-
ance of 50 ), the maximum input
capacitance is 50 pF, pushing is less
than 10 MHz/V, pulling is less than 35
MHz, and operating temperature
range is —30 to 85°C; supply voltage is
+5 VDC. Applications include
microwave radios, satellite communi-
cations, and direct broadcast. Z-
Communications, Inc., 9939 Via
Pasar, San Diego, CA 92126;
(858) 621-2700, FAX: (858) 621-
2722, e-mail: sales@zcomm.com,
Internet: http:/www.zcomm.
com.

Rx operates
to 0 dBm

Model AMT128503T56F is a small-
form-factor (SFF) fiber receiver (Rx)
that is designed for Gigabit Ethernet
and fiber-channel fiber-optic net-
work systems. The fiber receiver
offers a typical sensitivity of -22 dBm
with a minimum responsivity of 1000
V/W with a total power dissipation of
approximately 120 mW. Operating
from a +3.3-VDC supply, the device
provides a minimum bandwidth of
1000 MHz and features an on-chip
automatie-gain-control (AGE) cir-
cuit, enabling the unit to handle high
optical input powers up to 0 dBm.
The unit consists of a monolithically
integrated metal-semiconductor-
metal (MSM) diode and a transimpe-
dence amplifier (TTA) integrated in a
small TO-56 package. ANADIGICS,
35 Technology Dr., Warren, NJ
07059-5148; (908) 668-5000, FAX:
(908) 668-5132, Internet: http:/
www.anadigics.com.

Rx boasts conversion
gain of 475 V/W

The model R402HR is a PIN and
Telecommunications Industry Asso-
ciation (TIA) optical receiver (Rx)
boasts a conversion gain of 475 V/W
(at 1550 nm). This fiber-optic pig-
tailed component serves the stan-

NEW PRODUCTS

dard OC-192/STM-64 telecommuni-
cations market with sensitivity of -20
dBm and bandwidth of 30 kHz to 8
GHz. Featuring low ripples, low
group delay, and low electrical return
loss, the device provides designers of
telecommunications systems with
the signal level needed for driving fil-
ter, automatic gain control (AGC), or
limiting amplifier stages. Circuit-
board footprint is 13 X 18 mm. Dis-
covery Semiconductors, Inc.,
186 Princeton-Hightstown Rd.,
Princeton Junction, NJ 08550;
(609) 275-0011, FAX: (609) 275-
4848, e-mail: sales@chipsat.com,
Internet: http:/www.chipsat.
com.

Coupler works
to 2200 MHz

Model CK-55N is a directional cou-
pler that operates across the 800-to-
2200-MHz wireless frequency bands
for use in in-building applications.
The directional coupler unequally
splits wireless carriers ranging up to
200 W to a secondary antenna feed or
distribution cable. Main line loss has
been minimized by using an air
dielectric between silver (Ag)-plated
conductors, resulting in passive
intermodulation (PIM) that is less
than -140 dBc. Microlab/ FXR, 10
Microlab Rd., Livingston, NJ
07039-1682; e-mail: sales@
microlab.fxr.com, Internet:
httpJ//www.microlab.com.

Packaging technology
reduces costs

Alpha-2 is a proprietary multichip
module packaging technology.
Alpha-2 modules reduce the cost of
manufacturing high-speed and high-
frequency data-communications
equipment by replacing labor- and
capital-intensive wirebonding with a
surface-mounted package that is
specifically designed for high-speed
and high-frequency integrated cir-
cuits (ICs). Alpha-2 packaging is
compatible with standard tape-and-
reel manufacturing. These modules
are suitable for high-speed data-
communications equipment, such as
local-multichannel-distribution-sys-
tem (LMDS) wireless systems as
well as OC-192 and future OC-768
high-speed fiber-optic systems.

Alpha Industries, 20 Sylvan Rd.,
Woburn, MA 01801; (781) 935-
5150, FAX: (617) 824-4564, Inter-
net: http://www.alphaind.com.

Capacitors run
to +150°C

The SPC is a series of surface-
mount-device (SMD) capacitors that
are manufactured of double-metal-
ized PPS film. The capacitor series
offers low electrostatic discharge
(ESR) of less than 0.2 percent DF at
100 kHz, the ability to handle high-
frequency AC currents, and excel-
lent pulse-handling capability. The
series is rated for +630 VDC (350
VAC) in capacitance values from 470
to 4700 pF. With an operating tem-
perature up to +150°C, the capacitor
series is well- suited for automotive
electronics, including hybrid/ electric
vehicles, snubbing and power-factor
correction in SMPS, as well as other
applications requiring the handling
of pulse or high-frequency AC. Evox
Rifa, 300 Tri-State Internation-
al, Suite 375, Lincolnshire, IL
60069; (847) 948-9511, FAX: (847)
948-9320, e-mail: service@evox-
rifa.com, Internet: http:/www.
evox-rifa.com.

Choke spans
-40 to 125°C

A surface-mount toroidal-core
transformer is characterized as a cur-
rent-compensated choke with induc-
tance values ranging from 11 to 4700
pH. The choke operates across the
temperature range of —40 to 125°C
and is suitable for applications
including electromagnetic-interfer-
ence (EMI) isolation in switching-
mode power supplies as well as other
line-filtering requirements. Measur-
ing 8.5 X 6.0 X 4.5 mm in a pick-and-
placeable liquid-crystal polymer
plastic housing, the parts are sup-
plied on carrier and reel. Sprague-
Goodman Electronics, Inc.,
1700 Shames Dr., Westbury, NY
11590; (516) 334-8700, FAX: (516)
334-8771, e-mail: info@sprague-
goodman.com.

For more information, visit
www.mwrf.com
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Introducing

Ever since the boom in the consumer communica-
tions markets, you've been on the road looking for
cutting-edge military/aerospace electronics at
various wireless, microwave, and other consumer
events. COTS events are helpful in finding various
components, but a modified consumer IC isn’t close
to the complete solution needed to meet the high
standards, bandwidth capacity, or life cycle of
today’s military systems. But now there’s a com-
prehensive event specifically designed for you.

The Military Electronics Show is a full-scale
conference and showcase dedicated to Electronics
OEM engineers and designers who are developing
products for the military/aerospace industry, and
the military leaders influencing these products.

April 25-27 2001
Baltimore Marriott
Waterfront Hotel
Baltimore, MD

See a comprehensive assembly of hardware,
software, quality control, and test equipment that

is specific to the military/aerospace market. Learn
about the technologies critical to your success from
a selection of more than 50 technical sessions in
component and system design, software simulation,
and test techniques. Topics will include avionics,
electronic-countermeasures (ECM), electronic
warfare (EW) radar, satellite-communications,
surveillance, and more.

And most importantly, it will be a military
community. Component, test, and QC
manufacturers, OEMs, and military personnel

will all come together on the showcase floor,

in the conference sessions, and at the networking
functions with one common objective: advancing
the military electronics marketplace.

Welcome home.

Log-on to www.militaryelectronicsshow.com
or contact Jack Browne at jbrowne@penton.com

Please contact btapp@penton.com

Log-on to www.militaryelectronicsshow.com
or e-mail lwilczynski@penton.com
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Embedded Internet
Wireless Internet
You’ve got to build it.
Find out how at:

IEFOE i

Creating Intelligent Appliances for a Networked World

SANTA CLARA CONVENTION CENTER, SANTA CLARA, CA :
CONFERENCE: MAY 1416 « SHOWCASE: MAY 15-16 @

For today’s EOEM hardware and software innovators, technical
entrepreneurs and industry thought leaders, the real action is where
the code hits the silicon. Internet Device Builder is the premier event
for engineers and engineering managers, embedded developers and
project managers, OEM executives and others on the front lines of
the connected revolution.

In the conference sessions, the product exhibition and at the networking
functions, you'll find the contacts and resources that will put you
ahead of a fast-moving pack.

See the latest in hardware, software, test and quality-control solutions
from industry-leading companies.

Attend the comprehensive three-day conference featuring:
Bluetooth @ Wireless Networking ® The Wireless Internet ¢ Java & Jini
Solutions ® Windows Solutions ¢ Interface Design ¢ Advanced
Networking Technologies ¢ Real-Time Operating Systems ® and more.

Co-located with the Applied
Computing Conference

Over 150 exhibitors.
Thousands of attendees.
Combined, it's the largest
embedded systems event
in Silicon Valley in 2001.

CONFERENCE

Early Registration Gets You A

Deep Discount!
Call 1-888-947-3734 for information on
exhibiting, speaking, or attending.

MRFSI1ID

@ Or log on to www.iDeviceBuilder.com
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Software Simulates
Communications Systems
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(CONTINUED FROM PAGE 160)
events and combined discrete and
continuous events. Operators can
model circuits with topologies
that contain separate functional
subblocks, including feedforward
amplifiers, balanced amplifiers,
modulators, demodulators, signal
processors, as well as cable
repeaters.

The libraries within RF Intercept
consist of devices, instruments, sig-
nal processors, sources, and systems.
The device library includes four
amplifier models, attenuators, mix-
ers, couplers, and power-divider
modules. The
instrument library
includes a BER
counter, a bit-

the allocation of system frequencies
free of mutual third-order inter-
modulation-distortion (IMD)
interference.

An example of the functions con-
tained in the software is a logarith-
mic/exponential compressor/ex-
pandor (compandor) module (see
figure). The software makes it possi-
ble to perform a sensitivity analysis
to show the variation in harmonie dis-
tortion as a function of input ampli-
tude. The simulation in the figure is a
logarithmic and exponential ampli-
tude compressor and expander. The
LOG compressor block is perfect.
The EXP expander
block deviates from
its ideal comple-
mentary shape by 5

stream monitor, an The libraries Wlthln percent. A spec-

eye-pattern plot-

trum-analyzer

ter, a phase detec- RF Intercept consist block can be used in

tor, and a spectrum
analyzer.
RF Intercept

nal-processing

of devices,
offers versatile sig- lnStmmentS, Slgnal

order to calculate
harmonic distor-
tion, while plotter
and input/output
(I/0) blocks can be

functions, such as processors, Sources, used to show time-

convolution, signal
detection, sam-
pling, and a phase-
shift-keying (PSK)
demodulator.
Sources include
amplitude-modulated (AM), phase-
modulated (PM), and frequency-
modulated (FM) generators, a ran-
dom-number generator, and an
impulse generator. Systems include
an AM fiber-optic link and a channel-
allocation module. The AM fiber-
optie link can calculate the carrier-
to-noise ratio (per channel)
performance of a multichannel AM
fiber-optic link as a function of optical
loss. The model determines the opti-
cal transmitter’s (Tx’s) contribution,
due to a laser’s relative intensity
noise (RIN), and the optical receiv-
er’s (Rx’s) contribution (due to
quantum limits and circuit noise)
independently. The complete link
performance is then determined by
summing together all the indepen-
dent noise-power components. A
channel-allocation module simplifies

and systems.
i

domain waveforms.
The software is
provided with doc-
umentation and a
host of useful ex-
amples (within RF
Intercept and EXTEND). RF Inter-
cept with EXTEND requires a com-
puter with at least a Pentium or Pen-
tium Pro microprocessor and
Windows 3.1 or higher or Windows
NT 3.5 or higher, 8 MB of random-
access memory (RAM), and a mini-
mum of 20 MB of available hard-disk
memory. P&A: $1165.00 (including
EXTEND); stock. RHR Laborato-
ries, 207 Harding Blvd. W,,
Richmond Hill, Ontario L4C
8X6, Canada; (905) 884-2392,
FAX: (905) 884-6843, e-mail:
104673.3110@com puserve.com,
Internet: http:/www.rhrlabora

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

ALAN (“PETE”) CONRAD
Special Projects Editor

i BT

Resistors operate
to +95°C

The DS1847 and DS1848 dual tem-
perature-controlled NV-variable
resistors incorporate temperature-
compensation circuitry with dual
variable resistors and electrically
erasable programmable-read-only
memory (EEPROM), enabling a
higher level of precision in control-
ling laser intensity in optical trans-
ceivers. The units operate with
either +3- or +5-VDC supplies within
a temperature range of —40 to +95°C.
Dual 256-position, linear taper resis-
tors are used in optical transceiver
modules to control current to verti-
cal-cavity surface emitting lasers
(VCSELS) or laser diodes. During
operation, an integrated digital ther-
mometer continuously measures
temperatures, which are compared
to resistance characteristics stored in
on-chip EEPROM. As temperatures
vary, the DS1847 and DS 1848 auto-
matically compensate by precisely
adjusting resistance. Dallas Semi-
conductor, 4401 S. Beltwood
Pkwy., Dallas, TX 75244-3292;
(972) 371-4448, Internet: http:/
www.dalsemi.com.

Divider/combiner spans
0.8 to 4.0 GHz

The model P6W-10-1 is a six-way
broadband Wilkinson power di-
vider/combiner offering multi-octave
bandwidth and high reliability for
test equipment. Frequency range is
0.8 to 4.0 GHz, VSWR input is 1.6:1
and output is 1.6:1, and maximum
insertion loss is 1.45 dB. Typical iso-
lation is 18 dB, intermodulation (IM)
ranges from -100 to —135 dBc option-
al, and maximum amplitude balance
is 0.5 dB. Applications include auto-
mated testing needs for RF,
microwave, and wireless manufac-
turers. Dow-Key Microwave,
4822 McGrath St., Ventura, CA
93003-7718; (805) 650-0260, FAX:
(805) 650-1734, Internet: http:/
www.dowkey.com.

For more information, visit
www.mwrf.com
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Help choose the best products of 2000
m the EE Product News

Each issue, the editors of EE Product News serve up the best new products the industry has
to offer. In deciding which products make the cut each month, we look for the latest com-
ponents, equipment and systems that can help you design products better, faster and at
lower cost.

And each year we recogmze the “best of the best” by publishing our annual
“Products of the Year” special issue.

This year we're giving readers the chance to participate in selecting the Products
of the Year for 2000. Here’s how it works: Our editors have selected 8 Product of the Year
finalists in 18 product categories. Each week, for the next 7 weeks, vou’ll have the opportu-
nity to vote one product off each category list. The finalists in each product category will be
announced in our special Products of the Year issue in January. 3

Enter to win one of seven Palm VII Series™ organizers,

and the Grand Prize—a Caribbean cruise for two EEPN 2000 Products Of
The Year Categories

Every time you participate your name will be entered in a week- [[E Y INRPEWESEIIN
ly drawing for a Palm VII Series™ organizer, so enter often. Once Calinats & Enclopes
the contest is completed, we’ll pull the name of one lucky par- [kht

isplays & Indi
ticipant who will win the Grand Prize—a Caribbean cruise for z:rifnm .

two! | Motors & Motion Control
Contest begins October 23, 2000. To enter click on Rl Ll

Power Sources
www.PlanetEE.com. Prototyping Products

Relays & Solenoids

Semiconductors/Analog &
Mixed Sigmal ICs

Semiconductors/Digital ICs

Semiconductors/Discretes

Semiconductors/pPs, uCs & DSPs

Sensors

Software

Switches, Keypads & Keyboards

Test & Measurement




(continued from p. 178)
range, with maximum full-band
insertion loss of 0.2 dB and maxi-
mum fullband VSWR of 1.25.
Another fundamental compo-
nent that received a new look
was the RF/microwave mixer.
The engineering department
at Mini-Circuits (Brooklyn, NY)

unveiled a line of field-effect- 3. Model E4440A is a 26.5-GHz spectrum analyzer

| PRODUCT TECHNOLOGY }

Top Products of 2000

transistor (FET)-based mixers that employs completely digital resolution-
designed for high IP3 bandwidth filters.

performance.

An example of the new FET mixer
line is the model HJK-21H, which op-
erates with RF signals from 1850 to
1910 MHz and local oscillator (LO) sig-
nals from 2090 to 2150 MHz. It yields
IF signals from 180 to 300 MHz and is
designed for LO power levels of +17
dBm. The mixer exhibits a maximum
conversion loss of 8.9 dB, with typical
performance of 7.6 dB. The HJK-21H
achieves typical input IP3 perfor-
mance of +36 dBm. The LO-to-RF iso-
lation is typically 28 dB, while the LO-
to-IF isolation is typically 25 dB. The
mixer, with return loss of typically bet-
ter than 9 dB (Fig. 3), exhibits minimal
change in return loss and isolation per-
formance levels as a function of LO
power.

Rather than develop a single compo-
nent, Synergy Microwave (Paterson,
NJ) chose to rethink the entire way
that high-frequency components are
designed, and developed a practical,
three-dimensional (3D) multilayer ap-
proach called SYNSTRIP Technology.
The new technology supports the fab-
rication of traditional high-frequency
components, such as power dividers
and mixers, in extremely compact con-
figurations with excellent perfor-
mance. SYNSTRIP Technology
blends the best features of know pla-
nar transmission-line techniques, such
as microstrip and stripline, using a
“mixed-mode” propagation concept
that allows a designer to distribute a
circuit across different circuit layers
with different transmission media. As
aresult, structures such as mixer
baluns, can be miniaturized well be-
yond conventional circuit-fabrication
techniques.

In the IC area, Silicon Laboratories
(Austin, TX) demonstrated impressive
integration with the Si4136, a synthe-
sizer capable of operating from 2.0 to

2.6 GHz in support of IEEE 802.11
wireless local-area networks
(WLANSs) at 2.4 GHz. The chip also
generates intermediate-frequency
(IF) signals from 62.5 MHz to 1 GHz. It
consists of three complete PLLs, with
three on-chip voltage-controlled oscil-
lators (VCOs), loop filters, reference
and VCO dividers, and phase detec-
tors. The phase noise at a 1-MHz offset
from 2.4 GHzis -131 dBc/Hz.

Rx AND Tx ICs

Low-cost wireless applications were
the driving force behind the develop-
ment of a line of Rx and transmitter
(Tx) ICs by Melexis, Inc. (Concord,
NH and Erfurt, Germany). Costing as
little as $0.75 in large quantities, these
Rx and Tx ICs are ideal for a wide
range of low-cost, low-power unli-
censed wireless applications from 300
to 950 MHz, including wireless remote
keyless entry (RKE) for vehicles, re-
mote tire-pressure control, alarm sys-
tems, security monitoring, telemetry,
garage-door openers, baby monitors,
and wireless door bells. The ICs are
designed to work within allotted bands
such as the industrial-scientific-medi-
cal (ISM) and short-range-devices
(SRD) bands. The low-cost bipolar-
complementary-metal-oxide-semicon-
ductor (BICMOS) RF devices feature
transmit current consumption of 5 to
13 mA and Rx current consumption of
only 6.5 to 9.0 mA, making them suit-
able for a wide range of commercial
and consumer wireless products.

The Txs offer adjustable differential
or single-ended output-power levels
from —18 to +3 dBm, and a fully inte-
grated PLL synthesizer for good fre-
quency stability. They feature auto-
matic power amplifier (PA) turn-on
after PLL lock, do not require external
RF oscillator components, and offer

good frequency stability over
temperature and power-supply
variations. The Rx ICs achieve
signal sensitivity of — 112 dBm in
a 26-kHz channel bandwidth and
can handle maximum input sig-
nals up to 0 dBm, depending upon
the model.

Analog Devices (Wilmington,
MA) was represented on the Top
Products list by the AD9857
quadrature digital upconverter.
The 14-b IC provides improved
dynamic range and sensitivity com-
pared to its 12-b predecessor, with en-
hanced power-conservation circuitry.
Based on direct-digital-synthesis
(DDS) technology, the IC incorporates
baseband signal processing, quadra-
ture mixing, and oscillator functions,
all implemented in digital technology.
It delivers analog output signals by
virtue of its integrated 14-b digital-to-
analog converter (DAC).

The AD9857 is designed to operate
with a +3.3-VDC supply (with +5-per-
cent regulation) over the extended in-
dustrial temperature range of —40 to
+85°C. The device can be used as a sin-
gle-tone clock source or LO, as a rate-
programmable interpolating DAC, or
as a quadrature digital upconverter in
a wide variety of applications.

Radiata (San Jose, CA) brought sili-
con (Si) CMOS to new heights with a
set of ICs for 5-GHz WLANSs. De-
signed according to the new IEEE
802.11a specifications for 54-Mb/s
WLANSs in the 5-GHz unlicensed
bands, the R-M11a baseband modem
and the R-RF5 5-GHz radio trans-
ceiver prove that CMOS has not come
close to reaching its high-frequency
ceiling.

For system designers, the Mi-
crowave Systems group of ITT Indus-
tries (Lowell, MA) introduced a strong
example of what digital circuitry can
do in an RF application, with its model
STel dual digital Rx. Based on a pair of
high-performance = ADSP21062
SHARC processors from Analog De-
vices, the two-channel Rx features dig-
ital filters that can be programmed in
software for a wide range of modula-
tion schemes. The Rxs pair of 12-b ana-
log-to-digital converters (ADCs) cap-
ture IF signals to 256 MHz with a
spurious-free dynamic range of better
than 70 dB. ®®
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DESIGN FEATURE

Bandpass Filters

(continued from p. 98)
1

s =
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For the internal resonators, there-
fore:

(8)

9a. ZAZB = X} Cosh® (E)
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9b. ZBZC = X;Cosh® [E
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XZ
9c. ZAZC = 7“ Coth® (

] (9)

From the IT structure and Egs. 8
and 9a to ¢, and after algebraic
manipulation:

/
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(1+4Sinh2(7;‘)]

Equating Eq. 10 to the evanescent
waveguide equations yields:

(10)

1
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Rearranging Eq. 11 provides:
Sinh(EJ !
2 2

Jo
)Awi iH,HgHz 7
2=

-1 (12)
b

Similarly, for the first and last res-
onators:

kiy=kyyn=
1

[ ()

(13)

To add more detail to Eq. 13:

Sinh"(%] +.75Sinh? (%J +.125

1
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(15)
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Sinh(ﬂ) =
2
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2
75+ |.75% —4|.125— 17
8k7,2

2

(17)

A FILTER DESIGN

An evanescent-mode filter can be
designed using the closed-form Eq.
13. As a check, the results are com-
pared against the example presented
in the paper by Howard and Lin.?
This example used a lengthier itera-
tive design example. Given that f,) =
3 GHz and f, = 6.5571 GHz. The ripple
is 0.01 dB, stop-band attenuation is
50 dB (min) at 2.72 GHz and 50 dB
(min) at 3.28 GHz. The waveguide
chosen for this design is WR 90, with
a length L of 0.9 in. (2.29 em) and
width, W of 0.4 in. (1.02 em).

, = 2 [fc

) —1=122.1997 (18)
c

(2]

The lowpass prototype parameters
for this filter design are given by:

ak = Sin[—(Zk - ””}

2n
k=12.n (19)
bk =y +Szn2kﬂ
n
k=12..n (20)

From these equations, the g
parameters are derived as:

& =2a/, (21)
y = sinh[ﬁ) (22)
2n
4a, — 1
go= 24l G5 s 0023
by 8k-;
i am
= In| cotn
[ 1237)
am in dB (24)

After the g values are determined,
the A factor is determined.! It is
applied as a correction for the differ-
ent reactance slope encountered in
evanescent wave, g.

()

Solving for the inner resonators:

= 0.8831 (25)

) 1
Sinh ylé = 7

\/Awhjéiw Bis2

Jo
—— (26
fo= 1 (20)
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s pe a ke rs Creating Intelligent Appliances for a Networked World

MAY 14th - 16th, 2001

SANTA CLARA CONVENTION CENTER, SANTA CLARA, CA

The next smart-device revolution has begun, and it calls for the creation of
products which feature advanced connectivity and Internet functionality.
Designers and engineers are looking to harness the expansive power of the
Internet as it continues to grow far beyond the desktop. The coming prolifera-
tion of broadband networks will also create a tremendous demand for new
products and applications. An ongoing exchange of professional expertise is
needed to develop these devices. Your participation helps to further their
development. It is also a great opportunity to meet your peers, showcase

your ideas, and build your career. Your ideas are valued!

About the Internet Device About Penton Media

Builder Conference Internet Device Builder Conference &
The Spring 2001 Internet Device Builder Showcase is managed and produced
Conference, May 14-16, 20