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Remember- in the wireless waorld, there are no rules.

www.agilent.com/find/VSAandEDA .. Agilent Technologies

* = Innovating the HP Way




* Gain can be continuously
adjusted (0-15 dB]) by
applying a 0-10 VDC
control voltage

¢ [deal for broadband receiver
AGC & CFAR circuits

* Hermetically sealed

» Various bandwidth, gain,
noise figure and power
options available

* MIL-STD-883
screening available
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WARRANTY
FREQUENCY GAIN NOISE VSWR  OUTPUT POWER NOM.DC
MODEL RANGE GAIN FLATNESS  FIGURE  IN/OUT @1dBComp. POWER
NUMBER (GHz)  (dB,Min) (dB,Max) (dB, Max) (Max. (dBm, Min)  (+15 V., mA)

AVG4-00100400-14 .14

AVG4-00100600-15 .1-6

AVG4-00100800-18 .1-8

AVG4-02000800-20 2-8

AVG5-04000800-12 4-8 B0 e
AVG5-00101800-35 .1-18 24 %250 a5 | o5y +10
AVG6-00102000-45 .1-20 24  x250 . L
AVG4-06001200-19 6-12 . . .0 +10
AVG4-06001800-25 6-18 . . 3t +10 185
AVG6-02001800-40 2-18 . . 5 +10 250
* Noise figure increases below 500 MHz. Note: All above specifications are with 0 dB attenuation.

For additional information, please contact
Naseer Shaikh at (631) 439-9259
or nshaikh@miteq.com

e ‘ = L
WWW.| 100 Davids Drive
st wm’teqicom e s Hauppauge, NY 11788

TEL.: (631) 436-7400
: 436-7430
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Model Freq.Range Gain NF  Gain 1dBComp. 3rdOrder VSWR DC Curre

GHz dBmin dBmax Flat+/dB pt.dBmmin  ICPtyp In/Outmax  mA

JCA018-203 05180 20 50 28 1 17 201 250

JCA018-204 05-180 25 40 28§ 10 20 20:1 300

JCA218-506 20-180 35 50 2§ 15 25 201 400

JCA218-507 20-180 35 50 28 18 28 201 450
218407 2.0-180 30 50 N 21 201

13
WELIR

Model Freq Hange Gam N/F p.

Hz dBmin dBmax Flat+/dB ptdBmmin ICPtyp In/Outmax mA
JCAD4-403 0. 5 40 50 . 21 20:1
JCA0S-417 ~ 05-8.0 ! . 20:1 550
JCA28-305  2.0-8.0 ; : 30 2011 950
JCA212-603  2.0-120 | : 2.0:1 550
JCAG618-406  6.0-18.0 ! : 2.0:1 600
JCAG618-507  6.0-18.0 ! : 0: 800

Model Freq Hange Gam NF  Gain 1dB Comp. 3rd0rder VSWR DC Curre
GHz dBmin dB max Flat+/-dB pt dBmmm ICPtyp InOutmax  mA

JCAIZ2-PO1 135-185 35 40 1) 3 4 20:1 1000
JCA34-P02 3135 40 45 1D 31 45 201 2200

¢ JCAS6-PO1 5964 30 50 10 34 42 201 1200
B JCABI2-P03 80-120 40 50 15 33 40 201 1700
JCA1218-P02 12.0-180 22 40 0 i 35 201 700

‘."{

Model Freq Bange Gin NE Gain 1dBCow. dOner VR DCCuro
Hz dB min dBmax Flat+/-dB pt.dBmmin  ICPtyp  In/Out max mA

JCA12-3001 1. 0 20 40 A 10 10 ¢ 20l 200
JCAZA-3001 2040 32 12 ! a 2 0
JCA48-3001 40-80 40 13 ‘ @ 20 200
JCAB12-3001 80-120 32 18 ; & 2k N0
JCA1218-800 12.0-180 45 20 : & 2 A0

Freq Range Gain NF  Gain 1dBComp. 3niOrder VSWR DCCurrent
GHz dBmin dBmax Flat+/-dB pt.dBmmin  ICPtyp  In/Outmax mA
1.2-1.6 - 05 10 20 201 80
22-23 i 0.5 10 20 2.0:1 80
3.7-42 1 0.5 10 20 2.0:1 90
94-59 0.5 10 20 2.0:1 120
ke 05 13 23 201 120
0.5 13 23 1.5 150
2-10. ] 0.5 13 23 1.5 150
12-3000 11.7-122 | 0.5 13 23 1.5:1 150
1213-3001 122121 . 0.5 10 20 20:1 200
1415-3001 144-154 1.0 14 24 201 200
19-3001 18.1-186 1. 05 10 20 2.0:1 200
21-3001 20.2-21.2 J 05 10 20 2.0:1 200

IN2-4 WEEKSARD  Features: Btions:

%or, Camarillo, CA 93012 ¢ Removahle SMA Connectors ~ * _ Alternate Gain, Noise, Power, VSWR levels if required

Fax: (805) 987-6990 * Competitive Pricing *Temperature Compensation
.com * www.jcatech.com + Compact Size * Gain Control
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Communications

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. i 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). together Adtech,

Use 3GPDP to test your receiver designs under the most challenging RF channel f DLS, GSS, SmartBits,
conditions. FLEX5 meets all W-CDMA and cdma2000 test specifications. But and TAS to create
why stop there? Program 3GPDP's Moving Propagation and Birth-Death channel y 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
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www.here do you find

L.&S Band Power?

Need PCS, DCS or MMDS power? How about
power devices for your WLL, WLAN or IMT-2000

transmitter? Whatever your application, NEC’s

MESFETS deliver the power and linearity your
designs demand — with high

efficiency and low distortion.
NES2427P-60

60W MESFET

48 dBm Pygg, 12 dB Gain
35% Efficiency, Class A

Output
Stages

Our new twin transistor devices

>

Predriver

offer output power to 140 Watts,

for MMDS, WLL
making them ideal as output NES2427P-140
140W MESFET
. . . 51.5dBm Poyr, 9.5 dB Gai
stages. Combine them with our NE650 Series W ey

Jor IMT-2000, WLL
drivers and the benefits of our low-distortion

NE6501077 NES1720P-140
. . 10W DRIVER 140W MESFET
MESFETS really begin to multiply. Best of 10.5dB Gain 51.5dBm Pour, 11dB Gain
40% Efficiency 42% Efficiency for PCS, DCS

all, we design power devices right here Jor PCS, 1MT-2000, WL

. ' el
at CEL. So if you ever have a question, NE6500379A S

3W DRIVER _ §° BUUTH ’)"?',n
the guys you'll really want to talk to are just o s, 1040 Gein ] 423 5

for PCS, IMT 2000, WLL, WIAN . .
a phone call away. Ao 132

Want data sheets? That's easy too. Download
them from our Discrefe Power Selection Guide at

www.cel.com/prod/prod_power.asp

[¥3] California Eastern Laboratories NEC

4590 Patrick Henry Drive = Santa Clara, CA 95054 = 408 988-3500
DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) REPTRON

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)
CIRCLE NO. 301
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Spectrum Analyzers Tune To New
Levels Of Test Performance

These spectrum analyzers make the
most of digital IF filteving and a
dual-PLL scheme to increase
measurement speed and accuracy.
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ast Action,
ast Delivery!

© 2000 Digi-Key Corporation

1-800-DIGI-KEY

www. digikey-com
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s the global pro ider of
: ".a:t_o__rs. Noise Sources,
Noise Power Ratio Test Sets, Noise

: 2 Diodes and specialized Noise Test
NOISC... souions

For more information about our
products, applications or how we

I O mak ; may solve your testing needs,

contact us:

your products ...

E. 64 Midland Avenue, Paramus, NJ 07652
Phone: (201) 261-8797 Fax: (201) 261-8339

)
Ul t ' Email: info@noisecom.com
® web Site: http:/www.noisecom.com

NOISEC
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Technology

So FarAdvanced,
You Viay Need

A Little Help
Finding Anything
Close.

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

Ffall:Tall BVl _-0.T. 7.0

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

Anritsu’s Lightning VNAs:
The Next Generation.
Go ahead, look around out there.

You'll be hard pressed to find anything
like Anritsu’s “C” Series VNAs.
Covering 40 MHz to 65 GHz, their
technology is simply unmatched
anywhere in the VNA universe.

Featuring sleek, single-unit,
bench-top designs. A faster power
sweep that accelerates distortion and
gain compression measurements.
Plus, an internally controlled AutoCal
system designed to simplify instru-
ment setup, speed calibration and
enhance measurement accuracy. All
backed with a no-questions-asked,
3-year warranty.

For a closer look at the new
Lightning “C” Series, including our
new 50 GHz and 65 GHz units, call
1-800-ANRITSU or check out our
website at www.us.anritsu.com.

Anritsu’s New VNAs.

Light years ahead.

/inritsu



Industry’s most integrated
RF transceiver and RF transmitter ICs.

g 5 = § 3 g = 5 2 2 E,
DEM_VCC
LNA_GND
AN DEM_TANK
INA G;ID DEM_TANK
RSSI_OUT
PA_VCC
PALOUT AMP_IN
PA_GND AMP_CAP
PLL_GND AMP_oUT
PD_SET S&H_CAP
PD_0OUT2 DATA_OUT
PD_oUT1 DATA
LOCKDET CLOCK
PLL VCC STROBE
g 8 ez # 8582235 g
R 5g 2,8 2 2°¢ g
s g 8 g% 8 8
il Function Consumptu?n Q“M‘?er Transmit Standby Standby- Package | Price’
Standby Active™ Torec  Toxmi
TRE4900 | Transmitter | 0.5 pA 22mA | 7dBm | FM/FSK | N/A 500 ps | 24-pin TSSOP $2.19
TRFGI00A| Transceiver | 0.5uA 21 mA | 45d8m| FM/FSK | 600ps 500 ps | 48-pin POFP $5.34

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

The ISM-band TRF6900 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 TRF6300 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 pis) 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

Contact us to request:
development tools
application notes

TRF6900 data sheets
evaluation
module product brochure

THE WorLD LEADER

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

IN DSP AND ANALOG

= .w;
o

o

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

MW [ntegrated voltage controlled
oscillator, phase-locked loop
and adjustable power amplifier
decreases board space

B TRFB900 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 MHz

W 30-us frequency hops

B SW programmable frequency
settings

W 22-Vto 3.6-V operation ensures
low power consumption

B No external adjustments required

www.ti.com/sc/nowire
1-800-477-8924, ask for ext. nowire

©2000TI

{'? TEXAS

INSTRUMENTS



These models
will get you simulated

For an exciting collection of models with great
curves, check out the Coilcraft web site.
You'll find equiva-
lent circuits for all of
our surface mount RF
inductors, LC filters and power magnetics.
Choose PSPICE models
that describe perfor-
mance from DC up to
1.8 GHz, models for
non-PSPICE software
packages, or S-parameter

c L]

We offer equivalent
circuit models for
PSPICE and other
Glaoece  Simulation tools.

www.coilcraft.com/models

files with data from 30 kHz up to 6 GHz.

Unlike the “ideal” or theoretical models
published by most other
manufacturers, ours are
based on empirical mea-
surements. So they're as close as you can get
to a component’s true performance without ac-
tually building the circuit.

Start simulating yourself. Ask
for our CD catalog with all of the
models. Or download them at
www.coilcraft.com/models.

Cary IL 60013 800/322-2645 www.coilcraft.com

CIRCIE NO 209



LOW COST FAST SWITCHING

e Operating Bands
From 1 - 15 GHz

e |deal for Wireless
Applications

* 12 Volt Operation

» Optimized Bandwidth/Tuning
Speed Combination

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

¥
ol
5 -y
SLS SERIES 5 :
Frequency 1-15 GHz % :
200 kHzto 10MHz ;
Tuning range Up to half octave =
Switching speed 500 ps* = 100 1K 10K 100K ™M

Output power 10 dBm mln

Output pbwé% vanatlon '  :2dB mm

In band spurs | 70 dBc min. :

Harmonics e . .

~ Phase noise .  See graph o : For

Reference . : e Internal or external : - additional

External reference : e ARRAN information,
A 3 B 5 8 please contact

Fre:uencg/ control : BCD or bmary : o Stan Eisenmesser at

L (631) 439-9152 or
e power reqmrement  4150r 412 volts 200 mA seisenmesser@miteq.com

e 5.2 volts, SOQ mA
IT=6L]

 Operating tmperature | -10t0460C | ,
100 Davids Drive

* Acquire time depends on step size (low as 25 ps).
Hauppauge, NY 11788

— . TEL.: (631) 436-7400
gww.ml'req:com FAX: (631) 436-;21 9’/435-7430
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yur distortion measure-
jent system probably
ets the job done the
ame way it has for the
ast 15 years... slowly,
with a little tweakmg
1 lot of time, and results
hat vary with the phase

Yof the moon.
"But it works.

;;'{Je]l, now there’s a better way.

» Introducing the Model CTS
from RDL. The CTS automatic
| s distortion measurement
5 |EasEs system solves the problems

— CATV designers have always

and comprehensive software. Even complex test
routines can be run by almost anyone.

All this adds up to dramatically increased throughput
in production test - and significant cost savings as well.

faced: poor repeatability, sluggish measurement
speed, inflexible frequency plan coverage, and

spotty automation.

The CTS performs CTB, CSO, cross-
modulation, and C/N measurements in
just minutes -- with no operator involve-
ment -- that take our competitors hours
with hands-on help. The CTS measure-
ment results will be within £0.5 dB
today and every day. And unlike every
other distortion test solution, the CTS
measures performance according to
virtually any frequency plan - no more
creative data interpretation. It's also
incredibly easy to use, thanks to its
familiar "Windows" operator interface

RDL..

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

To find out more, call RDL today at (610) 825-3750,
or visit our web site at rdl-instrumentation.com.

Best Best
Features RDL's CTS [Commercial | Homebrew
Solutions Technique |
Measurement speed1 ée::i’:t?er; > 1 hour | >20 minutes
Measurement-to-measurement repeatability +0.5dB +2to4dB | +2to4dB
Day to day repeatability +0.5dB +2t04dB | +21to4dB
System fo system +0.5dB +3t07dB | £2t04dB
Included frequency plans
NTSC Yes
CENELEC Yes
PAL-A, PAL'B, PAL, PALG Yes Maybe | Up to you
SECAM Yes
... or any other frequency scheme Yes
Windows interface Yes No Up to you
. . . Yes... if you
Automatic data logging Yes Semi write soﬁ\)olvare

1. All seven tests (CTB, 4 CSOs, C/N, and XMOD) performed on any nine channels.

Frequency Generation
and Noise Measurements
for Critical Applications

CIRCLE NO. 249

www.rdl-instrumentation.com



INTERFERING SOURCES
To the editor:

Recently, Iread your article in the
August 2000 issue on modeling Blue-

tooth systems (p. 121). I agree with

your arguments since I had the ex-
clusive opportunity in 1992 to study
the millimeter-wave indoor propaga-
tion problems for the Japan Key
Technology Center. During six
months of an extensive joint re-
search, I wrote a report which was
never published whole, but I pub-
lished some interesting results in
1994.

Since 1992, it took my Japanese
colleagues a full seven years to oper-
ate a trial system at 60 GHz with the
projected data rate over 100 Mb/s.
While there is certainly a huge dif-
ference between Bluetooth’s 11 Mb/s
and >100 Mb/s, the propagation prob-
lems are similar.

As reported in the Microwave
Jowrnal in July 2000, in a paper by
Buffler and Risman on compatibility

issues at 2.4 GHz (p. 126), Bluetooth ;

| systems will also face huge interfer-

ence from Bluetooth neighbors and
other sources, such as microwave
ovens. I also had an experience with
microwave-oven harmonics interfer-
ing with C-band and Ku-band satel-
lite receivers (Rxs).

In a room, home, or office, digitally
modulated electromagnetic (EM)
fields will always create standing-
wave maxima and minima. If a per-
son uses a cellular phone or similar
device, he or she learns to slightly
move away from a “bad” spot if noise
interferes with the perceived voice.
Machines should learn to behave in a
similar manner. Therefore, I sug-
gested in 1992 that “training” proto-
cols be used to determine when valid
data may be transmitted without er-
rors. This idea, I think, will prove its
preference in Bluetooth systems as it
did in the 60-GHz fast data-transmis-
sion experiment.

Another idea of mine was that it
makes no sense to transmit huge
amounts of data through a bad envi-

i FEEDBACK I*

ronment. Why not keep the center
base station somewhere in the home
(e.g., close to a cabinet inlet) and con-
trol the data from cordless terminals
through narrowband channels for
voice and/or display?

Finally, I would like to comment
about the concern of “brain damage by
cell phones.” I wonder why everybody
fears a half-watt cell phone while, in
many homes, microwave ovens run
many times per day at almost 1 kW,
and due to the long life of magnetrons,
oven doors are often in poor shape and
sometimes hundred-watt leaks are
found. I have proof because I measured
a 240-W CW leak from a new “profes-
sional” oven through a “service” open-
ing in the case.

With the number of Bluetooth de-
vices in a home, the power density will
be higher than that of a cellular phone.
Apparently, nobody is concerned—ev-
erybody wants to have more gadgets.

Jiri Polivka
SPACEK Labs, Inc.
Santa Barbara, CA

1,239 580 Filters

America’s Filter Specialist since 1956

Combline & Interdigital

Filters to 18 GHz

Surface Mount
Filters to 3 GHz

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

Ph: 800.776.7614 310.478.8224
Fax: 800.473.2791 310.445.2791

E-mail: sls@tte.com

[ 4

” Diplexers and

Multiplexers to 18 GHz

Micro-strip
High Pass
Filters to 18 GHz

www.{te.com

CIRCLE NO. 434 or visit www.mwrf.com
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LC Filters to
3000 MHz

Micro-strip
Low Pass
Filters to 18 GHz

Eastern Regional Sales Office:
St. Pete Beach, FL

Toll Free: 877.363.0849
Ph: 727.363.0849

Fax: 727.363.7639
E-mail: sis@tte.com
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Yesterday's craftsmen used fire

and force to master metal.

Today, elements yield to 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
GaAs HBT fabrication facility.

More than manufacturing —

this is craftsmanship.

FABRICATION - it sets us apart.

))))))))))) ®

MICRO-DEVICES

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

7628 Thorndike Road
Greensboro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Mention fabrication when contacting us.

www.rfmd.com

T™ & © 2000, RF Micro Devices, Inc.
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M/A-COM provides an integrated digital voice and data
communications network solution to the Public Safety,
Transportation, Transit and Utilities Markets.

Semiconductors
Poritiab lielstand ™ IInfirias tiriuctiune

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.

Fixed Wireless

[ Yictribiition W\ /i ioimic
ELU A2 S U FDURL O DOVS LEIS

B

1 OCal

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.

Automotive

) lemAatiicc
2 ELh Fowm il w il e 187 @ w

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.

**% in the maki®

Shaping the
future of
wireless.

CIRCLE NO. 380



| EDITORIAL |

ON RENEWING
YOUR SUBSCRIPTION

That wrap cover you find on the out-
side of your magazine is a form of friend-
ly reminder. It contains a free subscrip-
tion-renewal form, which we ask all
readers to complete and send back to us
once a year. There are other ways to do
this. For example, newsstand magazines
tend to flood their readers with letters
and postecards warning them of their im-
pending “last issue.” But we prefer not to
waste your time (and our money) and
have found the wrap-around cover to be
the most “civilized” method of renewing
subscriptions.

Admittedly, it does take time to complete the form. It may seem like far too
many questions, especially when compared to magazines that only ask for one
or two questions and a signature.

But your efforts are important to us, and your answers are critical to the
vitality of Microwaves & RF. By having our readers “check in” at least once
a year, we can update our files on the areas of interest to those readers and
try to shape the editorial content of each issue accordingly. Of course, we also
encourage our readers to send a letter or an e-mail to us any time during the
year to let us know how we are doing, or if there is a topic that we should be
covering. Many of the Special Reports and supplements in recent years, on
fiber-optic technology, high-speed design, and Bluetooth, have come as a re-
sult of readers’ comments and trends evident on completed subseription
forms.

We have said many times in this column that this is your magazine. The
magazine represents a covenant of sorts between our editors and you. The
subscription form is a way to renew your faith in the quality of information
that we try to provide with each issue, to update us on where your career is
taking you, and how we might help you with next year’s technologies and
applications.

Over the years, our editorial and sales staffs have taken great pride in the
knowledge that Microwaves & RF achieves one of the highest renewal rates
in the industry. On the positive side, that means that our readers are loyal and
return year after year. On the negative side, those who are new to the indus-
try have a more difficult time in obtaining a subscription, since we target a
fixed number (55,000) of highly qualified readers.

For our “repeat customers,” we encourage you to complete the subscrip-
tion form so that we might continue to serve your educational needs. And we
thank you for your time and effort. Besides, it will save you from receiving an-
other wrap cover next month, or a follow-up letter, and will save us from send-
ing them. For new subscribers who want to receive the magazine, we urge
you to complete the complementary subscription form in the back of the is-
sue. And to be patient. With all of those repeat subscribers, sometimes there’s

a waiting line.ee

Publisher/Editor
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Precision

RF-Microwave Components

Immediate Delivery
High Performance
Low Cost

Superior Selection

Power Dividers
Couplers

Switches

Hybrids
Isolators/Circulators
Attenuators
Terminations
0scil|alors

nline Catalog at:
hﬂﬁ_ Aww.mcli.com

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

Microwave
Communications
Laboratories Inc.

7255 30th Avenue North
St. Petersburg, FL 33710
http:/www.mcli.com
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_ Do you manufacture
Circulators and Isolators?

Walker Scientific's Conditioning Process eliminates time
consuming trial and error tuning methods by allowing you
to easily set the magnetic field in your device while it is
being tested. This process will dramatically increase your
productivity and consistancy.

CIRCLE NO. 435 or visit www.mwrf.com

PULSED CONSTANT
CURRENT GENERATORS

Laser Diode Driving ~ Air Bag Inflator Testing ~ Fuses
Squibs ~ Electromigration Studies ~ Semiconductors

i

IEEE 488.2 GPIB and RS-232 Computer Control Available!

AV-155 SERIES AV-156 SERIES AV-106 SERIES AV-108 SERIES
»04,1.0,25Amp »1Amp, 5Amp =5, 15, 30, 100 Amp « 50, 100, 200 Amp

*» PW20ns - 10us  » PRF to 10 kHz * Pave to 10 Watts * 5 s rise time

» trise 10ns - 50ns = PW 10ps - 10ms ~ * Compliance * Pava to 400 Walts
#* PRFt0 10 MHz & trise 4ps or 10us voltages to 100V« Compliance
*DCbiasto 0.5A  « Compliance to 40V * PRF to 1 kHz voltages to 50V

= Internal or * Intemnal or external * PW 1us - 1ms » PRF to 1 kHz
external triggering  triggering » trise 50ns - 1us » PW 10ps - 10ms

» voltage-to-cumrent » Dual channel * Positive, negative &  Includes amplitude
converter mode models available dual-polarity models modulation input

Special order and prod avallable at near stock prices - call us!

Avtech offers over 60 models in our pulsed constant current generator serles. For our free 113 page
Catalog No. 10 featuring the above models and a wide selection of puise, impulse and monocycle
generators, laser diode drivers, ampiifiers, etc. Call us today.

Data sheets and pricing on the Web! http.://www.avtechpulse.com

ELECTROSYSTEMS

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

Fax: (613) 226-2802
e-mail: info@avtechpulse.com
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Faster Than The
Thought Of Speed.

107 mph. Fastest Throuwn. 1 msec. Fastest Knoun.
e

Shown Actual Size.

One millisecond equals many mph. At that rate, a fastball would reach the tp of the bat about the time the
thought of throwing it entered the pitcher’s mind.

Likewise, the lightming quick FP6001 probe gives you field readings the mstant the electromagnetic field is sensed by
the probe’s unusually sensitive axes. No one else comes close to this processing time, lieanity this good (+/-0.5 dB),
this field sensitivity (0.5 10 800 V/m) or this kind of isotropic deviation (+/-0.3 dB).

We're waiting for the world to catch up.

www.amplifiers.com/@ /mrf-faster

ISO 9001
Certified
Copyright© 1998 Amplifier Research. The orange stripe on AR products is Reg. US. Pat. & Tm. Off
s s . AMPLIFIER
U = RESEARCH
USA 215-723-8181 or 800-933-8181 for an applications engineer. The Force Behind The Field'

In Burope, call EMV-Munich: 89-614-1710 * London: 01908-566556 * Paris: 1-64-61-63-29 * Amsterdam: 31-172-423-000
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ALL NEW WITH

Need Higher Power? You need
Watkins-Johnson's new AH11 amplifier.

IP3 VS. Power Output (dBm) Ultra high IP3 is what our new AH11 is all about. Combined with
a very low noise figure, it's the perfect choice for today's multichan-
nel wireless systems, Drawing only 600mA, the AH11 delivers
17dBm of linear output power with an IP3 of 50dBm. A great price
5 i, combined with the outstanding linear efficiency makes this versatile
I Duniren amplifier perfect for multiple sockets, reducing overall part count.

| e [P3- AM1 85mA, 4.5V

Need Lower Power? Both the AH1 and AMI offer low noise
figures which, together with their inherent high IP3, deliver
superior performance at the best price in the industry.

Poduct | Frequency | IP3 P1dB NE | B et | For more details, call our toll free number or fax us at 650-813-2447.
: (W) | (@m. o) | 6Bmtp) | (@B ho) | (mAto) Email us at wireless info@wi 2ta sheets and
‘ — ‘mail us at wireless.info@wj.com to request data sheets and a
M| 250300 | 47 | o7 | 37 | 6w | rlete catalos J 1
AHT | 2503000 | 4 2 | 29 | 150 complete calalog.

ANl [ 2503000 | 3% | 18 | 26 | 75

ol

BATKINS-ID
WiR

Visit us on the web wu -
151[\\1/13 32\5 ‘Ceoxe at '| _800-WJ1 _4["" w WATKINS-JOHNSON

Distributed In U.S.A. by 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) 890 214 0; Italy: (055) 420 10 30 UK: (01753) 733010

NSIDALE AMAS 210



rimary loop delay filter assemblies
integrate high power cavity delay filters,
couplers and isolators into a single compact
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.kimicrowave.com ¢ E-mail: wireless@klmicrowave.com Sp TECHNOLOGIES COMPANY



Get the Power You Need Now.

Designed for DCS base station appli-
cations 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 minimum output power of
B60W. It's ideal for CDMA, TDMA, G5M
and multi-carrier power amplifiers in
class A or AB operation.

Best of all, it's available now. With a
standard turnaround 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 bene-
fit from its rugged performance with
no hidden cost. It's internally matched
for repeatable manufacturing, and an
all gold metal system offers the high-
est 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.

EUROPE

England +44 (0) 118 934 3838 e Finland +358 (0) 8 8251100
Sweden +46 (0) 8 380210 » Norway +47 3335 86271
Germany +49 (0) 7131 78100 e Israel +972 (3) 933 1696
France +33 (1) 69 53 80 00 » Italy +39 02 481 7900

ASIA

Hong Kong, China 852 2376 1882  Korea 82 2 3472 9449

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 complete range of high power
LDMOS internally matched RF power
transistors.
Call UltraRF Advance Technical Sales

in the U.5. 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.

UltraRF.

160 QGibraltar Court
Sunnyvale

CA 94089-1319 USA
Phone: 408 745 5700
Fax: 408 541 0139
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~ SAN FRANCISCO, CA—IBM recently announced the commercial availability of
next-generation silicon-germanium (SiGe) chip technology for high-frequency and
low-power communications applications. IBM is the first chip manufacturer to offer
- multiple SiGe technology generations to the communications industry.
~ IBM’s new SiGe technology can be readily integrated with standard complemen-
~ tary-metal-oxide-semiconductor (CMOS) circuitry, enabling circuit designers to in-
corporate additional logic and functions onto a single, high-performance communica-
tions chip. It has been tapped to fuel a variety of advanced customer chips, including
radio transceivers and low-noise amplifiers (LNAs) for cellular telephones, Internet
appliances, storage devices, and other critical mobile-communications applications.
- The technology, which is in volume production at IBM’s Burlington, VT facility, also
 enables high-speed components already shipping in IBM’s family of Deskstar disk
drives. j
~ “The race is on to develop communications chips that meet the exploding perfor-
- mance and connectivity demands of consumers, equipment makers, and service
~ providers,” says Dr. Bernard S. Meyerson, IBM Fellow and vice president of IBM’s
Communications Research and Development Center. “With multiple SiGe technolo-
gies, a full suite of design tools, and a significantly expanded R&D operation, we con-
~ tinue to strengthen our ability to help customers satisfy their networking and e-busi-
~ nessrequirements.” :
~ Based on an application-specific-integrated-circuit (ASIC)-compatible, 0.25-um
~ bipolar-CMOC (BiCMOS) manufacturing process, the new SiGe technology offers 47-
~ GHzperformance with a +2.5-VDC power supply. To speed the introduction of devices
~ powered by this technology, IBM is offereing a state-of-the-art design kit based on
~ software developed by Cadence Design Systems, Inc. Cadence and IBM are working
- closely together to ensure that the design kit and the associated environment for
mixed-signal design enables IBM’s customers to have a time-to-market advantage.

~ ENGLEWOOD, CO—Science is pushing baseball into new territory. Due to the
work of measurement experts such as the father-and-son team of Wesley and Aaron
Grenlund at Mu Research, batmakers are receiving new tools to sort good wood from
bad wood before beginning the production process. The Grenlunds’ research is also
creating ways to characterize individual bats and engineer them to the demands of in-
dividual hitters. =~
~  Inthe research that they are performing for Johnson-Postman of Tacoma, WA, the
~ Grenlunds apply some of the basic measurement techniques that electrical engineers
 use every day to characterize product designs. The Grenlunds simulate the system un-
~ der test with an audio impulse, then use an accelerometer and an Agilent54645A scope
~ to measure the resulting vibrations at various locations up and down the bat.
~ The Grenlunds knew that this test could save Johnson-Postman significant time and
~ money, since the company’s batmakers could tell in advance which wood billets would
~ make good bats. Moreover, by characterizing the structural dynamics of a bat, they
~ could maximize resonant deflections in the sweet spot and minimize them in the han-
 dle. The result would be fewer broken bats, cleaner hits, and fewer bone-jarring vi-
~ brations sent back into the batter’s hands.
~ Viewed with a regular time-domain scope trace, however, the output signal was of-
- tenincomprehensible, thanks to the harmonic complexity of the signal moving through
 thewood.
~ When the Grenlunds view their test results with a standard scope trace, the time-
~ domain presentation is so complicated that it masks much of the information hidden in
the signal. The picture changes immediately, though, when they switch on the Fast
- Fourier transform (FFT) function in their Agilent 54645A scope to transform the sig-
- nal into the frequency domain. The spectrum plot clearly shows amplitude deviations
 at specific frequencies, corresponding to the changes in the structure of the wood (as
- might be the case with a knot, for instance). As Wesley Grenlund says, “The FFT is a
- powerful tool for all kinds of engineering problems. Looking at a signal in the fre-

‘quency domain can quickly uncover important design issues that you could never hope
to see in the time domain.”
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| ;F::ent Granted
For
‘Microtechnology
Process

f’Persenalized
Services To WAP
Users

Industry
Celebrates 100
Million Wireless
Customers

WEST CALDWELL, NJ—Merrimac Industries, Inc. announced that it has been
granted a patent for its Multi-Mix®™ Microtechnology from the US Patent and Trademark
Office entitled “Method of Making Microwave Multifunction Modules Using Fluoropoly-
mer Composite Substrates.”

Multi-Mix Microtechnology is a new and proprietary solution for microwave, multilay-
er integrated circuits (ICs), and Micro-Multifunction Modules (MMFM®). This process is
based on fluoropolymer composite substrates, which are bonded together into a multilay-

~er structure using a fusion bonding process. The fusion process provides a homogeneous

dielectric medium for superior electric performance at microwave frequencies. The bond-
ed layers may incorporate embedded semiconductor devices, monolithic microwave inte-
grated circuits (MMICs), etched resistors, active- and passive-circuit elements, and plat-
ed-through via holes to form a three-dimensional (3D) subsystem enclosure that requires
no further packaging.

Mason N. Carter, Merrimac’s chairman and chief executive officer (CEQ), says, “There
is a growing strategy by wireless companies and original equipment manufacturers
(OEMs) across all RF microwave market segments to increase the outsourcing of multi-
function modules while they focus on their redefined core competencies. This patent places
Merrimae in an excellent position to capitalize on this growing demand for complex multi-
function modules.

“One important aspect of this patent is the ability to form cavities for the subsurface at-
tachments of active components such as MMIC devices. The ability to embed active and
passive components in a totally enclosed package is proprietary to Multi-Mix,” adds
Carter.

BOULDER, CO—SignalSoft Corp. announced that Siemens AG has selected Signal-
Soft’s location technology to enhance its current deployments of WAP Gateways, im-
proving the variety of services that mobile customers are currently using with their wire-
less-application-protocol (WAP)-enabled phones. Incorporating location into these WAP
services makes them more relevant, practical, and convenient for consumers.

To deliver location-based WAP services, SignalSoft’s location software is integrated
with Siemens’ WAP solution. The software allows mobile network operators to combine
the location of its customers with Internet content for a broad range of data services avail-
able today. Siemens’ WAP solution allows mobile customers to access the vast amount of
information available on the Internet in a format that allows this information to be clear-
ly and quickly displayed on a handset.

“SignalSoft recognizes the needs of mobile operators to drive usage and increase cus-
tomer loyalty, so our products are specifically designed to allow operators to unlock the
value of location—a core element of mobile telephony networks,” says David Hose, Sig-
nalSoft’s president and CEO. “Siemens’ decision to enhance its WAP Gateways means op-
erators can now personalize their WAP data services with location capability and quickly
differentiate their data-service offering.”

WASHINGTON, DC—The Cellular Telecommunications Industry Association re-
cently celebrated its 100 millionth subscriber in the US. The industry’s growth is not ex-
pected to stop, or even slow, anytime soon. The 100 million wireless subscribers in the US
are 36 percent of the nation’s population. Yet the industry continues to grow at the as-

ounding rate of 67,082 new wireless subscribers every day, or approximately one sub-
seriber every 1.3 seconds. There are numerous choices for customers in today’s wireless
industry. Eighty-six percent of Americans can choose between three or more wireless car-
riers, while 60 percent of all Americans have a choice of six or more.

The rate at which cell phones have penetrated the US market is nearly unrivaled. The
first cell phone became commerecially available in 1983. Yet it took 91 years for landlines to
reach 100 million customers and 54 years for televisions to reach 100 million households.
Automobiles, meanwhile, took 68 years to reach 100 million homes.

“One hundred million Americans are a great landmark,” says Tom Wheeler, president
and CEO of CTIA. “But the wireless industry has not lost sight of the fact that while our
technology empowers people to be their best, technology is nothing without a person
guiding it.”
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.................................. e [ Buy’ sell, rent or lease.
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.

www.testmart.com

toll free 1-888-665-2765
CIRCLE NO. 252



THE FRONT END

Large Growth Is
Expected For IC
Market Over The
Nex1 Five Years

Kudos

OYSTER BAY, NY—Although it is the cellular market that is driving the wireless
component market, broadband technologies will also become an important segment of
this wireless communication integrated-circuit (IC) market, according to a study from
Allied Business Intelligence (ABI). Chips for cellular/personal-communications-ser-
vices (PCS) applications lead the market today with a 97-percent share, and silicon (Si)
remains a dominant technology with an 86-percent share overall. Changes are evident
in the Si realm as traditional bipolar-complementary-metal-oxide-semiconductor
(BiCMOS), CMOS, silicon-germanium (SiGe), and bipolar processes are being pitted
against one another.

According to the report, “Wireless Communications Systems ICs,” the former dark
horse of the wireless world, multichannel multipoint distribution service (MMDS), is
now poised for explosive growth.

“ICs used in MMDS devices account for under 1 percent of the market in 2000, but
the value of chips used in the application is expected to show impressive gains over the
next five years,” says ABI senior analyst, Andy Fuertes, the report’s author. “ICs for
wireless LANs are also showing considerable growth and, more importantly, the ap-
plication is rendering itself a test bed for widespread implementation of SiGe chips
through Intersil’s PRISM solution.”

The overwhelming leader in the market today is CMOS, due to its role in the base-
band sector. CMOS represents approximately 50 percent of the overall market. How-
ever, considerable gains are expected on the part of SiGe, particularly in the interme-
diate-frequency (IF) sectors of wireless devices. SiGe will be less successful in the
power-amplifier (PA) sector, mainly due to the power-added efficiency (PAE) of gal-
lium-arsenide (GaAs) devices. SiGe will be particularly attractive as cellular and oth-
er original equipment manufacturers (OEMs) begin to implement Bluetooth and Glob-
al Positioning System (GPS) functionality in their devices.

SAL, Inc. was recently granted a Japanese patent for SAL’s proprietary-alignment
patterns and alignment method, an enabler for advanced X-ray stepper performance.
This patent covers intellectual property (IP) already protected by American and Eu-
ropean patents. The SAL ALX70 automatic alignment system uses an advanced pat-
tern-recognition system and high-speed digital signal processors (DSPs) to quickly
and accurately align patterns on X-ray masks with patterns on wafers...Intersil Corp.
announced that the Personal Computer Memory Card International Association
(PCMCIA) card implementation of its PRISM II reference design has received certi-
fication from Microsoft’s Windows Hardware Quality Labs (WHQL). The purpose of
Microsoft’s WHQL is to ensure the compatibility of hardware with Microsoft Operat-
ing Systems...Silicon Wave, Inc. has been granted a new position as Associate Mem-
ber of the Bluetooth Special Interest group (SIG). The Bluetooth SIG recently creat-
ed Associate Member standing to offer innovative companies, such as Silicon Wave, a
greater role in defining the Bluetooth specification. Associate members can partici-
pate in working groups only if granted permission from the Bluetooth SIG and Pro-
moter companies...Channel Master, LL.C announced International Telecommunica-
tions Satellite Organization (INTELSAT) approval of its .96m Receive-Transmit
Offset antenna system in Classes I and II and also its 1.2m Receive-Transmit Offset
antenna systemin Classes I, I1, and II1. All of these antenna types have been approved
under INTELSAT’s Standard G for Ku-Band a%plications...U.S. Wireless Corp. has
been added to the Russell 2000® and Russell 3000® Indexes. The Russell 3000 is a mea-
sure of the 3000 largest publicly traded US companies in the US stock market, ranked
by market capitalization as of May 31. The Russell 2000 measures the performance of

‘small-cap companies in the Russell 3000 Index...RF Micro Devices, Inc. has again been

recognized as one of the fastest-growing technology companies in North Carolina.
During the past fiscal year, RFMD posted the second-highest five-year growth rate
in the state—achieving an increase of 8955 percent. In recognition of that growth, the
company has received a “North Carolina Technology Fast 50” award as part of a na-
tional program sponsored by Deloitte & Touche, LLP...Ericsson received the 2000
CDMA Industry Achievement Award for Infrastructure Product Innovation at a cer-
emony held in Hong Kong.
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Introducing Y
EiC's NEW
Broadband
Amplifiers

Reach the Pinnacle
of High Linearity_

With EiC’s NE
of Broadband Ag

EiC’s new InGaP HBT broadband
amplifiers take you to the top
with up-to-the-minute
technology in affordable
packages. Perfect for today’s high
performance applications, such
as wireless and infrastructure.
EiC’s broadband amplifiers
deliver high linearity, high
reliability and low cost plastic
packages. These low cost
broadband amplifiers have
cutting edge specifications and
optimal performance, as well as
superior linearity.

Our newest amplifiers feature:

B Advanced Indium Gallium
Phosphide Heterojunction
Bipolar Transistor (InGaP HBT)
technology

High output OIP3
A high MTTF value

A low thermal resistance

Optimal performance for

wireless applications SPECIFICATION MATRIX ..
Call for pricing:

Call us for information and prices  p/N Gain Output Output 30j AT BW

on our reliable InGaP HBT Gain P1dB IP3 510-979-8999

\!
Blocks and broadband amplifiers. ™ ecc 001 208 12dBm  26dBm  270°' W 30°C DC6 GHz or call your local
) Avnet Distributor
In 1997 we established our own ECG-004 15dB 12dBm  26dBm  280°C/W 35C DC-6 GHz or BFI Optilas
GaAs HBT fab in Fremont, CA.
We specialize in high frequency

ECG-002 20dB  15dBm 29dBm  233°C/W  40°C DC-6 GHz

circuits suitable for use in a wide ECG-006 15dB  15dBm 30dBm 278 C/W 50°C DC-6 GHz [

range of applications such as ECG003 20dB 23dBm  39dBm  50'C/W 45'C DC-3 GHz U,‘VAS

wireless, handset, base stations, R
. . ° J 5 005

WLL, CATV and satellite ECG008 15dB 23dBm  40dBm  55°C/W 55°C DC-3 GHz

communications in the RF and ECG009 19dB 24dBm  41dBm 85 C/W 65C DC-2GHz

microwave frequency range.

ECG011 20dB  8dBm  20dBm  355'C/W 47°C DC6GHz
EiC is fast becoming a leader in (3N 141§ Corp.

. ECG-012 14dB 20dB 36dB 120° C 45°C DC-25GH i icati
affordable REIC pI’OdUCtIOH. m m /W z Excellence in Communication

EC-1089 15dB 23.5dBm >42dBm ~85C/W ~65C DC-2.5GHz 45738 Northpoint Loop West
Fremont, CA 94538, USA

Vit S EC-1019 18508 19dBm  34dBm  120C/W 40°C  DC-3 GHz Tok 510.979.8999
Isit us on the web at: EC-1078 19.5d8 21dBm  37dBm  120C/W 60°C  DC-3 GHz Fax: 5‘10-|979~8902
WWW. E-mail: sales@eiccorp.com
€iccorp.com EC-1119 14848 18.6dBm  36dBm  150C/W 60°C DC- 3 GHz
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2.7V OP Amp With Low
0.1 pA Shutdown and

High 40 mA Output

National's LMV711 Offers 5V/ps Slew Rate, 5 MHz GBW

© National Semiconductor Corporation, 2000.
National Semiconductor and pd are registered of National C

ion. All rights reserved.

® Noise at <20 nV/\Hz @ 1 kHz ® Available in SOT23 Package
¢ Drives 600L2 Load @ 2.7V e Offered in Non-shutdown
e (uaranteed RR I/0 at 2.7V Version: LMV710

The LMV711 offers enhanced specifications to designs where low current consumption
and output drive are the primary concerns for portable consumer designs.

For More Information on the

LMV711 and LMV710:
www.national.com
1-800-272-9959

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

National




IEDM Preview

The 46th Annual IEDM features an impressive collection of
technical papers from avound the globe, with presentations on
analog and digital devices for next-genevation civcuits.

IEDM Offers First Glimpse
Of Future Devices

JACK BROWNE
Publisher/Editor

ESEARCH on semiconductor-device technology represents a mas-

sive amount of information each year. But if an engineer only had a

few days to catch up with the state of the art, there might be no bet-

ter way to spend that time than at the 46th Annual IEEE Interna-
tional Electron Devices Meeting (IEDM). Scheduled for December 11-13,
2000 at the San Francisco Hilton and Towers (San Francisco, CA), this is
the premier conference on semiconductor-device technology, covering
everything from advanced analog and digital integrated circuits (ICs) to
the latest process and modeling techniques.

Attendees can visit several short
courses the day before the formal
opening of technical sessions. Short
courses scheduled for Sunday,
December 10, include a session on
“Advanced Interconnects: Design,
Process, and Integration,” organized
by Jim Ryan of IBM (Hopewell Junc-
tion, NY). The course description
notes that, in order for

products designed for fast Internet
access. Included in these product
offerings are wireless and wired net-
works, circuit designs for low-power
systems, and devices using system-
on-a-chip (SoC) technologies.

The IEDM’s plenary session
includes an interesting talk by David
DiVincenzo of the IBM Thomas J.

Watson Research Center (Yorktown
Heights, NY) on prospects for quan-
tum computing. In light of the con-
tinuing need for faster electronic
devices and higher-power comput-
ers, quantum devices may offer a
solution. By making digital bits that
obey quantum-mechanical principles,
devices and computers could be con-
structed where digital words are rep-
resented by coherent superpositions
of discrete quantum states. Not only
does this imply an increase in com-
puting speed, but also the possibility
of creating efficient algorithms for
otherwise intractable problems, such
as factoring with prime numbers.
This session explores the require-
ments for the transistors needed in a
quantum computer. For the most
part, such transistors will be differ-
ent than any that have come before.

A digital bit will be embod-

semiconductor technologies
to advance, equal research
time must be given to inter-
connect performance. The
course describes the mate-
rials, processes, manufac-

Surface passivation
layer

Field-modulating
plate

ied in a single microscopic
degree of freedom, such as in
the spin of a single trapped
electron.

Also of note, an evening
panel discussion on Tuesday,

turing techniques, and

design trends prevalent in
interconnect technology,

with a focus on copper (Cu)

and low-dielectric-constant
systems.

o P n—l.;lg::: Dec_ember 13th, addresses
rapid advances in optical

n-GaAs | communications and what

Buffer | types of technologies will be

GaAs substrate | suitable for tomorrow’s

high-speed systems. Enti-

An additional short
course, “Technology For
The Internet Era,” orga-
nized by Sam Shichijo of
Texas Instruments (Dallas,
TX), projects the growth of

1. The FP-HFET was developed by researchers at NEC
Corp. (Shiga, Japan) to achieve high breakdown voltage
and high output-power density. The device’s saturated
output-power density is reported to be 0.67 W/mm of
periphery. It employs gate and FP lengths of 1.0 and 0.5 there is already talk about
pm, respectively.

tled “Beyond 40 Gb/s: What
Technologies Will Work For
These Applications?,” the
session’s notes indicate that

160-Gb/s optical communica-
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tions systems. The panel session will
explore the possibilities of using com-
plementary-metal-oxide-semicon-
ductor (CMOS) or silicon-germanium
(SiGe) technologies for higher-speed
optical technologies, and examine the
trade-offs at different speeds, such as
80 and 160 Gb/s.

An additional evening panel ses-
sion, “Introduction To The Emerging
Technologies Session,” follows a for-
mat of blending fact with opinion.
With panel members from such orga-
nizations as Cornell University,
Fujitsu, IBM, Infineon, and Toshiba,
the session intends to expose atten-
dees to “far out” thinking (beyond
current industry capabilities) on new

(SEG) SiGe HBT with poly-Si resis-

tors, a four-level metal-layer system
with metal-insulator-metal (MIM)
capacitors using a Si-on-insulator
(SOI) high-resistivity substrate
(HRS). The process has already
demonstrated SiGe HBTs capable of
maximum frequency of oscillation
(fmax) 0f 180 GHz and ECL gate delay
of 6.7 ps. The process employs shal-
low-trench and deep-trench isola-
tions. The MIM capacitors were
formed with the first and second
metal layers, while inductors were
formed with the third and fourth
metal layers. The breakdown voltage
for high-speed HBTs was +2.5 VDC,
with a breakdown voltage of +3.9

technologies, including sin-

. 30
gle-electron devices, alter-
native memory technolo- 25
gies, molecular electronics,

and even new materials, = 20

such as Ga nitride (GaN) | T 45

and Si carbide (SiC). =
One of the materials that | < 4

has caught the attention of

the high-frequency indus- 5

try these past several years
is SiGe. The material is
highlighted in a presenta-
tion by Katsuyoshi Washio

PARN i

/ | N

Y

N

165 168 171

Frequency—GHz

174 177 180 183 186 189 192195

and fellow researchers from
the Central Research Labo-
ratory of Hitachi Ltd.
(Tokyo, Japan). Their pre-
sentation, “A 0.2-pm 180-
GHz f,,, 6.7-ps-ECL SOI/HRS Self-
Aligned SEG SiGe HBT/CMOS
Technology for Microwave and High-
Speed Digital Applications,”
addresses the need for improved
yield in SiGe processes. The authors
cite SiGe heterojunction bipolar
transistors (HBTs) with 5.5-ps emit-
ter-coupled-logic (ECL) gate delay
and a cutoff frequency of 122 GHz as
promising candidates for microwave
and millimeter-wave wireless com-
munications systems and for optical
communications systems operating
beyond 10 Gb/s. What is needed,
however, is the integration of a high-
breakdown-voltage SiGe HBT with
high-precision resistors, varactor
diodes, and other components in a
high-yield process.

In answer to this need, the authors
have developed a 0.2-pum self-
aligned, selective-epitaxial-growth

2. Improvements to a InGaAs/InAlAs/InP process en-
abled the fabrication of a two-stage balanced microstrip
MMIC amplifier capable of 10-dB gain and 7-dB noise
figure at 170 GHz.

VDC for HBTs designed for high
voltages. The peak cutoff frequencies
(fp) for the high-speed and high-volt-
age HBTs were 76 and 47 GHz,
respectively. The f,,., for the high-
speed device was 180 GHz, while the
finax for the high-voltage HBT was
125 GHz. The HBT yield, measured
for 10,000 parallel-connected HBTS,
was approximately 99.9997 percent,
which translates into a defect density
of about 2000 and a limit of approxi-
mately 100,000 on the number
of HBTs that can be practically
integrated.

In a session on “Emerging Wire-
less Technology,” N.P. Pham and fel-
low researchers from the Delft Uni-
versity of Technology (Delft, The
Netherlands) explain the use of
micromachining techniques to fabri-
cate a highly integrated module with
RF Si technology. The researchers’

novel micromachining post-process-
ing module is used to structure the Si
from a wafer’s backside with precise
alignment to the frontside to achieve
reduced crosstalk through the con-
ductive Si substrate, create an RF
ground on the substrate, and produce
highly integrated transmission lines
and three-dimensional (3D) strue-
tures to reduce the overall size of the
chip. The micromachining post-pro-
cess module was used to fabricate
microstrip lines with 130-pm spacing
between the signal and ground. The
transmission lines exhibit residual
loss of about 3 dB/em at 17 GHz on a
3000-Q2-em Si substrate.

In the same session, Kihong Kim
and fellow researchers from
the University of Florida
(Gainesville, FL) disclose

\ techniques for wireless com-

Y munications between chips.

They cite wireless clock dis-

tribution as a potential

application, where an exter-

nal microwave clock trans-

mits a signal at 20 GHz or

higher to a grid of integrat-

ed clock receivers (Rxs).

The signal received by the

receiving antenna is divided

down to the system-clock

frequency and locally dis-

tributed using a convention-

al clock tree structure. The

use of the high-frequency

clock distribution system reduces the

antenna size due to the decreased

wavelength. The presenters explain

how the same approach can be used

to improve on-chip antennas and how

the technique might be used for com-

munications in an area around the
radius of 2 cm.

The antennas were fabricated
using a single aluminum (Al) level
process with no passivation. Test
chips included linear, meander, loop,
and zigzag dipole structures. Since
metal structures in the vicinity of the
chips can cause antenna losses, an
SOI substrate was chosen with con-
tinuous buried oxide layer for wave
propagation. If antennas are con-
structed using the lowest-level metal
layer in contact with the Si layer, it
would be possible to send and receive
signals through the buried oxide
layer. By fabricating numerous
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analog, mixed signal and digital
ICs. These are the technologies
that are driving the communica-
tions revolution. Agilent employs
its expertise in all of these areas
to produce essential components
for high-speed wired and
wireless networks. We have
been supplying cutting-edge
solutions, on time and in volume,
to the world's leading communi-
cations and computer companies
for over 30 years. Every day we
deliver critical systems expertise
that helps our customers meet
the growing demands for speed,

bandwidth, flexibility and
affordability. www.semiconductor.agilent.com
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antenna structures, including zigzag
dipole antenna pairs, which were cho-
sen for use in a 0.25-pm CMOS 74-
GHz clock Rx. Since a 2-mm zigzag
dipole antenna pair with a 2-cm sepa-
ration provides -57-dB gain at 17
GHz, and the effects of metal-inter-
ference structures might decrease
gain by 5 dB, the final gain should be
approximately 62 dB. As a result, a
clock Rx with a zigzag dipole antenna
pair 2 cm away from a transmitter
(Tx) with an isotropic loop antenna
should be able to lock to a +20-dBm
clock signal delivered to the trans-
mitting antenna.

In a session entitled “GaN and RF
Power Devices,” K. Matsunaga and
co-workers from NEC Corp. (Shiga,
Japan) describe a low-distortion 230-
W GaAs heterostructure-field-
effect-transistor (HFET) PA for cel-
lular base stations. The amplifier,
which consists of four 86.4-mm-gate-
width field-modulating-plate (FP)
HFET chips (Fig. 1), provides 230-W
output power (+53.6 dBm) at 2.1 GHz

e NBRE L o )
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with 11-dB linear gain and 42-per-
cent power-added efficiency (PAE)
when operating at a drain-bias volt-
age of +22 VDC. When operating
with +46-dBm output power, the
same amplifier achieved low adja-
cent-channel power ratio (ACPR) of
-35 dBc with 25-percent PAE. The
device features saturated power den-
sity of 0.67 W/mm. The presenters
note that this is the highest power
density ever reported for power
FETs delivering more than 200-W
output power. When operating under
“backed-off” bias conditions, the
devices and amplifier show promise
for low-distortion, high-voltage
applications in cellular base stations.
For example, when output power is
backed off by 8 dB (from almost +54
dBm to +46 dBm), the amplifier
exhibits a linear improvement of
approximately 4 dB in ACPR perfor-
mance, when the drain voltage is
increased from +12 to +20 VDC.

In the same session, results are
presented on the highest power lev-

els yet achieved from a GaN-based
PA. Y.F. Wu and fellow researchers
from Cree Lighting (Goleta, CA)
offer details on an AlGaN/GaN high-
electron-mobility-transistor
(HEMT) amplifier capable of 50-W
pulsed output power at 6 GHz, or
about six to 10 times the output lev-
els possible with GaAs devices of the
same size. The HEMT devices were
grown on SiC substrates through
metal-organic-chemical-vapor depo-
sition (MOCVD).

When biased at +15 VDC, the
amplifier delivered 13.2-dB small-
signal gain at 5 GHz, which increased
to 14.6-dB small-gignal gain at bias
voltages exceeding +25 VDC. Pulsed
measurements were performed with
signals having 0.5-ps pulse width and
5-percent duty cycle. The output
power at 6 GHz was 356 W when
biased at +29 VDC, rising to 49 W
with +38-VDC bias. At +39-VDC
bias, an output-power level of 51 W
was recorded at 6 GHz.

Researchers from Cornell Univer-
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DEDICATED TO EXCELLENCE
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sity (Ithaca, NY) also brought details
on AlGaN/GaN HEMTs to the
IEDM. E.M. Chunbes and co-work-
ers presented improved performance
over previous devices through the
use of SigN, passivation to provide a
fixed positive charge. The re-
searchers fabricated metal-insulator-
semiconductor (MIS) FETs (MIS-
FETs) on surface-passivated,
undoped AlGaN/GaN heterostruc-
tures with enhanced performance
compared to conventional unpassi-
vated HEMTs. Growing their
devices with organometallic vapor-
phase-epitaxy (OMVPE) techniques
on 2-in. (5.08-cm)-diameter sapphire
substrates, the researchers produced
passivated, recessed-gate devices
with 0.6-pm gate lengths and 100-pm
gate widths. Conventional HEMTs
were also fabricated on similar het-
erostructures, but without passiva-
tion or the use of recessed gates.
Class A power sweeps performed
with the passivated devices, using
+20, +25, and +28-VDC bias, yielded

output-power densities from 2.8 to
4.2 W/mm and PAEs of 35 to 37 per-
cent. The devices yielded 21-W/mm
output-power density at 7 GHz, with
289-percent PAE measured with a
bias voltage of +15 VDC. These num-
bers are very close to predicted
curves for the passivated devices, in
contrast to a measured output-power
density of 1.5 W/mm for the unpassi-
vated HEMTSs, compared to the 2.1
W/mm from predictions.

Some of the highest-frequency
devices reported at the IEDM were
presented in a session on “High
Speed Compound Semiconductor
Devices.” R. Lai and co-workers
from TRW Semiconductor Products
Sector (Redondo Beach, CA) offered
details on the development of a indi-
um-phosphide (InP) HEMT amplifier
for G-band (140-to-220-GHz) appli-
cations. The TRW researchers
revealed recent advances in
InGaAs/InAlAs/InP HEMT mono-
lithic-microwave-integrated-circuit
(MMIC) technology that have made

possible the development of a series
of G-band amplifiers with outstand-
ing gain characteristics through 220
GHz. In order to develop a successful
process for use at G-band, several
process enhancements were imple-
mented on the firm’s baseline 75-mm-
diameter InP HEMT MMIC process.
The first enhancement involved the
growth and design of pseudomorphic
high-indium-composition InGaAs
channels and an improved HEMT
device structure for higher frequen-
cies. Cutoff frequencies of 300 GHz
have already been achieved with In
compositions of greater than 70 per-
cent. The second process enhance-
ment involved the reduction of the
gate length from 100 to 70 nm. This
yielded a 15-to-20-percent improve-

ment in the cutoff frequency and |

transconductance. The was the
development of a 50-pm-thick sub-
strate backside process with very
small through-substrate viaholes for
grounding. This third enhancement
was one that prevented substrate
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3. A conventional parallel-plate tunable capacitor (a) is limited in tuning range when compared to the novel wide-
tuning-range capacitor configuration (b) developed by the University of lllinois researchers.

waveguide-mode propagation and
supports minimal device-source
inductance to maximize device gain
at high frequencies.

Since the process has demonstrat-
ed high device available gain of 7 to 8
dB per stage at 200 GHz, it was pos-
sible to fabricate complete amplifiers
at G-band. A series of amplifiers was
fabricated, including a three-stage,
single-ended microstrip MMIC
amplifier with 10-to-12-dB gain and a
noise figure of 5.1 dB at 151 GHz. A
two-stage balanced microstrip
MMIC amplifier from 165 to 190 GHz
demonstrated 10-dB gain and 7-dB
noise figure at 170 GHz (Fig. 2).
Another three-stage microstrip
amplifier yielded 14-dB gain and 7-
dB noise figure from 160 to 190 GHz.
Two-stage and four-stage amplifiers
were cascaded to achieve 20-to-25-
dB gain from 170 to 190 GHz, with
broadband noise figures of 8 dB or
better. A six-stage coplanar-wave-
guide MMIC amplifier offered 20-dB
average gain from 160 to 215 GHz,
with a noise figure of 8 dB at 170
GHz. The researchers note that the
measured gain of 15 dB at 215 GHz is
the highest-gain solid-state amplifier
yet demonstrated at that frequency.

In the same session, M.W. Dvorak
and fellow students from the Com-
pound Semiconductor Device Labo-
ratory (CSDL) of Simon Fraser Uni-
versity (Burnaby, British Columbia,
Canada) presented the school’s work
on InP-based double-heterostruc-
ture bipolar transistors (DHBTS)
with high breakdown voltages and
cutoff frequencies up to 250 GHz. The
presenters note that the process pro-
motes gains in performance and man-

ufacturability by eliminating the
need to grow graded emitter-based
and base-collector junctions, enables
the growth of entirely Al-free tran-
sistor structures, and uses carbon
(C)-based doping without hydrogen
(H)-passivation effects. The presen-
tation includes results on InP/
GaAsSb/InP DHBTSs implemented
within thin 200 to 250 Angstrom
strainged GaAsggSbg 4 highly doped
base layers and a 2000-Anstrom InP
collector. The devices exhibit peak
cutoff frequencies of 250 GHz and
maximum frequency of oscillation of
better than 175 GHz with a break-
down voltage of +6 VDC.

Harkening back to the plenary ses-
sion, a presentation by Yukinori Ono
and Yasuo Takahashi of NT'T’s Basic
Research Laboratories (Kanagawa,
Japan) explores the workings of a
single-electron transistor (SET).
Part of a session on nanoelectronies,
the researchers note that such a tran-
sistor is promising for future large-
scale-integration (LSI) circuits due
to its potential for very-low power
consumption. The researchers con-
structed an elemental logic circuit on
an SOI substrate to represent such a
transistor, using two nearly identical
single-electron transistors, each with
an individual input gate. By sending
pass signals to the sources, and com-
plementary signals to the gates, basie
logic operations including half-sum
and carry-out of the half adder can be
achieved at 25 K.

Much has been made in recent
vears of the possibilities of using
microelectromechanical systems
(MEMS) in electronic circuits, for
example, to tune microminiature fil-

ter and resonator structures. In a
session on MEMS and biochemical
sensors, Jun Zou, Change Liu, and
Jose Schutt-Aine from the Universi-
ty of Illinois (Urbana, IL) report on
the development of a MEMS-tunable
capacitor for wireless communica-
tions applications. The most common
MEMS tunable capacitor to date has
been the parallel-plate type with
electrostatic-actuation tuning. Spac-
ing and capacitance values are
changed through the DC bias voltage
applied across the two plates. How-
ever, the tuning range is affected by
the “pull-in” effect. When the spacing
is reduced to two-thirds of the maxi-
mum value, the electrostatic force
will exceed the mechanical restoring
force and the two plates will snap into
contact. Thus, the snap-in effect
imposes a theoretical limit of 50 per-
cent on the tuning range of conven-
tional parallel-plate tunable capaci-
tors (Fig. 3a).

However, the University of Illinois
team reports on the first parallel-
plate tunable-capacitor design to
exceed the 50-percent limit imposed
by the pull-in effect (Fig. 3b).
Through simulation, the presenters
report a maximum possible tuning
range of 90.5 percent and a nominal
capacitance of 0.0328 pF. Measured
results show near-ideal capacitance
behavior, with a return loss of less
than 0.6 dB at 10 GHz.

For more information on the
IEDM, please contact Phyllis
Mahoney, 2000 IEDM, Suite 400B,
101 Lakeforest Blvd., Gaithersburg,
MD 20877; (301) 527-0900 ext. 103,
FAX: (301) 527-0994, e-mail: phyllism
@widerkehr.com. ®®
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Dual antennas serve cellular, GPS

Digital ugconverter
reaches 200 MSamples/s
' he model AD9857 14-b,
quadrature digital-upcon-
‘u verter (QDUC) integrated
circuit (IC) can sample at rates up
to 200 MSamples/s and can serve as
a universal in-phase/quadrature
(1/Q) modulator and upconverter.
The chip accepts complex I/Q input
data, samples the data, quadrature-
modulates the data onto a carrier,
and puts out a frequency-agile
modulated carrier in the analog

14-bit Quadrature Digital Upconverter
- Digital Transmit Path
« “Future Proof® RF Interface
- 14-bit Signal Path

domain. The device moves much of
the transmit path from the analog
to the digital domain, which sup-
ports direct process control, on-the-
fly progammability of data rates,
precision frequency hopping, and
reduced system complexity. Ana-
log Devices, Inc., Ray Stata
Technology Center, 804 Wo-
burn St., Wilmington, MA
01887; (800) 262-5643, FAX:
(781) 937-1428, Internet: http/
www.analog.com.

CIRCLE NO. 58 or visit www.mwrf.com.

[ & = Fwodualantennas combine broadband
'ﬂ ! 'Icellular coverage with active Global

' Positioning System (GPS) coverage.
The model ASPD1860TGSP mounts on auto-
mobile rooftops and stands 13.1 in. (33.3 cm) i
tall. Its 5/8-wavelength upper whip and 1/4-
wavelength lower section deliver 3-dB omni-
directional gain in the cellular band. The
model ADSP914TGSP antenna mounts on au-
tomobile trunk lids, has a 3.2-in. (8.1-cm) whip,
and provides unity gain in the cellular band.
Both antennas cover the 824-t0-894-MHz cellular range
with a VSWR of less than 2:1. In the cellular band, the an-

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

tennas have a vertically polarized, omnidirec-
tional H plane and can handle up to 10 W of RF
power. Both antennas cover the 15.75.42 +5-
MHz GPS range with a gain of 27 dB and a
VSWR ofless than 1.5:1. In the GPS band, the
antennas operate with +3- or +5-VDC bias,
draw 25-mA current, and can handle up to 1
W of RF power. Antenna Specialists,
31225 Bainbridge Rd., Cleveland, OH
44139-2281; (440) 349-8400, FAX: (440)
349-8407, Internet: http:/www.an-
tenna.com.

CIRCLE NO. 57 or visit www.mwrf.com

Software simplifies filter design
he S/FILTER software package allows users to design filters with
J—!.] direct synthesis. In this process, the user inputs the criteria for his
[ or her filter, the program forms a transfer function from the erite-
ria, and it extracts a schematic from the transfer func- E55z
tion. The direct-synthesis approach to designing fil- =
ters differs from the more common look-up approach,
which restricts engineers to “canned” filter designs.
Direct synthesis allows the user to create customized
filters with the exact response desired. The S/FIL- |
TER program can extract a schematic in any order
from the transfer function, and generate an array of
filters for each set of design criteria. Other capabilities include the ability to
tune zero locations to optimize a filter design; design classic transfer func-
tions, such as Butterworth, Chebyshev, and Elliptic; asymmetrically place
DC and infinite zeros to adjust overall response symmetry; design exact so-
lutions for narrow and wideband filters; create arbitrary stopbands; etc. Ea-
gleware Corp., 635 Pinnacle Ct., Norcross, GA (678) 291-0995,
FAX: (678) 291-0971, Internet: http:/www.eagleware.com.
CIRCLE NO. 59 or visit www.mwrf.com.

Transceiver IGC supports multiple bands, protocols
"V' odel MC13760 software-programmable transceiver integrated

circuit (IC) functions over a range of input frequencies in multi-
Mhand, multimode Global System for Mobile Communications
| (GSM)/digital communication services (DCS)/time-division-
| multiple-access (TDMA)/Advanced Mobile Phone Ser-
vice (AMPS) cellular phones, including general-
| packet radio service (GPRS). The chip can also be
| applied to personal digital assistants (PDAs),
satellite phones, integrated dispatch enhanced
networks (iDENs), and trans-European
trunked-radio-system (TETRA) radios. The IC §
features fractional-N synthesizers, a reconfig-
urable zero-intermediate-frequency (IF) receiver with programmable
bandwidth, receive analog-to-digital conversion (ADC), multirate inter-
face to the baseband digital signal processor (DSP), and full transmit-sup-
port circuits. Motorola Semiconductor Products Sector, P.O. Box |
52073, Phoenix, AZ 85072-2073; (480) 413-4991, FAX: (480) 413-
6220, Internet: http//www.motorola.com/wireless-semi/.

CIRCLE NO. 60 or visit www.mwrf.com.
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hen your wireless communications system calls for .-

very low intermodulation distortion and enhanced *’,

dynamic range, look into Synergy's new line of .~
HIGH IP3 MIXERS. Standard models are available in .-
specialized frequency bandwidths covering UHF, Cellular, PCS
and ISM bands. Additional features are low conversion loss and .+
high interport isolation. Most models operate at +17 dBm of .~

local oscillator drive level and exceed +30 dBm of input third
order intercept point. Higher L.O. drive level models with higher .+

third order intercept points are also available. L
[
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Don't compromise performance... p

specify Synergy's HIGH IP3 MIXERS. o
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FINANCIAL NEWS

Cree, Xemod To Jointly Develop SiC

tor technology seemed to be in

limbo over the past year, but its
primary developer, Cree, Inc.
(Durham, NC), recently teamed up
with RF power-module maker Xe-
mod, Inc. (Santa Clara, CA) to jump
start the technology and bring it into
mainstream wireless communica-

Silicon-carbide (SiC) semiconduc-

tions applications. The companies
signed a two-year agreement with
Cree, making an $11.3 million equity
investment in Xemod as a general in-
vestor and a co-developer of SiC-
based power amplifiers (PAs).

The companies will split the devel-
opment task with Cree providing the
SiC raw material and contributing its

EF Product News Offers
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knowledge of the process while Xe-
mod provides its RF and microwave
expertise in linear PAs to do the de-
sign, layout, and metallization of
metal-semiconductor-field-effect-
transistor (MESFET) SiC devices.
Eventually, Xemod hopes to launch a
new generation of products based on
the technology.

While SiC presents impressive
technical credentials as a PA technol-
ogy, it is not yet ready for actual hard-
ware deployment in the high-fre-
quency power market. But Richard
Clark, vice president of marketing at
Xemod, believes that it could be used
in the same applications as the current
leading wireless-infrastructure PA
semiconductor technology, laterally
diffused metal-oxide semiconductor
(LDMOS). In fact, Clark points out
that SiC offers a number of advan-
tages over LDMOS, and even gallium
arsenide (GaAs), due its intrinsic
physical characteristics.

With respect to LDMOS, SiC is a
higher voltage process, being in the
+50-VDC range compared to approx-
imately +30 VDC for LDMOS. A ben-
efit of operating at a higher voltage is
that a SiC transistor uses higher in-
put and output impedances than an
LDMOS device. Clark points out that
at power levels above 60 W, the
matching required for LDMOS is
more difficult than for the higher im-
pedance SiC. Another advantage of
SiC is its higher thermal conductiv-
ity, which means that SiC transistors
can handle greater power than other
semiconductor technologies—LD-
MOS and GaAs—a key criterion for
devices to be used in PA modules.
These characteristics could result in
SiC devices that are smaller and less
expensive to manufacture than their
counterparts. Finally, SiC can oper-
ate at microwave frequencies up to 5
GHz, whereas the present genera-
tion of LDMOS goes up only to 2.5
GHz. This could lead to new applica-
tions for SiC-based PAs where com-
peting technologies are limited.

Cree presently uses SiC technol-
ogy in the manufacture of blue and
green light-emitting diodes (LEDs)
which are found in the instrument
panels of automobiles and cellular
phones. e
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Ansoft HFSS
3D electromagnetic
structure simulation

Harmonica
linear & nonlinear
circuit simulation

Ensemble
planar electromagnetic
field simulator

|

Symphony
wireless & wired
system simulation

Ansoft's Serenade Design Environment

.delivering system, circuit, electromagnetic simulation,
synthesis, and physical design in a single software suite. Streamline your product development
process using integrated schematic capture, simulation, layout, IC package modeling, and links to

. R
third-party tools from companies such as Cadence ™, Mentor Graphics and EEsof

Handshaking between modules allows engineers to focus on critical components at any stage of
development. Each simulator can be used as a powerful, stand-alone tool, or in concert with others
for end-to-end high-frequency design. The Serenade Design Environment is built on Ansoft's core
electromagnetics technology; and offers accuracy, an easy-to-use Windov interface, advanced
design utilities, and superior value.

For a free evaluation copy of any of the tools in Ansoft's Serenade Design Environment
call 412-261-3200 or send e-mail to info@ansoft.com.
CIRCLE NO. 272

Opening a new world in
Analog, Digital,
Signal Integrity, RF and
Microwave Design.
Check out
http: / /www.ansoft.com/
No-Boundaries.html

Interoperate

high performance EDA

www.ansoft.com



An integrated ASIC?
Inexpensive??
Tell me more!!!

National Semiconductor leads
the way in Bluetooth, Cell
Phone and other wireless
applications in applying LTCC
to integrated wireless
modules. National’s latest
advances

in LTCC manufacturing
technology, combined with
DuPont’s advances in Green
Tape™, Fodel® Compositions
and thick film conductor
materials, have established

a new low-cost standard for
wireless modules.

LOW-COST LTCC

LTCC is the least expensive
alternative for your RF wireless
design. Consider that the LTCC
raw material is inorganic (earth
oxides) versus the alternatives —
organic (oil). Also, the process

is scalable in panel size as the
manufacturing volume increases,
thereby drastically reducing cost
per square inch.

LTCC has the highest passive
integration capability of any
active/passive component
board-level system. More

passive components in the LTCC
and not on top of the module,
resulting in less space utilized and

GREEN TAPE™

FODEL®

1 Application Profile =5

How Do | IVIake Bluetooth Wireless Products Small and lnexpenswe??

Use the Integrated ASIC LTCC Modules from National Semiconductor
Usmg DuPont Green Tape and Fme L|ne Technology

the lowest system cost solution.

THE INTEGRATED ASIC

With the capability of DuPont’s
Fodel” fine-line technology, active
components can be flip-chip
mounted to the LTCC module.
The high frequency characteristics
of the entire vertical structure can
be modeled, and performance
optimized. Also, results have
shown higher-yielding DC
interconnects, improved Q on
edge-coupled, edge-sensitive
structures, and more consistent
electromagnetic results in RF
structures. The resultant module
performance is optimized, space
minimized, and the resultant cost
25% 10 50% below competing
technologies.

LTCC has come to lead the
wireless revolution, and offers

BIROX®

CIRCLE NO. 223

DIFFUSION PATTERNING™

the lowest-cost, smallest-size,

and highest-performance solution
to your wireless design. National’s
LTCC foundry technology offers
you the fastest design-to-volume
format. Proto cycle times in less
than seven days, flexible manu-
facturing lines accommodating
design and capacity changes
without delivery interruption,
30-day ramp to volume — all this
plus complete assembly and test
services that support the full line
of DuPont Green Tape™ products.

National: Doing what we do

best — prototype turns in 7 days;
state-of-the-art technology; and
low-cost/high-volume QS9000
manufacturing.

For more information,
call National at
(949) 380-2054 or visit the
National LTCC website at
http://www.national.com/ltcc.

National
Semiconductor®

®

LUXPRINT®



FINANCIAL NEWS

Contracts

ADC Telecommunications, Inc. and Image
Wireless Communications—Signed a $10 million con-
tract extension for ADC’s Axity™ Broadband Wireless
Access System.

Sanders—Has received a contract from the US Navy
for full-rate production of Cooperative OUTBOARD Lo-
gistics Update (COBLU) systems. Under the contract,
Sanders will provide up to 35 COBLU systems as well as
spares, installation, and training support. Total value of
the contract, including options, could exceed $250 million.
Deliveries for the base-year award of six systems will be-
gin in late 2001.

Cree, Inc.—Has received contracts from Asian cus-
tomers totaling $21 million for shipments during fiscal
year 2001. Included in these contracts are purchase
agreements for standard brightness, high brightness, and
small-chip silicon-carbide (SiC) light-emitting diodes
(LEDs).

CTS Corp.—Announced that it has been awarded a
multimillion-dollar contract by one of the world’s largest
base-station infrastructure equipment manufacturers.
The contract is expected to exceed $20 million over the
next two years.

Andrew Corp.—Has received an initial $3 million or-
der as part of a $23 million letter of agreement for the de-
velopment and supply of single-channel personal-commu-
nications-services (PCS)/time-division-multiple-access
(TDMA) linear power amplifiers (PAs) to Lucent Tech-
nologies, Inc.

Motorola—Has been awarded a $28 million Global
System for Mobile Communications (GSM) network-ex-
pansion contract from Kuwaiti GSM operator Mobile
Telecommunications Co. (MTC). Motorola will implement
network-expansion and enhancement solutions for the
dual-band MTCNet GSM-900/1800 network, increasing
capacity by 30 percent.

Fresh Starts

Discovery Semiconductors, Inc.—Has been
named to Deloitte & Touche’s “Fast 50” Program for New
Jersey, a ranking of the 50 fastest-growing technology
companies in the area. Rankings are based on the per-
centage of growth in revenues from 1995 to 1999.

Analog Devices, Inc.—Has entered into an agree-
ment with Caveo Technology, LLC, in which ADI’s
ADXIL202E will be used in conjunction with Caveo’s pro-
prietary software in the development of advanced secu-
rity problems for laptops and other applications. The re-
sulting product, Caveo Anti-Theft®, features the
ADXIL202E, a micromachined tilt-motion sensor which
enables location awareness in hardware. Caveo Anti-
Theft is designed for laptop computers and is expected to
be available in early 2001.

Vitesse Semiconductor Corp.—Announced that it
has completed the acquisition of certain assets of the
wide-area-network (WAN) product line of Philips Semi-
conductors for approximately $30 million in cash. The
Philips Semiconductors WAN product line designs, de-

velops, and markets products for WAN access and ag-
gregation. This group brings with it a high-level data-link
control (HDLC) controller product, a TI/E1/J1 aggrega-
tion product, a DS-3 termination product, as well as sev-
eral related products that are in advanced stages of
development.

Agilent Technologies, Inc.—Announced that it is
building a dedicated 6-in. (15.24-cm) wafer-fabrication
line in its Newark, CA facility for its innovative film-bulk-
acoustic-resonator (FBAR) filter products. FBAR tech-
nology enables miniature high-performance filtering
products, such as duplexers for code-division-multiple-
access (CDMA) mobile phones, operating in the 400-MHz
and 10-GHz frequency range.

GHz Technology and Lucent Technologles Mi-
croelectronics Group—Arrived at an agreement to
develop and manufacture custom RF power transistors
for wireless base stations.

VoiceStream Wireless Corp. and Powertel,
Inc.—Have entered into a definitive agreement for Voic-
eStream Wireless to acquire Powertel. The proposed
transaction will substantially expand VoiceStream’s all-
digital Global System for Mobile Communications (GSM)
wireless coverage in the Southeastern US. Powertel
owns wireless licenses covering 25 million people and op-
erates a GSM network spanning 12 states in the South-
eastern US, in areas where VoiceStream currently does
not market its wireless services.

Sanders—Issued the final acceptance of the SAL
XRS2000 NanoPulsar System. The system, installed at
Sanders’ Microwave Electronics Center in Nashua, NH,
is the first integrated point-source X-ray lithography sys-
tem. Sanders has begun production of high-frequency
gallium-arsenide (GaAs) integrated circuits (ICs) with
the SAL NanoPulsar System.

Advanced Hardware Architectures (AHA)—
Opened the company’s first United Kingdom design cen-
ter, located in Southampton, England. Demand for
AHA’s forward-error-correction (FEC) products based
on their patented Turbo Product Code (TPC) technology,
spurred the expansion decision.

Texas Instruments, Inc.—Completed its previ-
ously announced acquisition of Dot Wireless, Inc. in a
stock-for-stock transaction that will expand TI’s exper-
tise in digital-signal-processor (DSP)-based solutions for
third-generation (3G) wireless handsets and mobile com-
puting devices. Dot Wireless has an advanced 3G system
architecture and protocol software for voice and high-
speed data applications. Dot Wireless is involved in 3G
code-division-multiple-access (CDMA) technology and
will support TT’s development of technologies for IS-2000
and wideband CDMA (WCDMA).

Enea OSE Systems—Launched the OSE Design
Center, which is located in Phoenix, AZ. The OSE Design
Center is designed to offer developers working with the
OSE® real-time operating system (RTOS) access to gen-
uine OSE competance and additional resources to get
projects started, completed, or developed from start to
finish.
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MID-ATLANTIC
RE SYSTEMS...
SPECIALIZES
IN SMALL
QUANTITY
ORDERS.

DEesIGN &
MANUFACTURING

Custom &

STANDARD
APPLICATIONS

QuALITY
SERVICE =

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

Mid-Atlantic
Products
Amplifiers

Switches

Power Dividers
Hybrid Couplers
Directional Couplers

W MID-ATLANIIC
RF SYSTEMS, INC.

PO Box 745,

Forest Hill, MD 21050

Tel.: 410/893-2430

Fax: 410/638-5193

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

PEOPLE

Flarion Technologies—
Matthew (Matt) J. Desch to the board
of directors; remains as chairman of
Airspan Networks, Inc.

AIR2LAN—James V. Smith to
chief operating officer (COO); for-
merly president of Big Net, Inc.

Wood & Douglas Ltd.—Martin
Farrow to business development
manager; formerly marketing man-
ager at Yokogawa Marex Technolo-
gy. Also, Rachael Penfold to broad-
cast product manager; formerly
strategic development manager for
Radio Frequency Investigation.

PENFOLD

FAHHW

Sanders—Aaron Penkacik to
chief technical officer (CTO); remains
as vice president for advanced sys-
tems and technology.

Microwave Power Devices,
Inc.—Thomas Gilboy to vice presi-
dent and chief financial officer (CFO);
formerly CFO of PureTec Corp.

GOAL Semiconductor, Inc.—
Nick Tasker to president; formerly
executive vice president of market-
ing and sales. Also, Irving Lustigman
to vice president of engineering; for-
merly vice president of broadband
wireless access products.

American Microsystems, Inc.
(AMI)—John Murray to regional
sales manager for the Southwest ter-
ritory, including Southern California,
Arizona, and New Mexico; formerly
test product engineer.

Robinson Nugent, Inc.—James
“Chris” Smelcer to director of manu-
facturing for North America; former-
ly plant manager at the Dallas, TX
manufacturing plant.

IPC—Fern Abrams to director of
environmental policy; formerly man-
ager of environmental affairs at the
American Trucking Association.

Aegis Broadband, Inc.—D.

Colin Boyd to vice president of sales
and marketing; formerly vice presi-
dent of North American sales and
worldwide marketing at Harmonic,
Ine.

Taconic—Jim O’Keefe to presi-
dent; formerly vice president and
general manager of the Industrial
Products Business.

Altera Corp.—Farzad Zarrinfar
to vice president of product market-
ing; formerly director of application-
specific-integrated-circuit (ASIC)
sales and marketing at Samsung
Semiconductor.

SignalSoft Corp.—Brian J. Mc-
Niff to vice president of Internet ser-
vices; formerly senior integration
consultant at Little Harbor Capital.

Micro Networks Corp.—
Michael J. Ferrantino to chairman;
remains as president and chief exec-
utive officer (CEQ).

EPCOS, Inc.—James Riff to vice
president of sales at EPCOS, Inc.;
formerly executive vice president re-
sponsible for North American opera-
tions of the Lapp Group.

RIFF FENLEY

Ixthos, Inc.—Ed Fenley to direc-
tor of operations; formerly involved
in electronics manufacturing man-
agement at AlliedSignal and
Raytheon.

Leitch Technology Corp.—
Todd Riggs to regional sales manager
for the state of Florida; formerly
branch manager of the Orlando, F'L of-
fice for Professional Communication
Systems. Also, Neil Karsh to technol-
ogy deployment manager for audio
and DTV at the Northeast sales office;
formerly vice president of audio engi-
neering for New York Media Group,
Inc. In addition, Jim Lien to regional
sales manager for the North Mid-At-
lantic region; formerly district sales
manager for Snell & Wilcox.
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EDUCATIONAL MEETINGS

Short Courses

Automatic Test Equipment (ATE)
Selection, Design and Programming

November 27-December 1 (Los Angeles, CA)

UCLA Extension, Dept. of Engineering,
Information Systems, and Technical
Management

10995 Le Conte Ave.

UCLA Extension Bldg.

Los Angeles, CA 90024

(310) 825-3344, FAX: (310) 206-2815

Internet: http/www.ucla
extension.org/shortcourses

Far Field, Anechoic Chamber,
Compact, and Near Field
Measurements

December 4-8 (Atlanta, GA)

Georgia Institute of Technology—Continuing
Education

Atlanta, GA 30332

(404) 385-3502, FAX: (404) 894-7398

e-mail: conted@gatech.edu

Internet: http://www.conted.gatech.edu.

RF CMOS Design

December 7-8 (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

Circuit Design for Broadband
Communications

December 11-15 (Catamaran Hotel, San
Diego, CA)

MEAD Microelectronies, Ine.

7100 NW Grandview Dr.

Corvallis, OR 97330

(541) 758-0828, FAX: (541) 752-1405

e-mail: valence@mead.ch or
usmead@cmug.com

Internet: http://www.mead.ch

Wireless Digital Communications

December 11-15 (Arizona State University,
Tempe, AZ)

Arizona State University

Center for Professional Development

Tempe, AZ 85287-7506

(480) 965-1740, FAX: (480) 965-8653

e-mail: asu.cpd@asu.edu

Internet: http://www.eas.asu.edw/epd

Wireless Communications Standards:
Understanding TIA-41

December 18-19 (Lisle, IL)

Telcordia Technologies

6200 Route 53

Lisle, IL 60532-3198

(800) 832-2463, FAX: (630) 960-6230

e-mail: teachme@telecordia.com

Fiber Optic Training

December 19-21 (Williamsburg, VA)

Alex Black

National Technology Transfer, Inc.

Englewood, CO 80155-4558

(800) 922-2820, FAX: (303) 649-9930

e-mail: sales@nttine.com

Meetings
56th ARFTG Microwave Measurements
Conference
November 28-December 1 (Omni Hotel,
Boulder, CO)
Automatic RF Techniques Group (ARFTG)

David Walker

National Institute of Standards and
Technology (NIST)

Boulder, CO 80305

(303) 497-5490

e-mail: dwalker@boulder.nist.gov

Internet: http//www.arftg.org

Asia-Pacific Microwave Conference
2000

December 3-6 (Wentworth Hotel, Sydney,
Australia)

APMC 2000 Sydney

ICMS Ltd.

+61 2 9290 3366, FAX: +61 2 9290 2444

e-mail: apme@icms.com.au

Internet: http/www.icms.com.auw/apme

Bluetooth Developers Conference

December 5-7 (San Jose Convention Center,
San Jose, CA)

(888) 397-6202

Internet: http:/www.bluetooth.com/devcon

2000 IEEE International Electron
Devices Meeting

December 11-13 (San Francisco Hilton and
Towers, San Francisco, CA)

IEEE Electron Devices Society

101 Lakeforest Blvd.

Suite 400B

Gaithersburg, MD 20877

(301) 527-0900, FAX: (301) 527-0994

Internet: http://www.ieee.org/conference/iedm

22nd Army Science Conference

December 12-13 (Renaissance Harborplace
Hotel, Baltimore, MD)

Sponsored by the Assistant Secretary of the
Army (Acquisition, Logistics and
Technology)

Jean A. Thomas

TMC Design Corp.

Suffolk, VA 23432

(757) 357-4011, FAX: (757) 357-5108

International Conference on
Computers, Communications and
Devices

December 14-16 (Kharagpur, India)

Dept. of Electronies and Electrical
Communication Engineering

Prof. C.K. Maiti

Indian Institute of Technology

Kharagpur, 721302 India

+91 (0) 3222 55221-4, FAX: +91 (0) 3222 55303

e-mail: ccd2000@ece.iitkgp.ernet.in

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

Call for Papers
International Conference on
Subsurface and Surface Sensing and
Imaging
Technologies and Applications ITI
July 29-August 3, 2001 (San Diego, CA)
Prof. Cam Nguyen
Dept. of Electrical Engineering
Texas A&M University
College Station, TX 77843-3128
(979) 845-7469, F AX: (979) 845-6259
e-mail: cam@ee.tamu.edu
Abstract Deadline: December 18, 2000

MICROWAVES & RF = NOVEMBER 2000

46




When it comes to
RF Wideband Transistors,
make the right choice...
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PHILIPS

www.FutureElectronics.ca/rf/Philips
1-888-306-5347

for your free copy of our

Philips Wideband Transistor Sample Kit.

This sample kit contains 24 of the best from Philips’ range of RF Wideband
transistors, and a CD ROM with data sheets, application notes,
S-parameters and SPICE models. These 24 parts have been

carefully selected from more than 100 different types
for the best in performance, size, cost, and for

the widest range of application requirements.

...0r get left behind!
PHILIPS
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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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WCPMA Creating RF and Microwave solutions since 1953.
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We Have A Part In Your Future

4895 Peoria Street OUR PLL Synthesizer Modules Wideband RF Transformers Couplers IS09001 Certified

Denver, Colorado 80239 PRODUCTS Special Integrated Assemblies ‘ Voltage Controlled Oscillators I Double Balanced Mixers | m
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Bluetooth gains
another
application—
Sensors

Already growing in potential by leaps and bounds for computer and consumer applica-
tions, the Bluetooth wireless protocol can also serve in the industrial instrumentation world,
according to Michael Horton of Crosshow Technology (San Jose, CA). A Bluetooth network
can be used to enable communications between remote sensors and data-acquisition (DAQ)
electronics, eliminating the expensive, time-consuming, and failure-prone hardwiring of
sensors. The author claims that Bluetooth can replace RS-232, parallel, the universal serial

—— bus (USB), and other standard cables with a single standard wireless link. Bluetooth, com-

Efficient RF
antenna system
hased on traps

Special oven

design enahles
low-frequency
measurements

Neural networks
reduce complex-
design time

bined with an established sensor ID standard such as IEEE 1451, permits the creation of
a reliable, low-cost architecture with a broad range of applications. These include building
monitoring and maintenance, medical and consumer product monitoring, DAQ and control,
as well as many others. The architecture supports a wide range of sensor types through a
smart interface. See “Standard Wireless Protocols Create New Sensor Networks,” NASA
Tech Briefs, September 2000, Vol. 24, No. 9, p. 30.

Antenna systems using traps for operating at different frequencies are well-known in
amateur radio, but cannot meet the bandwidth, efficiency, directivity, response time, and
otherrequirements demanded by modern high-frequency communications. Traditional sys-
tems are single-wire types with traps (inductor-capacitor circuits), but Daniel D. Reuster
and KevinJ. Cybert of ARINC, Inc. (Annapolis, MD) propose the use of traps in a multiple
wire-element arrangement using different physical antennas for adjacent subbands. The
traps divide the physical antenna into varying radiating lengths, which provides continu-
ous coverage over the entire frequency band of interest. The use of subbands reduces im-
pedance-matching network requirements and helps to more efficiently radiate energy over
the entire frequency band of interest. The difference between the author’s design and the
traditional design is that the former is a true broadband antenna while the latter is simply
a multiband antenna. See “A High-Efficiency Broadband HF Wire-Antenna System,”
IEEE Antennas and Propagation Magazine, August 2000, Vol. 42, No. 4,p.53.

Low-frequency-noise measurements are important in characterizing the behavior of ma-
terials and devices used in integrated circuits (ICs), but the measurements must be made
at a tightly controlled temperature. A special high-stability, temperature-controlled oven
designed especially for characterizing electromigration in the metal interconnects of ICs has
been built by Carmine Ciofi, Ivan Ciofi, Stefano Di Pascoli, and Bruno Neri of the Dipart-
mento di Ingegneria dell’ Informazione, University of Pisa (Pisa, Italy). Most low-frequency-
noise measurements are in the extremely low frequency range of 10 MHz to 1 Hz and the
background noise must be also extremely low; for example, 3 nV//Hz at 1 Hz. The concept
of the oven design is to calculate the maximum value of the power spectral density of the
temperature fluctuations that do not cause a significant increase in the background noise.
The authors have developed a unique two-stage oven together with a microcontroller board
that implements all operations for warm-up and closed-loop control under steady-state con-
ditions. See “Temperature Controlled Oven for Low Noise Measurement Systems,” IEEE
Transactions on Instrumentation and Measurement, June 2000, Vol. 49, No. 3, p. 546,

Neural network modeling is becoming an important design-automation technique for
reducing the central-processing-unit (CPU) time necessary to model intensive electro-
magnetic (EM) simulations in a classical optimization procedure. One type of neural net-
work, the multilayer perceptron, was investigated by A. Gati, G. Alquie, and V. Fouad
Hanna of the Laboratoire Instruments et Systémes, Université Pierre et Marie Curie
(Paris, France), and M.F. Wong of CNET, France Telécom (Issy-Moulineaux, France) and
applied to a coplanar-waveguide (CPW) T-junction. CPW technology has proven its su-
periority in miecrowave hybrid and monolithic integrated circuits (ICs) and, while a full-
wave three-dimensional (3D) EM simulation is very accurate, it is time-consuming (CPU
time). The validity of neural networks is demonstrated by the geometrical and frequency
parameterization of a complex CPW component such as a lowpass filter and a uniplanar
antenna using a CPW feeding line. See “Neural Network Modeling and Parameterization
Applied to Coplanar Waveguide Components,” International Journal of RF and Mi-
crowave and Computer-Aided Engineering, September 2000, Vol. 10, No. 5, p. 296.
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Look what your ahalog signal 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

ranging from 9 kHz to 5.4 GHz. Plus, each and every IFR signal source features
The IFR 2029 Vector Modulator 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

CIRCLE NO. 232
web: www.ifrsys.com email: sales@ifrsys.com voice: (888) IFR-TEST IR

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




Imagine the possibilities.

Iintroducing our newest NGA biased with a single voltage and provide wide
InGaP HBT amplifier family with bandwidth, high gain and exceptional linearity.

low thermal resistance for higher For more information on these new InGaP amplifiers,
reliability and improved linearity visit our website today. Imagine the possibilities with
with broader bandwidth. RF innovation from Stanford Microdevices.

Stanford Microdevices introduces the NGA-100 through
600 Series InGaP HBT amplifiers designed for
) s . . Freq Range| Vd Id Gain | PldB | IP; Thermal
today’s and tomorrow’s advanced communication Model (GHz) v | may (dBm) | (dBm) | Resistance (cm)
@ infrastructure equipment. Design and fabricated 41 | so0]

NGA - InGaP MMIC 50 Ohm Gain Block Amplifiers

with state-of-the-art InGaP/GaAsHBT technology for B mmm-ﬂu
higher reliability, these devices are ideal for use as mm-m

driver stages for higher power applications. Available in NGA-686 9 | 800 | 18 | 195
small-form factor plastic packages, the NGA series are Data at I GHz and is typical of device performance.

* S5THNfORD
MICRODEVICES

www.stanfordmicro.com ¢ 800-764-6642

CIDAIE NG 270



MMDS Amplifier

S-Band Amplifier
Modeled For
Wireless Dat

A 70-W, 2.5-to-2.7-GHz (S-band)
balanced amplifier offers the linear
performance for next-genevation
wiveless applications.

ULTICHANNEL-MULTIPOINT-DISTRIBUTION-SYSTEM (MMDS)
and wireless-data/Internet technologies are the latest transport
media for television broadcasting and the Internet. Since these
technologies require the use of reliable linear power amplifiers
(PAs), a compact amplifier was designed based on device modeling and
characterization with a two-tone signal for optimum third-order intermod-
ulation distortion (IMD3) at a defined output power. The amplifier config-
uration was also an important factor in obtaining good linearity, stability,

Shansong Song and

Raymond Basset

California Eastern Laboratories, Inc.,
4590 Patrick Henry Dr., Santa Clara,
CA 95054-1817.

The development of this amplifier
includes the modeling and the charac-
terization of the “twin” gallium-
arsenide metal-semiconductor-field-
effect-transistor (GaAs MESFET)
device, NES2427P-60 used in this
design.! This article also presents the
design methodology of the external
input- and output-matching circuits
of the GaAs device and a two-arm
branch 90-deg. coupler. The perfor-
mance of this compact amplifier is
presented and discussed.

The goal was to design a compact
linear PA using the 60-W Class A-B
NES2427P-60 from NEC/CEL that
delivers a power of +40 dBm for each
tone with an IMD3 of less than —40

Table 1: Half-device impedances
versus frequency

and external matching, along with low circuit loss.

1. A complete balanced, linear-
amplifier circuit based around the
NES2427P-60 “twin” GaAs MESFET,
the device incorporates a splitter and
combiner in the package shown.

dBe over the 2.5-t0-2.7- GHz, S-band
instantaneous bandwidth. The
requirement for the typical gain at 1-
dB compression (P1dB) was 11 dB
with a gain flatness of better than
+0.5 dB. The target for the typical
output power at P1dB was +48 dBm.

The amplifier-circuit optimization
for linearity and the accurate predic-
tion of the amplifier’s performance
require an available device model and
characterization for a two-tone sig-
nal. The device was modeled and
characterized with a two-tone signal
at an output-power level of +40 dBm

MICROWAVES & RF » NOVEMBER 2000
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REJECT FILTERS

Ins. Bandwidth
Omniyig Freq.Range Loss @40dB
Model (GHz) (max.) (min.)
No. (dB})  (MHz)
6- , 8- and 12-STAGES
PIOGRX 05- 10 15 10
L106RX 10- 20 15 10
CIO5RX 20- 80 15 10
X106RX 8.0-124 15 20
KuiO6RX 12.0 -180 1.8 20
M102R8X 40 -124 15 8
MIO3RX 40-124 15 10

MID4RX 4.0 -180 1.5 10-60

=

BAND
PASS FILTERS

Frequency Range: 0.4 GHz to 40 GHz

4-Stages, Dual 4-Stages

6-Stages
s 7-Stages
The filters can be integrated with analog
drivers or 12-bit digital drivers built to
commercial or military specifications.

* 3-Stages, Dual 3-Stages

LIMITERS,
COMB GENERATORS
and DETECTORS

* Frequency Range: 0.01 GHz to 40 GHz

3350 Scott Bivd., Bidg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 + FAX: (408) 727-1373
Email: OMNIYIG@IX.NETCOM.com

Web: www.OMNIYIG.com

OMNIYIG m INC.

DESIGN FEATURE

MMDS Amplifier
Test condition: Vgg = +10 VDG, Iyq = 12 A, Circuit optimized between the two
for IMD from 2.5-10-2.7-GHz instantaneous bandwidth | Sides of the device.
50 T 16 These dev1‘ces are
P1dg <V sometimes
g0 13 o | improperly called
= -"""""'“"O:-;aés"\ & | “push-pull”
I 46 . o 10 I devices. This con-
E —— P1dB & | cept comes from
ME s 4 lower-frequency
42 [ | 4 applications—
24 25 2.6 2.7 2.8 high frequency
Frequency—GHz (HF), very-high
frequency (VHF),

2. These curves show the P1dB and G1dB performance
over the 2.4-to-2.8-GHz range of the NES2427P-60 amplifier

ata Vg, of +10 VDC and an Iy, of 12 A,

each tone in the 2.4-t0-2.7-GHz band.

The design challenge was to match
the device’s optimum output im-
pedance for IMD3 to a 50-() load over
the 2.5-t0-2.7-GHz bandwidth with an
excellent return loss (better than 18
dB) and to minimize the loss of the
output matching and combining cir-
cuit. The input circuit is not as critical
as the output since it does not signifi-
cantly affect the output power of the
amplifier. Its matching and loss must
be excellent only at the maximum fre-
quency for gain consideration. Stabil-
ity is always an issue with high-power
amplifiers. The splitter and combiner
have to be selected for high isolation
(20 dB), low loss (0.25 dB), good bal-
ance, and ease of integration to the
amplifier layout. The choice of the
amplifier configuration is important if
a good external match is needed to
isolate the driver from the power
stage.

A MESFET MODEL

The device used

and ultra-high fre-
quency (UHF)—
using silicon (Si)
devices with in-
ternal connections between the two
sides of the device to take advantage
of the virtual ground created by the
push-pull configuration.>® The high-
power GaAs devices at L-band and
higher frequencies do not have these
internal connections because their
transverse dimensions are too large.!
Therefore, these devices are not
“push-pull.” They are devices with
two identical sides called (by CEL)
“twin” devices. The configuration of
the amplifier defines only how the
devices operate. They can be com-
bined the same way as single-ended
parts in balanced configuration (90-
deg. hybrid), in push-pull configura-
tion (baluns*®), and in phase combin-
ing (Wilkinson), etc.

To model these devices, only one
side is considered. Simple narrow-
band external input- and output-
matching circuits with biasing cir-
cuits were designed. At each
frequency, the input circuit was
tuned for maximum return loss and

ol ;};‘: Zlflghf,leEr éa Test condition: Vg = +10 VDC, lggq = 12 A, Circuit optimized
P for IMD from 2.5-t0-2.7-GHz instantaneous bandwidth
FET “twin” de- 50 | 20
vice) consists of 45 PAE <) 19
two separated ;':' e J-_\ 18
pairs of chips with §40______"” \\ =
their internal 53 —— 0 17°]
. . --.O;—:> ds E S
matching circuits Iao H —— PAE et 116
mounted in the | Foelf ---. lds 15
same package. 20 T T 14
The package has 24 2.5 2.6 2.7 2.8
two gate connec- Frequency—GHz
tions and two

drain connections
without any inter-
nal

3. Another performance curve of the NES2427P-60, this
one illustrates the amplifier’s PAE and drain-to-source
connection current (l.) at 1-dB gain compression.
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DESIGN FEATURE

MMDS Amplifier b
Test condition: Vgg = +10 VOC, lggq = 12 A, delta F =1 MHz
Circuit optimized for IMD from 2.5-t0-2.7-GHz instantaneous bandwidth %
! [ I o A
—— IMD3 2.5 GHz
201 = mgg 28 guz e THIN FILM YIG
—t— .7 GHz
=% |MD5 2.5 GHz #
-30} | —%— |MD5 g.s g:z 4 . GSDILLATBBS
—e— IMD5 2.7 GHz / Omaiyig _Range RFPwr, 2%
~o— IMD7 2.5 GHz y / Model Fm:ﬂm Output  Har.
g 4  ——IMD72.6GHz No. {(mW) (dBc
—+— IMD7 2.7 GHz M3y Lo 1% ‘
1 P YOMis17 05 - 20 20-60 16
g -50 — ﬁ Wi o YOM518 1.0 - 40 20-60 16
e L};?“ YOMI514 40-120 10 15
- rf«r’a’: ,/ 1 YOMI513 4.0-100 10 15
hoti oy IMDS, 4 YOME3 20-60 20 12
. f / YOM1948 35-105 15 12
. = ATFT YOM1317 20-80 20 12
A YOMBI8 8.0-180 20 12
-80 YOM1516 6.0-18.0 20 10
YOM2320 20-100 13 11
a0 YOM2321 50-18.0 13 9
31 33 35 31 39 Ll 43 45 We offer other models with 2* Harmonic
Pgyt each tone—dBm -60 dBc. Oscillators integrated with 2-stage
filters are available.

4. The overall IMD performance of the NES2427P-60 amplifier is provided in
these sets of curves for IMD3, IMD5, and IMD7 over the 2.5-to-2.7-GHz band.
IMD3 remains below -40 dBc for output-power tones up to +41 dBm.

Table 1 shows the half-device
impedances versus frequency. Under
these conditions and for half the
device, the following performance
was obtained in the 2.5-t0-2.7-GHz
bandwidth—P1dB = +45 dBm, IMD3
= —41 dBec to —43 dBc at +37 dBm
each tone, and G1dB = 13.3 dB.

the output circuit was optimized for
IMD3. The performance, the source,
and the load impedances were mea-
sured and recorded. These im-
pedances are relatively high and do
not present any difficulty in measur-
ing to good accuracy because the
device is internally prematched.

Test condition: Vg = +10 VDC, lgsq =12 A,
Circuit optimized for IMD from 2.5 to 2.7 GHz
50 P J22.0
. ____.=_—_"_.'..-':—
- - Pgytat 2.5 GHz LT
48 — POlll at 2.6 GHz ;1'4"’—- 20.0
— Pyt at 2.7 GHz L2~
-~ Igs a1 2.5 GHz | |Poyt /
6L — lgg at 2.6 GHz i -148.0
& O — 1gs at 2.7 GHz raeene
e = | =] -
L A N L
o 44 i /’ V= 16.0
” >
Y] i 2 il 14.0
y e .
40 12.0
28.0 29.0 30.0 31.0 32.0 32.9 34.0 35.0 36.0 37.0 38.0 39.040.0
Pip—dBm

5. This set of curves shows the relationship between P, Pi,, l4s, and P;, for
the amplifier. The measurements were made at three different frequencies for
each set (2.5, 2.6, and 2.7 GHz).
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DESIGNS ~ECHNOLOG

Ther

YIG MULTIPLIERS

STANDARD UNITS
Output Computer Tested

Omniyig Input Qutput  Output
Model Freq. (GHz)  Pwr.
No. (dBm)
YM1001 1-2GHz 2-13 6
YM 1002 100 MHz 1-12 -33
YM 1003 200MHz 1-12 -28
YM1004 500MHz 1-12 -10
YM 1026 1-2GHz 2-18 2
YM 1027 100MHz 1-18 -40
YM 1028 200MHz 1-18 -30
YM1029 S500MHz 1-18 -22
YM1087 .1-2GHz 1-12 -25

* RF input power on all models 0.5 to 1.0
watts.

Fast switching, MiL-Spec Hi-Reliability and

units integrated with drivers, oscillators or
amplifiers also available.

3350 Scott Bivd., Bldg. #66, Santa Clara, CA 85054
PHONE: (408) 988-0843 + FAX: (408) 727-1373
Email: OMNIYIG@IX.NETCOM.com

Web: www.OMNIYIG.com

omnivic (i) inc.
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QUINSTAR

TECHNOLOGY, INC.

Your Reliable Source

For Millimeter-Wave
Products and GaAs
| FET & MMIC Amplifiers

Broadband Low-Noise Amplifiers

0.5-60.0 GHz (octave/multi-octave)

Narrowband Low-Noise Amplifiers

From 0.5-110 GHz
Noise figure as low as 0.4 dB

Broadband High Power Amplifiers

0.8-29.0 GHz (octave/multi-octave)
Up to 20W output power @P1dB

Narrowband Power Amplifiers

0.5-110 GHz
Up to 20W output power @P1dB

Active/Passive Frequency Multipliers

0.5-110 GHz
Multiplication factors up to x12

Injection-Locked Amplifiers

30-100 GHz
High millimeter wave power output

Millimeter-Wave Sources

Gunns, FETs, IMPATTs, PLOs, ILOs and VTOs

Millimeter-Wave Receiver Products

Harmonic Mixers, LOs, Up/Downconverters,
PIN Switches, Detectors

Antenna Products

Horns, Feeds, Lens Reflectors, OMTs,
Polarizers, Filters, Diplexers

Ferrite and Waveguide Components

Isolators, Circulators, Couplers, Power Dividers/
Combiners, Waveguide Bends, Twists, Transitions

We always do the right things
at the right price.

Call us today
for a quotation’

QuinStar Technology, Inc.
24085 Garnier Street
Torrance, CA 90505

Tel: (310) 320-1111/Fax: (310) 320-9968

sales@quinstar.com
www.quinstar.com

CIRCLE NO.424 or visit www.mwrf.com

MMDS Amplifier

Test condition: Delta F = 1 MHz, Circuit optimized for IMD
from 2.5-t0-2.7-GHz instantaneous bandwidth
.. e e ———
i ~— IMD3 al 10 VOC 2 A
—=- IMD3 at +10 VDC 4 A
20 ~«— IMD3 at +10 VDC 6 A
-+ |[MD3 at +10 VDG 8 A
-»-|MD3 at +10 VDC 10 A
=30 ——IMD3 at +10 VDC 12 A
i - * . T e - e
T - /
- /
g o - /A /
-50 o
e
*.//’*/’f/
/ //‘,.v—-’
L]
.//'
-10
30 32 34 36 38 40 42 44
Pgyt each tone—dBm

6. IMD3 as a function of P,,, is shown here for various values of lysq OVer the
2.5-t0-2.7-GHz range. The best IMD3 performance is achieved at the highest

level of |44, 12 A.

In addition to the device character-
ization with a two-tone signal, the
device was characterized with one-
tone signal at P1dB and its S-param-
eters were measured under small-sig-
nal conditions in the 1.5-t0-3.5-GHz
band. The S-parameters were used
for gain and stability analysis under
small-signal conditions,

Contrary to popular belief, for a
bandwidth of less than one octave

there are no advantages in using a
push-pull amplifier in terms of band-
width and linearity. The disadvan-
tages are:

1. Low isolation between the two
sides of the device if a classical balun
is used (only 6 dB).

2. Poor external input and output
match.

On the other hand, the balanced
configuration has the same perfor-

Test condition: Delta F = 1 MHz, Circuit optimized tor IMD
irom 2.5-10-2.7-GHz instantaneous bandwidth
Nl ~ IMD5 at +10 VOC 2A
= IMD5 at +10 VDC 4 A
—=— |MD5 at +10 VDC 6 A
T o e nunE o8, e
— at + .
—— IMD5 at +10 VDG 12 A et
lg-———1—+—"] .
-40 poe— g
E —_— o
== /
I -0 -
2
S %
. = =
'60 - i / )(/
-10 1 LT
~80
30 32 34 36 38 40 42 a4
Poyt each tone

7. These curves are similar to those of Fig. 6, except that IMD5 is plotted against
power. And like Fig. 6, IMD performance improves for higher values of |,
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THE HIGHEST PERFORMANCE ACTIVE
MIXER FROM DC TO 2.5 GHz.

AD8343. Providing +7 dB Conversion Gain, +23.5 dBm OIP3.

If you’re looking for a high-performance, monolithic mixer, characterized and tested over the
y g P 5

cellular frequency bands, the new AD8343 is designed for you. Its broadband operation makes

Next-generation RF ICs. Our high-perform-
ance analog ‘cores" have become optimized
mixers, modulators, demoduiators, VGAs, power
detectors, log amps, up/down converters and
more. Only we offer the analog, mixed-signal

and RF expertise to push the boundaries of RF.

the AD8343 an extremely flexible RF building block. All three ports operate
from dc to 2.5 GHz, allowing you to standardize on the same mixer for both
receive and transmit applications. It’s the industry’s lowest distortion active
mixer, providing a typical third-order intercept of +23.5 dBm* (output

referenced), and +7 dB of conversion gain. An on-chip 50 Q LO driver, which

requires only —10 dBm drive power to help minimize LO leakage and external component

count. Priced at just $3.63** and packaged in a small 14-lead TSSOP, the AD8343 reaches

entirely new heights.

ANALOG Visit www.analog.com/active-mixers or call 1-800-ANALOGD.

DEVICES

For data sheet, sample, and a FREE evaluation board
(evaluation board for the first 50 qualified respondents only)

THE WORLD’S NUMBER ONE BRAND FOR HIGH-PERFORMANCE ANALOG ICs.

*Figures taken at 1900 MHz Receiver Mode
**USD 1,000s, recommended resale, FOB U.S.A. Ad Code 2605



agp.if} When it comes to designing and manufacturing high performance

em : laminates, we’ve always been finding a better way.
Long Laminates ¢ PTFE/woven glass

« Tighter tolerances

¢ Long laminates

¢ Low cost commercially oriented microwave substrate

e Shorter lead times

¢ Duplicate manufacturing and service centers: US, Ireland and Korea

Our experienced sales and technical staff aren't just order takers,
they’re problem solvers. They don’t just react, they anticipate
problems and offer solutions.

That's why our customers are really our best sales people. They
know what a critical difference we make in a fast paced, highly
competitive marketplace.

TACLONIC

Finding a better way.

L Visit our website: www.4taconic.com
Low Cost Substrate Corporate Headquarters, Petersburg, NY

CIRCLE NO. 281



MMDS Amplifier

Table 2: Comparison of simulated and
measured impedances

mance as the push-pull concerning
bandwidth and linearity (bandwidth
less than one octave) and has the fol-
lowing advantages:

* High isolation between the two
sides of the device.

® Good external match.

* Easy-to-design printed 90-deg.
splitters/combiners for narrowband
applications that can be easily inte-
grated with the layout of the amplifier.

® Good reliability—the failure of one
device side does not result in total fail-
ure. Only the output power drops by
6 dB.

For balanced amplifiers, many
kinds of couplers that can be used—
Lange couplers, Wilkenson with 90-
deg. phase jog on one port, two-arm
branch 90-deg. hybrid, ete. In this pro-

ject, a two-arm branch 90-deg. hybrid

ad impedance of half
ES2427P-60

Measured

16.4 — 8.7

184 — 8.9

19.0 - j10.6

17.9 — j12.4

was selected due to its simple layout
and ease in integrating with the ampli-
fier layout. Since the input- and out-
put-matching circuits realize the
matching of the device to 50-Q
impedance, the hybrid does not per-
form any impedance transformation
and all its port impedances are 50 ().
The design of the hybrid was per-
formed with Hewlett-Packard (now
Agilent) HP multipoint-distribution
software (MDS). Also, HP MOMEN-
TUM software was used to perform
the electromagnetic (EM) simulation.
The comparison of the simulated
results between MDS and MOMEN-
TUM software showed a slight differ-
ence in the coupler layout. The final
EM simulation indicates that this 90-

Test condition: Delta F = 2.7 GHz, Circuit optimized for IMD
from 2.5-t0-2.7-GHz instantaneous bandwidth

. I I I I

—+- IMD7 at+10 VDG 2 A
-=- |MD7 at +10 VDG4 A
| | = IMD7 at+10 VDCG6 A

1
N
N

-40 ~ v
~ IMD7 at +10 VDC 8 A
—« IMD7 at +10 VDC 10 A P St
- IMD7at+10VDC12A | | L] ¥
% -50 /V 7
c - 87
"'8“ __,-"'m T - »
/

vy
=N =y y
hé:-x/
'“\—
-80
30 32 34 36 38 40 42 44
Pout €ach tone—dBm

8. The curves of IMD7 with respect to P, follow the same pattern as those of
Figs. 6 and 7, showing how IMD performance improves for higher values of

drain current.
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5 mm Rugged:
*Cap ranges: 1.5-5.5 pF to 15.
5 mm and 7 mm Economy:
¢1.0-3.0 pF to 14.0-108.0 pF
Miniature types suitable for hybrids
e2series: 20x 1.2mm; 3.0 x 1.5 mm
*Cap ranges: 1.0-3.0 pF to 6.0-40.0 pF
Plastic encased 4x4.5mm and é mm types
*Designed for volume applications
*SMT and printed-thru-hole models
*Cap ranges: 1.4-3.0 pF to 25.0-90.0 pF

SURFTRIM® Surface Mount

*5 sizes with 7 mounting styles:
22x3.1x1.2mm
3.2x4.5%x 1.8 mm
3.2x3.8x1.5mm
4.0 x 4.5 x 2.7 mm (sealed)
5.2 x 4.3 x 3.2 mm (sealed split stator)
*Carrier and reel or bulk pack
*0.4-2.0 pF to 8.5-50.0 pF in 17 cap
ranges

FILMTRIM® Single Turn Plastic

+Cap ranges: 1.0-3.5 pF to 25-600 pF
*Q to 5000 at 1 MHz
*Operating temp:

PTFE, Polycarbonate, Polyimide:

-40° to +85°C

Polypropylene: -40° to +70°C

High temp PTFE: -40° to +125°C
*6 sizes from 5 mm to 16 mm
*More stable with temperature than
other single turn frimmers

Glass and Quartz PISTONGAP®

+QPL models to MIL-C-14409D

*Extremely stable over temperature,
frequency, voltage, etc.

«Cap ranges: 0.5-3.0 pF to 1.0-120 pF

*Zero backlash multiturn adjust mech-
anism

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

*Q to 1500 at 20 MHz

*PC, panel and surface mounting

*Voltage ratings from 500 to 5000 V

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

SPRAGUE
GOODMAN

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 « Fax: 516-334-8771
Website: hitp://www spraguegoodman.com
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DESIGN FEATURE
MMDS Amplifier

deg. hybrid has more than 20 dB of iso-
lation between its coupled ports and 20
dB of return loss for each port. Its bal-
ance is better than 0.1 dB in magnitude
and 90 *1 deg. in phase.

The input-matching circuit was
optimized for flat gain over the 2.4-to-
2.7-GHz bandwidth and to provide
the best match to a 50-() impedance at
the highest frequency. It consists of
two sections using only transmission
lines with all stubs being open. In
order to cover the 2.4-t0-2.7-GHz
bandwidth, sections with low quality
factor (Q) were selected for the
design, especially the first one. A gain
slope of —6.0 dB per octave for the
device was assumed and the input-
matching circuit was designed to
compensate for this slope and to
obtain an excellent match at 2.7 GHz.
The result is a flat gain and a maxi-
mum gain over the desired band-
width. From the device modeling and
characterization data the predicted
associated gain was G1dB = 13.0 dB
and the gain flatness was 0.5 dB. The
simulation also showed an input-
return loss of more than 12 dB across
the bandwidth for half the device.
However, the full device return loss
will be higher since a balanced config-
uration was selected and the two
device sides are symmetric.

The design goal for the output
matching network was to present the
optimal load impedance for a two-
tone signal at a defined output power
with minimum loss. Since the
NES2427P-60’s device-output opti-
mal impedance for a two-tone signal
is not far from 50-Q) impedance, two
sections of one-sixteenth wavelength
Chebyshev impedance transformer
circuit was selected. This circuit min-
imizes the dimensions and loss of the
matching network. The simulation
showed that the loss of this output
circuit was less than 0.2 dB and the
return loss was better than 19 dB
across the bandwidth.

Figure 1 shows the complete bal-
anced-amplifier layout. The two-arm
branch 90-deg. hybrid, which uses the
same substrate as the matching cir- | B8
cuit, is integrated with the amplifier
layout and does not require any addi-
tional connection. All the circuits are
directly printed on the same E, = 2.2,

(continued on p. 160)
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Frequency Synthesizer

Design A Frequency Synthesizer
For Mohile Communication

Systems

achieving high stability
and low phase noise.

This approach uses & programmable
synthesizer to dvive o VCO,

Jwo-Shiun Sun

Dept. of Electronic Engineering,
National Taipei University of
Technology, Taipei, Taiwan, ROC

HASE-LOCKED loops (PLLs) are playing an increasingly important
role in communications and tracking systems. In a mobile commu-
nication receiver, a PLL is used as part of the frequency synthesiz-
er. It operates as a coherent detector by continuously correcting the

voltage-controlled oscillator’s (VCO’s) output frequency using the phase
error between feedback and input. There are three basic types of frequen-
cy synthesizer:"® the direct frequency synthesizer, the direct digital fre-
quency synthesizer, and the indirect frequency synthesizer. The indirect
frequency synthesizer' has advantages over the other two types, including

This article explores the design of
an indirect frequency synthesizer
that can be applied to DCS-1800 digi-
tal communication systems. The arti-
cle discusses the design of the PLL,
VCO, loop filter, divider, and meth-
ods of manipulating the required
channel frequencies. Bandwidth,
noise, and stability are considered in
the frequency-synthesizer design.
The authors use a Bode Plot of the
loop stability to determine the opti-

% P ||V [F |V |vwo| %
Kp > F(s) Ko 5
6g/N
IN [

1. This block diagram shows a linear model of the PLL circuit.

low power consumption, low phase noise, and high stability.

mal component values of the PLL
loop filter.

DESIGN AND THEORY

A series-tuned VCO is designed to
suppress harmonics be }fond the fun-
damental frequency.” A common-
base transistor with additional
feedback increases the VCO’s nega-
tive-resistance region. The reflection
coefficients I'y, and T, are expressed
as:

L=+ 22520 )
1-85, 1
' S 128 21T
I,;,=82+—"—=L 2a
out 22 1-S.T, (2a)

where:

I'y and I't, = the reflection coeffi-
cients of a resonator and a matching
network, respectively. In addition:

S'11,821,812,8 2 (2b)
are the new S-parameters of the tran-

sistor with feedback. For a steady
oscillation state:
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Zpu,0)+Z (w)=0
=> R{)Lﬂ (V’w) + X()Hf(v’w) +

R (@) + X, (0)=0 (3a)
An oscillator’s output power will
increase until the negative resistance
is equal to the load resistance. Gener-
ally, the output reactance X, is a
function of voltage (V) and angular
frequency (w). That explains the
inequality of:

X)) =X, (v,,0,) (3b)

Kurokawa® indicates that oscilla-
tion will be stable as long as:

ax,
10}

>0 (3c)

Figure 1 shows the PLL’s linear
model with feedback. The phase
detector’s output voltage V, is
expressed as:

N FEATURE

Frequency Synthesizer

R | phase > Charge Y Loop ¥ fout
() > counter detector pump filter ’( ) r:
Crystal > q’L VCOo
reference  Reference >
divider

it s i o mi e e S SRS e e 1

1 1

! — P ;

f ! prescaler |« '

p | !

1 1

1 1

1 1

i i A !

! counter | counter '

i :

1 1

: 1

s

: i Ndivider !
e T e T e ol

2. This is a block diagram of the designed frequency synthesizer.

0
=K,-6, (4)

where:
0;, 0,, and 0, = the input phase, out-

put phase, and phase error, and

K, = the phase-detector/charge-
pump gain factor.

The designed VCO is assumed to be
a linear device® whose output fre-
quency deviates fromits free-running
frequency by a frequency variation
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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.

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
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Frequency Synthesizer
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3. This oscillograph shows the data and clock of the R

4. This oscillograph shows the value of the N counter and

counter. clock.
signified as: en as: The Bode-diagram method is
_ applied to predict the loop stability by
Aw = 8(;90 =K, V(1) (5a) 00(5)= K, Vy(9)/s (56) analyzing the open-loop gain Ty(s).
! and open-loop gain is expressed as: The frequency error:
where:
P d
V(t) = the loop filter’s output volt- T,(s)= K;F(5)K, I N5 (6a) f(n= ;Ge(t) (6b)
age, and where: !
K, = the VCO’s gain factor. F(s) = the transfer function of the | is expected to be zero when it is in the
In the frequency domain, it is giv- | loop filter. steady state. The final value of the

including:

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, multi-carrier, feed forward amplifiers for wireless standards

G3 Delay Line Curve Insertion Loss Over Delay

12.30 -0.2

® DAMPS  jz.50[ —dmsertiontoss —sz] 0.4

12.00 PN e, 0.5

= PCS1900 oo T Group Detay] o' ¢
= G3

11.50 -1.0

ns 2.02 2.04 2.07 GHz 2.09 2.1 2.13 dB

TRAKS 12 ns delay line has an insertion loss of less than 0.5 dB and a
phase linearity of +/- 0.5°, while handling-up to 2000 Watts peak power
and sustaining a better than 20 dB return loss. With user specified delays
between 6 and 25 ns, TRAKS delay lines meet your most demanding
requirements.

So...do you want to put a shine on your performance?

TRAK Microwave Ltd. Call TRAK today. Lets talk about solutions.

25.: 813.901.7450
A% 1302 83341

www.trak.com

We are experienced.
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build your future With Sawtekl

Sawtek built a reputation on GSM and CDMA base station IF SAW filters. High quality. High
performance. But the future demands more, and Sawtek is leading the way with a full
portfolio including SAW RF base station filters. As CDMA moves from macro- to micro-cell,
and higher data rates increase interference sensitivity, Sawtek offers you solutions. As
GPRS drives capacity expansion, Sawtek shows you how. For EDGE and 3G applications,
Sawtek quickly delivers state-of-the-art products that help you rollout faster.

Sawtek — Your Total SAW Solution!

Sawtek’s NEW Commercial Oscillator

Break-away performance — Breakthrough price

Frequency | Passband Insertion Modes of Part
(MHz) (MHz) | Loss (dB) Operation | Package Number
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LA 201.0 0.16 6.0 SE, BAL | 15.3x6.5mm | 855590
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phase error 0, is:

lim[6, (1)] = lim[s6,(5)]= lim s -

t—yoo s—0 s—0

6;(s) —
1+ K,F(s)K, / Ns
foN
K,K,F(0)

(7a)

The phase error will be zero while
linz[F(S)] (7b)
§=3

is an infinite value. This is achievable
through the loop filter’s pole at its
original position. However, since that
may compromise loop stability, a lead
network is added in F(s).

DISCUSSIONS

A bipolar-junction transistor (BJT)
is often employed in the common-
base configuration as a wideband
oscillator.”In the design described
herein, additional feedback is applied
to a common-base VCO to increase its
negative resistance, and a series-tun-

| DESIGN FEATURE |

Frequency Synthesizer

]“1 I

1+kqs
T

Z(s) x (1/sC3)
" Z(s)+ R3+ (1/503)

1 €y % C2 xRy
ko=
G1+C2 C1+C2

k1=C1 X Ry

5. The schematic and transfer function of the designed loop filter are shown

here.

ing method is used to suppress the
harmonics.* Since a two-port active-
device circuit tends to be capacitive in
nature,? it is hard to achieve wide-
band tuning if a parallel tunable var-
actor is used. Therefore, the series-
tuned varactor is employed to reduce

the equivalent-capacitance ratio and

increase the VCO’s output frequency.

An oscillator is triggered by ther-
mal noise, and the small-signal S-
parameters of the active device
determine the initial oscillation condi-
tion. Accurate analysis of an oscillator
design can only be accomplished by
using the large-signal S-parameters.

TRAK Microwave Ltd.
United States.: 813.901.7450
International: 44 1382 833411

www. trak.com

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,
TRAKS diplexers are custom designed for high volume production

for major wireless standards including:
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= DAMPS Bl i/ A
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= G3 100
1208

Attenuation |dB)

TRAKS 900 MHz diplexer has less than 1dB insertion loss and better than

20 dB return loss with up to 90 dB rejection at the diplexing junctions.

Maintaining an intermodulation of better than -105 dBm, while handling

200 Watts average power, these diplexers will satisfy your most demanding
requirements.

So...is performance getting pretty ugly with your filter applications?
Call TRAK today. Let’s talk about solutions.

Return Lnss (dB)

We are experienced.
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In the time it takes to get an answer, you could download the real solution.
Microwave Office” 2000. This high-frequency design suite was built from
the ground up with an interface so intuitive you may never have to talk to

our technical support representatives. And if you ever do, you'll get an
experienced engineer who knows the software inside out and can answer

your questions quickly. Best of all, our schematic data
translators can even import existing Agilent EEsof Series
IV or ADS designs, so you won't lose all the valuable data - |
that you worked so hard to create. For more information,

Microwave

[

Download a fully-functional 30-day trial (just 20MB)
at www.mwoffice.com and start designing today. visit www.mwoffice.com or call us at 310-726-3000.
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But the large-signal S-parameters of
an active device are difficult to mea-
sure. However, literature on this sub-
ject® indicates that the large-signal S-
parameters only change a few
percent from their small-signal
parameters. For the design described
in this article, a modeling program
known as AWR Microwave Office is
used to simulate the circuit. At fre-
quencies from 1.8 to 2.0 GHz, the cir-
cuit provides a tuning linearity of 35
MHz/V and a phase noise of better
than -105 dBe/Hz (at 100-kHz off-car-
rier frequency).

A National Semiconductor model
LMX2330 programmable frequency
synthesizer provides the tuning volt-
ages for the designed VCO, and a
clock stream is programmed to con-
trol the synthesizer in the PLL
design. The PLL serial-control data
are controlled by three inputs—data,
LE, and clock. The serial-data input is
designed to control the 15 b of the R
counter and 18 b of the N counter
(which includes 7 b from the A

DESIGN FEATURE

Frequency Synthesizer

counter and 11 b from the B counter)
for regulating the PLL’s channel fre-
quency (Fig. 2). When the loop is
locked, the output frequency is equal
to N times of the reference frequency

THE LARGE-SIGNAL §-
PARAMETERS OF AN ACTIVE
DEVICE ARE DIFFICULT TO
MEASURE. HOWEVER, LIT-
ERATURE INDICATES THAT

THE LARGE-SIGNAL 8-
PARAMETERS ONLY CHANGE
A FEW PERGENT FROM
THEIR SMALL-SIGNAL
PARAMETERS.

(f.). For example, in a radio designed
to work in the DCS-1800 digital com-
munication system, a 12-MHz crystal
oscillator is used with a reference

divider (R counter) of 60 for the 200-
kHz channel spacing. Figure 3 shows
the R-counter data and clock signal,
and Fig. 4 shows the N-counter data
and clock signal. Once the R-counter
enable reads high, the data are trans-
ferred into the latch.

For total 22 b of 010110 00000000
11110010

15-b R counter = 60 (00000000
111100)

For total 22 b of 010001 00100010
10011111

N-counter consists of 7 b from the
A counter and 11 b from the B counter

A counter =39 (0100111)

B counter = 145 (0001 0010001)

The output frequency f,; is equal
to M (=64 B + A) X the reference fre-
quency (200 kHz), the product of
which is 1863.8 MHz.

The charge-pump circuit in Fig. 2
consists of an inverter and two com-
plementary transistors. Its purpose
is to convert the logic states of the
comparator into analog signals to
drive the VCO. The loop filter must

Tecom Industries, Inc.
9324 Topanga Canyon Blvd.
Cha h, CA 91311

Toll Fr .800.730.4010
Phone: 818.341.4010

Fax: 818.718.1402
www.trak.com

= Wireless LAN
= Wireless Internet
Bluetooth

Bar Code Scanners

weight of .004 kilograms.
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design embedded antennas with your satisfaction in mind.
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' Representative of 2.4 to 2.485 GHz frequencies, Covant specifications offer
linear polarization, VSWR at 2.0:1 maximum, impedance at 50 ohms, and a
The Covant embedded antenna provides easy
product assembly and a rapid 4 week concept to production cycle.

' So... don't wake up to an ugly supply problem.
| Call Tecom today. Lets talk about solutions.




strike a balance
between reduc-
ing the reference
spurs and main-
taining the lock
time required by
the system. An
effective method
to reduce the
PLL’s noise is
to decrease its
bandwidth.? The
narrower that
the loop filter’s
bandwidth is,
the lower the
reference spurs
are, but the
longer the lock
time is. Since the
sidebands’ spuri-
ous noise affects
the adjacent
channels, the
unwanted spurs
can be sup-
pressed by nar-

rowing the loop
filter’s band-
width. The Bode-
diagram method is applied to judge
the loop stability. Figure 5 shows the

synthesizer.

6. This is the PCB layout of the designed frequency

. dB/octave, and a —6-dB/octave slope
. where it crosses the 0-dB gain level.
designed loop filter with its transfer .
function F(s). It provides a pole that
increases the attenuation slope to -12

To minimize the fundamental-fre-
quency leakage in a synthesizer
design,” the filter circuitry typically

Phase and gain margins of an open-loop PLL with
the optimal loop-filter solution

ing figure Phase margin Gain margin

2/V) (deg.) (dB)
31.2133 87183
26.1369 6.2195
20.0474 4.2813
31,5465 ' 8.9563
26.7512 6.4575
20.9122 45193
31.8480 91879 |
27.3294 6.6891
21.6899 4.7500
32.1060 9.4135
27.8514 6.9148
22,4565 4.9765

incorporates an additional R3 and C3
(Fig. 6), which provide a pole that
increases the attenuation slope to -18
dB/octave.

For example, four different kinds
of oscillator frequencies and three dif-
ferent kinds of pushing figures in the
table are selected. Of course, the opti-
mal component values for the loop fil-
ter are concerned with stability,
noise, and bandwidth considerations.
One can select the component values
of C1, C2, R2, C3, and R3 randomly in
the 12 possible conditions. Afterward,
the component values are put into the
open-loop transfer function Ty(s) to
see if the phase margin is smaller
than 180 deg. while the gain margin

linz [F(s)] (7b)

equals zero. If so, then the deter-
mined values will be appropriate. The
values of C1, C2, R2, C3, and R3 of the
loop filter are simulated by more than
a thousand times by controlling the
bandwidth in the transferred func-
tion. From the 12 possible conditions,
one can obtain many different values
that satisfy the stability require-
ments. Generally, the optimal compo-
nent values can be chosen with the
phase margin outermost from m. The
solutions C1 =10 pF,C2=1pF,C3 =
100 pF, R1 = 3.8 k), and R2 = 15 k{),
shown in the table, generate different
phase and gain margins to satisfy the
loop-stability limitations.

Figure 6 shows the layout of the
designed synthesizer. It exhibits bet-
ter phase-noise performance than the
designed VCO, and it can lock signals
at the desired DCS-1800 channels.
The VCO exhibits a tuning linearity
of 35 MHz/V and phase noise under
-105 dBe/Hz (at 100-kHz off-carrier
frequency) from 1.8 to 2.0 GHz.ee

References

1. U.L. Rohde, Digital PLL Frequency Synthesizer,
Prentice Hall, Englewood Cliffs, NJ, 1983.

2. Ronald C. Stirling, Microwave Frequency Synthesiz-
ers, Prentice Hall, Englewood Cliffs, NJ, 1987.

3. J.B. Encinas, Phase Locked Loops, Chapman & Hall,
1993.

4. D.F. Paterson, “Varactor Properties for Wideband
Linear-Tuning Microwave VCOs,” IEEE Transactions,
Microwave Theory Technology, Vol. MTT-28, No. 2, Febru-
ary 1980, pp. 110-119.

5. K. Kurokawa, “Some Basic Characteristics of Broad-
band Negative Resistance Oscillator Circuits,” The Bell
System Technical Journal, July 1969,

6. Dan H. Wolaver, Phase-Locked Loop Circuit Design,
Prentice Hall, Englewood Cliffs, NJ, 1991.

7.R.J. Trew, “Octave-Band GaAs FET YIG Tuned Oscil-
lators,” Electronics Letters, Vol. 13, No. 21, October 1977.

8. K.M. Johnson, “Large Signal GaAs MESFET Oscilla-
tor Design,” IEEE Transactions, Microwave Theory Tech-
nology, Vol. MTT-27, No. 3, March 1979, pp. 217-226,

9. D. Rosemarin, “Accurately Compute PLL Charge-
Pump Filter Parameters,” Microwaves & RF, Vol. 38, No.
2, February 1999, pp. 83-94.

MICROWAVES & RF = NOVEMBER 2000
lr D ]




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.

Designed for super performance and
compact size with Agilent Technologies’
high linearity, high performance RFIC

amplifiers.

www.agilent.com/view/basestations

CIRCLE NO. 392

that will fit in anywhere.

Typical Specifications at 5V

Part # NF  Gain IP3  Current

(dB)  (dB)  (dBm) (mA)
MGA-52543 19 142 +175
MSA-2543 45 138 +13
MSA-2643 36 159
MSA-2743 4 155 +28
ATF-54143* 055 17.4

*coming soon

For more information
about Agilent’s
semiconductor
solutions for base
stations and a
special offer please
visit our website.

Agilent Technologies
Innovating the HP Way

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

Defining And Testing
Dynamic ADG

Parameters

Part 1 of this two-part sevies defines some
of the key dynamic parameters of ADCs,

DynamicP %?t(,‘l Testing,

including signal-to-noise vatio and total
harmonic distortion.

Tanja C. Hofner

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.

YNAMIC specifications for high-speed analog-to-digital converters

(ADCs) are very important in high-speed applications such as digital

communications, ultrasound imaging, instrumentation, and interme-

diate-frequency (IF) digitiz: .ion. This first of two articles provides def-
initions and mathematical founaations for each of the key dynamic ADC
parameters, and explains how these dynamic parameters correlate with ADC
performance. The key specifications include signal-to-noise ratio (SNR), sig-
nal to noise and distortion (SINAD), effective number of bits (ENOB), total
harmonic distortion (THD), spurious-free dynamic range (SFDR), two-tone
intermodulation distortion (TTIMD), multi-tone intermodulation distortion
(MTIMD), and VSWR.

This short article series will con-
clude next month with insights into
the practical aspects of dynamic per-
formance testing. Note that some
specifications allow more than one

8192-point FFT, sample frequency: 82.345 MHz, input tone: 39.991 MHz

T T T T
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3HD =77.5 dBe
201 SNR =58.8 dB
SINAD = 58.7 dB
THD =72.3 dBc
: SFDR = 74.2 dBc
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P
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N
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Analog input frequency—MHz
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1. This 8192-point FFT plot was generated for the MAX1448.

approach for measurement and even
for definition. Thus, the test tech-
niques of Part 2 represent one
approach, but are not mandatory.
Any of the methods described can be
extended or altered as necessary to
suit the application at hand.

When testing high-speed ADCs,
one emulates the operation of an
instrument used to quantify linearity
in analog circuits—the spectrum ana-
lyzer. For this instrument and for the
test procedure, dynamic specifica-
tions are usually expressed in the fre-
quency domain, using the Fast Fouri-
er transform (FFT). In both cases,
the data output represents the mag-
nitude of this FFT. As an example
(Fig. 1), consider the FF'T plot for an
80-MSamples/s, 10-b ADC designed
and optimized for ultrasound imag-
ing and the digitization of base-
band/IF signals. These FFT plots
contain impressive amounts of infor-
mation, and they can be quickly gen-
erated. But to make use of an FFT,
one must understand how its param-
eters are defined.

For a waveform perfectly recon-
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DESIGN FEATURE

ADC Parvameters

8192-point two-tone IMD, sample frequency: 82.345 MHz
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2. The two-tone intermodulation distortion for the MAX1448 was plotted with a
sample frequency (fsampe) Of 82.345 MHz.

structed from digital samples, the
SNR is the ratio of a root-mean-
square (RMS) full-scale analog input
to its RMS quantization error,
Aquantizarion [RMS] = Apgp/(12)*™
= Agpr/(2¥(12)". The RMS value of a
sine wave is one-half its peak-to-peak
value divided by /2, and quantiza-

tion error is the difference between
an analog waveform and its digitally
reconstructed replica, which is char-
acterized by a staircase-shaped
transfer curve. The difference func-
tion resembles a sawtooth wave that
oscillates once per sample between
the least-significant-bit (LSB) levels

of +0.5 LSB and —0.5 LSB.

The difference function’s RMS
value is its peak value (0.5 LSB)
divided by /3. For an ideal N-bit
converter, the SNR is defined as:

SNR = 2% X (v/3/7V/2)
= 1.225 x 2V

Most of the dynamic specifications
are expressed as a ratio of relative
measurements rather than absolute
units. Thus, the SNR for an ideal
ADC, driven by a full-scale sinusoidal
input with AC power equal to
Aggr/(2V/2) [in decibels], is:

SNR, = 20l0g,o(A;y [RMS]/
Aguantrzation [RMS])
SNR 5 = 20log,o(Aggr[2X~N2]/

Ager 12V x~12])
SNR; = 6.02N +1.763. (1)

SNR is diminished by many noise
sources in addition to quantization
noise (see the sidebar “Decoding
noise”). A data converter’s resolution
and quantization level help to estab-
lish its noise floor. The actual SNR
for a sinusoidal input signal can
therefore be described as:

SNR g = 20logo(Asignar [RMS]/

Arorar_noise [RMS]),
where:

(2)

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. Originally 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
ITT Industries

Microwave Systems
Engineered for life

compatible control software. Visit our web site

for all the details. www.ittmicrowave.com

ITT Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 « 978-441-0200 * www.ittmicrowave.com
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ASIGNAL[RMS] = the RMS ampli—
tude for the analog input signal, and

Arorar noiselRMS] = the RMS
sum of all noise sources (thermal
noise, quantization noise, etc.) that
limit the converter’s dynamic perfor-
mance. Applying this definition to a
10-b ADC, such as the MAX1448
from Maxim Integrated Products
(Sunnyvale, CA), yields a typical
SNR value of 58.4 dB at the 40-MHz
Nyquist frequency (fsaypre = 80
MSamples/s). This SNR represents
94 percent of the ~62-dB SNR exhib-
ited by an ideal 10-b ADC.

For an ADC driven by a sinusoidal
input with an amplitude equal to the
ADC’s full-scale input, the maximum
theoretical SNR is:

SNR,3 = 6.02N + 1.763 + 10log,,

(Fsampre 7 2) (Fyax ), (3)

where:

fyax = the maximum bandwidth of
the input tone, and

fsamprLe = the converter’s sam-
pling frequency.

From this equation, note that SNR
increases as the sampling frequency
increases beyond the Nyquist rate of
(2fyax). Known as processing gain,
this effect is caused by spreading of
the quantization noise power (which
is fixed and independent of band-
width) as the sampling frequency
increases. This “oversampling” helps
to minimize the effect of noise, which
falls into the Nyquist bandwidth of

DC to fMAX'

For sinusoidal input signals,
SINAD is defined as the ratio of
RMS signal to RMS noise (including
the first N harmonics of THD—usu-
ally the second- through fifth-order
harmonics). For a particular sam-
pling rate and input frequency,
SINAD provides the ratio (in deci-
bels) of the analog input signal to the
noise plus distortion. SINAD
describes the quality of an ADC’s
dynamic range, expressed as the
ratio of the maximum amplitude out-
put signal to the smallest increment
of output signal that the converter
can produce. Mathematically,
SINAD is described as:

(Asignar [RMS]/ Anoise+ap [RMS]), (4)

where:

ASIGNAL[RMS] = the RMS Output
signal level, and

ANOISE + HD[RMS] = the RMS sum
of all spectral components below the
Nyquist frequency, excluding DC.

The quality of SINAD also
depends on the amplitude and fre-
quency of a sinusoidal input tone.

For actual (versus ideal) ADCs, a
specification often used in place of
the SNR or SINAD is ENOB, which
is a global indication of ADC accura-
cy at a specific input frequency and
sampling rate. It is calculated from
the converter’s digital data record as
N — log; of the ratio of measured and

ideal RMS error:

ENOB = N - log,

(Ameasurep_error [RMS]/
(Aipear_grror[RMS]), (5)

where:

N = the number of digitized bits,

Ayeasurep error[RMS] = the
averaged noise, and

AIDEAL ERROR[RMS] = the quanti'
zation noise error, expressed as
q/(12)*° = Apg/(25(12)*, Note that
Apgis the converter’s full-scale input
range as determined by the voltage
reference, Aggp:

ENOB = log,

(Aps / Aygasurep_error [RMSIN12 (6)

or
ENOB = log,

(Ager / Aygasurep_error| RMSINI2 (7)

ENOB generally depends on the
amplitude and frequency of the
applied sinusoidal input tone, and
both must be specified for this partic-
ular test. This method compares the
RMS noise produced by the ADC
under test to the RMS quantization
noise of an ideal ADC with the same
resolution in bits. If an actual 10-b
ADC with a sine-wave input of a par-
ticular frequency and amplitude has
an ENOB = 9 b, then it produces the
same RMS noise level for that input
as an ideal 9-b ADC would.

Directly related to SINAD, ENOB

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,
9 ~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

ITT Industries

Microwave Systems
Engineered for life

fixed frequency outputs. Visit our web site for
more details. www.ittmicrowave.com
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ADC Parvameters

is frequently expressed as ENOB =
(SINAD — 1.763)/6.02. The error of
an ideal ADC consists solely of noise.
For actual converters, however, the
measured error includes quantiza-
tion noise along with aberrations
such as missing output codes, AC-to-
DC nonlinearity, and aperture uncer-
tainty (jitter). Noise on the reference
and power-supply lines also degrades
the ENOB.

Dynamic errors and integral non-
linearities contribute to harmonic
distortion whenever an ADC sam-
ples a periodic signal. For pure sine-
wave inputs, the output harmonic-
distortion components are found at
spectral values whose non-aliased
frequencies are integer multiples of
the applied sinusoidal input tone. The
amplitudes of the non-aliased fre-
quencies, which depend on the ampli-
tude and frequency of the applied
input sine wave, are generally pro-
vided as a decibel ratio with respect
to the amplitude of the applied sine-
wave input. Their frequencies are
usually expressed as a multiple of the
frequency of the applied sinusoidal
input signal.

THD is the RMS sum of all har-
monics in the output signal’s FFT
spectrum. In communications, high-
speed instrumentation, and RF/IF
applications, THD is often a more
important figure of merit for ADCs
than are the DC nonlinearity specifi-
cations that describe the converter’s
static performance. THD is given by:

THDJBC — 201()810
2 2
(fAup 2irms)” + Aup_3irms)” -

2,05
+App nrms)” 1!

Alfiv Irms ) (8)

where:

AlFinlgms = the RMS fundamen-
tal amplitude, and

Asp_grms) through App nirus) =
the RMS amplitudes of the second-
through Nth-order harmonics.

The choice of harmonic compo-
nents included in a set is usually a
trade-off between the desire to
include all harmonics with a signifi-
cant portion of the harmonic-distor-
tion energy, and the exclusion of Dis-
crete Fourier Transform (DFT)
frequency bins, whose energy con-

CIRCLE NO. 4083 or visit www.mwrf.com
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ADC Parameters

tent is mainly dominated by random
noise (see the sidebar “DFTs or
FFTs?).

Unless otherwise specified (refer
to the manufacturer’s specification in
the data sheet), THD normally con-
sists of the lowest four to nine har-
monics (the second through tenth
harmonics, inclusive) of the sinu-
soidal analog input tone. Note that
manufacturers may specify their
THD values either in decibels (dB) or
decibels with reference to the level of
the carrier frequency or fundamental
(dBc). Both units are commonly used,
and THD is defined with respect to
the analog input tone.

The term SFDR is usually applied
to cases where the harmonic distor-
tion and spurious signals are regard-
ed as undesirable content in the
output spectrum of a sampled pure
sinusoidal input tone. SFDR
indicates the usable dynamic range of
an ADC, beyond which a spectral
analysis poses special detection and
threshold problems. Though similar
to THD, SFDR addresses the
converter’s in-band harmonic
characteristics.

SFDR is the ratio of RMS ampli-
tude of the fundamental tone (the
maximum signal component) to the
RMS value of the largest distortion
component in a specified frequency
range. In well-designed systems, this
spurious signal should be a harmonic
of the fundamental. SFDR is impor-
tant because noise and harmonics
restrict a data converter’s dynamic
range. In an IF bandpass converter,
for example, spurious signals may be
interpreted as adjacent-channel
information.

In other applications, signals of
interest, such as low-level radar sig-
nals, cannot be distinguished from
the harmonic content. To help deter-
mine the SFDR value, a spectrum
analyzer with an integrated digital-
to-analog converter (DAC) for recon-
struction is recommended. The usual
procedure is to apply a near full-scale
input signal (the preferred input-
tone amplitude is —0.5 dB to —1 dB
F'S), measure the response, and then
acquire and measure the amplitude
of the largest spurious component.
SFDR is the ratio of the first to the
second measurement. SFDR can also

Doy
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production quantities.

Contact us today.

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
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ADC Parameters

be determined by inspecting the
FFT spectrum (plot) of an ADC
under test.

For spectrally pure sine-wave
inputs, SFDR is the ratio of the
amplitude of the averaged DFT
value at the fundamental frequency
(A[fiy]) to the amplitude of the aver-
aged DFT value of the largest-ampli-
tude harmonic (Agxp »ax[RMS]) or
spurious  signal component
(Aspur_max[RMS]) observed over
the entire Nyquist band:

SFDRdBC = 20[0g10
( |A[f1N]RMs|/ IAHD,MAX[ RMS]I), or (9)

or

(AL Trws|/ |Aspur suax (RMS]). ~ (10)

In general, SFDR is a function of
the amplitude (A[f;x]) and frequency
(fy) of the analog input tone, and, in
some cases, even the sampling fre-
quency (fsamprg) of the converter

under test. When testing an ADC for
its SFDR, therefore, the sampling
frequency, as well as the input fre-
quency and amplitude, should be
specified.

TTIMD is generally caused by
modulation, and it can occur when an
ADC samples a signal composed of
two (or multiple) sine-wave signals.
IMD spectral components can occur
at the sum (fIMFASUM) and difference
(fimr_pirrerence) frequencies for
all possible integer multiples of the
fundamental (input frequency tone)
or signal-group frequencies.

When performing TTIMD testing,
the input test frequencies—fyy; and
fino(fo>fn1)—are set to values that
are odd numbers of the DFT bins,
and away from the Nyquist frequen-
cies (fsanprr/e)- These settings guar-
antee that the difference between
the two input tones is always an even
number of DFT bins. The resulting
spectrum is the averaged amplitude
spectrum, A[fiyr] gms. The IMD
amplitudes for a two-tone input sig-

nal are found at the specified sum and
difference frequencies:

Fimar sum = |mfivg + nfins| and

Finr_pire = Mg —nfmh (1)

where:

m and n = positive integers.

The condition that m and n are
greater than zero creates the second-
order (fiy; + fing and iy —fine) and
third-order (2fIN1 + fIN2; 2fIN1 - fINZ!
frni + 2finp and finp —2fng, 3fix; and
3fin2) IM products.

Since test parameters are general-
ly application specific, no particular
guidelines are necessary (or avail-
able) to specify the frequencies and
signal amplitudes used for IM tests.
The size of | fiye — fini | depends
entirely on the application and the
information desired. Note that small
differences in the two input tones
cause the IM frequencies to be clus-
tered around the harmoniec-distortion
components of fjy; and fiys.

(continued on p. 162)
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FN3000 series

FN4000 Series

FJPLL/FJPLH Series

For additional information, 0
contact Synergy's Sales and Applicatioh‘_te -
201 McLean Blvd., Paterson, New Jersey 07504
Phone:(973) 881-8800  Fax:(973) 881-836
E-mail: sales@synergymwave.com -

Visit our web site at http://www.synergymwave¥com
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DESIGN FEATURE

PLL Simulation

Simulate PLL Performance
Through Direct Digital

Synthesis

A series of experiments explains
how a PLL can optimize its locking

speed and accuracy in an unstable
envivonment.

Fu-Nian Ku

Consultant

11421 Potomac Oaks Dr., Rockville,

MD 20850; e-mail:
[_ku@hotmail.com.

HASE-LOCKED loops (PLLs) used in frequency synthesizers are

based generally on a voltage-controlled oscillator (VCO). The fre-

quency range of a usable VCO is limited to an octave. The direct-dig-

ital-synthesizer (DDS) approach is increasingly popular due to its
wider frequency range, high resolution, and because its clock frequency
can reach up to 200 MHz. But can a PLL with DDS be locked to a baseband
signal even when the signal frequency is a not stable one?

The basic idea of this loop is similar
to a popular synthesizer (Fig. 1). The
phase detector is a counter, which
runs continually and can be initial-
ized by the periodic signal nTo or by
the DDS-produced pulses r,. If it is
initialized by nTo and stopped by r,,
the count value displays a positive
sign. Conversely, if the counter is ini-
tialized by r, and stopped by nTo, it
displays a negative sign. The filter
F(D,, D,_,) is second order, that is F
= AD, +B D,_,. The frequency of the
DDS is determined by the value of a
frequency register. For convenience,
the convergence of the loop is tested

Periodic
Fo, To=1/Fg Phase Dp=ry-nTo oo
| detector (Dp.Dp 15--..)
nTo (n+ 1)To (n + 2)To
h
- i
. | s ey P
-1 ™ Tns+1 g
L]
fn1! fn

1. A DDS-based frequency synthesizer contains a phase detector, filter, and a
frequency register that sets the operating frequency.

by assuming the circuit has high res-
olution (i.e., a high clock frequency).
The value of time D,, and frequency f,
are analog values.

LOOP CONVERGENCE

A pair of difference equations is
used to describe the phase-locked
process, while differential equations
are used in a VCO synthesizer. The
basic difference equations are:

e =t,+1/f, (1)

fn+[ = fn +A[rn+l _(n+ ]) TO_]
+B [r, —nTo] (2)

Finding values of A and B that can
guarantee the convergence of this
loop is not easy. Since a closed solu-
tion cannot be found, trial-and-error
solutions must be used. In Eq. 2, f, is
on the order of 1/To. So, A and B
must be (1/ T)* where « is a power.
Extensive trial-and-error testing
yields the following effective values:

A =1/To"” B =-A+12/To (3)

The test range is:

1/1000/s2To 21/20 x 107°. That
means the bit rate of the input-signal
ranges from 1000 b/s up to 20 Mb/s.

While this is not the optimum solu-
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PLL Simulation

tion, it is one attempt at a universal
solution across a wide range. If only a
narrow-range solution is desired,
there could be better A and B values.

In Eq. 2, the frequency adjustment
term, Alr ,,; — (n+1)To] +B[r, -nTo],
could be rewritten as AD,,, +BD, =
AD,,;-Dy) +(A+B) x D,.

According to Eq. 3, A is a large
number, while A+B is a relatively
small number. D, is the phase
difference.

All the simulations are under these
assumptions:

* To is constant.

® The origin of the time begins with
0xTo.

e The first DDS pulse time r; is
0.9To.

Naturally, r, is random, r, = 0.9T0
is the worst case for convergence.
The first two pulses, 0 X To and r,
do not lead to frequency adjustment,
becausge the second-order filtering
needs two successive D,. In the
meantime, assume the filtering calcu-
lation is fast, and the result appears

0 To 2To 3To

BN

nTo

j

(n-1)To (n+1) To

T+ I

n-1

ol 8 e 230l
bustwct] (ot
0 /!

2. The relationship between the pulse sequences that are input to the phase
detector (Fig. 1) will determine the phase and frequency characteristics of the

synthesizer.

instantly. In the real world, it takes
time to accomplish the arithmetical
operations. The time delay does not
change the convergence attribution,
but it prolongs the convergence time.

In general, the nominal-input bit
rate is known. In the first case,
assume the initial frequency f; of the
DDS is set to approximately 1/To.

Case 1. f, = 1/To.

Example 1: f, =20.1x10 °Hz, v, =
0.9To and To = 1/20 X 10~ °s (bit rate
of input signal is 20 Mb/sec). The

sequence pairs are shown in Fig. 2.

The results are shown in Fig. 3a
and b. The y-axis of Fig. 3a is the
phase difference:

r,/To —n, which represents the rel-
ative position of r, and D, To in the
units of To. If the difference holds at
a small constant amount, the loop is
locked. The y-axis of Fig. 3b is the
frequency difference, or the DDS fre-
quency minus input-signal frequen-
cy; f, -1/To. Both x-axes represent
the sequential number, n, of

Directional Couplers

< KRYTAR

g move, Krytar components!

Microwave Components DC-50 GHz

MLDD Power Dividers

R

Dobe Arrow
3 dB 180° Hybrids

“ar Hybrid
Couplers

Planar Doped Barrier Detectors

an
Zero Bias Schottky Detectors

Visit our website, www.krytar.com

1292 Anvilwood Court, Sunnyvale.CA 94089

Tel.(408) 734-5999 Fax(408)734-3017
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INDUSTRY’S BROADEST LINE OF
LOW-VOLTAGE, LOW-ON-RESISTANGE
ANALOG SWITCHES & MUXES

Ideal for Switching 82 and 32Q2 Speakers in Portable Equipment

Maxim’s next-generation switches and muxes feature the lowest on-resistances (0.5Q) and the lowest
operating voltages (1.8V) on the market. Their low Ron and excellent flatness make them ideal for use as
audio switches in portable equipment, such as notebook computers or cellular handsets. Signals can be

switched, with very low distortion, into either 8Q or 32Q internal and headset speakers.

These products are available in single-pole/single-throw (SPST), single-pole/double-throw (SPDT), and
multiplexer configurations. The new MAX4675-MAX4679 feature dual supply operation.

¢ On-Resistance from 0.5 to 10Q

¢ Single +1.8V to +5.5V, Dual 5V Operation
¢ Fast Switching Speeds (<20ns)

¢

Available in SOT23, yMAX, and TSSOP
Packages

¢ Industry-Standard Pinouts
¢ Low Cost
NEW
DISABLE
NEW
STEREO MP3 APPLICATION “Ew

Price, Delivery, and Place Or

Over 30 Low-On-Resistance Products
to Choose From!

SINGLE SUPPLY OPERATION

MAX4626/7/8 | SPST 05 5/6-S0T23
MAX4645/6 SPST 2 5/6-50T23
MAX4641/2/3 | 2SPST 4 8-uMAX
MAX4651/2/3 | 4 SPST 4 16-TSSOP
MAX4614/5/6 | 4 SPST 10 16-TSSOP
MAX4624/5 SPDT 1 6-50T23
MAX4644 SPDT 4 6-S0T23
MAX4636 2 SPDT 4 10-pMAX
MAX4619 3 SPDT 10 16-TSSOP
MAX4674 4 SPDT 4 16-TSSOP
MAX4634 4:1 Mux 4 10-uMAX
MAX4638/9 8:1/Dual 4:1 Mux 4 16-TSSOP
MAX4617/8 8:1/Dual 4:1 Mux 10 16-TSSOP
DUAL SUPPLY OPI

ERATION

MAX4675/6

5-50T23

MAX4677/8/9

2 16-TSSOP

line at www.maxim-i

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX

sw_asenes ) FREE Mux & Switch Design Guide—Sent Within 24 Hours! 2000 EDITION!
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

MAXI W

www.maxim-ic.com

FREE FULL-LINE DATA CATALOG
ON CD-ROM

(408) 737-7194.

Distributed by Maxim Distribution, Arrow, Avnet Electronics Marketing, CAM RPC, Digi-Key, Elmo, Nu Horizons, and Zeus

Distributed in Canada by Arrow and Avnet Electronics Marketing.

VALV s a registered trademark of Maxim Integrated Products. © 2000 Maxim Integrated Products.
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DESIGN FEATURE

PLL Simulation

1.0 T T o 1X109 T T

iterations. = 2

After 50,000 iterations, which % é
takes 2.5 ms, the phase difference is & s
0.103 percent of To, and the frequen- - 0.5r 7 g 5X104— 7
cy difference between 1/To and the 8 =
DDS is 1.941 Hz, or 0.097 PPM. & £

Case 2. Mixing Effect (a more 0 S~ ! 0 1 Il
detailed consideration of Case 1). 0 2x104 4x104 6X 104 0 2x104 axio4 6x104

In Fig. 2, the r, and nTo pair is the B n
pulse time that begins and stops the (@) )

3. The phase (a) and frequency (b)
convergence times (number of
iterations) determine how fast the
loop comes into lock.

counter. After the nTo pulse, the fre-
quency is adjusted and results in a
new frequency, f,,;. Before the nTo
pulse, the frequency is still f,. In Fig.
2, the arrow designated as 1/f,, is
really a combination of 1/f , and 1/f,,, ;.
To study this effect, use a different
version of Eq. 1, and solve the two
difference-equation system.

Example 2: f,=2.05 x 10° Hz, r, =
0.9To, and To = 0.5 x 105, a (bit
rate of input signal of 2 Mb/s).

The result is shown in Figs. 4a and
b. The y-axis of Fig. 4a is still the
same as in Fig. 3a, the phase differ-

Line System

« Efficient Thermal Design 88 | ence between r, and nTo. One curve
| | is the result of not considering the

BTS & NMC & 8 | mixing effects (Eq_. 1)..The secon_d is

interface Gontroller “ & | | the result of considering the mixer

I ‘ To Antenna § effect. These two curves—the fre-

quency difference—almost coincide.
Fig. 4b is the DDS frequency differ-
ence, f,, between both. It shows a dif-
ference of less than 70 Hz at the
beginning. After 200 iterations, there
is no need to consider the mixing

————#
To Antenna N .
Line effect because f, is stable.

t o 4
i dobiock The convergence characteristics

are as follows:

g * Not consider the mixing effect:

it After 15,000 iterations, the elapsed

; _ time is 7.5 ms, the phase difference is

The Total Microwave Solution —0.0813 percent of To, the frequency

difference between 1/To and DDS is
0.7879 Hz, or -0.39 PPM.

e Considering the mixing effect:
After 15,000 iterations, the elapsed
1-800-226-1772 time is 7.5 ms, the phase difference is
-0.0813 percent of To, the frequency

: g difference between 1/To and DDS is
AR ek v (o R.EME C 0.7881 Hz, or - 0.39 PPM.

2144 Franklin Drive - initi i
Palm Bay, FL 32905-4021 Building solutions Case 3. If the initial frequency f, is

Fax 321.727.3729 through teamwork. larger t_han 1/ TO; the r, pulses will
successively hit the counter before

Email inquiries to sales@remecq-bit.com
Visit our website at www.remecq-bit.com

CIRCLE NO. 422 or visit www.mwrf.com

MICROWAVES & RF = NOVEMBER 2000
a0




WORLD’S LOWEST POWER 3V,
10-BIT 80Msps ADC DELIVERS
73dBc SFDR

New 10-Bit 40Msps/60Msps/80Msps ADCs are Ideal for
Portable Imaging and Communications

LOWEST POWER! 4 59dB SNR @ fjy = 20MHz
SAVE 32% T0 122% WITH MAXIM! ¢ 2.7V to 3.3V Operation
MAX1444 ' P o ¢ Tiny Smm x Smm TQFP Package
. 40msps Competition 58 .
i | | ¢ On-Chip Internal/External Reference
iy ‘ }aamps ¢ Shutdown (<5pA @ 3V)
s | | ¢ Pin-Compatible 40Msps, 60Msps, and
> 80msps 80Msps Versions

‘ ‘ ‘ ¢ Differential Input T/H with 400MHz FPBW
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POWER (mW)

HIGHEST PERFORMANCE!

MAX1448

o

73dBc SFDR @ 39MHz i
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FREE High-Speed ADC/DAC Design Guide—Sent Within 24 Hours! .. 20k

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

AMPLITUDE (dB)

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
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Y Get Price, Delivery, and Plac
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DESIGN FEATURE
PLL Simulation

1 T T T =100 T T

the nTo pulse ends the counting. Fig. g
5 shows there are ry and r; pulses 8 E
before the 2To pulse. 5 @

In general, ry, I' 1. Yooy 18 o0 — S 50 N
smaller than (before) nTo, but r, 2 E
where k > 1, is not smaller than nTo. F s
So the counter begins counting with 1 £ ; : .

Y . Joine - ] 1 1 o
g’hl(sl;‘g(tﬁ;vgea?faz]t{ilf:;“i‘ﬁ;ﬁz‘i’i 0 5000 1.0x104 1.5x104 2.0x 104 0 2000 4000
is renamed as the new r,, ;. The new (a) . (b) .

4. Mixing effects produce the phase

ount High Performance b T renooy

between this curve and the one in Fig.

: |
_' i 3b are virtually indistinguishable.

defined by Eq. 1. So the decrease of

Choose REMEC Magnum as part of your Total Microwave Solution f.,, in Eq. 2 is less than the old one
(i.e., the convergence is worse.) But if
Reaching high frequencies with low conversion the number of skips is stored as ns,

and one -nsTo is added to the output
D,..; on the right of Eq. 2, this will
accelerate the convergence.

This case can be studied in three
connectors, and without manual installation of ways:
ribbon leads. These surface mount mixers can 1. Keep Eqs. 1 and 2. Sometimes in
the convergence process, the phase
difference will be larger than To, and
is not realizable.
components. 2. Skip the successiver,, ,...pulses,
and do not make compensation to

loss and high isolations is now possible in a

series of surface mount mixers from REMEC

Magnum. Convert signals up to 20 GHz without

be placed atop your circuit and reflow soldered

along with all the rest of your surface mount

Call us with your application information and Dn+1- . .
3. Skip the successive r,,,;,...pulses

and store the number of skipped
pluses and compensate D, +1.
Example 3: To = 1/10 % (that is, 100
Kb/s) with the initial DDS frequency
fy, = 14000 Hz and ry, = 0.9To. The
results are shown in Figs. 6a and b.
The y-axis in Fig. 6a is also the phase
difference. There are three curves.
Keeping Eqs. 1 and 2, the resultant
curve is shown with a solid line. If it
; : 40 & 28 ISMD-3 swings to -9 (To), the counter cannot
M) Other LO powc‘?r Icve.ls (+7, +13..+18 dBm) available. WOI‘k. The dOttEd line Tepresents the
second way—skips, but with no com-
pensation. It is a dense sawtooth

we'll match a design to your requirements.

Typical Performance at 25°C

The Total Microwave Solution

ail inquiries to s dremecmas
Er_nvan‘» inquiries to mles(@rrennec.mabr.mm.com 0 To 270 370
Visit our website at www.remecmagnum.com

408-432-9898 IT fﬂrf ?I T {

Initial frequency too large

REMEC Magnum, Inc. o ﬁ R E M E [;

1990 Concourse Drive R .
San Jose, CA 95131 Building solutions 5. This pulse sequence is input to the

Fax 408.432.1551 through teanmwork. counter when the initial frequency f, is
larger than 1/To.
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4mm’ TDMA PA
SELLS FOR $1

First TDMA Cellular Band PA in Chip-Scale Package

The MAX2251 has been designed for use at 824MHz to 849MHz in single-band or dual-band
TDMA phone applications. The die-level chip-scale package allows for both very compact
implementation size and inherently lower cost than devices in conventional packages.

ACPR/ALT. vs. OUTPUT POWER
Vcc 3. 3V

@ somane
| BL TR R

GSrarne

ACPR / ALT (dBc)

Measuring only 2mm x 2mm, the MAX2?5 1 occdpies
less space than eight 0402 components.

QUTPUT POWER (dBm)

PIN A1 )
woicaror  MAX2251 Top View

+ >30dBm TDMA Output Power o]
+ >32dBm AMPS Output Power :

¢ On-Chip Power Detector with 29dB
Dynamic Range

+ 41% TDMA Efficiency
+ 51% AMPS Efficiency

The two-stage PA MAX2251 also
includes an on-chip power detector.

*1M units per month/FOB USA.
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DESIGN FEATURE

PLL Simulation 5 T T

curve. The phase difference is within
To, but it converges after 5000 itera-
tions. The least-important curve is
the dashed curve that presents the
third way—skips and compensation.
It converges quickly, even better

Phase difference

than the first way.
The convergence characteristics
are as follows: (a)
e First way (solid line):

6x104 T '
8 ax108[ n
3
Ezn
e
-2x 104 L L
2000 I!muo 6000
(b)

. S ‘ Sﬁecifications are typical.

FIEUUSIUGY s e e 900-3000 MHz
Small Signal Gain. brensenenene 3.0 0B
Gain Flatness i minsenvet0,6 B
Moise Flguoi o0t e S e S 5.2dB

intermodulation
Third Order
Second Order. Two Tone...
Second Order Harmonic
v Loaie el o s o +15V
365.0 mA
P AC KT SN e i vhs s misivisies TO-8B or Power Pack™

g /* [ Signal Processing Components & Subsystems

N COUGAR 255

COMPONENTS Certified

290 Santa Ana Court, Sunnyvale, CA 94085
408-522-3838  fax: 408-522-3839 = web: www.cougarcorp.com
e-mail: cougar.amps4@cougarcorp.com
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6. The fastest convergence of phase
(a) and the most accurate frequency
(b) is achieved when successive r,,,4
pulses are skipped and
compensation occurs.

iteration n = 3000, elapsed time =
30 ms, phase difference = -0.00298
percent of To, and the DDS frequen-
cy difference from 1/To is -0.0013Hz,
or -1.3 PPM.

® Second way (dotted line):

iteration n = 6000, elapsed time =
60 ms, phase difference = 0.71 per-
cent of To, and the DDS frequency
difference from 1/To is -3.14 Hz, or
-31.4 PPM.

e Third way (dashed line):

iteration n = 3000, elapsed time =30
ms, phase difference = —0.0002 per-
cent of To, and the DDS frequency
difference from 1/To is —-0.00083 Hz;
that is, -0.0083 PPM.

Thus, the third way is best—skips
and compensation.

Case 4. If the initial frequency f, is
smaller than 1/To, the nTo pulses will
successively hit the counter before
the r,, pulses end the counting. Fig.7
shows the To and 2To pulses before
the r, pulse.

In the general situation, r,,q is
larger than (n+2)To,...(n+k)To, but
less than (n+k+1)To, where k > 1. The
counter is successively hit by k (To)
pulses, then ends by r,,;. Skip the
first k-1 (To) pulses, and recognize
only the last (n+k)To pulse. Let the
new (n+1)To pulse be the old (n+k)To
pulse. That means the t-axis is artifi-
cially shortened or extracted by (k-
1)To. The value of r,,, is also short-
ened by (k-1)To. This means the
positive adjustment of f ,,; in Eq. 218
lessened, and the convergence is
worse. Also, adding (k — 1)To to the
output D, ; on the right side of Eq. 2
makes this compensation an acceler-
ated convergence.
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FIRST 3.5GHz LNA WITH ADJUSTABLE
IP3 AND GAIN STEP CONTROL

The MAX2645 SiGe LNA has the features you need to build the most robust, high dynamic
range receiver for Wireless Local Loop and Wireless Broadband Access applications.

LOGIC-CONTROLLED ADJUSTABLE INPUT X\\\, V%L
SHUTDOWN (Icc = 0.1uA) | IP3UPTO +12dBm _\;., MAX2645 PROVIDES <=
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11.5 p
10 6 /
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(d8)
MAX2645
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GAIN STEP OF 24dB
1st 2nd MAX2683/84
LNA LNA MIXER
S N NN A4 \/W
3.4GHz T0 3.8GH —\
2 Z _ < ADJUSTABLE BIASIIP3 <

< MAKES MAX2645 VERSATILE]
LoursER —> USE IT AS 1ST AND 2ND STAGE
LNA, PA PREDRIVER, AND

: I: LO BUFFER ’;" /’,,,/LO/BU/F’FEHF “
® TxIF
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Help choose the hest products of 2000
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Each issue, the editors of EE Product News serve up the best new products the industry has
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DESIGN FEATURE

PLL Simulation

This case can be studied in three |

ways:

1. Keep Eqgs. 1 and 2, because in
some cases, the phase difference will
be larger than To and is not
realizable.

2. Skip the successive (To) pulses,
and do not make compensation in D
n+l-

3. Skip the successive (To) pulses
and save the number of skipped plus-
es and make compensation to D,, ;.

Example 4: To = 1/1000 s (that is
1bt/s), initial DDS frequency f, = 600
Hz, and ry = 0.9To.

The results are shown in Figs. 8a
and b. The y-axis in Fig. 8a is also the
phase difference and there are three
curves. Keeping Egs. 1 and 2, the
resultant curve is shown by a solid
line. If it swings to 8 (To), the counter
will not work. The dotted line repre-
sents the second way; skipping but no
compensation. It is a dense curve at
the beginning and the phase differ-
ence is within To, but converges after
200 iterations. The quickest conver-

0 To 2To 3To

e 1o |

Initial frequency too small
7. This pulse sequence is input to the
counter when the intial frequency f, is
smaller than 1/To.

gent curve is the dashed curve that
presents the third way—skips and
compensation.

The following are the convergence
characteristics:

¢ First way (solid line):

iteration n = 250, elapsed time =
0.25 s, phase difference = 0.00015 per-
cent of To, and the DDS frequency
difference from 1/To is -1.735 x 107
Hz or -0.1735 PPM.

e Second way (dotted line):

iteration n = 250, elapsed time =
0.25 s, phase difference = 0.0007 per-
cent of To, and the DDS frequency
difference from 1/To is -1.533 x 10~

Hz, or -1.633 PPM.

® Third way (dashed line):

iteration n = 250, elapsed time
=0.25 s, phase difference = -0.00004
percent of To, and the DDS frequen-
cy difference from 1/To is -1.325 x
10 Hz, or -0.01325 PPM.

Thus, the third way, skipping and
compensation, is best. But if the ini-
tial DDS frequency is not close to
1/To, the skip and/or compensation
cannot make the sequence converge.
If the input frequency 1/To drifts in
small amounts, it is not necessary to
change the value of A and B, and the
convergence will catch up to the
small change and lock.

THE DIGITAL CASE

In a digital system, time measure-
ment is quantified and the smallest
time step is the clock period 1/fc
where fe is the clock frequency.

The signed counter (phase detec-
tor) measures the number of clock
pluses as positive or negative inte-
gers. The integer is a truncation of

High Frequency + Low Power = Blg News

TEMEX Launches VCX0s for SONET/SDH.

TEMEX R&D strikes a fine balance between cost and
performance with its new high frequency/low power
VCX0s for SONET/SDH applications. Standard frequencies
of b22.08 MHz and 155.52 MHz in both surface mount and
through hole packages are available. Perfect for
all SDH applications —we can customize for your
specific needs. (all for the lowdown.

1.623.780.1995
sales@temex-az.com
www.temex-components.com

Only TEMEX makes it happen. TEMEX
TIME &
FREQUENCY
Crystals « Filters « XOs « VCXOs « VCOs
TCXOs « OCXOs » Rubidium Atomic Clocks
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8. These phase (a) and frequency (b) curves present similar results as those of
Fig. 6; namely, that phase and frequency converge fastest under a skip-and-

compensation routine.

(r, -nTo)fe. When compared with Eq.
2, there is a factor fec times (r, —nTo).
So, the new coefficients are a = A/fe
and b = B/fe. The truncation of -2.8is
-2, an error of 0.8. This is the quanti-
fied error. If (r,, —nTo) is smaller than
1/fe, the counter reads 0. Therefore,
there is no contribution to the fre-
quency adjustment. The maximum
phase error is 1/(Tofc) in units of To.
The higher clock frequency has less
error. For example, if fc is 60 MHz,
the input bit rate is 20 Mb/s. The
phase error may reach 1/3 maximum,
in units of To.

Now defining d,, = trune(r, - n
To)fe, the contribution to frequency
adjustment is d,(a+d,_)b. Letb =-a
+ delta, where delta20,d,.;a+d,b
=(d p.q1 —d, a + delta X d,. Compar-
ing delta with a, delta is a small num-
ber. Nevertheless, even though
d,.; - d, is a small number, delta X
d,, still makes little contribution to
the frequency adjustment. Suppose

trunc(d,, -nTo)fc emerges as a quan-
tified jump, +1, so the DDS frequen-
cy has a jump. Therefore, conver-
gence is not very stable; it always has
ripples.

The frequency adjustment is
(d,,pa + dpb. But when the frequen-
cy register increases by 1, the DDS
output frequency increases by fe/2*
where 32 is the length of internal
DDS register. The number in
the register is an integer and the
value put in the register must be
rounded. Then Eq. 2 has its digital

counterpart.
fvr =5+ (fc/232) round

[(d,,;a+d, b) 2% /fc]  (4)

Formerly, A and B were only a
function of To, but now they are also
a function of fe. Change Eq. 4 to:

foe1 = +(fc /232) round
[(d,.;—d,)a'+d, (a'+b")] (5)
where:

the DDS frequency is stable after I 932 17 ;2 6
many iterations, but the phase differ- a'=27 /o™ Je' ()
ence still slowly changes. Finally, the
1.0 100
2 g
= e
® 0.5 @ 50
g - T
=
o a = n
[V
-0.5 -50
(a) 0 200 ; 400 600 (b) 0 200 - 400 600

9. The phase (a) and frequency (b) convergence characteristics of a DDS with a
small number of iterations and f, of 1 kHz illustrate how fast both reach their

end values.
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PLL Simulation
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10. The phase (a) and frequency (b) curves of a DDS with a large number of
iterations and f, of 1.5 MHz are similar to those of Fig. 9.

a'+b'=122°2 /(Tof?)  (7)

where:

d,, = the counter output integer.

The calculation of Eqgs. 7 and 8 is
difficult. It is easy to store a lookup
table of 2’ and a’+b’” in memory. There
are several ways to create the table.
If the nominal bit rate is not known
(1/To), it is possible to count the num-
ber of clocks in a period To. The num-
ber is NO = floor(Tofc). Suppose the
system clock frequency fc is 60 MHz
at a bit rate between 15 and 20 Mb/s,
N=3. The range-tolerance error is
1.33:1. Counting the number of clocks
in the interval of 10To, and dividing
the number by 10, N1 = 0.1 X
floor(10T0fe). N1 has one more deci-
mal of precision than NO.

Now suppose the lookup table is in
the decimal system. The input vari-
able is N = floor(Tofe). If 1/To is larg-
er than 6 Mb/s, N > 10, it is better to
count the clock number in 10To and
obtain one more digit of precision.
The enlisted numbers of N are 1X
10", 1.5x 10", 2x 10, 3x 10",...
9x 10",
where:

n=0,1,2,3,4. The bit-rate of the

input periodic signal is from 1 kb/s to
20 Mb/s. One can calculate one table
for a’ and a’+b’, by using Eqs. 8
and 9.

a'=22 /[N (fe™)] - (8)
a'+b'=12(22)/[Nfe)  (9)

The table has 44 rows, with one N
column as an input, a’ and a’ +
b’columns as an output. When one N
is not listed, go to the nearest num-
ber. The maximum deviation is small-
er than 25 percent. For example, if
1/To is 9.6 kb/s, N= 6.25 x 10°, take
the input as 6 x 10 in the table.

The following examples use this
lookup table, but different lookup
tables are possible. Eqgs. 7and 8 could
be used to build a table with input
variable 1/To. It is also possible to
create a binary-base input variable
table.

Based on the previous “analog”
simulation, if the initial frequency
deviates far from the correct value,
the counter will produce successive
To pulses or r, pulses. In this case,
the counter skips successive pulses
and compensates at the d,,; in Eq. 6,
and convergence will be kept and
occur even faster.

1.5 T T
1 -
U.SE -

0 | 1
0 1x10% 2x1053x109
(a) n

Phase difference

Frequency difference

—

5x104

0

&

>

=
>

1 1x;ﬂ5 znlnfvanoh
n

=
—

11. In these curves using lookup tables, only a single iteration can cause a huge

change in the frequency convergence of the DDS. The lookup table values are

responsible for this change.
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DESIGN FEATURE

PLL Simulation

The following examples use Eqs. 1
and 6 without skips and compensa-
tion, and attention is paid to the con-
vergence characteristics.

Example 5: 1/To = 990 b/s, fe = 60
MHz, ry, = 0.9To, f, = 1000Hz. The
look-up table considers N as 6 x 10*,
shifted 1/To to 1 kb/s. From the table,
a’=0.15and a’+ b’ =0.0143. The simu-
lation result is shown in Fig. 9.

From this figure, after 200 itera-
tions, there is convergence. The data
shows that after 214 iterations,
elapsed time = 0.216 s, the phase dif-
ference is —0.0418 percent, and the
frequency difference is 0.01157 Hz, or
11.68 PPM.

After 215 iterations, elapsed time
= 0.217 s, the phase difference is
-0.0430 percent, and the frequency

399 State St. - Franklin, IN 46131

1-888-736-8837 - 317-736-8833 - Fax 317-736-8382
www.mwdevices.com - email: microdev@in.net
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| difference is —0.00240 Hz, or —2.429

PPM.

After 568 iterations, elapsed time
= 0.574 s, the phase difference is
0.0427 percent, and the frequency
difference is —0.00240 Hz, or -2.429
PPM.

After 569 iterations, elapsed time
= 0.575 s, the phase difference is
0.0430 percent, and the frequency
difference is 0.01157 Hz, or 11.68
PPM.

There is a negative frequency
jump after 214 iterations, and there is
a positive frequency jump after 568
iterations. The jump value is 2**/fc =
0.01397 Hz. That is the quantified
error. Since the phase difference is
not zero, d, always changes slightly
when the accumulated change con-
tributes a 1-b variation to the fre-
quency register, and a jump occurs.
So, in the convergent state it is not
absolutely stable because there is a
small jitter. This is the normal behav-
ior of a digital system.

Example 6: 1/To = 1.54 Mb/s, fc = 60
MHz, ry = 0.9To, and f, = 1.5 MHz.
From the lookup table, N is 40. From
the table, al = 3.767 x 10* and a’+ b’
= 21.47. The simulation result is
shown in Fig. 10.

After 30,000 iterations, there is
convergence. Actually, convergence
occurs in 25,271 iterations. After
25,271 iterations, elapsed time =
0.0164 s, the phase difference is
2.5667 percent, and the frequency
difference is 526 Hz, or 342 PPM.

After 25,272 iterations, elapsed
time = 0.0164 s, the phase difference
is 2.6325 percent, the frequency dif-
ference is 0.16 Hz, or 0.1 PPM.

One iteration can change the value
of DDS frequency several hundred
hertz, because a’ and b’ are very big
values, and a’+b’ is relatively small.
So, if the value after truncation
increases by 1, the frequency adjust-
ment is approximately a’ x fe/2* =
526Hz, or b’ x fc/2%? = 526 Hz, and
this quickly pulls back the frequency
to convergence. There are continu-
ous DDS frequency jumps in the pro-
cess. The nearest jumps are the
following:

After 515,369 iterations, elapsed
time = 0.3347 s, the phase difference
is —2.5667 percent, and the frequency
difference is 0.16 Hz, or 0.1 PPM.




DESIGN FEATURE J-

PLL Simulation

Between 25,272 and 515,369 itera-
tions, the frequency difference does
not change.
After 515,370 iterations, elapsed
time = 0.3347 8, the phase difference
is —2.5667percent, and the frequency
difference is =526 Hz, or -342 PPM.
After 515,371 iterations, elapsed
time = 0.3347 g, the phase difference
is —2.5325 percent, and the frequency
difference is —0.133 Hz, or —0.086
PPM.
These three successive iterations
change the DDS frequency approxi-
mately +626 Hz, but the phase differ-
ence changes little. At high bit-rate,
a’ and b’ are large, and the phase dif-
ference is within +1/(Tofc) of the unit
of To. Now Tofe =1.54/60 = 2.5667 _
percent, which coincides with the % S
previously listed data. But this time gt 8 Send For Our New Catalog

jitter is unavoidable. e ]: f//( 7rouave 2 Emery Avenue

. g . . Y Randolph, NJ 07869 USA
Example 7: bit-rate is 20 Mb/s, (To \ e /] GPRtas s Fo S

= 1/[20X 106])7 fo =19.99 MHZ) Ty = 1 bt www.gtmicrowave.com
0.9To. In the lookup table, N is 3, and HTL {‘ e-mail: gtmicrowav@aol.com
al = 3.079x 105, a’+ b’ = 286.3. The
simulation result is shown in Fig. 11. CIRCLE NO. 407 or visit www.mwrf.com
The data are as follows:
After 164,892 iterations, elapsed
time = 0.0082 s, the phase difference
is 33.33 percent of To, and the fre-
quency difference is 4.3 X 10° Hz, or
2151 PPM. : ]
After 164,893 iterations, elapsed || | \ f .
time = 0.0082 s, the phase difference el
is 33.12 percent, and the frequency
difference is 3.22 Hz, or 0.16 PPM.
' f

In this case, the frequency adjust-

ment is approximately al x f¢/2%% = Ll
43%x10* Hz,or b’ x fe/2% =43 x | & Al
10* Hz, and this high value quickly Al 3

induces convergence. There are _ :
jumps of DDS frequency continuous- ; (, C1T Wireless is delwermg'

ly. Due to the limitations of the com- | [
p)ijlteltl,ethg neitlﬁ?llmaplgtr)liqn(t) canigglll)le | A\ S ‘ . 900 MHI o 80w
found. From the 164,893th iteration Mgt e e

to 10° iterations(fthe DDS frequency A Aot | . 109 GH: e sow

does no‘-c change:-, but the phase dif- b _ PP : : . 2.5.2.7 GHl - 4ow

ference is changing.

After 1 million iterations, elapsed | | : RN B Designs For:

time = 0.05s, the phase difference is

19.7 percent, and the frequency dif- TDMA [ ) GSM
ference is still 3.22 Hz, or 0.16 PPM. : L i

Tofe = 20/60 = 33.33 percent. After | & . CDMA ® wc DMA
millions of iterations, the phase dif- | SR %
ference will reach —33.33 percent of
To. It will swing continuously be-
tween £33.33 percent. When it reach-
es the limits, the DDS frequency will
experience a jump of +43 kHz. ee

Visit our web site: www.cttinc.com
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We specialize in amplifiers.

Kalmus gives you a genuine
choice of performance, features and bandwidth for any
application that requires RF power amplifiers. From
radar, MRI, EMC and high energy physics to EW,
communications, broadcast and automotive - Kalmus has
the right amplifier.

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

‘ Kalmus builds the Widest Variety of RF Amplifiers

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

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

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

The RF Amplifier Company

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
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High-Linearity RF Amplifier Design

Peter B. Kenington

High Linearity RF Amplifier Design | restoration (EE&R), linear amplifica- technique, adaptive biasing, envelope
offers a comprehensive treatment of | tion using nonlinear components, the tracking, Class H amplification, and
RF amplifiers, focusing on the issues | vector-locked loop, and linear amplifica- = dual-bias control. (2000, 531 pp., hard-
and techniques associated with maxi- | tion employing sampling techniques | cover, $109.00) Artech House, 685
mizing linearity in their design. (LIST). Canton St., Norwood, MA 02062;

Chapter 1 begins with an overview of Chapter 8 discusses methods of | (781) 769-9750, FAX: (781) 769-
distortion and linearity requirements. = boosting the efficiency of Class A, AB, = 6334, Internet: https/fwww.artech
It discusses power efficiency, the effect | and B amplifiers. It covers the Doherty | house.com.
of nonlinearity on a wideband-code-
division-multiple-access (WCDMA)
system, and the requirement for linear-
ity in adaptive-antenna systems.

Chapter 2 focuses on the theory
behind distortion in amplifiers. It
discusses amplitude distortion, two-
tone and multi-tone tests, harmonic and
intermodulation distortion (IMD),
nonlinearity measures for multi-tone
and modulated signals, crest-factor
reduction, phase distortion, white-noise
testing, spurious signals, and cross
modulation.

Chapter 3 discusses RF power-
amplifier (PA) design. It covers the var-
ious classes of amplifiers and their vari-
ations, and discusses various biasing
methods. Chapter 4 introduces feed-
back and discusses various feedback
methods to achieve linearization.
Included in the discussion are tech-
niques such as series and shunt feed-
back, modulation feedback, and polar-
and cartesian-loop transmitters (Txs).

Chapter 5 introduces feedforward
systems and discusses their application
to linearization. The chapter covers
topics such as multiple feedforward
loops, gain and phase matching, error-
amplifier design, power efficiency,
power loss and efficiency, linear distor-
tion correction, and temperature drift
and aging. It then identifies the require-
ments of the major components of
feedforward systems.

Chapter 6 covers predistortion tech-
niques. It introduces RF and intermedi-
ate-frequency (IF') predistortion theory
and discusses issues such as gain- and
phase-matching characteristics, and
implementations, such as single-diode,
field-effect-transistor (FET)-based,

ti-parallel diode-based, and digital From NI : AICDOWW/AVE
rodutorters. Tt also covers baseband | | 1eP GENERAL MICROWAVE

INTEGRATED
MICROWAVE
ASSEMBLIES

and adaptive-baseband predistortion, trust... a/herley]cormpany

as well as postdistortion linearization. General Microwave Corporation
Chapter 7 considers linear Txs that 425 Smith Street ® Farmingdale, NY 11735-1198

employ signal processing which radical- TEL: 631-630-2000 ¢ FAX: 631-630-2066

ly alters the original signal. Major topics http://www.GeneralMicrowave.com

include envelope elimination and
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Neural Networks For RF And Microwave Design

0.J. Zhang and K.C. Gupta

One of the latest, yet least under-
stood, high-frequency design tech-
niques is revealed in Newral Net-
works For RF And Microwave
Design, a text intended for RF and
microwave designers, researchers,
and graduate students. Artificial
neural networks (ANNSs) have been
used in a number of engineering dis-
ciplines, but only recently in
RF/microwave design. An ANN is an
information-processing system akin
to the human brain that learns from
observation and generalizes by
abstraction. It is an unconventional
alternative to modeling difficult
RF/microwave design problems with
computer-aided-design (CAD) soft-
ware. The authors claim that while
research papers on ANNs have
begun to appear in technical litera-
ture, theirs is the first book to
explain the technology from the
RF/microwave engineer’s perspec-
tive. Accordingly, the book begins
with an explanation of why neural
networks are important for high- fre-
quency design. Chapter 2 is an
overview of modeling and optimiza-
tion with an emphasis on the two
major aspects of any design—design-
in-the large and design-in-the small.

Chapter 3 describes the various
neural network structures (architec-
tures) that are candidates for RF/
microwave designs. The most com-
mon type is a feedforward configura-
tion known as multilayer per-
ceptrons (MLP). The key to
understanding and employing ANNs
begins in chapter 4 where the train-
ing of neural networks is described.
Training involves operations such as
data generation, range, distribution
of samples in the input-parameter
space, data scaling, and others. The
actual training process is one of opti-
mization, and various optimization
algorithms are described.

Chapter 5 includes a general discus-
sion of modeling procedures. It offers
several examples of the techniques
described in earlier chapters for the
development of CAD models of
RF/microwave components. The
examples are divided into three

groups. Group one is microstrip trans-
mission lines including vias and verti-

cal interconnects in multilayer circuits.

Group two deals with components used
in coplanar-waveguide (CPW) circuit
design, and group 3 discusses passive
components, such as spiral inductors,
microstrip patch antennas, and waveg-
uide filter components,

An important application of ANN—
high-speed integrated-circuit (IC)
interconnects used in digital circuits—
is the subject of chapter 6. This is a
detailed description of modeling and
signal-integrity analysis for a variety
of interconnect and transmission-line
configurations. Chapter 7 presents the
use of ANNs for modeling active com-
ponents, another critical application of
the technology. Direct modeling of a
device’s external behavior, such as DC,
small-signal, and nonlinear models;
large-signal simulations; and indirect
modeling through known equivalent
circuit models of a device are covered.

Chapter 8 describes the use of neu-
ral network models for analysis and
optimization of RF/microwave design.
Chapter 9 addresses the topic of
embedding knowledge in ANN models
and the use of prior knowledge in
reducing the training time of ANN
structures. Two methods used in the
training process are described. Enter-
ing the world of ANN can be somewhat
intimidating because the introduction
to topies such as modeling, optimiza-
tion, and neural network structures is
highly mathematical. However, the
authors are mindful of their original
claim for the book (i.e., making it a use-
ful tool for practicing engineers and
researchers). Thus, they try to illus-
trate many of the principles with
RF/microwave components that are
familiar to working designers. Includ-
ed with the book is a compact-disc
read-only memory (CD-ROM) contain-
ing the introductory version of Neuro-
Modeler, a program to aid designers in
developing neural network models of
active and passive high-frequency
components. It operates on Windows
NT4.0 and Windows 95/98. (2000, 369
pp., hardcover, $93.00, ISBN: 1-58053-
100-8). Artech House Publishers,
685 Canton St., Norwood, MA
02062; (800) 225-9977, FAX: (781)
769-6334, e-mail: artech@artech-
house.com, Internet: http//www.
artechhouse.com.
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More power equals
more freedom.

Introducing the SXT-289. A new
wideband GaAsHBT power amplifier.

Stanford Microdevices introduces the SXT-289 — the
perfect driver amplifier for today’s and tomorrow’s
advanced communication infrastructure equipment.

With power to spare, giving you freedom from
design constraints, this amplifier was designed and
manufactured using state-of-the-art Gallium Arsenide
heterojunction bipolar transistor (GaAs HBT)
process technology. These devices are ideal for use as a
driver stage for power amplifiers installed in cellular PCS
infrastructure equipment and conform to TDMA,
CDMA and PCS 1900 modulation standards. The SXT-289
operates from a single 5VDC supply and offers exceptional

linearity performance in a small form-factor plastic SOT-89
with backside ground.
For more information on the SXT-289 or any of our

other products, visit our website today and experience
RF Innovation from Stanford Microdevices.
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GMSK Modulator

Devise A GMSK Modulator
Using The Power

A low-power, low-parts-count modulator
Of DSP .. csitcommuns

for GSM communications can be
designed using digital-signal-
processing (DSP) principles.

IGITAL modulator design is evolving toward systems that have low-
er power consumption and simpler architectures. But digital modu-
lation usually includes complex operations that must be performed
by systems with high-order processing capabilities. Advances in dig-
ital signal processing (DSP) have produced integrated-circuit (IC) devices
with the necessary computation properties, high speed, low power, and
interfacing capability. These devices can perform numerous tasks while
reducing system-component count and power dissipation. As a result, DSP
ICs occupy an important position in telecommunications system design.
Each year, DSP developers announce new devices with improved capabili-

Dr. Gésar Benavente

Dpto. Ingenieria de Circuitos y
Sistemas, EUIT Telecomunicacion,
Universidad Politécnica de Madrid,
Ctra. Valencia km. 7, 28031 Madrid,
Spain; +34 913367830, FAX: +34
913367832, e-mail:

chpeces @euitt.upm.es.

ties—memory, speed, ports, tools, etc.—and lower power consumption.

Another important characteristic
desirable in modern communications
systems is flexible equipment. Flexi-
bility can be defined as the ability to
handle several communications stan-
dards, protocols, access techniques,

or other communica-

tion characteristics.

(GMSK), the foundations of which
will be developed in this article. This
modulation is a particular case of con-
tinuous-phase modulation (CPM).
These types of modulation are band-
width efficient and are employed in
several applications, such as Global
System for Mobile Communications

o Using programmable | (GSM) and Digital European Cord-
0.7 DSP ICs is one way to | less Telephone (DECT) standards.
obtain flexibility. A | Some IC developers have built specif-
061 programmable device = ic DSP-based codecs to perform the
can be reprogrammed = GSM standard. The price of these
0.5 for the performance devices is competitive due to their
characteristics neces- | extensive use in the high-volume
0.41 sary to meet a specific = communications market.
communications re-
0.3r quirement. For exam- GPM THEORY
ple, the modulation CPM is a type of digital modulation
0.21 type can be changed where the envelope of the signal
by changing the val- = remains constant. This property pro-
0.1 ues of data stored in | vides the modulation-bandwidth effi-
0 : : \ the DSP’s memory or = ciency. That is, for fixed bit rates, the
0 1 2 3 4| by reprogramming @ bandwidth of CPM is shorter than
a(t) the DSP itself. other modulation types such as
One of the popular quadrature phase-shift keying

1. The sharpener pulse [g(t)] required in GMSK
modaulation accounts for the phase variations in the

modulated signal.

digital-modulation
schemes is Gaussian
minimum-shift keying

(QPSK). This is because there are no
phase discontinuities in CPM.
A CPM signal can be expressed by
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DESIGN FEATURE

GMSK Modulator

1.0 1 =
0.9 //
q(t-nT) -
0.8 F
//
0.7} 0
(n-4)T nT (n+1)T (n+4)T
0.6 1
//
0.5 -
qlt=(n - 1)T] ”
0.4f £
0
0.3r (n-a)T nT (n+1)T (n+a)T
0.2F . =
//
0.1+ qlt—(n-2)T]
0 i 1 | +
0 2 3 4 0
q(t) (n-4)T nT (n+1)T (n+4)T
1
i
2. The sharpener pulse (Fig. 1) determines the /
characteristics of the q(t) function shown here, which is qlt—(n - 3)T] 7
responsible for the phase change between a transmitted —
bit and the one following it. 0
(n-4)1 nT (n+1)7T (n+4)T
. . . . 1
its general equation: with time (the 4
xX(t) = Acos(w, + ¢(1)) (1)  modulation term). i +
v v The constant h in | W ~1=4T —
where: Eq. 2 is the modu- —-
‘ A = the maximum amplitude the | lation index that m-a7 AT (T AT
signal can take, determines the

w = the carrier frequency in radi-
ans, and

¢(t) = the signal phase that
depends on the time. &(t) also
depends on the data to be transmit-
ted, and is given by:

(1) =7h Y a.q(t—kT)

k=—c0

nT<t<(n+1)T (2)

where:

q(t) = the function that sharpens
the phase-term &(t) variation with
time. Equation 1 could include an ini-
tial phase-term 6 so that the modulat-
ed signal may be expressed as:

x(t)= Acos(w,t+@(t)+60)  (3)

From a signal-analysis point of view,
it is advantageous to manage the ana-
lytic signal corresponding to Eq. 1 so
that the modulated signal can be
expressed by:

s(t)= Aexp[@,t+@(t)+6] (4)

In this expression, it is simple to
separate the terms corresponding to
the carrier frequency, the initial
phase, and the phase term varying

phase change be-
tween one trans-
mitted bit and the
next transmitted
bit.

The function ¢(t) may be obtained
as follows:

o) =m [ > ag-kTi (5)
Cek=—so

where:

0()="Y ag(t—KkT)
k=—co

corresponds to the bit-pulse
sequence sharpened by the function
g(t), that is the impulse response of
the sharpener filter. T is the bit peri-
od. Following the step above, the
functions g(t) and q(t) can be related

by the expression:

(6)

t
glt) = j g(t)dt (7)

Depending on the g(t)-function
characteristics, CPM has different

properties. Consider the general case
and that the function g(t) has the fol-

3. Phase changes [q(t - kT)] during the transmission
period of a bit are shown over the interval
nT<t<(n+1)T,L=4.

. lowing property:
#0 0<t<LT
g(t)= (8)
0 resto

That is, it is a finite-duration funec-
tion. The constant L is an integer and
indicates the number of bit periods
where the function meets g(t)=0.
Besides, consider g(t) as a symmetric
function with respect to LT/2, that is:

8(t)=g(LT —1) (9)

Conversely, to obtain suitable
phase variations in the modulated sig-
nal, it is required that (with the given
definitions):

80)=0 [gmair=1 (10

The properties of the function g(t)
determine the characteristics of the
function q(t). Given the condition in
Eq. 10:
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DESIGN FEATURE

GMSK Modulator

Cosine
table %i(t)
. Satlall'r'aled \ (modulo-128) r
aaiaa_1a_2 ity M dn
e ! \L/ Saturated \‘J
(modulo-4)  term Sine
tabte [ *alt
Y A
Partial-
response
term table

4. This DSP implementation of a look-up table for sine and cosine values is the
preferred way to generate phase-change information.

g(0)=0
g(LT) =1
(q(t)=1t > LT) (11)
Besides:
1-q(t)=q(LT)- g(t)=g(LT —1) (12

The function q(t) is that represent-
ed in Fig. 2.

Thus, solving Eqgs. 4 and 6, the val-
ue that the phase term ¢(t) takes
depends on all the bits that have been
transmitted where the function q(t)
does not drop to zero. Then, the value
of ¢t) over a certain time interval
nT<t <ts(n+1)T cannot be known
only from the bit transmitted during
that interval, but from what was
transmitted before, and that informa-
tion provides the signal phase before
transmitting the actual bit.

Consider that L =4 and it is desired
to know how the phase &(t) varies
over the time interval nT<t<(n+1)T,
i.e., during the transmission interval
of the bit a,,. In this case, the term &(t)
is composed of [and, more concretely,
the functions q(t-kT)] which are rep-
resented in Fig. 3).

In Fig. 3, it can be concluded that
the only functions that vary in the
interval nT<t<(n+1)T are:

q(t —nT)
q(t—(n—1)7T)
g(t—(n—2)7)

q(t—(n=3)T) (13)

[that in a general way corresponds
to the function q(t—-(n-L+1)T)]. The
rest of the functions of the form

q(t—(n-k)T) con k=4 (k=L in the gen-

eralization) take the unity value from
the instant t = nT, providing a con-
stant contribution from that instant.

In this way, the function &(t) may
be expressed as:

p=mh Y aq(t-kT)+g,

k=n—L+1

nT<t<(n+I1)T (14)
where:
n—-L
0=y q (15)
k=—co

Finally, the modulated signal is
given by the equation:

s(t) = exp(j(w,t + 0 + @(t) = exp

{ J{a)ot +0+7h Y aq(t- kT)]}

k=—co

=exp

n
W, +86+7h 2 aq(t—kT)+
. k=n-L+1
J n—L
h Z a
k=m—co

nT<t<(n+1)T (16)

[It must be taken into account that
the phase term d&(t) is measured as a
modulo-27 funetion and the possible
restrictions of the modulation index.]

GMSK AND DSP

GMSK modulation is a particular
case of CPM. The formulation is the
same as the general case for CPM
modulation. The difference between
particular cases is the sharpener-
pulse function. In GMSK modulation,

the sharpener pulse is a Gaussian
function as represented in Fig. 1.
Then, the integral of the Gaussian
pulse results in the function repre-
sented in Fig. 2, showing how the
phase varies with time.

A parameter that determines the
GMSK characteristics is the B x T
product, where B is the modulated
signal bandwidth and T is the bit
period. When developing a system
based on GMSK modulation, these
parameters must be determined to
fix the signal characteristics.

It must be taken into account that a
Gaussian function is an unlimited
function in time. That is, it takes
nonzero values from minus infinity to
infinity. These functions cannot be
managed in practical realizations and
the function must be truncated. As
indicated in the previous section, the
function g(t) is truncated to a dura-
tion of L bits and the function q(t)
saturates at a finite time instant.

Inthe present case, the parameters
are as follows: BT = 3, modulation
indexh=0.5and L = 3.

The power of a DSP can be exploit-
ed in different ways. The functions
that define the modulation can be
implemented directly. This is accom-
plished by saving the values of the
function q(t) into memory and per-
forming operations that include sine
and cosine calculations. But this is an
inefficient implementation.

A simpler way is to use lookup
tables. Since the in-phase and quadra-
ture components of the signal are sine
and cosine values of the phase func-
tion, discrete values of the sine and
cosine for arguments in the interval 0
to 27 can be stored in the DSP mem-
ory. All that remains is to obtain the
memory address of sine and cosine
functions for each argument (Fig. 4).

In Fig. 4, consider the case for L =
3. Values of the sine and cosine func-
tions are discrete—that is, the argu-
ment can only take a finite number of
values from 0 to 2. The values of the
functions have addresses correspond-
ing to the arguments of the transmit-
ted data sequence. The values of the
sine and cosine function will be
addressed depending on the data
sequence to be transmitted. The
operation of the system is as follows.

Two terms are well separated—a
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DESIGN FEATURE
GMSK Modulator

partial response term and a satu-

rated term. The saturated term is | i 32 1
composed of the phase caused by values

all the bits corresponding to val- | cOSINE_0 —_—
ues of the q(t) function that reach 32

the saturated value in the analysis values

interval. The phase change due to 148
saturated data for the modulation 32 i
parameters considered in this values -
development is /2. Then the only 128
possible values by which the satu- 32 - e
rated term can contribute to the values

signal phase are 0, w/2, m, and Y

3m/2. This is because the saturat- 32

ed bit adder is modulo-4—that is, values

the binary accumulation can take ¥
the values 0, 1, 2, or 3 correspond-

partial response and saturated
terms must be generated. During
a bit period the saturated term
remains constant and only the
partial response term varies.
This is the term that is responsi-
ble for the generation of the four
samples per bit period. The par-
tial response term table shown in
Fig. 4 is organized so that the
first address to generate the par-
tial response term during a bit
period is incremented in succes-
sive sampling instants at one
position, addressing the next val-
ue. Eight memory blocks corre-
sponding to the eight different

ing to the phases previously listed.

Due to the choice of L = 3, only 5. Sine and cosine values are stored in memory
to take advantage of the fact that the two
functions are the same, only 7/2 radians out of

the last three bits form part of the
partial response term. As the q(t)

function is well known and only phase.

eight different bit combinations

are possible, these values can be pre- |

stored into memory. Instead of stor-
ing these values, it is useful to store
the values that will address the cor-
responding phase change. This
involves an additional phase change
over that due to the saturated term.

The saturated term and the partial
response term are added in a modulo-
128 adder. This is because only 128
discrete values of the argument have
been considered. This covers the
phase range from 0 to 2m.

The addition of the address gener-
ated by the saturated term and that
generated by the partial response
term will produce the addressing of
the corresponding values of the
cosine and sine functions, that is, the
in-phase and quadrature components.

The organization of the cosine and

sine values stored in memory is
shown in Fig. 5. To avoid repeated
values of the cosine and sine func-
tions, the /2 radian’s phase relation-
ship between the two functions is
used. The memory is organized as 32
memory positions for each quadrant.
Beginning with the sine function as
the cosine function is delayed /2
radians, the values of this function
will be allocated 32 memory positions
below. Since the cosine and sine are
periodic with period 2-m radians the
values of both functions are organized
as circular buffers with a range of 128.

The modulated signal is generated

with four samples per bit period. This
means that during a bit period, the

DSP must generate four samples
each for the sine and cosine functions.
Before performing this operation, the

DAC Filter 0

Y

Modulated
signal
DSP I/a T
modulator
DAC Filter —-—-———j
In quadrature

6. The l and Q signals for GMSK modulation are generated from the digital
samples provided by the sine and cosine tables in the DSP. DACs and filters
are needed to convert the digital signals to analog form.

values can be generated with
three bits for the partial response
term. Each block contains the
four values that will generate the
four samples per bit period. Digi-
tal samples obtained from the
cosine and sine tables are outputted
from the DSP to digital-to-analog
converters (DACs) to obtain the ana-
log in-phase (I) and quadrature (Q)
components which, after filtering,
feed the I-Q modulator, as shown in
Fig. 6.

The precision of the DACs depends
on the system-quality requirements,
The quality of the I and the Q compo-
nents applied to the I-Q modulator
depends on the DAC precision, that
is, the number of bits with which sam-
ples are represented and the perfor-
mance of the reconstruction filter.
The quality of the signal can be iden-
tified with harmonics and noise sup-
pression. Harmonics are generated in
the digital-to-analog conversion pro-
cess and have to be suppressed. Noise
is generated by the finite precision of
DACs. The higher the precision of the
DAC, the lower the conversion noise.

Once fixed, the quality parameters
must be a compromised between the
DAC specifications and the recon-
struction filter requirements. If the
choice is a low-precision DAC, a high-
order filter must be constructed to
meet the specifications. A high-preci-
sion DAC does not require a high-
order filter. But a high-precision
DAC is expensive. On the other hand,
high-order filters are complex and
have many components. An 8h DAC
and a second-order lowpass filter can
be employed with good results. ee
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Gain Measurements

Measure Gain Of Power
RF/Microwave
- A : ] .
TYANSISIOLS 7.ers s s wm deviee.
charvacteristics can help designers get the
most from RE/microwave transistors.

Oleksandr Gorbachov AIN measurements of high-power transistors are strongly affected
Manager by losses at microwave frequencies, where the real portion of the
Gatax Technology Co., Taipei, matching impedance is very small. Microwave tuners play a crucial
Taiwan, ROC; FAX: +886-2- role in gain measurements, even for the very low losses attributed to
87920768, e-mail: matching lines. Moreover, the results of these measurements depend on the
alex_gor40@hotmail.com or character of the losses (lumped or distributed) inside the transistors. This
alexgord0@vyahoo.co.uk article presents an analysis of a gain-test circuit, including losses in the

matching lines. It presents test results for different power metal-semicon-
ductor field-effect transistors (MESFETSs) to validate the analysis. The
results are applicable to metal-oxide-semiconductor field-effect transis-
tors (MOSFETSs), high-electron-mobility transistors (HEMTSs), heterojunc-
tion bipolar transistors (HBTs), and other types of microwave power tran-
sistors. The results can also help engineers choose the right test circuit to
achieve the best parameter values. This can be especially important for
high-volume production lines.

Coaxial cables, microstrip lines, ;. rectly choose the best line? The loss-
and other transmission lines all have = esin homogeneous transmission lines
inherent losses. But what is the | between a well-matched line genera-
impact of these losses on the parame- | tor and a reflective load are defined
ters measured, and how does one cor- | as:?
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1. This graph shows the total losses in a line containing standing waves (a) while the other graph shows the resuilting
VSWR through the line (b).
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1 2

0.3dB
—> Ry=0.50
1 2

2. These two circuits have the same
line VSWR but different useful load
resistance.

I-1T, P P

L = IOlogm

|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
(), = the load’s reflection coefficient.

The value L, = e®' represents the
generalized loss for a line with trav-
eling-wave conditions, and Eq. 1a
shows the contribution of standing
waves to the total losses. Figure 1a
represents total calculated losses,

which depend on the VSWR:
I
VSWR, = =T, | (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 very high VSWR at one
reference point within the line.
Observing it through a short, low-
loss, transmission-line-like connector
or test fixture, one sees a much lower
VSWR (Fig. 1b).

Using a circuit with lumped and
distributed elements, two important
questions emerge: where is the mar-
gin between these two types of ele-
ments, and how do they influence the
test results? For example, consider
two sets of 50-Q) lines that have dif-
ferent losses (Figs. 2a and b). Each
set of lines has a lumped, 0.5-() resis-
tor (R,) connected as a load. In addi-

tion, the set of 50
lines in Fig. 2b
contains a series,

@

0.5-Q resistor 40

(Ry). Looking
from ports 1-1, the

VSWR in both | 30
cases is approxi-
mately 30:1. For

VSWRg

—& =
. Z’__’/‘/_:_‘%’nnn via
— X

the circuit in Fig. 20

2a, the total loss
from ports 1-1 to

theload (R,)isL = L
14.07 + 6.49 =
20.56 dB. For the 0

circuit in Fig. 2b, 0
L=1114 + 1.98 +
3.0 = 16.12 dB.

N

4 6 § 10 12
In——mm

The losses in the
circuit in Fig. 2b
are diminished
because the elements are lumped. To
distinguish between distributed loss-
es and lumped losses, one must con-
sider the physical characteristics of
the components in each case.

TESTING TRANSISTORS

Consider a series of L- and C-band,
GaAs power MESFETSs produced by
Hexawave, Inc.>* The devices have
gate lengths ranging from 1 to 20
mm, and they are composed of identi-
cal unit cells connected in parallel.
The device with a 1-mm gate length
has an active input resistance of
approximately 5.0 2, so one can
assume that its parameters will not
be influenced by the matching-line
losses during measurements. One
can also assume that the 10-mm-
gate-length device will have an
active resistance of only 0.50 (), and
the active resistance of the 20-mm-
gate-length device should be 0.25 ().
But measurements of the S-parame-
ters for different lots and package
structures produce entirely different

3. This graph shows the FET’s theoretical and measured
VSWR attributed to the gate resistance.

results. Figure 3 shows the measured
VSWR, versus 1, data for devices
with 0.7- and 1.0-pm gate widths.
VSWR, is attributed solely to the
active gate resistance. The straight,
solid line shows the theoretical val-
ues for a chip. Losses inside the
package play a significant role with
increasing gate length. If one repre-
sents these losses in lumped form,
the probable decrease in a FET’s
power gain is presented in Fig. 5. If
one considers the losses in distribut-
ed form, their contributions are rep-
resented by the dashed lines in Fig.
1b. Having some preliminary test
data and knowing, in principle, what
devices are measured and the
expected results, the goal is to find
out how to provide correct measure-
ments. Figure 4 shows a standard
gain-test schematic for components
with moderate inherent losses oper-
ating at mobile communication fre-
quencies. In this circuit, one can cali-
brate the power transmission
passing through the first directional

Power meter

A

Q

Test fixture
— | Biastee [ Tuner J_
0.5dB 0.2dB 0.2dB DUT
0.1dB

4. This block diagram shows a standard gain-test setup.
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coupler to the transistor’s gate lead
using a 50-Q load. But if improper
matching causes standing waves in a
line between the circulator and the
device under test (DUT), the results
are unknown. In fact, using a correct-
ly calibrated vector analyzer instead
of a power meter might make mat-
ters worse. The analyzer does not
“know” what kind of losses are inside
the transistor package.

Figure 5 assumes the losses are
distributed, and shows the total addi-
tional unknown losses in the line due
to standing waves (between the cir-
culator and the DUT) for the ideal-
ized transistors previously men-
tioned at different tuner VSWR
conditions and at several initial line-
loss values. The VSWR values are
presented at the tuner-stub refer-
ence plane for the initial loss of a
tuner having L, = 0.1 dB. This is
more realistic, considering some
additional losses when characterizing
tuners. One can see that since the
tuner’s 50- output impedance does
not match the gate resistance—the
result is a sharp growth of total loss-
es with increasing gate length, espe-

cially for fairly low values of tuner |

VSWR. Furthermore, it can be seen
that the initial losses contribute sig-
nificantly to the total loss. If one does
not take these circumstances into
account, the high power gain of a
DUT can be lost. The lower the initial
loss value and the higher the achiev-
able tuner VSWR are, the lower the
loss is. Even if the reflected power is
measured, the situation is analogous
for the reflected wave. The further
the directional coupler is located
from the DUT, the lower the mea-
sured reflected power is. Moreover,
its value depends on the phase distri-
bution in the line with the standing
wave. This yields contradictory
requirements—to decrease the loss
indefinitely, it is necessary to move
the directional coupler as far as pos-
sible from the DUT and increase the
initial-loss value.

Consider the real parameters mea-
sured in Fig. 3, and assume that all
transistor losses are lumped. The
useful resistance is defined by the
straight solid line, and the total resis-
tance is defined by the straight
dashed line. In this case, the results

presented in Fig. 6 are analogous to
those in Fig. 5. If one disregards the
location of the useful load, the result
will be as shown by the dashed lines
in Fig. 6. These results can neither
explain the features of the real
device, nor can they predict its
behavior by changing some parame-
ters of a circuit. Comparing Figs. 5
and 6, one can see quite different val-
ues and shapes of the curves. For
Fig. 6, some saturation effect of the
losses is observed with increasing
gate length and tuner VSWR. The
contribution of an initial line loss to
the total loss is lower, owing to the
lower VSWR value in the whole sys-
tem. That, again, significantly
reduces the indefinite reflected
power measured.

Analyzing the RF measurement
data of many transistor lots and com-
paring gain figures at a maximal P
1aB Power, it was found that for via-
hole chip structures, the total FET
losses may be represented in dis-
tributed form. Figure 5 shows the
average measurement results at 2.4
GHz for packaged and unpackaged
(chip) transistors. Chip losses are

g 20(1 ; |
(15) Lg=1.008
7 1
6 Lg=1.0dB 6
40 (25) ] VswRy
5 5 ; =40 (25)
-]
T 0.1dB
iy 4 0
3 _160(33) 20 (15)
: “| VSWRg
= 80 (40)
1
0 0 .
T T T
G 4 A TR T
lg—mm lg—mm

5. This graph shows the theoretical and experimental FET
losses due to the distributed character of its initial losses.

6. This graph shows the theoretical and experimental FET
losses due to the lumped character of its initial losses.
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higher due to additional test-fixture
losses. For non-via chip structures
with gate lengths to 10 mm, the total
FET losses can be represented in
lumped form (Fig. 6). But for longer
gate widths, the distributed charac-
ter of the losses begins to have more
influence on the total loss value.

An experiment conducted on a 10-
mm-gate-length, non-via-structure
packaged FET driven at 1.9 GHz
shows that extending the achievable
VSWR value from 20 to 30 increases
the gain value from 1.0 to 1.5 dB, and
an increase in power-added efficien-
cy (PAE) from 7 to 10 percent, over
drain-bias voltages from +3.5 to +10
VDC. Increasing the VSWR to 40
provides a 0.5-dB increase in gain at
only +3.5 VDC. These results are
consistent with the physical proper-
ties of the device and they are com-
parable with the results in Fig. 6.

For all FET structures, one must
choose tuners with the highest possi-
ble VSWR and the least initial whole-

Gain Measurements

line losses, especially for via-hole
structures and long gate widths. Oth-
erwise, one can expect much lower
gain and PAE values, which may be
crucial for high-volume production
lines and for characterizing newly
developed devices. It should be noted
that commercially available tuners
do not satisfy the measurement accu-
racy required for devices with gate
lengths of 10 mm or larger and for
via-hole structures diminishing real
gain figures. In these cases, FET-
chip manufacturers should provide
the internal matching of packaged
devices and additional low-loss trans-
formation characterization. Design-
ers can get the most from an active
device by taking its physical proper-
ties into account. Recently, Focus
Microwaves introduced its new two-
stub prematching tuner and low-loss
test fixture that can extend the tun-
ing range significantly.®

Within a FET’s normal operating
mode, standing waves at its output

port are not a problem. Therefore,
this article does not discuss power
measurements. The improvement in
power measurement achieved in ref,
5 can be attributed entirely to
advanced matching—not to standing
waves.

The questions discussed here can
partially explain why many manufac-
turers—using approximately the
same technology—provide different
gain figures but practically equal
power figures for their power tran-
sistors. Furthermore, using an evalu-
ation board instead of a standard test
circuit often results in increased gain
values. ee
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Power Devices Stake
Their Territories

Solid-state and vacuum-electronics devices may
represent dvastically diffevent technologies, but they
do compete for some amplifier applications.

Barry Manz
President
Manz Communications, 350 Main Rd., Montville, NJ 07045-9730; (973) 316-
0999, e-mail: manzcom@erols.com.
EVICES that are used to generate RF power—transistors and vac-
uum-electronics devices or tubes—are truly the odd couple of mi-
crowave technologies. They could not be more different technologi-
cally or in the power levels they attain, yet they exist together to
achieve the same goal—to produce clean output-power levels for a variety

of applications.

Manufacturers of solid-state am-
plifiers, the reigning champions at
low power levels and frequencies in
the lower microwave region, are
faced with the fundamental chal-
lenge of the commercial wireless
marketplace—reducing cost to lower
levels every year. At the other end of
the power-generation spectrum, vac-
uum-tube manufacturers strive to
generate higher power levels at
higher frequencies with greater effi-
ciency for a wide array of customers
in satellite communications, medical,
scientific, radar, electronic warfare
(EW), and even industrial markets.

In the microwave industry, which
for most of its existence has focused
on delivering heretofore unachiev-
able levels of performance for
aerospace and defense systems with
cost as a secondary issue, designers
of solid-state amplifiers for wireless
base stations face an entirely new set
of rules. Those rules are dictated by
the increasingly complex modulation
schemes used in digital communica-
tions systems and the need for their
customers to deliver base stations at
lower cost every year.

Unlike defense customers, which

have traditionally placed a premium
on performance, wireless infrastruc-
ture manufacturers take for granted
that amplifier manufacturers will
achieve the low distortion and clean
power production dictated by inter-
national standards. Performance be-
yond this, unless truly exemplary
and providing some tangible cost
savings to the system builder and ul-
timately the service provider, is not
something they are willing to pay for.
“It’s not ‘give us the best you can,’
it’s ‘make it as inexpensive as you
can,” says Murat Eron, director of
engineering at Microwave Power
Devices (Hauppauge, NY).

David Tai, president of CTT
(Santa Clara, CA), tempers this ar-
gument slightly, but agrees in gen-
eral. “Price is certainly the number
one issue, because system prices
drop 15 to 20 percent per year. But
everyone uses more or less the same
technology (to build wireless ampli-
fiers), and systems companies tend to
stay with the original vendor. So the
key issues are to be part of the pro-
ject from the beginning and to place a
premium on servicing the customer
and making sure your return rate is

very low.”

The trend toward increased wire-
less network capacity, more complex
modulation schemes, and incorpora-
tion of data with voice is likely to
keep solid-state amplifier designers
busy for many years. The single-car-
rier-per-channel amplifiers of the
past are rapidly being replaced with
multicarrier designs that integrate
the amplifier, power combiner, and a
filter into a single enclosure. As an
example, model G3S-1900-80 is a
multicarrier modular power ampli-
fier (PA) developed by Powerwave
Technologies (Irvine, CA) which can
provide up to 300-W power from 1930
to 1990 MHz in a four-module rack.
Similarly, model LPA 890 is a multi-
carrier amplifier module from HC
Electronics (Allendale, NJ) with
90-W output power from 869 to 894
MHz (see Wireless Systems Design,
August 2000, p. 52). Up to four of the
LPA 890 modules can be combined to
yield 330-W output power.

In additon, Paradigm Wireless
Communications (Irvine, CA) offers
the MAF-S series of multicarrier
PAs with feedforward linearization.
Other suppliers of multicarrier PAs
include Advanced Control Compo-
nents (Eatontown, NJ) and Spec-
trian Corp. (Sunnyvale, CA).

These complex subsystems gener-
ally rely on laterally diffused metal-
oxide-semiconductor field-effect
transistors (LDMOS FETs) at fre-
quencies to approximately 2.3 GHz,
and gallium-arsenide (GaAs) FETs
beyond. Bipolar transistors, which
have powered wireless communica-
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tions systems for decades, are slowly
fading to the background as LDMOS
technology advances in power output
and overall performance.

Peak-to-average signal ratio is
high in digitally modulated systems
and as a result, amplifier designers
must go to great lengths to accommo-
date the occasional high-power peak.
“You're adding a lot of silicon just to
capture peaks without clipping that
occur only 1 percent of the time,”
says MPD’s Eron. “The amplifiers
are also biased Class AB, which
means they generate a lot of heat,
and when you put all of these devices
together, mechanical and thermal
considerations become extremely
important.”

BEYOND CELLULAR
Although most of the attention
(and money) for amplifier manufac-
turers comes from wireless commu-
nications applications, waiting in the
wings are other applications that
have enormous potential. First on

the list is usually wireless links for
satisfying the “last mile” problem of
obtaining high-speed Internet access
or telephone service to residential
customers. In some countries where
wired telephone service is spotty or
nonexistent, wireless solutions pro-
vide compelling alternatives to
stringing thousands of miles of cop-
per (Cu) wire, many times over
rugged terrain, in hostile climates.
An offshoot of this concept, currently
offered in several US cities by AT&T
and Sprint, uses this technology to
deliver relatively high-speed broad-
band Internet access to homes, in
direct competition with digital
subsecriber lines (DSL) and cable
modems.

The amplifiers powering the resi-
dential units can have low power out-
put, while the communications hubs
(one of which might serve all cus-
tomers on a street, for example), re-
quire higher power levels. The fre-
quencies chosen for this service are
often unlicensed bands in the spee-

tral region of approximately 2.3 GHz,
with an accompanying band at 5.8
GHz. Amplifier designers employ
GaAs FETs at the higher frequen-
cies, since the performance of silicon
(8i) devices fades at these frequen-
cies and beyond.

Beyond this application lurks the
first true commercial consumer
application at millimeter wave-
lengths—local multipoint-distribu-
tion service (LMDS). This service
has been heralded as the next com-
petitor to optical fiber, since the
bandwidth available is immense, and
is able to support data rates an order
of magnitude higher than available
with Cu-based solutions.

However, LMDS continues to be
slow in gaining acceptance, thanks to
the combined effect of market, regu-
latory, and technological pressures.
Creating a millimeter-wave trans-
ceiver and baseband-processing sys-
tem for consumer applications at 28
to 30 GHz, at a reasonable price, is a
challenge that will only be met when
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Power Devices

volumes of LMDS systems reach an appreciable level. To
get there, service providers will likely have to subsidize
equipment cost initially in order to sign up the early
adopters. Whether or not LMDS gains wide acceptance
after that is a question that manufacturers, service
providers, and investors ask. CTT has been delivering an
amplifier for LMDS hubs that delivers approximately 4
W of pulsed power using monolithic microwave inte-
grated circuits (MMICs). However, even CTT’s Tai ad-
mits that LMDS activity has been slow.

In addition to communications applications, broadband
solid-state amplifiers are also routinely used in measure-
ment applications, such as for electromagnetic-compati-
bility (EMC) testing. Firms such as Amplifier Research
(Souderton, PA), Instruments For Industry (Ron-
konkoma, NY), Kalmus (Bothell, WA), and LCF Enter-
prises (Post Falls, ID) offer solid-state amplifiers that are
capable of wideband coverage through 1 GHz with power
levels exceeding 1000 W. Most of these companies also of-
fer tube-based amplifiers for applications requiring
power levels of greater than 2 kW.

Together, the opportunities for solid-state amplifier
manufacturers are keeping production lines running at
full tilt, and have generated concerns about parts short-
ages of resistors and capacitors that are holding back de-
liveries. The amplifiers required for coming 2.5G wireless
systems and the third-generation (3G) systems to follow,
will soon add to this backlog.

REAL POWER

The public perception of vacuum tubes is not helped
when the nation’s vice president uses a glass receiving
tube as a prop in his pronouncement about what is wrong
with the nation’s aging air-traffic-control radars. Of
course, Al Gore was actually holding a 12A U7 rectifier
tube and was standing next to one of the first solid-state
radar displays to include altitude and other information
on the scan display. Other than that tube, the only other
vacuum tube in the radar was the CRT itself.

Nevertheless, to people under the age of 40 or S0, vac-
uum tubes are relics of an era gone by, an opinion sup-
ported by the fact that consumer products have not used
them for decades. However, to anyone with a need to
generate a high level of RF power at high frequencies,
vacuum tubes are, as they have been for decades, the only
technological choice.

As Robert Symons, technical director at the Litton
Electron Devices Div. (San Carlos, CA) puts it, “Semi-
conductors are marvelous for low-power signal process-
ing and logic functions, where tubes cannot compete at
all. However, in the power business, where the size of the
amplifier is determined by how much power you can get
rid of with a particular type of coolant, what the operat-
ing temperature and efficiency of the thing is, tubes are
still smaller, lighter, and more cost-effective.” Symons
has been designing high-power microwave tubes for
more than 40 years, and invented the clustered-cavity
klystron.

This is not to say that power transistors have not en-
croached on markets that were the exclusive domain of
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vacuum tubes. They are actually
eroding some traditional tube mar-
kets at lower frequencies and power
levels. “The AM radio market used to
be tubes alone,” says Bart Petrini,
president of Communications and
Power Industries (CPI) [Palo Alto,
CA], “but now it’s almost all solid-
state to about 15 kW.” CP1 is the suc-
cessor to the Electron Device Busi-
ness of Varian Associates, and
includes the Eimac division. CPI
manufactures helix traveling-wave
tubes (TWTs), klystrons, gyrotrons,
coupled-cavity TWTs, and high-
power transmitters (Txs) for satel-
lite earth stations, medical, scientific,
terrestrial communications, defense,
and broadcast markets.

Solid-state Txs account for ap-
proximately 20 percent of the broad-
cast market (by number of cus-
tomers). Powered almost exclusively
by LDMOS FETs, these amplifiers
deliver on the semiconductor’s
promise of high reliability, although
at a higher initial cost. The potential
10X improvement in longevity of
solid-state amplifiers continues to
make them appealing choices in
many markets. The level of encroach-
ment depends largely on four fac-
tors—output power, efficiency, heat
generation, and heat dissipation.

As broadcasters cautiously em-
brace high-definition television
(HDTV) between now and 2006
(when all broadcasters must offer
this technology), more tube-based
PAs will be employed to serve this
wideband, high-power application.
Specifically, klystrons that deliver
between 30 and 120 kW will be the
power generator of choice. In this ap-
plication, the tube is still king, and
probably will remain enthroned for
the foreseeable future.

One of the most talked-about new
entertainment delivery services—
satellite-radio broadcasting—is de-
ploying repeaters throughout the US
that use either transistor or klystron
amplifiers, depending on the power
output required. The satellite-to-car-
radio digital-audio-broadcasting
market consists of XM Satellite Ra-
dio championed by General Motors,
and Sirius Satellite Radio (formerly
CD Radio) championed by Ford and
Daimler Chrysler. Each plans to of-

fer 100 channels of compact-dise
(CD)-quality programming beamed
by high-power (TWT-based) satellite
transponders direct to vehicles
equipped with amplitude-modula-
tion/frequency-modulation/signal-
audio-tone (AM/FM/SAT) radios, at
a monthly rate of $9.95. Manufactur-
ers of transistor and tube amplifiers
are shipping subsystems in large
numbers for competitors to serve the
repeaters required to fill in coverage
gaps. These services will be opera-
tional in 2001, with Sirius expected to
debut first.

Even in the wireless industry,
where the primary technology
drivers are smaller, lighter, and less
expensive, base-station designers
are eyeing ‘mini-TWT’ amplifiers as
alternatives to solid-state designs.
The appeal is the tube’s inherent
ability to handle the high peak-to-av-
erage power ratios of complex modu-
lation schemes, and its small size
when compared to conventional
tubes. So while solid-state Txs rule
the base-station market and will con-
tinue to do so, there may be room for
TWTs in certain applications.

The defense community which,
along with the broadcast industry,
has always been an enormous con-
sumer of vacuum tubes (there are
more than 800 on each Navy Aegis
cruiser), continues to buy them in
large numbers for radar and EW sys-
tems. The market for “spares” alone
is estimated to be approximately
$100 million annually. The millime-
ter-wave region, which is out of the
range of semiconductors at more
than tiny power levels, is generating
increasing revenues for tube manu-
facturers as well. Since, for example,
every new radar or battlefield com-
munications system operating at 77
GHz will later produce a need for cor-
responding EW systems at this fre-
quency, the prospects are good for
manufacturers of the tubes that
power them.

Solid-state phased-array radars
were big news in the microwave in-
dustry, since the many transmit/re-
ceive (T/R) modules they employ
hold the promise of electronic-beam
steering. The power dissipation re-
quired by solid-state radars with
thousands of T/R modules, and the

corresponding reliability questions,
are controversial points within De-
partment of Defense (DoD) budget
discussions, and one that tube manu-
facturers have used as an argument
for using their technology.

UNLIKELY PLACES

In a world that hardly recognizes
their existence, tube manufacturers
are continually looking for new mar-
kets where their particular strengths
are well-suited. In most cases, the
perception they face is the one fos-
tered by Gore and others who use
vacuum tubes as examples of “the
early days of radio.”

“T’ve been at CPI for 11 months,”
says Petrini. “My background is in
tube manufacturing, but I was out of
the manufacturing area for quite
awhile. When I returned, I was
amazed at the yields that can be
achieved in tube manufacturing to-
day. A lot has been learned from
traveling-wave-tube development
for the satellite-communications in-
dustry. Transponders in space have
to last 15 years, and techniques em-
ployed in tubes for market have
spilled over to other areas as well.”

John Beighley, acting president of
CPI’s satellite-communications divi-
sion, notes that vacuum-tube applica-
tions are more widespread than most
people know. “In February, the FDA
approved irradiation of meat (in re-
sponse to public outery over the e.
coli virus and other outbreaks). Man-
ufacturers are now rushing to de-
velop systems that can irradiate mil-
lions of pounds of meat per year.
Klystrons are one of the top choices
for generating the power required in
these systems. They need to gener-
ate lots of power, so that hamburger
patties can be stacked six high on a
conveyer and still be treated.”

Beighley cites a host of other ex-
amples as well, from sterilizing medi-
cal waste, to cooking dog food, to
generating plasmas in ion implanters
for semiconductor processing, as well
as curing laminated wood beams.
“We're even working with a brewer
that is interested in heating their
beer with microwave energy,” says
Beighley, “since there is evidence to
show that beer heated in this way is
of better quality and has a longer
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shelf life than with conventional
methods.”

The travel industry is also a mar-
ket, since huge cruise ships must
store enough food to feed 1000 people
for more than a week. To do this, the
food is kept frozen, and rapidly de-
frosted when needed. Large indus-
trial ovens, powered by 60-to-75-kW
magnetrons, allow the food to be de-
frosted between meals. Also, the
medical community is increasingly
using high-power tube amplifiers for
linear accelerators that are used to
treat cancer.

NEW TUBES

Even though tubes reign supreme
in the broadcast industry, the quest
for greater efficiency remains con-
stant because a major increase can
save broadcasters tens of thousands
of dollars in energy costs, effectively
obsolescing competitive tubes.

Two tube developments exemplify
the trend to extract more perfor-
mance from technologies that have

been in existence for decades. The
first is the constant efficiency ampli-
fier (CEA), developed by the Litton
Electron Devices Div. (San Carlos,
CA). The CEA is essentially an in-
ductive output tube (IOT) with a
multistage depressed collector
(MSDO).

The unusual combination of these
techniques (for which Litton has
been granted patents), allows effi-
ciency to reach 60 percent at 25-per-
cent-rated output power with 70 per-
cent or more at full output. The CEA
can serve commercial broadcasting
of NTSC or 8-VSB advanced-televi-
sion (ATV) signals, reducing power-
supply requirements by 50 percent.
Litton believes that by simply em-
ploying this device, US TV broad-
casters will collectively save approx-
imately $25 million per year.

Another advance comes from CPI,
the developer of the extended inter-
action klystron (EIK), which can de-
liver continuous-wave (CW) power of
1.5 kW at 30 GHz, 100 W at 95 GHz,

30 W at 140 GHz, and pulsed peak
power of 3 kW from 30 to 95 GHz and
400 W at 140 GHz. The device hasa 1-
dB instantaneous bandwidth of up to
4 percent which, for example, has
produced 100 W at 30 GHz with a
bandwidth of 2.4 GHz.

Vacuum-electronics and semicon-
ductor technologies are, for the most
part, exclusive in the applications
they serve. Vacuum tubes can gener-
ate megawatts of RF power at high
frequencies, and there are no com-
petitive technologies. For this rea-
son, tube manufacturers can com-
fortably expect to remain in this
position for years, perhaps decades,
to come.

However, while vacuum-device
manufacturers are working in the
corners of the microwave industry to
serve markets where there are few
competitors, manufacturers of solid-
state RF PAs fight a daily battle of
cost cutting and accommodating in-
creasingly complex waveforms in or-
der to stay competitive. e
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‘Understand
phase-noise
needs of digital
‘radios

Applying
feedforward
amplification
techniques

Digital-modulation schemes such as quadrature amplitude modulation (QAM) allow
relatively narrowband digital microwave radios to support high-speed data transmis-
sions to 155 Mb/s. The design of such radios is often a careful trade-off between the
performance of the demodulator and the levels of phase noise in the local oscillator
(LO). Fortunately, an application note from Communications Techniques, Inc. (Whip-
pany, NJ), “Source and Synthesizer Phase Noise Requirements for QAM Radio Ap-
plications,” explains what levels of phase noise are needed for a particular radio-link
budget and expected bit-error rate (BER).

Written by William Reuter, Senior Design Engineer with the company’s Synthe-
sizer Group, the application note includes a block diagram of a typical QAM radio link
using dual conversion for the receiver (Rx) and transmitter (Tx). The LOs in the final
upconversion and the first downconversion stages are the largest contributors to
phase noise since they are at the highest operating frequencies. The note also offers a
set of curves for BER as a function of signal-to-noise ratio (SNR), where a BER of 10~°
is used as the typical threshold for data transmitted on microwave links.

The comprehensive application note reviews residual SNR and its effects on the
fade margin and the influence of the carrier-recovery phase-locked loop (PLL) on ra-
dio performance. It offers guidelines on making carrier-recovery PLL phase-noise-
suppression measurements on a QAM system, and illustrates how to characterize the
integrated LO phase noise. The note includes a step-by-step procedure for selecting
and specifying phase-locked dielectric-resonator oscillators (PDROs) or frequency
synthesizers for QAM systems based on a given set of performance specifications. The
16-page application note can be downloaded free of charge from the company’s web-
site. Communications Techniques, Inc., 9 Whippany Rd., Whippany, NJ
07981; (973) 884-2580, FAX: (973) 887-6245, e-mail: sales@cti-inc.com, In-
ternet: http:/www.cti-inc.com.
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Single-carrier amplifiers are being replaced in some cellular and personal-commu-
nications-services (PCS) base stations by multicarrier amplifiers capable of providing
the gain and power boosts required by these complex signals without significant dis-
tortion. In such architectures, the low-level outputs of multiple radio channels are
summed through a power combiner. The higher-level single output of the power com-
biner is then fed to a multicarrier combiner and filtered prior to transmission through
the base-station antenna. A two-page application note from MPD Technologies, Inc.
(Hauppauge, NY) explains how feedforward amplifiers can be used in these multicar-
rier applications to provide the required output-power levels without adding signifi-
cant intermodulation distortion (IMD).

The note, “Benefits of Multi-Carrier Feed Forward Amplifiers,” introduces the con-
cept of feedforward power amplifiers (PAs) and describes how these amplifiers are
characterized with a spectrum analyzer for IMD, using multitone test signals. The use
of feedforward requires the separation of signal-distortion terms from the desired sig-
nal (which can be performed by canceling the carrier signal and then rotating the IMD
spectrum 180 deg. in phase; an auxiliary error amplifier is used to produce a canceling
signal. The canceling signal is then injected 180 deg. out of phase at the output of the
PA in order to cancel the distortion terms. :

The application note provides a basic block diagram for a feedforward amplifier sys-
tem. It reviews the many benefits of using a feedforward amplifier for multicarrier
base-station applications, including the ability to handle mixed-mode applications,
such as Advanced Mobile Phone Service (AMPS) and code-division-multiple-access
(CDMA) signals, lower output losses due to the removal of filters and power combin-
ers, and smaller total equipment size due to the capability of a single amplifier to pro-
cess multiple carriers, in contrast to one amplifier per carrier. Copies of the applica-
tion note can be downloaded for free from the company’s website. MPD
Technologies, Inc., subsidiary of Microwave Power Devices, Inc., 49 Wire-
less Blvd., Hauppauge, NY 11788; (516) 231-1400, FAX: (516) 434-1725, e-
mail: sales@mpd.com, Internet: http://www.mpd.com.
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Spectrum Analyzers Tune To New
Levels 0f Test Performance

Tlris line of pervformance spectvum analyzers makes the most of

digital IF filteving and a dual-PLL schewme in ovder to increase
measuvement speed and accuracy at micvowave frequencies.

JACK BROWNE
Publisher/Editor

PECTRUM analysis is one of the fundamental test methods at higher fre-
quencies. For many years, the HP 8566 spectrum analyzer from Hewlett-
Packard Co. (Palo Alto, CA) was the reference standard for all other ana-
lyzers in terms of measurement power and accuracy. But as
Hewlett-Packard’s former instrumentation and medical lines have been trans-
formed into Agilent Technologies, spectrum analysis will be transformed, with
the introduction of the performance spectrum analyzer (PSA) series of instru-
ments. 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 stan-
dards for measurement speed, accuracy, and dynamic range at a competitive cost.

The E4440A (Fig. 1) carries an impressive list of
credentials, including sweep speeds of 1 ms, sensi-
tivity of —153 dBm, logarithmic linearity of 0.1 dB
across a 100-dB dynamic range, one distortion-free
dynamie range of 113 dB, and absolute amplitude
accuracy of =0.35 dB. Across a frequency range of
26.5 GHz, microwave engineers now truly have an
open window to a wide range of continuous and
intermittent signals.

With respect to the HP 8566A/B analyzers, the
E4440A is an entirely new platform, built for mod-
ern applications. The

a reduced-instruction-set-computer (RISC) micro-
controller, takes advantage of advances in micro-
processor technology for enhanced processing
speed and accuracy.

It also leverages digital-signal-processing (DSP)
technology extensively. The E4440A, for example,
features unprecedented 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. In the past, resolution-bandwidth filters to
approximately 1 kHz were the standard. But with

the E4440A spectrum

complex intermediate- |
frequency (IF) circuitry |
found in the 8566A/B |
instruments has been
reduced to a single inte-
grated circuit (IC). And |
what required eight cir- = ..
cuit boards in signal-pro- = -
cessing electronics in
the 8566 has been
condensed to a single
circuit board in the
E4440A. The new ana-
lyzer, which is based on

processing (DSP).

1. The 3-Hz-t0-26.5-GHz model E4440A is the first
member in a new line of performance spectrum
analyzers (PSAs) based on extensive digital signal

o analyzer, all of the reso-

- lution-bandwidth filters
. are digital, contributing
to the absolute ampli-
tude accuracy and mea-
surement speed. By
implementing the filters
. with DSP, it is possible
' to achieve near-ideal
shape factors (the ratio
of the 3-to-60-dB band-
width). Traditional
analog resolution-
bandwidth filters

MICROWAVES & RF « NOVEMBER 2000

197







IS HERE.

g, | RN e

Meet the bold new face of Philips
Semiconductors. We call it Team Blue.
Why? Just as tones, tints and shades
vary the richness of blue, our people,
systems and technologies blend
perfectly to deliver like no one else.
From consumer electronics and
wireless communication to computing,
industrial, automotive systems and
networking, Philips leads the way.
Providing processing power to make
the technology of the future a reality
today. For instance, in interactive
TV, we created the first software
upgradable system—the Nexperia
Home Entertainment Engine. And the
leader in enabling Bluetooth™ solutions
for smart appliances? Us again. With an
unparalleled IP portfolio, we offer
platform-based interconnectivity,
media-processing and networking
solutions vital for convergence,
ensuring your systems work together
seamlessly. And proving why now,
more than ever, great ideas come out

of the blue.

www.semiconductors.philips.com
www.semiconductors.philips.com/career

PHILIPS
Leté make things beitu




'VER FEATURE

exhibit shape factors to 12:1.
The digital filters in the
E4440A boast nominal selec-
tivity of better than 4.1:1.
Due to this improved filter
performance, operators can |
often use wider resolution-
bandwidth filters with the &
E4440A than in conventional
spectrum analyzers with «
analog filters, resulting in £
improved measurement p
speed (since narrower filters
lead to longer sweep o
speeds).

The wealth of resolution-
bandwidth filters—a total of
160 resolution-bandwidth
settings in the E4440A—
allows operators to fine-tune
their measurements rather
than settle for conventional
filters in a 1-3-10 sequence.
As a result, the resolution-
bandwidth filters can be set up to
optimize the measurement speed,
dynamic range, and resolution, with-
out sacrificing accuracy (Fig. 2).

When compared with analog fil-
ters, the E4440A’s digital resolution-
bandwidth filters are precise and
predictable. The characteristics of
the digital filters are stable with time
and temperature, leading to im-
proved amplitude accuracy when

e
B
g

3

The E4440A spectrum analyzer at a glance

uator range
' response

amplitude accuracy (at 50 MHz)

2. With 160 resolution-bandwidth-filter settings, the
E4440A spectrum analyzer offers unprecedented
measurement flexibility along with the capability of
optimizing measurement speed, dynamic range, and

resolution.

measuring noise or noise-like digital-
ly modulated signals. The resolution-
bandwidth switching uncertainty
that plagues spectrum analyzers
with analog filters is almost nonexis-
tent in the F4440A, eliminating one
of the error terms common to spec-
trum analysis prior to the E4440A.
By minimizing resolution-bandwidth
switching uncertainty (only =0.05dB
for filters from 1 Hz to 2 MHz),

10-percent steps),
z

30 dBm in 1-dB steps
2-dB steps

m E4440A operators are
4 ensured of improved mea-
surement repeatability and
confidence.

Since the linear-phase
characteristics of the
E4440A’s digital filters are
precisely known, they can be
swept and corrected at
faster speeds than possible
with analog resolution-
bandwidth filters. In con-
trast, the sweep speed for
analog filters is generally set
to the square of the resolu-
tion bandwidth (in hertz)
divided by 2 (RBW"/2 Hz),
which is a compromise
between measurement
speed and amplitude/fre-
quency errors due to fast
sweeping. The digital filters
in the E4440A can sweep
approximately twice as fast
as analog filters, and with greater
accuracy.

ABSOLUTE AGCURACY

One of the E4440A’s most striking
performance specifications (see
table) is the absolute amplitude accu-
racy—=+0.3 dB at 50 MHz. This is
accuracy that rivals the performance
of a stand-alone power meter, and
applies to measurements on continu-
ous-wave (CW) and modulated sig-
nals. As previously mentioned, the
digital resolution-bandwidth filters
contribute to this accuracy. The
E4440A also employs a unique digital
logarithmic amplifier in its front-end
electronics, with a dynamic range
exceeding 100 dB. Logarithmic
amplification is performed digitally,
so it is possible provide a log range
that is limited only by instrument
noise. Signals from —10 dBm to near
the noise floor at —156 dBm can be
measured without changing the IF
gain or input attenuation.

Although the E4440A can examine
signals up to +30 dBm when using its
input attenuator, it also features an
input mixer that can be directly driv-
en with signals up to +5 dBm without |
attenuation, and without noticeable
distortion of sideband information.
Since the E4440A achieves a third-
order-intercept-to-noise dynamic
range of 73 dB, it is ideal for evaluat-
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Someone once said, “| want a cell phone that costs
less.” And you've been paying for it ever since. They expect

you to cut costs without cutting corners. Easy for them to say, right? Here's where Agilent

Technologies can help. We've already designed the next-generation wireless mobile
manufacturing test solutions. We call it doing our job. You'll call them a lifesaver.

Why? For starters, these solutions are from the industry leader in cellular manufacturing
test. And they're faster than ever. So you can speed through test. Plus improve test margins
and yield with greater accuracy. Which means you'll get more phones out the door—at a
lower cost than ever before. Not to mention being able to reconfigure tests quickly and easily
for all your new designs.

Want to start reducing your test costs right away? Visit our web site. Or give us a call at
the number below. And we'll help make it happen. Suddenly that dream of cutting costs

looks like a reality.

www.agilent.com/find/wireless s*<... Agilent Technologies
1-800-452-4844, Ext. 6948 <™ Innovating the HP Way
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Netherlands 31-020-547-2111 « New Zealand 0800-738-378 * Nigeria 234-1-268-3421 * Norway 47-2273-5759 « Oman 968-70-77-27 « Philippines 1-800-1651-0170 « Poland 48-22-808-4555 » Portugal 351-214222512 = PRC 1-800-810-0189 * Qatar 974-439-900
Romania 40-1-204-03-00 = Russia 7-095-797-3828 « Saudi Arabia 368-1-462-42-66 « Singapore 1-800-375-8100 « Slovakia 42-1769-258-111 « Slovenia 386-61-189-52-71 « South Africa 27-11-444-8010 « Spain 34-91-631-3300 « Sweden 46-8-506-48686
Switzerland 41-1735-9300 * 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
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ing the adjacent-channel-power
(ACP) characteristics of wideband-
code-division-multiple-access
(WCDMA) signals.

With its digital front end, the
E4440A can offer a variety of useful
functions, including multiple mea-
surement modes—swept mode, Fast
Fourier transform (FFT) mode, or a
combination of the two. The swept-

be improved from approximately
0.50 to 0.07 dB. Without dither, the
displayed average noise level
(DANL) is approximately 1.5 dB
lower than when using dither.

For operators favoring simplicity,
the E4440A offers an autocoupling
function where various measurement
parameters, such as resolution band-
width, video bandwidth, and sweep

COVER FEATURE

speed, can be linked. In addition, the
choice of swept measurement or FFT
can be automatically determined by
the selection of frequency span and
resolution bandwidth. An operator
can even choose to divide a span into
a specified number of FFTs. The
dynamic range of the narrow FFTs
can approach that of a swept mea-
surement, while also providing the

tuned mode is based on superhetero-
dyne mixing of input signals with sta-
ble synthesized local-oscillator (LO)
signals. Even the LO in the E4440A
is unique, since it consists of two
phase-locked loops (PLLs). One of
the PLLs is optimized for close-in
phase noise (at offsets closer than 30
kHz), while the other is optimized for
further-out phase noise and faster
tuning between center frequencies.
So, within the swept mode, operators
also have a choice of measurement
modes. The phase noise for offset fre-
quencies from 10 to 100 kHz is typi- g
cally —113 to —118 dBc¢/Hz, but drops »
to —142-dBe/Hz offset 1 MHz from
the carrier. The E4440A’s phase
noise can be optimized manually, or
operators can choose an automatic
mode that selects the phase-noise
setting that optimizes measurement
speed.

Sweep speeds can be set very
slow—in the zero-scan mode, sweeps
can range from 1 ps to 6000 s per
sweep—for capturing intermittent
signals. For frequency spans that are
greater than 10 Hz, the sweep speeds
range from 2 ms to 2000 s per sweep.
Sweeps can be triggered in a variety
of ways, and can be delayed by as
much as 500 ms.

Fourier analysis is based on the
mathematical analysis of digitized
signals, and relies on the E4440A’s
high-speed 14-b analog-to-digital
converter (ADC) working at 30
MSamples/s. The FF'T measurement
mode can provide great detail on sig-
nals within narrow bandwidths and
with narrow resolution-bandwidth
filters, but can be limited by the noise
that is also sampled by the ADC. The
E4440A allows operators to fine-tune
the ADC through the use of dither.
Dither, an additive signal that lin-
earizes the ADC, can be set for best
detection linearity. By using dither,
the low-level logarithmic fidelity can

Power Amplifiers

B High Linearity

H 50Q [/O Match

M Surface Mount Packaging
B Available From Stock

Model
Number
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TAE-1010A
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measurement-speed benefit of an
FFT.

The E4440A offers a wide range of
detectors, including normal, mini-
mum, peak, sample, average, and
root-mean-square (RMS) detectors.
The sample detector, for example, is
suitable for random noise measure-
ments while the RMS detector is bet-
ter suited for broadband amplitude

~ COVER FEATURE

measurements. But when in doubt,
an operator can also allow the
E4440A to automatically select the
detection mode based on the
measurement.

The instrument’s range of averag-
ing functions can also be selected
manually or left to automatic control.
Averaging processes include trace
averaging, average detector, video-

Save 30% to 50%
with f/w.gual
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bandwidth filtering, and noise-mark-
er averaging. Depending upon the
needs of the measurement, the aver-
aging functions can be performed on
a power scale (when speed is
required), on a logarithmic scale (for
optimum CW measurements near
the noise floor), and on a voltage scale
(for analyzing pulsed signals).

The E4440A is also designed to
simplify data transfers. It features
local-area-network (LAN) connectiv-
ity and data transfer; the ability to
capture screen and data to Microsoft
Windows applications, such as Excel;
and a host of plug-and-play drivers
for Agilent VEE and other popular
test automation software, such as
LabView and LabWindows from
National Instruments (Austin, TX).
The analyzer includes general-pur-
pose-interface-bus (GPIB), LAN,
and RS-232 ports to simplify inter-
connections to networks and dedicat-
ed printers.

With its impressive accuracy, the
E4440A allows operators to not only
accelerate the pace of their measure-
ments, but to work with closer toler-
ances and tighter guard bands
on measurements. For example,
filters that may have passed (or
failed) testing in the past due to sev-
eral decibels of uncertainty in the
spectrum analyzer can now be evalu-
ated and shipped (or rejected) with
confidence.

The E4440A is the first member of
the PSA line. It is available with an
optional low-noise preamplifier (500
kHz to 3 GHz with 30-dB nominal
gain) to improve the DANL from
—153 dBm to —167 dBm. Future
models will build upon the basic plat-
form and will include demodulators
for the Third Generation Partnership
Program (3GPP) and EDGE signal
analysis. The E4440A (and other
members of the PSA line) are part of
the company’s test-and-measure-
ment trade-up program, allowing
owners of existing HP or Agilent spec-
trum analyzers to upgrade to an
E4440A. P&A: $48,000 (E4440A); 30
days. Agilent Technologies, Test
and Measurement Organiza-
tion, 5301 Stevens Creek Blvd.,
MS 54LAK, Santa Clara, CA
95052; (800) 452-4844 ext. 7176.
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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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PRODUCT TECHNOLOGY

Vector Modulator

Vector Modulator Forms Digital
Generators From Analog Sources

This flexible vector modulator may buy a few move years
of useful sevvice from those seemingly older and
“outdated” analog signal genevators.

JACK BROWNE
Publisher/Editor

IGITALLY modulated communications systems must be tested with test-
signal sources that closely emulate the signals found in these systems. In
most cases, such signals are based on the use of complex phase modula-
tion to represent different digital bits or states. Emulating these signals
has generally required an expensive signal generator with built-in digital mod-
ulation. But with the model 2029 vector modulator from IFR (Wichita, KS),
those older analog signal sources can now be converted into full-featured digi-
tally modulated sources capable of emulating all of the latest digital communi-
cations systems. The vector modulator is suitable for use from 800 to 2510
MHz, and even the combination of the 2029 with an analog signal generator
represents a fraction of the cost of a new digitally modulated signal generator.

The 2029 (Fig. 1) is designed primar-
ily for production-line testing of digital
cellular-telephone handsets, although
it can be used with an analog signal
generator for product and research-
and-development (R&D) testing of any
number of components and systems
that fall within its frequency range. It
serves as the modulation source for an
analog signal generator. Rather than
upgrade an analog source to include
built-in digital modulation, the
signal generator is used to
drive the 2029 modulator,
which delivers vector-modu-
lated signals at its output port.

The vector modulator in-
cludes a powerful arbitrary
waveform generator to create
a wide range of complex digital
modulation formats, including
quadrature-amplitude-modula-
tion (QAM) and quadrature-

phase-shift-keying (QPSK) 1. The model 2029 vector modulator can be used with
modulation. The arbitrary any analog signal generator operating from 0.8 to 2.5

complex sequences of waveforms as
might be used in modern communica-
tions formats, such as Bluetooth appli-
ances, code-division-multiple-access
(CDMA) systems, Digital European
Cordless Telecommunications

(DECT), and Global System for Mobile
Communications (GSM) networks.
Most larger manufacturers of cellu-
lar handsets, and components and sub-
systems for those handsets, have banks

waveform generator can be GHz to provide digitally modulated signals for

programmed to create long, communications system and component testing.

of analog signal generators remaining
from the first (analog) generation of
cellular communications. With the
2029, these older instruments can be
upgraded from simple sources of ampli-
tude modulation (AM) and frequency
modulation (F'M) to more sophisticated
sources of in-phase (I) and quadrature
(Q) digital modulation.

The 2029 is easy to use. The output
signal from an analog signal generator
serves as the local-oscillator (LO) drive
signal to the input port of the 2029 and
its wideband I/Q modulator. The signal
generator should provide a signal level
of +7dBm =2 dB. The I/Q modulator is
also fed by a pair of quadrature base-
band I and Q signals produced by the
arbitrary waveform generator (AWG)
[Fig. 2]. The I/Q vector modulator fea-
tures a bandwidth in excess of 10 MHz,
enabling it to create multiple-signal for-
mats and the latest wideband-CDMA
(WCDMA) signal formats. The modu-
lator is assisted by RF level-control cir-
cuitry which allows the 2029 to provide
output power levels from —138
to 0 dBm with resolution of 0.01
dB and RF level accuracy of
typically better than =0.25 dB.
The 2029 can generate output
signals with crest factors (peak-
to-average power) of better
than 14 dB, making it suitable
for multichannel IS-95 CDMA.

The 2029 and its companion
analog signal generator can be
fed programming commands
and file instructions directly by
general-purpose interface bus
(GPIB) [the 2029 has no user in-
terface of its own]. The vector
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Opening a new world in
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Microwave Design.
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http: / /www.ansoft.com/

No-Boundaries.html

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
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interconnects in microstrip, stripline, slotline, and coplanar waveguides.
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packaging effects.
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import, a graphical post-processor, optimization, D es | g n F reed o m
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the Serenade Design Environment.
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high performance EDA
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Vector Modulator
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2. Files representing complex waveforms are processed
through an interpolator and 14-b DACs to increase
waveform precision and reduce noise.

modulator is shipped with software that produces a soft
front panel on the display screen of a GPIB-compatible com-
puter; the software requires Windows 95, 98, or NT. Files
representing complex waveforms can also be stored in the
2029’s internal memory in order to generate complex se-
quences of modulated waveforms. Waveform files can be
created with standard software tools, such as MathCAD
from MathSoft (Cambridge, MA). In addition, IFR offers
files from alibrary of waveforms. The 2029 vector modulator
is also equipped with an RS-232 port for importing firmware
and software upgrades.

The 2029’s built-in AWG is equipped with 14-b digital-to-
analog converters (DACs) operating between 35 and 66
MSamples/s. The 14-b resolution helps to minimize spurious
levels. The AWG works with an interpolator to increase the
effective sample rate of the DACs, thereby exceeding the
sample rates of the stored waveform files in the 2029. The in-
terpolator can increase the sampling rate by factors of 1,2, 3,
4,6,8,or 12,

The 2029 is supplied with an AWG packager and loader
that can be accessed by the vector modulator’s soft front
panel. The packager configures source files into a format
readable by the AWG, with additional header information
attached. The loader transfers the files into the AWG
through GPIB.

Combined with an analog signal generator, the 2029 vec-
tor modulator achieves a noise floor of —138 dBe/Hz when
modulated with an AWG file having a value of +0.2 VDC root
mean square (RMS) of full scale. The noise floor improves
with increasing drive levels. The 2029 exhibits adjacent-
channel power (ACP) of typically —70 dBm for an IS-95 pi-
lot-channel file with a crest factor of 5.5 dB.

For those in need of digitally modulated test signals, who
already have an analog signal generator and have considered
the price of a stand-alone digital signal generator, the 2029
vector modulator may represent a practical alternative.
IFR, 10200 West York St., Wichita, KS 67215; (800)
835-2352, (316) 522-4981. FAX: (316) 524-2623, e-mail:
infor@ifrsys.com, Internet: http//www. ifrsys.com.

CIRCLE NO. 52 or visit www.mwrf.com

MICROWAVES & RF = NOVEMBER 2000

140




Jne

source

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

* Clock Recovery &
Data Retiming

‘» Frequency Translation
Clock Smoothing

We are the One!
v I VECTRON 166 Glover Avenue, Norwalk, CT 06856
INTERNATIONAL Tel. 1-88-VECTRON-1 » Fax. 1-888-FAX-VEC-

u TRON
A TECHNOLOGIES COMPANY e-mail: vectron@vectron.com

www.vectron.com
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Communications Analyzer

Communications Analyzer Boasts
Versatility And High Bandwidth

This analyzer offers a unique combination of
vevsatility and high bandwidth for characterizing
telecommunications and high-speed logic signals.

DON KELLER

Senior Editor

UE to the complex nature of microwave signals, the instruments
that are used to measure these signals tend to be highly specialized.
Three of the most common types of measurement approaches are:
viewing signals with an oscilloscope, measuring time and frequency
response with a spectrum analyzer, and characterizing network perfor-
mance with a vector network analyzer (VNA). LeCroy Corp. (Chestnut
Ridge, NY) has introduced a communications analyzer that can perform
all three of these measurements. The MCA1060 communications analyzer
operates in the time and frequency domains, and displays measurements
in rectangular and polar modes. It has a built-in synthesizer to provide
stimuli to devices and circuits under test. Its 60-GHz bandwidth makes it
suitable for testing virtually all of today’s microwave and fiber-optic sys-

tems (see figure).

The MCA1060 can perform signal
measurements in the time-domain,
frequency-domain, and time-delay-
reflectometry (TDR) modes. Display
modes include linear, log magnitude,
Smith, polar, group delay, and eye dia-
gram. In the time domain, it measures
time delay, rise and fall times, over-
shoot and undershoot, pulse width,
amplitude, and eye diagrams. Fre-
quency-domain measurements in-
clude spectrum analysis, log magni-

tude, group and phase delay, and &
fully error-corrected transmission |

and return loss. The analyzer’s 60- &
GHz bandwidth allows it to char-
acterize fiber-telecom products
such as optical receivers (Rxs);
modulators; ultra-high-speed
logic blocks; and microwave and
millimeter-wave components,
such as mixers, filters, and am-

while a receive synthesizer initiates
sampling events.

The analyzer takes a novel approach
to sampling. Instead of using a tradi-
tional triggering system, which re-
quires an event to be detected before a
sample is taken, the MCA1060 uses its
internal receive synthesizer to gener-

ate narrow impulses which initiate
sampling events. When a high-speed,
repetitive signal is fed into either of
the analyzer’s two inputs, the synthe-
sizer generates sequential impulses
that trigger sequential samples. The
impulse-repetition rate can be ad-
justed from 6.25 MHz to 1.6 GHz. This
internal approach to triggering elimi-
nates trigger-bandwidth limitations
and trigger-jitter effects, and obviates
clock regeneration. The samples accu-
mulate to create a signal record, which
can be displayed on the analyzer’s 6.40-
in. (16.26-cm), color, thin-film-transis-
tor (TF'T) screen or an external video-
graphics-array (VGA) monitor and
stored on the built-in floppy-disk drive
for later analysis.

The analyzer has a noise floor of —80
dBm (—120 dBm with averaging), and
its maximum measurement input
(CW)is 0 dBm. DC drift is 2mV/°C
and system phase noise is <2 ps (with-
out averaging). Frequency resolution
is 0.0000014 Hz from 6.25 MHz to 1.6
MHz, and 0.0000525 Hz at 60 GHz.
Channel-display modes include
channel A or B, or the ratio, sum,
{ difference, or X versus Y of both
channels. The source synthesizer
has three outputs: comb, emitter-

coupled logic (ECL), and TTL.
Other outputs include a D15 color
VGA connector and a general-
purpose interface bus. LeCroy
Corp., 700 Chestnut Ridge
Rd., Chestnut Ridge, NY
10977-6499; (914) 425-2000,

plifiers. A source synthesizer
generates signals to stimulate
devices under test (DUTs),

The MCA1060 communications analyzer has a
6.40-in. (16.26-cm) color screen and a built-in
floppy-disk drive.

Internet: http:/www.lecroy.
com.
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OUR HIGH-PERFORMANCE RF ICs ARE MAKING
WAVES AROUND THE WORLD.

Analog Devices. The core ingredient in Wireless.

Few IC applications are as dependent upon high-performance analog as RE. And only Analog
Devices has the signal processing expertise to meet the challenge. Signal quality is the most

critical element to the success of your wireless designs. ADI enables designs that are smaller,

Extraordinary
RF performance.
Our ADF4xxx family
of PLL synthesizers
delivers the highest performance
available. From phase n
mmable

require less power, reduce overall system costs and maximize performance. In fact, the new

ADF4xxx family of high-performance PLL synthesizers from Analog Devices offers the world’s

best phase noise performance—6 dB better than the nearest competitor—for up—/down—

performance to progr

haroe oumn current fo g COTVETsion of RF signals. Along with superior performance, ADIs family of PLL Synthesizers
charge pump current (o anti
backiash pulse, choose ADI for

best-of-category radio ICs

comes in both 16-lead TSSOP and 20-lead LPCC 4 x4 mm chip-scale packages that allow for
easy pin-to-pin drop-in upgrades to LMX-23xx series synthesizers. We're the leader in RF
because no one can match this level of performance. With wireless applications growing at such

an explosive rate, it’s no surprise that we’re the fastest growing analog and DSP supplier.

For PLL product datasheets, evaluation board datasheets and evaluation software:

ANALOG Visit www.analog.com/PLL or E-mail us at PLL@analog.com.
DEVICES




P

W

RODUCT TECHNOLOGY

High-Power Amplifiers

v |

Linear Amplifiers Provide
Power For Telecom Use

These rugyed high-gain, high-power amplifiers are suitable
for communications component and system testing as well
as in medical and automotive applications.

JACK BROWNE
Publishev/Editor

EASUREMENT applications usually start by specifying signal
sources and analysis equipment. But in assembling a test system, the
importance of a linear measurement amplifier is often overlooked.
The S series of linear amplifiers (see table) from Amplifier Research

(Souderton, PA) succeeds where most amplifiers fail—they boost the level of
test signals with minimal effect on distortion and noise. These are true Class A
linear amplifiers, covering ranges from 0.8 to 4.2 GHz, and do not skimp on
power, delivering 100 percent of their rated power levels (with choices from 1
to 200 W) into 50-() loads. The amplifiers are designed to faithfully reproduce
amplitude modulation (AM), frequency modulation (FM), and pulse modula-
tion, and exhibit high third-order intercept points (IP3s) for handling wide-dy-

namic-range signals.

The S series amplifiers have
been available for some time,
but are often an afterthought
when assembling a measure-
ment system. With the growing
importance of high-power mea-
surements, testing for linearity
through intermodulation-dis-
tortion (IMD) measurements,
and evaluating electromagnetic
interference (EMI) and electro-
magnetic compatibility (EMC),
the addition of amplifiers such
as the S series to a test rig be-
comes nearly as important as
the selection of a signal generator.

The S series of amplifiers currently
includes 11 models, from the diminu-
tive model 1S1G4A, with minimum
rated output power of 1 W from 0.8 to
4.2 GHz, to the 400-1b. (280-kg) model
20081G4, with 200-W minimum out-
put power from 0.8 to 4.2 GHz. In be-
tween, are rack-mountable amplifiers
ranging from 5-to-120-W output
power, all specified at minimum rated

The S series

i

amplifiers at a glance

for example, is 53 dB. Even for the
smallest amplifier, model 1S1G4A, the
minimum gain is 30 dB. Since maximum
output-power levels may not always be
needed, each of the amplifiers includes
a minimum gain-adjustment range of
10 dB (in 4096 steps), except for the
model 180S1G4, 120S1G4, and 200S1G4
which feature a 15-dB minimum gain-
adjustment range.

The amplifiers provide output
power that is almost ruler flat across
their full frequency ranges, with typi-
cal output-power flatness of +1.5 dB
for all models except the 20081G4,
which delivers worst-case out-
put-power flatness of +2.5 dB.
Dynamic-range performance is

Maximum | solid, with IP3s that range from

gain (dB) | alow of typically +39 dBmin the
30 1-W model 1S1G4A to typically
a7 better than +60 dBm in the
40 higher-power models. The am-
42 plifiers boast spurious levels
44 that are —73 dBe or better, and
:? a phase linearity of typically =1
48 deg./100 MHz of bandwidth.
50 Most of the amplifiers (except
51 the two lowest-power units) are
53 equipped with remote capabil-

. output power, 1-dB compression, and

3-dB compression. The amplifiers out-
put rated power levels when driving
less-than-ideal loads without any fold-
back, and will not suffer damage or os-
cillation with any magnitude or phase
of source or load impedance.

These are high-gain amplifiers, re-
quiring only 1-mW input to achieve
their rated output-power levels. The
minimum gain for the model 20081G4,

ity, through general-purpose-
interface-bus (GPIB) and RS-232C
connectors. The amplifiers are all
equipped with type-N female input
and output connectors or optional rear-
panel connectors and internal fans for
cooling. Amplifier Research, 160 |
School House Rd., Souderton, PA
18964-9990; (215) 723-8181, FAX:
(215) 723-5688, Internet: http://
WWWw.ar-amps.com.
CIRCLE NO. 54 or visit www.mwrf.com
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hen 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 7;. = 1 million hrs. Ry = 97C/W typ)

S

SiGe HBT MMIC t SOT-89 package
features include: Rl

M Cascadable 50Q  m+20dBm 1dB Compression Point
M Single voltage supply

M Low current draw
W High output intercept M Low noise figure @
86 package

* STANFORD
MICRODEVICES 1 g00-764-6642 u.s. roneee

We Deliver RF Innovation  1-408-616-5400 outside u.s.
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Embedded Antenna

Embedded Antenna Simplifies
Integration In WLAN Devices

This tiny D-shaped antenna supports dual-polarization
designs in 2.4-GHz WLAN terminals and portable
devices and can be veadily adapted to Bluetooth use.

JACK BROWNE
Publisher/Editor

ETWORK access is often critical in business and commerce. The
growing acceptance of the IEEE’s 802.11b standard for wireless lo-
cal-area networks (WLANs) indicates the desire for mobility within
the network by some network users. But in order to develop WLAN
devices that are truly portable, the antenna must shrink along with the RF
and supporting electronics. One possible solution for the antenna in
portable WLAN devices is a new embedded antenna developed by Range-
Star Wireless (Aptos, CA). The antenna is small enough to be handled by
automatic assembly equipment but provides enough gain at 2.4 GHz to pre-

serve the integrity of high-speed data streams through 11 Mb/s.

The miniature antenna (see fig-
ure) is suitable not only for
WLAN applications but for in-
building Internet access as well

With minor modifications, it can /&

also be adapted to Bluetooth de- |
vices operating in the unlicensed |
industrial-scientific-medical (ISM)
band at 2.4 GHz. The embedded |
antenna provides peak gain of 4
dBi from 2.40 to 2.45 GHz. It oper-
ates with 2.50:1 VSWR. The tiny
D-shaped antenna measures 16
mm in diameter and 6.25 mm in
height. It weighs only 1 g.

The design is small enough to
permit the mounting of two anten-
nas within a device in a diversity ap-
plication. In these cases, the WLAN
receiver switches constantly be-
tween the two antennas and selects
the highest-level signal from either
antenna. In that way, the receiver
achieves an improvement in effective
signal-to-noise ratio (SNR) and bit-
error rate (BER) compared to the
use of a single antenna.

The antenna is small enough to

Intended for embedded applications, this
miniature D-shaped antenna can be used
handheld terminals for WLANs and
Bluetooth.

provide in-building wireless access
wherever needed. According to John
Harris, President and CEO of
RangeStar Wireless, “Wireless
Internet applications clearly repre-
sent the future for wireless, and
RangeStar’s newest embedded an-
tenna will help improve the con-
sumer’s wireless Internet experi-
ence by improving the quality and
durability of wireless modem

applications.”

The multipurpose embedded an-
tenna embodies horizontal and verti-
cal polarization characteristics. As a
result, it can be installed and used in
a variety of orientations, including
flush-mounted or side-mounted on
printed-circuit boards (PCBs), pro-
viding WLAN and Internet-device
designers with a great deal of flexi-
bility in their mechanical configura-
tions without necessarily sacrificing
performance under conditions of
multipath interference.

The antenna’s injection-molded
plastic package is designed for use
with automatic assembly equip-
ment or continuous tape-and-reel
| handlers. The antenna can be han-
dled and assembled on a PCB in
similar fashion to surface-mount-
technology (SMT) components.

The company, founded in 1995,
manufactures a variety of other
compact antennas for WLAN, cel-
lular, and personal-communica-
tions-services (PCS) bands. A
WLAN antenna with square foot-
print, for example, measuring 12.7
X 12.7 x 0.8 mm provides 1-dBi
nominal gain from 2.40 to 2.45 GHz
with less than 1.80:1 VSWR. It weighs
less than 1 g, but handles up to 10-W
CW power. More information on the
WLAN antennas and other capabili-
ties are detailed in the company’s web-
site. RangeStar Wireless, 9565 So-
quel Dr., Aptos, CA 95003-4153;
(831) 661-4200, FAX: (831) 661-
4201, Internet: http://www.
rangestar.com.
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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 =12.0dB

Nadd = 51%

(408) 232-9500 FAX (408) 428-9111

Products manufactured by Fujitsu Quantum Device

CIRCLE NO. 389

FLL15001U-2C

FREQ. =2.17 GHz
Pout =51.8 dBm
GidB =12.0 dB

Nadd = 48%

N JOSE, CA 95131

Specified at: (1) 2.3 GHz
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WLAN Chips

CMOS Yields High-Speed
5-GHz WLAN Chip Set

A pair of silicon CMOS ICs supports data
rates to 54 Mb/s in the unlicensed

5-GHz UNII band.

JACK BROWNE
Publisher/Editor

ILICON (Si) just does not seem ready to run out of “gas.” Several
years ago, 2 GHz was a dividing line between applications for Si-de-
vice technologies and gallium arsenide (GaAs). With the introduc-
tion of the first integrated circuits (ICs) from Radiata (San Jose,
CA), however, it is apparent that the dividing line will have to be raised.
The chip set, which is fabricated entirely with Si complementary metal-ox-
ide semiconductor (CMOS), is designed for 5-GHz wireless local-area net-
works (WLANs). The chips include a baseband modem and a radio

transceiver.

WLANSs are commonly centered in
the 2.4-GHz band. After a long period
of discussion, the industry has by and
large adopted IEEE 802.11b as the
standard for WLANSs at 2.4 GHz,
with data rates supported up to 11
Mb/s. But an adjunct standard,
IEEE 802.11a, supports data rates
up to 54 Mb/s with operation in the 5-
GHz Unlicensed National Informa-
tion Infrastructure (UNII) bands
(5.15 to 5.35 GHz and 5.725 to 5.825
GHz). The high-data-rate standard
uses a version of orthogonal fre-
quency-division  multiplexing
(OFDM) specifically designed to en-
able large data capacity in indoor
networks.

Radiata calls their pair of 5-GHz
WLAN ICs the “wireless engine,”
since the two chips are meant to form
early core building blocks for
WLANS and other wireless commu-
nications systems. The two chips are
the model R-M11a baseband modem
and the model R-RF5 5-GHz radio
transceiver.

The R-M11a is designed to imple-
ment all of the baseband functions of

a 64-tone coded-OFDM (COFDM)
system compliant with the IEEE
802.11a standard. It features dual 10-
b, 80-MSamples/s receive analog-to-
digital converters (ADCs) and 10-b,
80-MSamples/s transmit digital-to-
analog converters (DACs). In addi-
tion, an 8-b, 5-MSamples/s ADC pro-
vides the digital signals required by
the transceiver IC for the WLAN re-
ceived-signal-strength-indicator
(RSSI) function.

The 5-GHz CMOS modem in-
cludes a 4:1 interpolating finite-im-
pulse-response (FIR) digital lowpass
transmit filter, a 4:1 interpolating
FIR digital lowpass receive filter, an
IEEE 801.11a interleaver, a payload
scrambler/descrambler, a transmit
preprocessor for spectrum shaping
and amplitude control, and a receive-
channel equalizer.

The +2.5-VDC model R-M11a is
fabricated with a 0.25-pum process. It
has a single 80-MHz clock input port
in addition to supporting data rates
to 54 Mb/s. It is housed in a 208-pin
chip-array-ball-grid-array (CABGA)
package.

The companion model R-RF5is a
fully integrated half-duplex 5-GHz
transceiver. In addition to IEEE
802.11a, it is suitable for HiperLan 2,
European Telecommunications Stan-
dards Institute (ETSI) Broadband
Radio Access Networks (BRAN),
and MMAC high-speed WLAN ap-
plications. It connects to the R-M11a
modem through analog, differential
(for noise suppression) 20-MHz base-
band signals.

TRANSCEIVER FEATURES

The radio transceiver, which is
fabricated with a 0.18-pm CMOS
process, features dual on-chip phase-
locked-loop (PLL) local oscillators
(LOs), an LNA bypass switch, a 20-
MHz integrated intermediate-fre-
quency (IF) channel filter, a 70-dB
dynamic-range logarithmic detector
for the RSSI function, and fully dif-
ferential signal paths. It achieves 0-
dBm transmit output power (with
—45-dBe spurious content), a 6-dB
receiver (Rx) noise figure, and offers
70-dB receive programmable gain
control and 60-dB transmit pro-
grammable power control. The 5-
GHz radio transceiver is supplied in a
compact 64-pin MLF package and is
designed for a supply voltage of +3.3
VDC. P&A: $35.00 (the R-M11a and
R-RF'51 as a chip set)(100,000 gty); 3
months. Radiata, 303 Almaden
Blvd., Suite 600, San Jose, CA
95110; (408) 938-5740, FAX: (408)
918-3001, e-mail: info@radiata
.com, Internet: http:/www.
radiata.com.
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PCS - 1.9 t0 2.0 GHz 120 Watts LDMOS

PTF 10043 PTF 10065 PTF 10120
+41 dBm
+8 dBm +21 dBm +31 dBm CDMA
Vg = 28V Vs =28V Vpp =28V
P-1dB =12 W P-1dB =30 W P-1dB = 120 W

Gain = 11 dB (Typ)

Gain =12.5 dB.(Typ)

Gain = 11 dB (Typ)

PCS - 1.9 to 2.0 GHz 240 Watts LDMOS

PTF 10043 PTF 10112
+10 dBm +23 dBm
Vop =26V Vg =28V
P-1dB=12W ‘P-1dB=60W

Gain = 13 dB (Typ)

Gain = 11 dB (Typ)

Ericsson Microelectronics
www.ericsson.com/microelectronics

North America

Tel: +1 877-GOLDMOS (465-3667)

International

Tel: +46 8 757 4700
Fax: +46 8 757 4776

PTF 10120

+44 dBm
CDMA

V=28V
P-1dB = 2x 120 W
Gain = 10 dB (Typ)

Screaming for
LDMOS?

Go for the GOLD
with Ericsson

With our GOLDMOS™ technology (LDMOS with
all-gold metalization) you get the reliability needed
for todays demanding RF power amplifier designs.
The RF power team at Ericsson Microelectronics
has designed a wide range of power transistors
including the PTF 10065, PTF 10043, PTF 10112
and PTF 10120, providing the reliability and
performance your power amplifiers require. This is
an excellent line-up with the performance needed
for CDMA applications.

Just call or visit onr website at

www.ericsson.comlrfpower for a free copy of

our product data book, short form or interactive CD.

ERICSSON 2
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MICROWAVES & RF DIRECT CONNECTION ADS

WAVEGUIDE
SWITCH SPECIALISTS

From WR10 through WR75...
Think SECTOR MICROWAVE
for your switch requirements.
Request your “R-F Switch Slide Guide”
SECTOR MICROWAVE
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 11729
(631) 242-2300 « FAX (631) 242-8158
www.sectormicrowave.com

BORON
NITRIDE

Lowest dielectric/highest ther-
mal_conductivity combination
available in any material, for
hot, high-power requirements
and MW transparency. Easiliy
machinable into complex
waveguide shapes.

Carborundum Boron Nitride
Amherst, NY 14228

Phone: (716) 691-2052
URL: www.carbobn.com

TO ADVERTISE CALL JOANNE REPPAS (201) 666-6698

Filters to 50 Gz

® Waveguide

® Stripline/Microstrip

® Transmission Line

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

ML

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 - 800-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http:/lwww.microwavefilter.com

SECTOR MICROWAVE CIRCLE 559 CARBORUNDUM CORP. CIRCLE 550 MICROWAVE FILTER CO. CIRCLE 556
We're Over the MOON with
”lﬁ” Excitement, with a Switch on RETURN LOSS BRIDGES
PERFORmMANCE ™ """ "

HIGH
nOLOGY

T
i,

R POWER AMPLIFERS

IMHz -2 6H: o« IW -2 KW

Small, Ultra High Efficiency Modules
Low Cost Amplifier Systems
T/R Subsystems

RF POWER AMPLIFIERS

Biding A, 570 West Clearwater Loop
Post Falls, Idaho 83854 USA
208-457-0292 = Fax 208-457-0296
www.lcfamps.com
E-mail: info@Ilcfamps.com

LCF ENTERPRISES

Thanks to J P L for a Great Mission.

Come to SECTOR MICBUWAVE for
Reliable Switches.
www.sectormicrowave.com
SECTOR MICROWAVE INDUSTRIES, INC.
999 GRAND BLVD. DEER PARK, NY 11729
631-242-2300 Phone * 631-242-8158 Fax

SECTOR MICROWAVE CIRCLE 560

TYPES: Fixed and Variable Bridges
FREQUENCY RANGES:

Models available from .03 - 1000 MHz
DIRECTIVITY: 40 dB minimum
WBE Bridges are Broadband RF transformer type RF
In-RF Out Impedance Bridges. Insertion loss of the
bridge is read directly as return loss (VSWR}.a
Options include impedance conversion (i.e. for
taking 75 ohm measurements on a 50 ohm
system), DC blocking. Test Data, and connectors.

IWIDE BAND ENGINEERING CO. INC.

P.O. Box 21652, Phoenix, AZ 85036
Phone & Fax (602) 253-1570

WIDE BAND ENGINEERING CIRCLE 563

CIRCLE 564

“Instant RF” building blocks
generate, receive,
and attenuate from
100 KHz to 1 GHz

ur next project, even

able:

enerator, 100 KHz
ver with SPI Port
110 dbm sensitivity
ar

L

RAMSEY ELECTRONICS, INC. « 793 Canning Parkway + Victor, NY 14564
800 2295 www.rai .com

RAMSEY ELECTRONICS CIRCLE 558
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Parsonal
Probe
Station

Very Low Cost

High Function

A compact full featured, modestly priced, manually operated probe station
developed for engineers and scientisls.

Measure Microwave, RF and DC parameters of Semiconduclor Devices,
Packages and Assemblies with NIST traceability .

* BenchlopSize(<11t%) ® Vacuum chuck * X-Y-0 stage »

# X-Y-Z probe positioners Top Plale Z-1ift Vacuum Accessory Manifold»
* 7X-40X Stereo Zoom Microscope = Adjustable Halogen lHluminator «
o Vacuuim Accessories ¢ Compatible with 40GHz+ probes «

» Accessories for Theamal Chucks and Probe Cards

«Tes! walers, microsirip packages and surface mount componentse
(503) 531-9385 (FAX]

&""" seroe,jomicrofchnviogy.com

A Probe Station On Every Bench
J MICROTECHNOLOGY CIRCLE 554

oJ micraTechnology
3744 NW Bluegrass Pi
Portland, OR 97229
503) 614-95089
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Rb Standards & DDS Synthesizers
“Precision You Can Afford”

$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 & DDS4pc 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

TO ADVERTISE CALL JOANNE REPPAS (201)

666-6698

Stock and Custom Carrying Cases

* Small fo Large
* Cases with Wheels
¢ Instrument Cases
* SPACECASES™

The Strongest KUDLPAK® EVER|
Made to your dimensions

oror (Best Performance in
a Supporting Q{qlz. the

Winner is...

'i;‘ !

Sector Microwave

Go With the Winner.....
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Filters, Multiplexers & MIC’s
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Image Reject Mixers
Quadrature IF Mixers
PIN Switches

Variable PIN Attenuators
Bias Tee’s
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Circuit Board Component
Shielding and RF Cans
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sizes & configurations

* Removable covers

= No tooling or
artwork charges

vibration resistance
* Rugged design
* Leader Tech
quality & service
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Easily

Configurable

High

_ Thru-put
A compact, ull featured, user configurable, manually operated test fixture

with rapid load unioad capability. Useful for of
thin film and packaged microwave compenents with NIST iraceability.

« BenchiopSize{<11’) « Vacuum chuck » X-Y-Z probs positioners &
= Top Plate Z-1ift # Locking Stage  Infegral Vacuum Accessory Manilold «
 7X-40X Stereo Zoom Microscope » Adjustable Halogen Hiuminalor «
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MMDS Amplifier

(continued from p. 61)

31-mil-thick substrate. Standard 50-(}
loads are connected to the coupler-iso-
lated ports. The amplifier is compact
and easy to assemble. The total
dimensions of the amplifier are 13.2 X
6.0 em?.

TEST RESULTS

The source and load impedances
presented by the circuit to the device
directly from simulation were mea-
sured versus frequency with a vector
network analyzer (VNA). The exper-
imental results showed good agree-
ment between the measured and
simulated impedances (Table 2).
However, a slight tuning was per-
formed with the use of a VNA on the
input- and output-matching circuits
to obtain the exact simulated im-
pedance values.

The amplifier was tested in a 50-{)
system with fixed broadband tuning
corresponding to an optimum IMD3
performance in CEL’s high-power
automated setup.” The device was
biased at V4 = +10 VDC and I, =
12 A. Figure 2 shows the P1dB and
G1dB performance versus frequency.
Figure 3 provides power-added effi-
ciency (PAE) and I, versus frequen-
cy at 1-dB gain compression. It shows
that the amplifier exhibits a typical
PAE of 40 percent from 2.4 to 2.7
GHz.

Figure 4 shows the IMD perfor-
mance of the amplifier. These curves
show that the amplifier has good IMD
performance with an IMD3 lower
than —42 dBc at +40-dBm output
power, each tone across the 2.5-to-
2.7-GHz MMDS bandwidth. P, and
I4s versus Py, and frequency are
shown in Fig. 5.

The amplifier-input return loss
over the 2.5-t0-2.7-GHz bandwidth
was better than 15 dB, which is better
than the expected return loss for a
push-pull configuration. The amplifi-
er’s IMD performance was measured
with fixed tuning at a constant, V4, =
+10 VDC, and at constant frequency
of 2.7 GHz, versus P;, and I4,. Fig-
ures 6, 7, and 8 show respectively
IMD3, IMD5, and IMD7. The curves
show, as expected, that this amplifier
exhibits the best IMD3 performance
at any P, level when biased at the
highest 44, 12 A. The maximum L,

is limited only at V4 = +10 VDC by
the maximum recommended channel
temperature which is 150°C.

The mean time to failure (MTTF) of
GaAs power devices is limited by
their channel temperature. It is
important for amplifier designers to
be able to calculate this temperature
for their applications from the device
power dissipated, the case tempera-
ture, and its thermal resistance (Ry,).
This calculation is not as simple as it
may appear since the Ry, of GaAs
devices is a strong function of the
device-flange temperature and the
channel temperature, or the power
dissipated. The NES2427P-60 data
sheet and CEL’s application note®
AN1032 give the information neces-
sary to calculate Rth versus the flange
and channel temperatures, or power
dissipated.

The NES2427P-60 data sheet indi-
cates Ry, = 0.76°K/W maximum for T}
=25°C, V4o =+10VDC, I3 =12 A and
recommends a maximum channel
temperature of 150°C. This tempera-
ture corresponds to a MTTF of 2.4 X
10° h. From these data and with the
help of the application note, the max-
imum I4, can be calculated versus
the device-flange temperature.

As an example, for a maximum
flange temperature of 52°C, the max-
imum power dissipated correspond-
ing to a channel temperature of 150°C
is Pgiss. = 120 W. It means the maxi-
mum quiescent Iy, for Vgo = +10
VDC and a flange temperature of
52°Cis 12 A.

This current is relatively high, but
it is lower than half of the device-sat-
urated drain current (I4), whichis 36
A typical. If the standard definition of
class A for power devices is used, Iy,
= 12 A does not correspond to this
device for a Class A operation but to
a Class A-B one. ®®
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Power Solid State Device Development And Characteriza-
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Converters
operate to +60°C

Designed for single and redun-
dant operation in an outdoor envi-
ronment, the series 100 frequency
converters operate in the —30 to
+60°C temperature range. The
series is available in satellite-com-
munication bands from S-band
through Ka-band and can be config-
ured as separate upconverters or
downconverters, or as a combina-
tion up/downconverter. MITEQ,
Inc., 100 Davids Dr., Haup-
pauge, NY 11788; (631) 436-
7400, FAX: (631) 436-7430,
Internet: http:/www.miteq.
com.

CIRCLE NO. 62 or visit www.mwrf.com

Crystals span
7 to 125 MHz

The TO-5 (HC-35/u)-packaged
specialty crystals target 7 to 125
MHz and are specified at series res-
onances and optional temperatures
of 25 or 75°C. The through-hole TO-
5, with a standard lead strength of
0.5 in. (1.27 em), is mounted at three
or four points. The crystals are man-
ufactured for shock and vibration
performance. International
Crystal Manufacturing Co.,
Inc., P.O. Box 26330, 10 N. Lee,
Oklahoma City, OK 73126-
0330; (800) 725-1426, (405) 236-
3741, FAX: (800) 322-9426, (405)
235-1904, Internet: http//www.
icmfg.com.

CIRCLE NO. 63 or visit www.mwrf.com

VCXO boasts
<10-percent linearity
Offering a frequency range of 2 to
55 MHz with a minimum deviation
sensitivity of =200 PPM, the model
K1526CE voltage-controlled crystal
oscillator (VCXO) provides a fre-
quency stability of =25 PPM at 0 to
70°C and +50 PPM within a range of
—40 to +85°C. The unit boasts less
than 10-percent linearity, greater
than 20-kHz modulation bandwidth,
and a control-voltage range of 0 to
+5 VDC. Champion Technolo-
gies, Inc., 2553 N. Edgington
St., Franklin Park, IL 60131;
(800) 888-1499, Internet: http//
www.champtech.com.
CIRCLE NO. 64 or visit www.mwrf.com
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BROADBAND

IMHz to 20GHz

Low Loss,
Resonance Free

;-ppﬁéasi.vns
Broadband fiber opfic links
LAN'S
Broadband and RF/Microwave modules
Broadband high isolation decoupling

Broadband instrumentation and Parfarricsce
test equipment
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| Typical Insertion Loss M&ﬁnted On50Q Miirostrih Line (25 mil Alumina)
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Call The Solutions Experts
At Dielectric Labs

2777 Route 20 East, Cazenovia, NY 13035
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ADC Parameters

(continued from p. 84)

TTIMD is generally a function of
the amplitudes—A[f]Nl]RMs and
Alfinelrms and frequencies (fiy; and
frne) of the input components. There-
fore, it is necessary to specify the
input tones and amplitudes for which
two-tone IMD measurements are
performed. It is essential that the
input test signal be virtually free of
IM and harmonic distortion. For
ADCs that have wide bandwidths
and large dynamic ranges, this condi-
tion is increasingly difficult to
achieve.

Two signal generators, containing
output-leveling circuitry and linked
through balanced or isolated outputs
or any other coupling circuits, can
easily generate IMD effects. In order
to avoid IMD in the test signal, there-
fore, one should operate power split-
ters/combiners (used to combine or
split two input tones) well within
their linear range. Figure 2 depicts
two-tone IMD with second- and
third-order IMD products for a 10-b,
80-MSamples/s ADC. For best
results, the two-tone envelope for
this ADC was chosen to be —0.5-dB
FS, and the amplitude for the two
input tones was normalized to
—6.5-dB F'S.

Multi-tone IMD tests are often
used in system design to determine
limits for the signal dynamic range,
useful frequency bands for different
signal groups, and where to set the
input signal’s noise floor to mask
small IM components for a particular
ADC. The measurement of single-
tone harmonic distortion is useful in
obtaining general ideas about the lin-
earity of a particular ADC, but these
data donot lead directly to models for

predicting useful measures of IM
performance for independent input
signal tones.

TEST PROCEDURE

A typical test procedure features a
computer-controlled DAC that gen-
erates a signal composed of a set of
sine waves at DF'T binary center fre-
quencies. As the tone amplitudes are
inereased uniformly, beginning at the
noise floor and continuing to the full-
scale ADC level at which clipping
begins, gaps between the tones serve
as observation points to analyze any
resulting IMD. These tests provide
results similar to that of the noise-
power-ratio (NPR) test (see the side-
bar “Measuring NPR”). They sup-
port better simulation of the
expected signal-group waveforms,
however.

Seldom specified in the data sheets
for high-speed data converters,
VSWR is the ratio of mismatch
between the actual impedance and
the desired or expected impedance.

;n’imt units) from the
nal, excluding deviations

s, or DC-level shifts.
mples of these effects
noise, include quan-
, harmonic and inter-
dulation dlstortmn (IMD), and
purious distortion.

It can be calculated by applying a test
signal and measuring the reflection
coefficient of the ADC input termi-
nal. Calculated by the following,
VSWR is directly related to the
reflection coefficient, p, of a simple
terminating impedance, Z:

VSWR = (]+|p|)/(]—|p|), where
p=(Zy—Z,)/(Zs+Z,). (12)

where:

Zp = the ADC input termination
impedance, and

Zo = the transmission line
impedance (nominally 50 ).

To compensate for circuit inaccura-
cies in the measurement, it is recom-
mended to use calibration standards
if available (typically short, open, and
50 ().

In addition to the test setup infor-
mation, Part 2 will provide samples of
source code based on the MATLAB
(from the MathWorks, Natick, MA)
and LabWindows/CVTI (from Nation-
al Instruments, Austin, TX) software
tools. The software will enable
designers to analyze the dynamic
performance of an ADC by capturing
data records quickly and processing
them efficiently. e

For Further Readin;

E. Sanchez-Sinencio and A.G. Andreou, Low-
Voltage/Low-Power Integrated Circuits and Systems—
Low-Voltage Mized-Signal Circuits, IEEE Press, Piscat-
away, NJ, 1999,

MAX1448 data sheet Rev. 0, 10/00, Maxim Integrated
Products.

MAX1448EVKIT data sheet Rev. 0, 10/00, Maxim Inte-
grated Products, Sunnyvale, CA.

D. Johns and K. Martm Analog Integrated Circuit
Design, Wiley, New York, 1997

R. vande Plasche, I'ntegmted Analog-to-Digital and Dig-
ital-to-Analog Conve’rters, Kluwer Academic Publishers,
1994.

Engineering Staff of Analog Devices, Inc., Analog-Digi-
tal Conversion Handbook, PTR Prentice- Hall Upper Sad-
dle River, NJ, 1986.
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Prematching and Harmonic Tuners

+ 0.2 to 50 GHz Coaxial Multioctave
+ 26.5 to 110 GHz Waveguide
 Accurate and Reliable

* SWR to 200:1

+ Selective Harmonic Tuning - up to 60 GHz!
* High Power

Load Pull and Noise Software

* The Most Advanced Test Software Available
Includes S-parameters, IV curves, TRL,
Plots, and More...

* Windows Load Pull and Harmonic Testing
Software, Calibrations, Graphics, HPVee,
LabView, ADS...

VNA TRL Calibration Kits

+ 0.1 to 50 GHz

+ APC-7, N, 7/16, 3.5, K, 2.4
 Accurate and Reliable

* Very Easy to use

Manual Tuners

* Multioctave, 0.4 to 50 GHz
+ High SWR

- Highly Repeatable
 Prematching Capability

Transistor Test Fixtures

« Modular, TRL Calibration

* Support Most Transistor Packages
 Extremely Low Loss

 High Power

970 Montee-de-Liesse, Ville St-Laurent, Quebec, H4T 1W?
1 ___Tel: (514) 335-6227 Fax: (514) 335-6287

E-mall Info@focus-mlcrowaves.com
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Switch operates
from DC to 2.5 GHz

The model SWN-218-2DR stan-
dard option DC205 HPR5W is a high-
power (usable to 10-W) reflective sin-
gle-pole, double-throw (SPDT)
transmit/receive solid-state switch
that operates from DC to 2.5 GHz
(usable to 4 GHz). With an insertion
loss of less than 0.75 dB at 40 MHz to
less than 1 dB at 2.5 GHz, the isolation
is >50 dB at 40 MHz and >20 dB at 2.5
GHz. Amplitude and phase are
matched to within +0.1 dB and *+1°,
respectively, between port to port
from 40 MHz to 2.5 GHz. VSWR is
1.5:1 typical, while delay on and off is
less than 40 ns. Supply voltage is —5
VDC at 8 mA. American Mi-
crowave Corp., 7311 G Grove
Rd., Frederick, MD 21704; (301)
662-4700, FAX: (301) 662-4938, e-
mail: amcpmi@aol.com, Inter-
net: httpJ//www.amwave.com.

CIRCLE NO. 65 or visit www.mwrf.com

Amplifiers run
from DC to 8 GHz

The NGA-x86 series of broadband
monolithie-microwave-integrated-
circuit (MMIC) amplifiers suits appli-
cations in the DC-to-8-GHz range.
These devices were designed with
indium-gallium-phosphorus/gallium-
arsenide (InGaP/GaAs) process tech-
nology. The NGA-1 through NGA-6
offer small-signal gain ranging from
12 to 19 dB with output third-order
intercept point (IP3) ranging from
+27 to +39.5 dBm. Stanford Mi-
crodevices, Inc., 522 Almanor
Ave., Sunnyvale, CA 94086; (408)
616-5400, FAX: (408) 739-0970,
Internet: http:/www.standford
micro.com.

CIRCLE NO. 66 or visit www.mwrf.com

Inductors
reduce EMI

Available in current ratings up to
300 mA, the HK series of inductors is
available from 1 to 120 nH (0402 case
size), 1 to 220 nH (0603 case size), and
1.5 to 470 nH (0805 case size). The
series features 100-percent silver
(Ag) internal conductors, advanced
dielectric ceramics, and unique fabri-
cation techniques to achieve perfor-
mance characteristics in small case
sizes. Chief original-equipment-man-

NEW PRODUCTS

ufacturer (OEM) design benefits
include surface mountability and
small form factor. Taiyo Yuden,
Inc., 1930 Thoreau Dr., Suite 190,
Schaumburg, IL 60173; (847) 925-
0888, FAX: (847) 925-0899.

CIRCLE NO. 67 or visit www.mwrf.com

Splitter covers
800 to 2200 MHz

The model DG-54FN unequal-way
power splitter is designed to split a
signal between two outputs in a 4:1
(80-percent/20-percent) ratio, cover-
ing all frequencies from 800 to 2200
MHz and providing DC continuity to
both outputs with a VSWR of less
than 1.25:1, passive intermodulation
(PIM) is less than —140 dBe, and
insertion loss is below 0.1 dB. The
unit has no resistors to burn out,
fewer solder joints, and reflects less
power back to the transmitter (Tx).
Microlab/FXR, 10 Microlab Rd.,
Livingston, NJ 07039-1682; (973)
992-7700, (973) 992-0513, e-mail:
sales@microlab.fxr.com, Inter-
net: http://www.microlab.fxr.
com.

CIRCLE NO. 68 or visit www.mwrf.com

Delay lines provide
3-dB bandwidth of 300 MHz

The TCD-B and TCD-M range of
ultra-high-speed delay lines for wide-
bandwidth applications provides a 3-
dB bandwidth of 300 MHz. Amplitude
roll of up to 100 MHz is less than 0.5
dB, and a return loss of greater than
20 dB is achieved, translating to min-
imal ringing with an applied rise time
of 4 ns. Impedances of 50, 100, 120, or
150 © can be supplied, with delay
times up to approximately 15 ns. The
range is compatible with emitter-cou-
pled-logic (ECL) high-speed logic cir-
cuits. Faraday Technology Litd.,
Croft Rd. Industrial Estate,
Newcastle, Staffordshire, ST5
0QZ UK; +44 (0)1782 661501,
FAX: +44 (0)1782 630101, e-mail:
sales@faradaytech.co.uk, Inter-
net: http://www.faradaytech.
co.uk.

CIRCLE NO. 69 or visit www.mwrf.com

CATV amplifier

targets 870-MHz systems
The ACA2401S7 is a +24-VDC

cable-television (CATV) amplifier

targeting 870-MHz CATYV systems.
The unit provides 4.5-dB maximum
noise figure, 21.5-dB gain, and 18-dB
minimum return loss. The device con-
sists of two pairs of parallel ampli-
fiers. A hybrid equivalent is created
when one ACA240187 is cascaded
between two transmission baluns.
The amplifier is housed in a 16-pin
small-outline integrated circuit
(SOIC). ANADIGICS, 35 Technol-
ogy Dr., Warren, NJ 07059; (908)
668-5000, FAX: (908) 668-5132,
Internet: http:/www.anadig
ics.com.

CIRCLE NO. 70 or visit www.mwrf.com

Telecom modulator
spans —40 to +85°C

The VSC7991 is an 0C-192 elec-
troabsorption modulator (EAM)/
laser-diode driver which spans —40 to
+85°C. The VSCT991 operates at data
rates to 10.7 Gb/s and +3 VDC peak-
to-peak. Rise and fall times are less
than 35 ps and the unit requires a sin-
gle +6.5-VDC supply. The maximum
current delivered to the load is 656 mA
and the modulator dissipates less
than 2 W even when supplying maxi-
mum modulation current to the load.
Vitesse Semiconductor Corp.,
741 Calle Plano, Camarillo, CA
93012; (805) 388-3700, FAX: (805)
987-5896, Internet: http:/www.
vitesse.com.

CIRCLE NO. 71 or visit www.mwrf.com

Switch ranges
from 7.8 to 8.8 GHz

The model SFB-2DR-8F-AAR70 is
a dual-channel, high-isolation, low-
loss switeh-filter bank which operates
from 7.8 to 8.8 GHz in two channels,
with an isolation of 70 dB minimum.
VSWR is typically 1.75:1 and channel
rejection is 45 dB minimum at +450
MHz. The channel insertion loss is 4
dB maximum with an insertion-loss
ripple of <0.5 dB peak-to-peak. With
a switching speed of <1 ps, the RF
power handling is +25 dBm maximum.
Package size is 4.73 X 1.00 X 1.97 in.
(12.01 X 2.54 x 5.00 cm). Planar Fil-
ter Co., 7311-G Grove Rd., Fred-
erick, MD 21704; (301) 662-7024,
FAX: (301) 662-4938, e-mail:
amcpmisales@aol.com, Internet:
http://www.amwave.com.

CIRCLE NO. 72 or visit www.mwrf.com
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Contactless Phase Shifters:

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

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

g Standard Connectorlzed CPS

product Code No. S i
Frequency Range r ~ 1GHz 1~ 2GHz 2 ~ 3GHz
Insertion Loss (Max.) 0.15dB 0.25dB 0.35dB
KPH900SCLOOO VSWR (Max.) 1.25:1 1.25:1 1.25:1
Incremental Phase Shift 90 degree min. @ 2GHz
Electrical Delay 125 psec min.
Nominal Impedance 50 ohm
1/O Port Connector SMAC(F) / SMA(F)
Average Power Handling 20W @ 2GHz
Temperature Range -30°C ~ +60°C
KPH900SCLOOT Pimersion (inch) A 35: ::ggg:} s 85:8:1‘:?;

@ Miniature CPS

Drop-in type Connectorized type
(KPHBOOSCLMO) - (KPH3505CL000)
: : L o :
Frequency Range ~ 1GHz 1~2GHz |2 ~2.5GHz| ~ 1GHz 1~2GHz | 2 ~3GHz
Insertion Loss (Max.) 0.15dB 0.25dB 0.35dB 0.15dB 0.25dB 0.35dB
KPH300SCLO00
VSWR (Max.) 1.3:1 1.3:1 1.3:1 1.25:1 1.25:1 1.25:1
Incremental Phase Shift 30 degree min. @ 2GHz 35 degree min. @ 2GHz
Electrical Delay 41.7 psec min. 48.6 psec min.
Nominal Impedance 50 ohm 50 ohm
1/O Port Connector Drop-In SMA(F) / SMA(F)
Average Power Handling 30W @ 2GHz 30W @ 2CHz
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 S seeaim iR

13921 Artesia Blvd., Cerritos, CA 90703-2202 / S ’ ~‘
o \

1-800-B320.KMW 5 weww krwine eniv: Z=Y N

tel: 562-926'2033 . fax: 562‘-926-61 33 RF& Microwave Products
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Free (1){ Outside-County as Stated on Form 3541 1,516 1,643
by Mail
(Samples, |(2)| In-County as Stated on Form 3541 -0- -0-
, and
?hfrn) (3)| Other Classes Mailed Through the USPS -0- -0-
©. Free Distribution OQutside the Mail
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[
Total Free Distribution (Sum of 150. and 15e.) 2,381 2,019
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Receiver boasts
3-dB bandwidth

The model DSC-R401ER is an
amplified optical receiver (Rx) with
typical —3-dB bandwidth of 100 kHz
to 20 GHz. Applications include
telecommunication system designers
of )C-192/STM-64 systems using the
return-to-zero (RZ) format with for-
ward-error correction (FEC). Dis-
covery Semiconductors, Inc.,
186 Princeton-Highstown Rd.,
Princeton Junction, NJ 08550;
(609) 275-0011, FAX: (609) 275-
4848, e-mail: sales@ chipsat.com,
Internet: http://www.chipsat.
com.

CIRCLE NO. 73 or visit www.mwrf.com

Filter operates
from 2 to 8 GHz

Model MR1433DD is a multioctave
band-reject filter that consists of eight
stages covering the frequency range
of 2 to 8 GHz. The rejection bandwidth
ranges from 2 to 8 GHz. At 2 GHz, the
30-dB rejection bandwidth is 9 MHz,
at 5 GHz the —50-dB rejection band-
width is 30 MHz. The out-of-band
insertion loss is typically 1.5 dB and
the tuning sensitivity is typically 24
MHz/mA. OMNIYIG, 3350 Scott
Blvd., Bldg. 66, Santa Clara, CA
95054-3125; (408) 988-0843, FAX:
(408) 727-1373, e-mail: Omniyig
@ix.netcom.com, Internet: http:/
www.Omniyig.com.

CIRCLE NO. 74 or visit www.mwrf.com

Tx modules
suit telemetry

The model DR4000 series original-
equipment-manufacturer (OEM)
transmitter (Tx) modules for use in
wireless data communications are
designed for short-range wireless
control and telemetry applications.
The Tx modules include provisions for
on-off-keyed (OOK) and amplitude-
shift-keyed (ASK) modulation. The
Tx module includes an amplifier-
sequenced-hybrid (ASH) Tx plus con-
figuration components in a ready-to-
use printed-circuit-board (PCB)
assembly. RF Monolithics, Inc.,
4347 Sigma Rd., Dallas, TX
75244; (800) 704-6079, (972) 448-
3700, FAX: (972) 387-8148, Inter-
net: http://www.rfm.com.

CIRCLE NO. 75 or visit www.mwrf.com
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Transformers/inductors
Military and industrial commercial-
off-the-shelf (COTS) products are pre-
sented in a 169-page catalog (No. 2028).
Surface-mount and plug-in transform-
ers and inductors, high-power DC-to-
DC converters, and AC-to-DC power
supplies are offered. PICO Electron-
ics, Inc.; (800) 431-1064, FAX: (914)
738-8225, e-mail: info@picoelectron
ics.com, Internet: hitp:/www.picoelec
tronics.com.
CIRCLE NO. 77 or visit www.mwrf.com

Frequency control
Frequency-control product solu-
tions are the subject of a six-page
brochure. Network timing products,
oven-controlled crystal oscillators
(0CXO0s), voltage-controlled crystal
oscillators (VCXO0s), temperature-
compensated crystal oscillators
(TCXO0s), and voltage-controlled oscil-
lators (VCOs) are presented. Connor-
Winfield Corp.; (630) 851-,722,
FAX: (630) 851-5040, Internet: hitp://
WUWW.CONWIN.COM.
CIRCLE NO. 78 or visit www.mwrf.com

Cable assemblies
High-performance flexible mi-
crowave coaxial-cable assemblies for
military applications are discussed in a
six-page brochure. Flexible polyte-
trafluoroethylene cable assemblies,
microwave cable assemblies, and spe-
cialized interconnects are featured.
Kaman Aerospace Corp.; (719)
635-6954, FAX: (719) 634-8159, Inter-
net: hitp:/hwww.stablecable.com.
CIRCLE NO. 79 or visit www.mwrf.com

Test stations
Analytical test stations and acces-
sories are the subject of a 16-page cat-
alog. Probes, specialty stations, soft-
ware, laser cutters, probe cards and
probe-card holders, manipulators,
environmental controls, and thermal
chuck systems are offered. Microma-
nipulator; (800) 967-4358, (775) 882-
2400, FAX: (775) 882-7694, e-mail:
info@micromanipulator.com, Inter-
net: http:/lwww.micromanipulator.
com.
CIRCLE NO. 80 or visit www.mwrf.com

Broadband RF
Broadband RF products are the
focus of a six-page foldout brochure.

NEW LITERATURE

Readouts, RF-field probes, electromo-
tive-force (EMF')-analysis software,
and portable RF-survey systems are
offered. Product specifications are
included. Holaday Industries, Inc.;
(612) 934-4920, FAX: (612) 934-360/, e-
mail: sales@holadayinc.com, Inter-
net: http:/fwww.holadayinc.com.
CIRCLE NO. 81 or visit www.mwrf.com

Microwave cables
A family of tin (Sn)-dipped, hand-
formable microwave cables is high-
lighted in a six-page brochure. Specifi-
cations include insertion loss, shielding
effectiveness, and power handling.
Benefits of the 10 cables in the UTI-
FORM family are provided. MICRO-
COAX; (800) 223-2629, FAX: (610)
489-1103, Internet: hitp://uwww.micro-
COME.COM.
CIRCLE NO. 82 or visit www.mwrf.com

Precision optics
A company’s optics-fabrication
capabilities are described in a
brochure. The company’s manufactur-
ing capabilities for substrates, lenses,
prisms, high-performance laser optics,
and an infrared (IR) detector are cov-
ered. Sensor and filter optics are also
discussed. Specifications for each prod-
uct category are included. Meller Op-
tics, Inc.; (J01) 331-3717, FAX: (401)
331-0519, e-mail: sales@melleropt
ics.com, Internet: hitp:/lwww.mel
leroptics.com.
CIRCLE NO. 83 or visit www.mwrf.com

Test equipment
Electronic test equipment is cov-
ered in a 50-page catalog. Oscillo-
scopes, software, generators, power
supplies, probes, logic analyzers, data-
acquisition (DAQ) units, signal genera-
tors, spectrum/network analyzers,
meters, and monitors are specified.
Calibrators, testers, AC power
sources, DC electronic loads, and
cables are offered. TestEquity; (800)
758-3457, Internet: hittp://www.teste
quity.com.
CIRCLE NO. 84 or visit www.mwrf.com

Power monitors

Wireless components, networks,
and instruments are overviewed in a
296-page catalog. Adapters, attenua-
tors, VSWR/power monitors, circula-
tors, couplers, custom assemblies,

duplexers, electromechanical switch-
es, and filters are offered. Isolators,
local multipoint-distribution services
(LMDS), oscillators, low-noise ampli-
fiers (LN As), monitors, power combin-
ers/dividers, receiver (Rx) multicou-
plers, survey meters, and terminations
are also presented. Narda Micro-
wave-West; (916) 351-4500, FAX:
(916) 351-4550, e-mail: nardawest@L-
8COM.com, Internet: http:/www.nar
damicrowave.com.

CIRCLE NO. 85 or visit www.mwrf.com

Power combiners
RF components are presented in a
14-page brochure. Adapters, cable
assemblies, circulators, isolators, con-
nectors, power combiners/dividers,
and quadrature hybrids are covered.
Specifications include frequency, isola-
tion, phase balance, and VSWR.
RFcomps.com; (847) 926-9060,
FAX: (847) 926-9061.
CIRCLE NO. 86 or visit www.mwrf.com

Semiconductors/transistors
Electronic components are offered
in a 280-page catalog. Connectors,
cable assemblies, integrated-circuit
(IC) sockets, semiconductors, transis-
tors, ICs, transistors, diodes, rectifiers,
crystals, oscillators, inductors, and fil-
ters are provided. Capacitors, resis-
tors, potentiometers, switches, relays,
wire, cable, tools, solder, test equip-
ment, batteries, fuses, transformers,
power supplies, and liquid-crystal dis-
plays (L.CDs) are specified. Digi-Key
Corp.; (800) 344-4539, (218) 681-667),
FAX: (218) 681-3380, Internet: http://
www.digikey.com.
CIRCLE NO. 87 or visit www.mwrf.com

Filters and duplexers
Filter products and subassemblies
ranging from 30 kHz to 40 GHz are fea-
tured in a 96-page catalog. Filters,
tower-mounted amplifiers, directional
couplers, power dividers, and delay-
line assemblies are presented. Full-
band and Global System for Mobile
Communications (GSM) duplexers, a
hybrid combiner, and a tower-top
amplifier are specified. FSY Micro-
wave, Inc.; (410) 381-5700, FAX:
(410) 381-0140, e-mail: sales@fsymai
crowave.com, Internet: http:/lwww.
[symicrowave.com.
CIRCLE NO. 88 or visit www.mwrf.com
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The trade show dedicated to radiofrequencies, microwaves,

r o p e

e

aniary al
LWII PARIS-LA-DEFENSE . 2t editio

g A soaring market, an RF & Hyper Europe 2001 frade show testifying to

; : > its growing European scope : just enough to offer a concentrate of skills in

» meeting again this year the main players in the fields of components,
instrumentation, test, software...

THE PROGRAMME FEATURES 3 CONFERENCE CYCLES :

* A cycle on EMC to keep abreast of the latest advances in the
standards and regulations.

* A cycle of conferences animated by the exhibitors.

* An innovation in 2001, high level conferences in partnership with the
magazines Microwave Journal® and Telecommunications®, covering such
technologies as microwaves, wireless and optical fibres applications in
the fields of Telecommunications.

Organised by

% Birp/RF & Hyper Europe 2001 - 17, avenue Ledru Rollin - 75012 Paris - France  Phone : + 33 153 17 11 40 « Fax : +33 153 17 11 45¢ E-mail : hyper@birp.fr

eq uest for ’ i wish to receive : U My free invitation and the programme of the 3 conference cycles.
nformation S 0 A documentation to exhibit at RF & Hyper Europe 2001.
Company : Zip Code : City :
First name : Surname : Country :
Function : Business activity :
Address : Phone : Fax :

e-mail :

T R R R



Embedded Internet
Wireless Internet
You’ve got to build it.
Find out how at:

g

iﬁiarnatnwm

Creating Intelligent Appliances for a Networked World

SANTA CLARA CONVENTION CENTER, SANTA CLARA, CA
CONFERENCE: MAY 1416 * SHOWCASE: MAY 15-16

p

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.

Early Registration Gets You A

Deep Discount!
Call 1-888-947-3734 for information on
exhibiting, speaking, or attending.

@ Or log on to www.iDeviceBuilder.com  MRFSIID




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, 2001, will feature by Penton Media, Inc., publishers of
core technologies that will make “ubiquitous Microwaves & RF, EE Product News,

s : Wireless Systems Design, Internet World
computing” a reality. ' ’
puting Y Electronic Design, Boardwatch, and Embedded

H H Systems Development. Penton Media, Inc., 611
Acc_eptance Guidelines Route 46 West, Hasbrouck Heights, NJ 07604
Sesslons are selected based on content Phone: 201-393-6060 Fax: 201-393-6297
originality, quality and timeliness. We do not
imitate programs found at other conferences. Submission Guidelines
If you are planning to present the same topic To be considered as a speaker, please submit

within the next 12 months, please indicate where 4,0 following information:
S0 your program can be adjusted appropriately.

We do not accept canne 1. Your name, title, company or organization,

address, phone, fax, and e-mail address.

2. A short professional biography
(25 words maximum).

3. Proposed session title and a 50-t0-100 word
“abstract. This material must be included or your
submission will not be considered.

4. If you will be speaking elsewhere within the next 12
months, please indicate where.

We're looking for presentations by expert

instructors on concise topics, case studies,

“tips and tricks”, or research based on an

riginal written paper.

i Submlt your session proposal by
- _December 14, 2000 to Conference
i J{lanager Betsy Tapp: btapp@penton.com.

_____ ELECTRONIG DESIEN odtNews  CIRF ?rsmmmms'! TGN




COME SEE AND HEAR
BOB PEASE

COME SEE AND HEAR
BOB PEASE ON PlanetEE

On December 6, 2000, PlanetEE will bring
7" you a Wehcast with National
Semiconductor’s renowned analog guru and
S~ *  popular Electronic Design columnist Bob

' Pease. In typical high-energy style, Bob will
. present
‘ ‘ “What’s All This Current-Source Stuff,
. Anyhow?”

Fans of Boh Pease and his Pease Porridge column

don’t want to miss out on this opportunity to inter-
‘o : act with him. Those unfamiliar with Mr. Pease will
— " be treated to an offbeat, information-packed look
f! at the world of current sources.

For details on how to access the Wehcast, go to
www.PlanetEE.com and click on the “How To View
A PlanetEE Webcast” information link.




MICROWAVES & RF ENGINEERING CAREERS

RATES

Effective January 1, 2000
$205 per column inch
Commissionable to agencies

DEADLINES

Space reservation: 5th of month
preceding issue date

Ad material to: Penton Media Ine., Classified

Dept.,611 Route 46 West,

Hasbrouck Heights, NJ 07604

SALES STAFF

Call Dottie Sowa at
(201) 393-6083
Fax(201) 393-0410

RF Design Engineers
-Los Angeles
Experienced in amplifier design.

We offer unlimited opportunity, and a
competitive compensation package.
Please fax or e-mail your resume to
OPHIRRF Professional Employment
Fax: 810-577-9778 e-mail: creyna@ophiref.com

In most cases, advertisements con-
tained in Microwaves &RF employment
section indicate that the companies are
equal opportunity employers. The Fed-
eral Civil Rights Act of 1964, and other
laws, prohibit discrimination in employ-
ment based on race, color, religion,
national origin, sex or for any reason
other than lack of professional qualifi-
cation for the position being offered. It
should be noted that employment
advertisements in Microwaves & RF
are published for the readers conve-
nience and in no way, to the best of our
knowledge, promote unlawful discrimi-
nation.

like to
place an
ad in the
Classified Section
of Microwaves &RF!

Customer Service

Department at...
*PH 201-393-6083
* FAX 201-393-0410

M/A-COM,

M/A-COM SIGINT Products
Division is the world's largest
designer and producer of
microwave receivers and
IF-to-Tape Converters.

We also design and

produce signal distribution
equipment, demodulators
and control software.

Our products are used
primarily for intelligence
collection and analysis and are
sold to special agencies of
the U.S. Government and its
armed forces, and to selected
foreign governments and
commercial enterprises.

Our mission is to produce the
highest quality and best
performing electronic
equipment at fair prices

and to provide superior
after-sales service to

our customers.

Please send or fax your resume to:
M/A-COM,

Employment Department,

1011 Pawtucket Boulevard,

Lowell, MA 01853;

Fax (978) 442-4443.

Or email to:
macom_careers@tycoelectronics.com
When responding
please indicate

Ad Code MRF-11/00.

Many opportunities for RF ENGINEERS at our Lowell, MA headquarters and nationwide.

A Division of Tyco Electronics

RF Design Engineers

We have immediate openings for two Principal RF
Design Engineers in our Hunt Valley, Maryland facility.
Responsibilities will include the development of
microwave broadband receivers. You will enjoy working
on projects such as microwave receivers, multiple loop
synthesizers, RF filters and pulse detection applications.
Acting as a technical resource, you will be given the
opportunity to provide innovative solutions to a wide
range of complex problems. Responsibilities will include
customer interface as well as project management usually
managing one major and several minor programs (typi-
cally leading several engineers and technicians).
Educational background should include a BSEE degree
with 6 to 8 years of experience up to a Ph.D with 2 years
experience in a technical environment. US Citizenship is
required as is the ability to obtain a security clearance.

Software Engineer

Our Hunt Valley, Maryland facility also has a challenging
opportunity for a seasoned Software Engineer with expe-
rience in MS Visual C++. Background should include
actual object oriented program design, experience using
MFC to create window user interfaces, experience with
COM or DCOM, understanding of WIN NT registry
manipulation and the difference between local and in-
process servers. This position requires a minimum of a BS
degree and 5 years experience or Ph.D. in a technical dis-
cipline. US Citizenship is required as is the ability to
obtain a security clearance.

We are an Equal Opportunity/Affirmative Action
Employer M/F/DJV. :

WWww.macom.com/si

MICROWAVES & RF sNOVEMBER 2000
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Hasbrouck Heights, NJ 07604
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Call Dottie Sowa at
Department

(201) 393-6083
Fax(201) 393-0410

€Ers

ANADIGICS, through rigorous design, engineering and testing
in a niche market, is a top contender on the RF circuit. Our

newest 6-inch GaAs manufacturing line builds our capacity for
speed, and our engineers are busier than ever. We're seeking:

Test/Test Development Engineers & Technicians
Choose your focus: Evaluating fiber related and andlog ICs in
a semiconductor company; designing test hardware; develop-
ing test plans for RFIC designs; deve?opmg final and diesort test
programs for high volume RFICs; designing and implementing

For over 50 years, the name AlL has been synonymous with advanced
electronics and systems. As we continue to expand on our expertise in
commercial satellite and space-bome electronics, the atmosphere is
more exciting than ever. We are building on our reputation for innova-
tion, high quality, and customer satisfaction. Our business is booming,
our technology is cutting edge, and our capabilities are unparalleled.

In this challenging role, you will design amplifiers for satellites, and
support the design and development of Hi-Rel, MIC and MMIC com-
ponents and sub-assemblies supporting commercial space progams.
Requires experience in the design of Filters, Mixers, Oscillators,
Amplifiers and VCO s; familiarity with Libra analysis, HFSS and Autocad

We offer a competitive salary and comprehensive benefits package. For
consideration, please fax (631)595-6517, or send your resume to:
AIL Systems, Inc., HR Dept, 455 Commack Road, Deer
Park, NY 11729-4591. Visit our website at www.ail.com. EOE

o ] e

SYSTEMS INC.
An Employee Owned Company

-.r RF/analog test methodology.

C &+ pHEMT Device Engrs.  * Sales Engineers

B .2 p g

ﬁ ¢ * HBT Design/Device ¢ Technicians

> Engineers (RF, Test, Equipment)
S E * REICDesigners « Chief Scientist
——r (cable, fiber, wireless) (Photonics)

@ < ¢ Process Engineers * Senior Principal
—g an ¢ Applications Engrs. Engineer (phEMT) software helpful.
; E (cable, fiber, wireless)
% 2 See www.anadigics.com for details about these opportunities
[ 8 and others. Please send your reply to hr@anadigics.com or
w=d =g ANADIGICS, Inc., Human Resources/CS, 35 Technology Drive,
S Warren, NJ 07059. FAX: 908-412-5942. An EOE.

C w

]

L

<z LIANRDIGICS

O£ -

like to
place an
ad in the
Classified Section
of Microwaves &RF!

Customer Service
Department at...

*PH 201-393-6083

* FAX 201-393-0410

EfEcTroNICSMAGS

 trade publications
online absolutely

FREE!

www.freeelectronicsmags.com

Subscribe to leading

In most cases, advertisements contained in
Microwaves &RF employment section indicate
that the companies are equal opportunity employ-
ers. The Federal Civil Rights Act of 1964, and
other laws, prohibit discrimination in employment
based on race, color, religion, national origin, sex
or for any reason other than lack of professional
qualification for the position being offered. It
should be noted that employment advertisements
in Microwaves & RF are published for the readers
convenience and in no way, to the best of our
knowledge, promote unlawful discrimination.
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°|?|'B\N AVAILABLE!

An Upto-the-Minute Resource for
Engineers and Developers

Conference
Proceedings

SAMPLE TOPICS

Wireless/ mmgsi\:wm
Portable P by Dk

¢ Bluetooth Connectivity

* LAN Technologies

* PCS Handset Technology
* High Power Design

* 3G ¢ DSP Made Simple

iDB

Tracks

¢ Wireless Technologies
* Servers, Browsers
& Munging
e Control & Implementation
...and much more

&Q‘. e

_For more
information,
call us at

1-888-947-3734

www.WirelessPortable.com
www.iDeviceBuilder.com

Act Today-
quantities are limited

A [bnton

LOOKING BACK

Ofver 15 years ago, Dick Moss of Polycore RF
Devices (Newbury Park, CA) unleashed the
Polyfet, a silicon field-effect-transistor (St FET)
alternative to the bipolar transistor. The gold
(Au)-metallized device supported amplifiers
capable of operation beyond 1 GHz.

Microwaves & RF

December Editorial Preview

Issue Theme: Wireless Show
Preview

News

Scheduled for February 12-16,
2001 at the San Jose Convention
Center (San Jose, CA), the Wire-
less/Portable Symposium & Exhibi-
tion promises to be bigger than ever,
with more technical presentations,
more exhibitions, and more educa-
tional workshops than ever before.
The December issue will feature
summaries of the technical sessions,
highlights of the workshops, and a
sneak preview of the key products.

Design Features

December features a strong
lineup of contributed technical arti-
cles, including a practical report
from Rohde & Schwarz (Munich,
Germany) on measuring the dy-
namic characteristics of cellular am-

plifiers with real-world modulated
signals. Authors from China offer
design notes on the construction of
an integrated second-harmonic W-
band Gunn oscillator, while an au-
thor from Taiwan provides insights
into improving the precision of mi-
crowave measurements.
Product Technology

In December, a new approach to
the design of RF and microwave
mixers will be unveiled. Additional
articles will detail high-power ampli-
fiers for cellular and personal-com-
munications-services (PCS) base
stations, a line of compact integrated
antennas that serves wireless data
applications, and a wideband radio-
channel simulator with maximum
channel bandwidth of 35 MHz.
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The best deal in town

from ARRA. of course!

FIXED
ATTENUATORS
DC-18GHz $40.

* Models to 55 dB
® SMA or Type N conn.
* 50 W average models

Freq Range Average Model No

Power (W N Conn SMA Tonn

N9412 *
N4402
N4405
4425 Types C- 1 N4410 *
N4425 °
N4450

9412 & 4401 Types
(1.147)

Write for new literature or call (631) 434-1116

. the last word in variable attenuators

ARRA me.
| ANTENNA & RADOME RESEARCH ASSOCIATES I

I5 Harold Court @ Bay Shore. N.Y. 11706

The best deal in town
. from ARRA. of course!

WAVEGUIDE LOADS

* Low VSWR
® Fast delivery!

¢ WR281 thru WR62

Freq. Range Medium Power High Power

Average (W) Model No Average (W) Model No

284-925 284920
: 229-920
187 920
159-920
137-920
112 925 112920
102-925 102-920
90.925 90-920
62.925 62-920

NoNNNBRWWN
ENOOmOOWD
SO omS S

Write for new literature or call
(631)434-1116

- the last word in variable attenuators

ARRA INC.
ANTENNA & RADOME RESEARCH ASSOCIATES I

15 Harold Court @ Bay Shore. V.Y, 11706

The best deal in town

. from ARRA. of course!

BROADBAND
® COAXIAL
TERMINATIONS

b e DC-18 GHz model
e 50 W model
e SMA or Type N conn.

Freq Range Average Model No
( N _Conn SMA Conn
9512

N9512
N9505 9505
N9510 9510
N9525 9525
N9550

Write for new literature or call

(631) 434-1116

. the last word in variable attenuators

ARRA INC.
| ANTENNA & RADOME RESEARCH ASSOCIATES I

15 Harold Court e Bay Shore. N.Y. 11706

A The best deal in town
from ARRA, of course!

¥V  WAVEGUIDE
COMPONENTS &

SPECIAL ASSEMBLIES

Write for new literature or call (516) 231-8400

. the last word in variable attenuators

ARRA INC.
| ANTENNA & RADOME RESEARCH ASSOCIATES |

I5 Harold Court @ Bay Shore. N.Y. 11706

t our wel)sitc at www.arra.com
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Our new Xinger’
raises performance by
lowering impedance-

impedance

° e ~ Anaren’s new low impedance Xinger
"ng/ balun brings impedance down from
50 to 12.5 ohms — and makes it easy for

your design to do the rest.

Now, matching your amplifier design’s low impedance transistors
is simpler and more efficient. Forget sluggish signal transformations —
our latest Xinger's high performance functionality allows you to gain
more bandwidth and flatness with its 180 degree balanced signal.

Ideal for a wide range of applications, including D-AMPS, GSM,
PHS, PDC, PCS, DCS, WCDMA, and UMTS, this three-component balun
family covers several frequency ranges with 15dB minimum return
loss and 0.3dB maximum insertion loss.

Built with Anaren’s patented packaging technology, this
breakthrough, patent-pending balun also features extra-wide
output pads to distribute the low impedance with an amplitude
balance of + 0.2dB. Plus, this Xinger's footprint measures a tiny
0.75" x 0.55" x 0.07".

And it's all backed by Anaren’s exclusive B-There™ service
commitment — 1-800 ordering, instant quotes on all standard
products, on-time delivery, and real engineering assistance. Plus,
free samples in 24 hours for qualified prototype work. And don't
forget our 100% On-Spec™ performance guarantee!

Xinger low impedance baluns — exclusively from Anaren.

Questions? Contact Anaren at lowimpedancebalun@anaren.com

Ainaren

What’'ll we think of next?”

800-544-2414 > www.anaren.com

In Europe, call 44-2392-232392
Visa/MasterCard accepted (except in Europe)
CIRCLE NO. 273

IS0 9000 certified

Able to leap 5 to bGHz
in a single band.

At a mere 0.40" x 0.20" x 0.07", the 1M803 surface

mount 90 degree 3dB hybrid coupler is our smallest

Xinger’ yet!

> U-NII and HiperLAN applications

> Frequency range of 5 to 6GHz

> Maximum average output of 20 watts

> Minimum isolation of 20dB; maximum insertion

loss of 0.25dB

Phase balance of + 3 degrees; minimum return

loss of 20dB

> And our B-There" service commitment and 100%
On-Spec” performance guarantee!

Anaren

c'RcLE No- 274 What‘ll we think of next?”

An infinitely smarter and
safer way to cross the road.

v

How do you get to the other side? Cross any RF and

DC line combination with the 0.20" x 0.20" surface

mounted Xinger® Crossover.

> NMT, GSM, UMTS, MMDS and HiperLAN applications

> Frequency range of 0 to 6GHz

> RF-DC and RF-RF components available

> Insertion loss of less than 0.10dB; return loss of

better than 20dB

RF-RF version maintains an isolation higher

than 25dB

> And our B-There™ service commitment and 100%
On-Spec™ performance guarantee!

Anaren

What'Ll we think of next?™

v
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Look what just cropped up.

At only 0.56" x 0.20" x 0.075", the Xinger” 1.9GHz

surface mount coupler is perfect for many applications

out in the wireless field.

> LNA and PA applications for DCS and PCS

> Low 0.20dB max insertion loss and 2 degree
phase balance

> +0.20dB amplitude balance; 23dB minimum
isolation; and a maximum VSWR of 1.17:1

> A great price, in volume

> And our B-There™ service commitment and 100%
On-Spec™ performance guarantee!

Anaren

What'll we think of next?”
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