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Remember—in the wireless world, there are no rules.

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

Innovating the HP Way




'LOW SPURIOUS I

SPACEBORNE!MIXERS

FEATURES:

- Broadband operation

« Minimal variation in
conversion loss

- High IP3 and 1 dB

compression versus LO
power

CONVERSION LOSS/SPURIOUS

LO FREQUENCY:10 GHz

CL(1X1)

CL, SPURS (dB,-dBc)

RF/LO Input Frequency Range
IF Output Frequency Range

+17 dBm

Conversion Loss

Spurious

Third Order Intercept Point B
\ 1dB Compres'sion Point e

6 to 18 GHz

: OOStOSGHz

6 dB Typ;cal

-55 dBc
+23 dBm Typical

~ +13 dBm Typical

For further information, please contact Mary Becker S0 9001
at (631) 439-9423 or e-mail mbecker@miteq.com
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100 Davids Drive - Hauppauge, NY 11788
TEL.: (631) 436-7400 - FAX: (631) 436-7430
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DEUVERY IN 2-4 WEEKS ARO

4ODUV|a F?eseador Camarillo, CA 93012
/ (805) 445L9888 Fax: (805) 987-6990
emad ]ca@]catech com * www.jcatech.com

LIFIERS

for every application

8 Model

JCA018-203
JCAD18-204
§ JCA218-506
JCA218-507
J

: Model

JCA04-403
} JCA8-417
JCA28-305
i JCA212-603
b JCAG18-406
| JCAG18-507

: Model

§ JCA12-PO1
JCA34-P02
& JCA56-PO1

L
* Model

b JCA12-3001
JCA24-3001
JCA48-3001

ULTRA BRGAD BAND

Freq. Range - Gain

GHz
0.5-18.0
05-18.0
20-18.0
20-18.0
2.0-18.0

U
Freq Hange Gain

GHz
0.5-4.0
0.5-8.0
2.0-80
20-12.0
6.0-18.0
6.0-18.0

qu Range Gain

GHz

1.35-1.85

3.1-3.5
5.9-6.4

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

Freq Range Gain

Hz

5 [] 20
2.0-4.0
4,0-8.0

JCAB12-3001 8.0-12.0
 JCA1218-800 12.0-18.0

Features:

» Removahle SMA Connectors

~ 1dBComp. 3rdOrder VSWR DC Curent
pt.dBmmin  ICPtyp  In/Out max mA
" 201 250
L 300
201 400
e ]
201 500

TAVE AMPLIFIERS
NF  Gain 1dBComp. 3rdOrder VSWR DCCurrent
dB min dB max Fat+-dB pt dBm mm ICPtyp  In/Out max
15 1 2] 2.0:1 550
15 27 20:1 550
10 30 20:1 550
3.0 a4 0] 550
20 9 20:1 600
20 7 201 8w

i POWER AMPLIFIERS

NF  Gain 1dBComp. 3rdOrder VSWR DC Current
dBmin dBmax Flat+/-dB ptdBmmin  ICPtyp In/Outmax  mA

3B 400 il 3 4 200 1000
40 45 10 31 g 01 200
30 58 10 34 2 200 1200
4 B 15 3 4 200 1700
2 & 20 2 d 201 00

E OCTAVE BAND LNA'S
Gain  1dB Comp. 3rdOrder VSWR DC Curent

dBmin dBmax Flat+/-dB pt.dBmmin  ICPtyp  In/Out max mA
0 08 10 10 20 Al Pl
2 12 10 10 20 “dig s Sl
40 1.0 10 @ a0
a2 1.0 10 4 01 00
45 1.0 10 20 201 250

BAND LNA'S
- Gain  1dBComp. 3rdOrder VSWR DC Curent

max Flat+/-dB pt.dBmmin  ICPtyp In/Outmax  mA
& 05 10 20 20:1 80
g 05 10 20 20:1 80
05 10 20 2.0:1 90
05 10 @ o 20 1N
e 05 13 23 20:1 120
(2
2

NF

dB min dB max
20 . 5l
%40
Apgain
35 h#
3 50

{Eﬂ'

0.5 13 a5t 150
0.5 13 23
05 13 23
0.5 10 20
1.0 14 %4
0.5 10 20
0.5 10 20

0 150
i3t - 100
200 200
200 200
201 200
201 200

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

+ Competitive Pricing

¢ Temperature Compensation

s (ompact Size

s (ain Control



SPIRENT

Communications

CDMA
Ge’lcs Widel

Extend your product’s

performance with
TAS' 3G CDMA
test solution.

/ideba"’i’n'd 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
Telecom Analysis Systems a broad range of environments. Environments that change...Quickly.

That's the reason the TAS 4500 FLEX5 RF Channel Emulator
comes equipped with a powerful new dynamic channel emulation
mode called 3GPDP (Power-Delay Profiles). Use 3GPDP to test
vour receiver designs under the most challenging RF channel
conditions. FLEX5 meets all W-CDMA and cdma2000 test
specifications. But why stop there? Program 3GPDP's Moving

Propagation and Birth-Death channel models to emulate any

environment you can dream up.

TAS is a SPIRENT Communications company. SPIRENT
Communications is at the leading edge of wireless and broadband
communication technology advancement. Our test solutions are
integral to the development and deployment of next-generation
communication technology. To find out more about SPIRENT

or TAS and our products, visit our web site

34 Industrial Way East = Eatontown, NJ 07724-3319 = Phone: (732) 544-8700 = FAX: (732) 544-8347 = Email: sales@taskit.com
o o RN R R RN T e ]
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Need a high performance first stage LNA for your PCS,

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

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

. S low cost, superminiature SOT-343 plastic package.
With NEC’s New, Miniature ! PRI
)
Nearly half the size of a conventional SOT-143 device,
ID V‘/ C()St I l I l: the NE34018 can help miniaturize your handheld

wireless receiver design — while maximizing its per-

formance. The NE34018 is just one in a family of

NE34018 HEMT FETs: miniature plastic transistors from NEC.

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

B +23dBm Output IP; @ 2GHz
W (.7dB NF, 15dB Gain @ 2GHz
W Ultraminiature SOT-343 package

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

® 70¢ in 100K quantities NE34018 NOISE AND GAIN PERFORMANCE
4 25
- & e & \ =
o e \ e .5
Housed in SOT-343 packages (vight), these NEC HEMTS 3z o ~— w3
are nearly half the size of conventional SOT-143 devices. g, i o ~'i : g
[l
VERSATILE NE76118 MESFETs: = —— e R
W 0.8dB Noise Figure @ 2GHz o
0 1 2 3 4 5 6 789
B /3.5dB Associated Gain @ 2GHz Frequency (GHz)
B Use as an oscillator, 2nd stage INA,
or buffer amp
W 61¢ in 100K quantities For instant Product Data visit us at:
www.cel.com

Super Low Noise NE334S01 HJ FETs:
Or call our 24-hour Fax Hotline

B 0.25dB Noise Figure @ 4GHz at 800-390-3232 and request
B [6dB Associated Gain @ 4GHz Document #144

B Miniature plastic four pin package (U8 and Canada)

m 99¢ in 100K quantities

NEC California Eastern Laboratories

4590 Patrick Henry Drive = Santa Clara, CA 95054 = 408 988-3500 = www.cel.com
DISTRIBUTORS: Arrow (800) 525-6666 Reptron (888) REPTRON
Mouser (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)

CIRCLE NO. 220



A Penton Publication

AUGUST 2000 VOL. 39, NO. 8

Visit us at

www.mwrf.com

ICYOWaves

159

Digital Upconverter IC
Tames Complex Moduiation

An improved 14-b avchitecture
and enbanced power-saving
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quadrature digital upconverter.
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ool SERIES
~ RF CAPACITORS

A LOW COST
PERFORMER, TAILORED
TO SUPPORT

- HIGH VOLUME

~ WIRELESS APPLICATIONS

o402
e AVAILABLE CASE SIZES:
0402, 0603, 0805
* TYPICAL ESR AT 1 GHzZ:
0402/0603 120 mQ
0805 100 mQ
American e VALUE RANGE:
: 0402 0.1 TO 15 PF
Technical 0603 0.1 To 47 PF
Ceramics 0805 0.2 T0 150 PF

FOR A FULL DATASHEET ON THE 650‘SERIES:

Click here
www.atceramics.com/products/658.htmi 8

A

PHONE: 631-622-4700 ¢ E-MAIL: SALES@ATCERAMICS.COM I%t([)ﬁlsqrggz
COMPANY HE
ENGINEERS
CHOICEm
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Waste Not. Want Not.

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

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

Linking.7
thet i)
\yorld f","
/
’%;//r"

El Toro 68C/69B Microwave Synthesizer

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

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

©1999 Anritsu Company Sales Offices: United States and Canada, |-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
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Motorola

High power,
and low cost and
Richardson small packages are
Electronics just a few of the
offer the advantages of Motorola's

perfect balance of e " { & RF components. When
exceptional products R all combined with Richardson’s
and services. global, technical and logistical
support, you get the perfect balance of

Wacrolals Deoadons, FLIL AN exceptional products and services.

cellular components are incomparable %
in performance, and Richardson provides
the stability of unrivaled global logistics
and engineering support.

£ L Motorola and Richardson Electronics —
providing global solutions for all your
RF component needs.

- Richardson
(M) MmoToroLA Electronics

Engineered Solutions

More than 60 locations worldwide to serve you. E-mail: sso@rell com. Internet: www.rfpowernet.com/motorola.asp, Toll Free: 800-RF Power or 800-737-6937
(US. & Canada), Australia: Casile Hill ACN 069 808 108, +61 (2) 9834-7288, Bayswater, ACN 069 808 108, +61 (3) 97380733, Brazil: Sao Paulo, +55 (11) 820-
6199, China: Shanghal, +86 (21) 6440-0807, Colombia: Sante Fe de Bogota, DC. (57-1) 636-1028, France: Colombes Cedex, +33 (1) 55.66.00.30, Germany:
Puchheim, +49 (89) 890 214-0, Hamburg, +49 (40) 555 88 410, Italy: Sesto Fiorentino (F). +39 {055) 420831, Agrate Brianza (MI), +39 (039) 653145, Roma, +39 (06)
41733751, Japan: Osaka, +81 (6) 6314-5557, Tokyo, +81 (3) 5215-1577, Korea: Seoul, +82 (2) 539-4731, Mexico: Mexico City, +52 (3) 674-2228, Guadalajara,
: . +52 (3) 645-4641, Netherlands: Amsterdam, +31 (20) 446 7070, Philippines: 63-2-633-9480, Singapore: +65 487-5995, Spain: Madrid, +34 (91) 528 3700,
VIS!I Richardson's Barcelona, +34 (93) 415 8303, Sweden: Stockholm, +46 8 564 705 90, Taiwan: Taipei, +886 (2) 86915238, Thailand: Bangkok, +06 (2) 749-4402, Turkey: Iclevent
onling catalog at Istanbul, +90 212 264 3721, United Kingdom: Lincoln, +44 (1522) 542631, Slough, +44 (1753) 733010, Vietnam: Ho Chi Minh City, +84 8.811.1919. For other
catalog.rell.com inlernational inquiries call Corporate Headquarters: LaFox, IL (630) 208-2200, Fax (630) 208-2550. MK0518 €2000 Richardson Electronics, LId.

1-800-RF-POWER - www.rfpowernet.com/motorola.asp °* ssc@rell.com

Motorola is a registered trademark of Motorola, Inc.



75 Ohm Connectors

Featuring Mini 75 Ohm SMB and Mini 75 Ohm SMB and 75 Ohm MCX
75 Ohm MCX Connectors Features and Benefits

* Plugs and Jacks * True 75 Ohm impedance

* PC Mount Plugs and Jacks * Increasing signal speed

* In-series adapters * Efficient signal and data transfer

* Between series adapters * Optimum performance

* End Launch * Low VSWR

* Terminations * Mate with their 50 Ohm counterparts

JOHNSON 1.800.247.8256

Components www.johnsoncomp.com




More than 20 years experience supplying
HIGH PERFORMANCE fﬁd
INTERCONNECTS FOR... Y

Spaceflight...

( 4 where our interconnects have more than

J LA ; ten years of space heritage. Outstanding

e thermal stability over wide temperature spans

o and low outgas materials. Special products to
|} meet demanding PIM specifications.

Defense Electronics...

for needs ranging from high power fo PR “ 2 B
high density. Flexible and semi-rigid F AN o
products to withstand the severe conditions
of shipboard, airborne or ground-based
operations. A low-density PTFE dielectric
reduces attenuation by up to 30% over
conventional materials.

Radar...

systems, including phased array. Products
and processes optimize phase fracking over
frequency and temperature. Miniature
products with blindmate connector interfaces
such as GPO™ and GPPO™ allow increased
packing density.

'S Navy Photo

EE

Telecom... o
systems and fest gear. Our microwave / \§ 1
products provide clear signal transmission é / N\e
even as SONET rates exceed 10 Gb/sec; our v | Y1
optical products provide the same transparent >

performance outside the electrical world.

Wireless...

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

Test Equipment / Systems...

where our interconnects are used
extensively due to their rugged construction
and reputation for consistent performance.

RF/MICROWAVE GROUP g
116 Shore Drive  Hinsdale, IL 60521 m
TEL 630.323.9121 = FAX 630.323.9398 PRODUCTS CO.  DESIGN & MANUFACTURING
TOLL FREE 888.347.8676

www.stormproducts.com CIRCLE NO. 217




innovation #5

first C/N generator
and Multi-Path Fading

Simulator integrated

into a one-box solution

Simplified testing for CODMA.

Until now: Testing noise and channel simulation
for CDMA systems required 2 to 3 separate test
instruments. Micronetics has changed all of that with the
new CNG-FS. The CNG-FS takes the two most desired
functions in CDMA

communications | f
equipment testing, I-Td(B)mO

guassian noise gener-

ation and multi-path

fading, and integrates

|—70.0 '
dBm
them into One, easy- i

to-use instrument. l
Today, it tests CDMA

J-STD-018 I WA

_ Center: 1960.0 MHz

1 8Kmiw 2 OdB NA OQus 20us N/A
2 14Km/hr 2 OdB N/A Ous 20us NA
1 N 15

J-STD-018/019 for

base stations and

| Paths: 3 :
| . Path 2 Power. 0 dB

Delay Path 1 to Input Ous

Delay Path 2 to Input 2.0 us

handsets, and it is Vehicle Speed: 100 Km/hr

ready to accommo-

date future 3G stan-
dards. The CNG-FS

eliminates the hassle

Catrier to I

Copyright (o] 19498

of setting amplitude levels between fading simulators and
AWGN generators, and it simplifies calibration, resulting
in reduced test time and development/ manufac-
turing costs. If you're looking for an alternative in noise
and fading testing, take a look at Micronetics. For more
information, call (603) 883-2900 ext. 312 or visit our web

site, www.micronetics.com.

innovation for the future™

CIDCIENOS 248

Path 3 Power: -3 d8.

Delay Path 310 Input 145us

Download our graphical
user interface by going to
www.micronetics.com.

26 Hampshire Drive, Hudson, NH 03051




MISSING THE MARK
To the editor:

In an age when product branding is
an important part of any marketing
campaign, I was somewhat disap-
pointed upon receiving my copy of
the July issue of Microwaves & RF.
On the front cover, which depicts one
member of a family of novel electron-
ic line stretchers from Mini-Circuits
(Brooklyn, NY), the Mini-Circuits’
logo did not appear on the top of the
housing. The logo is representative of
a company well-known for the quali-
ty of its many product lines, including
amplifiers, filters, mixers, power di-
viders, and terminations, and a com-
pany associated with technological
innovations, such as some of the in-
dustry’s smallest and widest-dynam-
ic-range mixers. I have included a
photograph of the electronic line
stretcher as it should have appeared
(see figure).

The technological significance of
the electronic line stretchers was
also unnecessarily downplayed in the

%. Fa. R R W &

article. It should have been noted in
the initial paragraph that a patent is
currently pending for the electronic
line stretchers. The technology em-
bodied within the devices is patent
pending and is not only innovative,
but also a practical advance for high-
frequency engineers involved in
measuring and modeling voltage-
controlled oscillators (VCOs). Since
these electronic line stretchers can
cover wide frequency ranges from
110 to 950 MHz with the 10-to-12-dB
return loss customarily exhibited by

loads used when testing VCOs, and

because they can provide the 360-
deg. phase shifts needed to evaluate
VCO frequency variations at center
frequencies below 1 GHz, these de-
vices represent significant improve-
ments over mechanical line stretch-
ers. And the fact that the phase of
these electronic line stretchers can
be adjusted electronically makes it a
simple matter to incorporate the
electronic line stretchers into auto-
mated-test-equipment (ATE) racks
for VCO testing.

On behalf of Mini-Circuits, we
were pleased with the chance to tell
the story of these innovative elec-
tronic line stretchers in the July 2000
issue of Microwaves & RF, but disap-
pointed that “patent pending” did not
appear in references to the electron-
ic line stretchers in the article and
that the company logo and model
number did not appear on the photo-
graph on the front cover.

Bruce Marks
Mini-Circuits
Brooklyn, NY

- FEATURED PRODUCT -

Combline Filters in 10 days

Order online and save

an additional 5%!

Series Number
Select any Fo

Response
Prototype Price
Shipment

RF and Microwave Filters to 18GHz
www.tte.com

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

CIRCLE NO. 424 or visit www.mwrf.com
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Insertion Loss @ Fo
-1dBc passband

315

: from 750MHz to 3500MHz

1 <2dB

: 1.5%Fo minimum

: 5 pole Chebyshev design

: <$400.00

: 2 weeks after receipt of order
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Turning in a flawless performance

takes talent.

Turning out a flawless component takes more.
RFMD's talented designers have six process
technologies right at their fingertips.
Carefully weighing the advantages of each,
they create a perfect balance of

package, performance and price.

True innovation involves more than juggling
drafting skill and technical know-how.
Our global design team takes

technology to its limit . . . and beyond.

Talent, technology and innovation.
Don't bother keeping your eye on the ball —
keep your eye on RFMD.

TALENT - it sets us apart.

RF )

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 talent when contacting us.

TM & © 2000, RF Micro Devices, Inc

CIRCLE NO. 391

www.rfmd.com




Shaping the
future of
wireless.

tlll-'-'a  Electronics ' I

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

f ;5* Hﬁ?’ wﬁ%’
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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.
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<| EDITORIAL |

UNTIL YOU ARE
BLUE IN THE TOOTH

Bluetooth is going to be big. All the
signs point to it. The Bluetooth Special
Interest Group (SIG) now numbers more
than 1800 members. (A year ago, that
number was just over 1000.) While many
of these companies are small hardware
and software developers, there are
enough heavyweights on the list, includ-
ing Ericsson, IBM, Lucent, Nokia, and
Toshiba, to throw considerable market-
ing force behind the efforts to sell Blue-
tooth technology to the general public.
Make no mistake—the “media blitz” for
Bluetooth that started several years ago
(in magazines such as this one) has only just begun.

Bluetooth is a marvelous example of technological reuse. Largely the brain-
child of cellular-equipment giant Ericsson, Bluetooth essentially builds upon
the foundation of Digital European Cordless Telecommunications (DECT)
technology to create a personal wireless interconnectivity standard for low-
to-moderate data rates [see p. 31 for a special news report on Bluetooth and
wireless local-area-network (WLAN) markets and technologies].

Can marketing clout alone sell a product? In the case of Bluetooth, there
are also many practical aspects to the standard. For example, it will allow
users to establish miniature networks or “piconets” within their home or
home office so that computers, peripherals, and other electronic devices can
be connected by means of “invisible wires” (RF) and software protocols,
rather than currently used cable assemblies.

Why is this so special? The answer can be found with just a quick glance at
the various wire-and-connector approaches currently used with computers
and their peripherals, such as parallel and serial connectors, universal-serial-
bus (USB) connectors, and Firewire. In the world of digital audio, the prolif-
eration of digital interconnect “standards,” such as Toslink, AES/EBU,
S/PDIF, and Firewire, has created a secondary market for interconnect de-
vices that translate from one standard to another.

Bluetooth does away with the wires and the incompatibilities. Will the gen-
eral public pay more for Bluetooth than for a cable connection? Probably not,
which is the thinking of many wizened members of the Bluetooth SIG in stat-
ing that any complete Bluetooth original-equipment-manufacturer (OEM) so-
lution, which includes the transceiver and baseband electronies, must be in
the price range of $5 or less. A variety of low-cost integrated circuits (ICs)
for various Bluetooth functions are already on the market, from such suppli-
ers as Atmel Corp. (San Jose, CA), National Semiconductor (Santa Clara,
CA), Maxim Integrated Products (Sunnyvale, CA), and Silicon Wave (San
Diego, CA).

None of these ICs is the complete single-chip solution—integrating RF and
baseband—that many SIG members have in mind. That solution is coming,
and soon. When it does, prepare for the media blitz. It will be similar to the
selling of cellular, and then some. We will be hearing the term “Bluetooth” un-

til we are, well... oo

Publisher/Editor
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Precision

RF-Microwave Components

Immediate Delivery
High Performance
Low Cost

Superior Selection....
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Microwave Waveguide Components
Where reliability and quality are paramount.

Quasar are Europe's leading manufacturer of high quality
flexible/twistable waveguide, from WG8 (WR430) to
WG24 (WR19) with flanges and jackets manufactured for
customer specific applications.

@ Fixed and Variable Attenuators

@ Cross Guide and Broadwall Directional Couplers
@ Broadband Waveguide Horns

@ Fixed and Sliding Load Terminations
@ Rigid Waveguide

@ Tee Junctions

@ Coaxial and Taper Transitions
@ Filters & Diplexers

@ Couplers, Splitters and Combiners
@ Rotary Vane Attenuators

Designed and manufactured in our purpose built factory in the 4
UK 0 1S09001 fast lead times and at low cost. Just take a
look at our NEW “On-Line catalogue” on our NEW website.
Whatever the application rely on Quasar.

Quasar

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

Devon TQ12 6XU, England ST,
Tel: +44 (0)1626 834222 “gK \@1
Fax: +44 (0)1626 832994 ©\ %5
Email: sales@qmtl.com s

See our NEW WEBSITE www.gmtl.com
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Milling Experts

Precision Photo-Fab is your
quality solution for high
precision, metal parts and
components produced with
the chemical milling process

»

PRECISION

PHOTO-FAB INC
Your Quality Solution,

+ Cost saving alternative
to stamping
Fast turnaround
— prototypes/quotes
Superior quality
— tolerances to within
+10% metal thickness
Expertise — engineering
and CAD design
assistance

B

Complete capabilities
— forming, painting,
subassembly, etc.

Call for a free

sample kit

800-875-1093

Fax: (716) 821-9399

Website: precisionphotofab.com

E-mail: ppfi@aol.com
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With SiGe,
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your phone’s
weight, too.
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Introducing a new series of Low Noise
and High Dynamic Range FETs

FH1
For wireless
applications

to 3GHz

FHF1
For wireless
applications
above 3GHz

Cutting-edge performance at

an amazingly low price

v

S XSS~

DC-6GH=z

IP3 up to 45dBm

Noise Figure Down to 1.5dB
Low Cost SOT-89 Package
Proven WJ Quality and Reliability

W]J's new series of FETs combines low noise, high dynamic
range, and up to 20 dB of gain.Call our toll free number, fax us
at 650-813-2447 or e-mail us at wireless.info@wj.com to request
data sheets and a complete catalog.

The Wireless Edge™ 1-800-WJ1-4401

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

Muhlle Communication
GaAs FETs

- The solutions for your base station design begins and ends with Fujitsu.

Fujitsu's series of push-pull power amplifier and driver FETs covers the Cellular, PCS,

PCN, WLL, MMDS, and W-CDMA (3G) frequency bands. The very low thermal resistance

~ of the push-pull products offers improved stability for class A and AB performance over
‘other technologies.

| FLLEODID-2C FLLBOOIO-2C FLLISOODIU-2C
- *B0W Push-Pull GaAs FET +80W Push-Pull GaAs FET - 150W Push-Pull GaAs FET

~ +High Power: Pout = 48.0dBm * High Power: Pout = 49.0dBm +High Power: Pout = 51.8dBm

. +High Gain: GL = 12.0dB(2.17GHz) +High Gain: GL = 11.0dB(2.17GHz) +High Gain: GL = 12.0dB(2.17GHz)
*Thermal Resistance: Ry, = 0.8°C/W * +Thermal Resistance: Ry = 0.8°C/W *Thermal Resistance: Rip = 0.55°C/W

L-Band GaAs-FETs for Mobile Communication Systems

PDC, PHS, PCS, PCN W-CDMA WLL/DAB MMDS WLL
B B L1 T s
. 0.8-1.99GHz 2.1-2.2GHz 2.3-2.5GHz 2.5-2.7GHz 3.4 -3.6GHz
55 ‘
*FLU 5001U-2C
-] —1 150

- W 1 | s00ig-2c = FLL12001U-3 i

FLL600IQ-2 | — 80
2 ] FLLBOIOIQ-S — 60

FLLdooP-2  DXFLL600IQ-2C
45 |— _| IZEZZFLL40C|||:’-3| —1 40

FLL310IQ-3A [  FLL300IP-4 EE

Output Power at 1 dB Gain Compression (dBm)

2
— . %
FLL120MK =
| T EE— 10
™ FMM5046VF — g
FLL5 MK‘
| 1y
35 — \
it
| 2
3 4

Frequency (GHz)

FUJITSU COMPOUND SEMICONDUCTOR, INC.
2355 ZANKER RD., SAN JOSE, CA 95131 (408) 232-9500 FAX: (408) 428-9111

Products manufactured by Fujitsu Quantum Devices, Ltd.

www.fcsi.fujitsu.com
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THE FRONT END

ROUSSET, FRANCE—The Prime Minister of France, Lionel Jospin, formally in-
augurated Rousset8, the latest 8-in. (200-mm) STMicroelectronics wafer plant, which
is located in Rousset (near Aix-en-Provence) in the south of France. The ceremony
was hosted by Jean-Pierre Noblane, chairman of the supervisory board, and Pasquale
Pistorio, president and chief executive officer of STMicroelectronics.
~ Representing a planned total investment of approximately $1.4 billion, Rousset8
will have a eapacity of 7000 8-in. wafers per week, which will make it (when complet-
ed) the largest 8-in. front-end facility in ST’s worldwide manufacturing network, as
well as the largest ST semiconductor manufacturing plant in France.
 The Rousset fab uses state-of-the-art manufacturing techniques, including the in-
novative “mini-environment/isolation technology.” This concept was developed to en-
sure that the increasingly stringent air-quality requirements of each future new tech-
- nology generation can be met without esecalating financial and environmental costs for
 air purification. In the mini-environment approach, each stage in the production pro-
~ cess takes place in a localized environment, with wafers transported between these
“mini environments” in hermetically sealed boxes. Wafer transfer and handling oper-
_ ations are performed by robots. In this way, the air in each mini environment can be
. economically maintained at a level that is approximately 1000 times purer than con-
ventional cleanrooms, while simultaneously supporting a dramatic reduction in the

~ frequency of air recirculation in the cleanroom.

“Mini-environment technology will be mandatory for the next generation of 12-in.
fabs, but it has reached the stage where it offers financial and environmental benefits
for 8-in. fabs,” says Laurent Bosson, corporate vice president for central front-end
manufacturing. Bosson also noted that in addition to providing higher air quality for a
lower energy cost and fast manufacturing ramp-up, the elimination of wafer handling
by humans improves yields by removing a possible source of contamination and
misrouting.

OYSTER BAY, NY—The broadband market will arrive in a grand fashion during
the next five years as subscribers will grow six fold, according to a study from Allied
Business Intelligence, Inc. (ABI). Subscribers will grow throughout the world, from
23 million in 2000 to 124 million in 2005 (see
table), according to the findings in ABI’s latest
- annual report detailing the broadband market,
~ “Broadband Delivery in the Local Loop.” As it
has in almost all voice and data markets, wire-
less will play a significant role in the broadband
space as well.

. The market will be led by asymmetric digi-
tal-subscriber line (ADSL) and cable modems,
which are expected to account for 37 percent
and 29 percent of the market in 2005, respec-
tively. However, considerably greater sub-
~ seriber numbers are possible if original-equip-
- ment manufacturers (OEMs) of wireless
- broadband equipment can achieve significant
declines in equipment costs. “Wireless is also
. expected to account for a higher share of sub-
scriber revenues, since many wireless services
. will target high-end users,” says the author of
the report, ABI senior analyst Andy Fuertes.

Meanwhile, integrated-services-digital-net- :
work (ISDN) BRI services are expected to slip from a leadershlp posmon in 2000 as
new technologies increase their service footprint and decrease service fees and equip-
ment costs. Nonetheless, a market for ISDN is expected to remain strong for several
years to come, due to its wide availability and ability to offer switched services. ADSL
and cable-modem services and technologies will continue to build upon already rapid-
ly growing momentum.
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[ 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
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| ~ THE FRONT END

nemﬂ Mﬂmses AUSTIN, TX—Technology Futures, Inc., a telecom forecasting business, recently an-
R nounced the publication of a report titled Technology Forecasts for Local Exchange
“IIHa ‘ m Paﬂkat Switching Equipment. The report was authored by Ray L. Hodges, senior consultant at
' TF1, and Lawrence K. Vanston, Ph.D., president of TFI. The research was sponsored by
the Telecommunications Technology Forecasting Group (TTFG), a consortium of tele-
‘phone companies comprised of Bell Atlantic, Bell Canada, BellSouth Telecommunications,
Cincinnati Bell, GTE, Southwestern Bell, Sprint-LTD, and US WEST Communications.
The report addresses issues relating to the current trend of asynchronous-transfer-
mode/Internet-protocol (ATM/IP) packet switching and its impact on the embedded digi-
~ tal cireuit switches of incumbent local-exchange carriers (ILECs). It provides an update
 and compansons to earlier forecasts conducted by Technology Futures, which were accu-
rate in identifying the technology substitutions and predicting the pace of change in
switching equipment. The report also includes a technology description and assessment of
optical switching.
~ According to Hodges, “In the past, we have upgraded circuit switches to provide bet-
ter services and features for voice traffic and to accommodate some low-speed data. In the
future, the cireuit switches must be replaced by packet switches, which are optimized for
high-speed data. ATM/IP switches are optimized for data and, when data dominates, they
will become cost-effective for all forms of traffic. Voice traffic will increasingly be disguised
as data and transported over the packet network. The direction is clear, but the time of
the transition is more difficult to determine and is the main subject of this report.”

. GAITHERSBURG, MD—Researchers from the National Institute of Standards and
- Technology (NIST) and Bell Laboratories of Lucent Technologies recently teamed to pro-
duce a more precise method for measuring the frequency of visible and infrared (IR) light.
Maam,ements ' The new technology one day may help to build more accurate atomic clocks, improve sci-
_ entists’ ability to identify molecules and elements by spectroscopy, and provide more re-
liable frequency standards for use by the telecommunications and related industries.
 The technique uses a single laser to measure optical frequency instead of a cumbersome
_ and expensive multiple-laser system. The measurements made by the NIST/Lucent sys-
~ tem are more precise because they are compared to the well-defined frequency of a Ce-
~ sium-133 atomic clock.

. The researchers “locked” a special laser so that it generated a repeating series of ultra-
short optical pulses. Each pulse is so short that it contains approximately three cycles of
light. The new technique is based on controlling the phase of the pulses, effectively putting
them in “lock step.” Through a high-resolution spectroscope, the laser’s output is seen as
sharply defined lines, separated by the pulse-repetition frequency. The scientists refer to
this spectrum as a “comb” because it has the appearance of a common pocket comb.

Msm ' WARREN, NJ—ANADIGICS announced that it has developed a 12-channel met-
i _al-semiconductor-metal (MSM) photodetector array for use in 2x fibre channel, and In-
P hﬂmﬂﬂlecml‘ - finiband data-communications networks capable of data rates up to 3.125 Gb/s per
channel. The devices, which integrate a 1 X 12 array of photodetectors on a single
- gallium-arsenide (GaAs) substrate, operate at 850 nm with a polarity-independent
~ architecture.

. “Parallel optical-communication systems are emerging as solutions for increased
- bandwidth applications,” remarks Dr. Bami Bastani, president and CEO of ANADIG-
~ ICS. “This highly integrated photodetector array, coupled with optical-link laser ar-
~ rays, will provide the industry with scalable broadband fiber interconnects for net-
working and fiber-optic backplanes.”

Dr. Bastani explains that transmit and receive arrays provide space-efficient,
broadband-physical-layer building blocks for high-density fiber-optic parallel
interconnects.

ANADIGICS’' MSM technology integrates all 12 channels onto a single die, con-
forms to the 250-pm pitch fiber-ribbon cables, and displays superior crosstalk isolation
while targeting responsivity in excess of 0.4 A/W. The scalable nature of the architec-
ture enables the company to generate a family of products from 1 X 4 up to the 1 X 12
technology recently demonstrated.
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| THE FRONT END

 CAMBRIDGE, ENGLAND—Seiko-Epson and Cambridge Display Technology
T) have developed a 2.5-sq.-in. (6.35-sq.-cm) full-color display using CDT’s light-emit-
ting-polymer (LEP) technology, an innovative display science that paves the way for the
- creation of ultra-small, paper-thin consumer-electronic dlsplays
~ The prototype color display has been manufactured using CDT's red, green, and blue
polymer materials and an industry-first ink-jet prmtmg process developed for the project.
The color display achieves color quality that is equal to current liquid-crystal-display
c)CdD} teahnolog’y and is comparable to displays found in many portable-computer
ucts.
~ The prototype color display measures 2.5 sq. in., has a resolution of 200 x 150 pixels, with
16 gray scaling at system level, and will be targebed at initial market-entry points for LEP
display products such as mobile phones and personal digital assistants (PDAs). Beyond
this, CDT and Seiko-Epson expect this technology to eventually penetrate all other dis-
~ play markets.
he pre-production colorlight-emitting polymer display being shown by CDT and
‘Seiko-Epson has a color dens1ty similar to current LCDs. The techniques being jointly de-
_veleped by the two companies means that the manufacturing cost of an LEP display will
~ be significantly less than the cost of producing conventional LCD or cathode-ray-tube dis-
plays,” says Dr. Shimoda, general manager of basic research for Seiko-Epson.

.~ STUTTGART, GERMANY—TEMIC Semiconductors and Alcatel recently an-
- nounced the first results of the “GIGA-CHIPS” project within the European MEDEA pro-
. gram—devices for 40-Gb/s optical-transmission systems manufactured in silicon-germani-
- um(SiGe) technology. TEMIC Semiconductors provides the SiGe technology on a foundry
basis for the productmn of the new devices. The 50-GHz SiGe technology that TEMIC
Semiconductors uses is the fastest Si-based technology in production. The first circuit de-
veloped by Alcatel is a new 2:1 multiplexer integrated circuit (IC) which combines cost-ef-
fectiveness and maximum performance.
- The new multiplexer with its high-bit-rate capability responds to the market demand for
creased transmission capacity by using already-existing fibers. The chip is driven by a
tandard. supply voltage of +5 VDC and has a typical current consumption of 35 mA. It com-
s two 20-Gb/s data streams to one 40-Gb/s data stream to use 40 Gb/s as one signal on
Dnﬂihné, This means that more information can be transmitted faster, without additional

’I‘he successful realization of first circuits, such as the new 2:1 multiplexer, provides a
promising outlook for further SiGe applications at 40 Gh/s. SiGe, the latest process for RF
_éappliczitions, is seen as the alternative for gallium arsenide (GaAs).

, f Qualcomm recently announced a $25 million commitment for educational programs that

will help with efforts nationwide to bridge the “Digital Divide.” The company has desig-
nated the University of California at San Diego (UCSD), San Diego State University
(SDSU), California State University San Marcos (CSUSM), and the Foundation for the
Improvement of Mathematics and Science Education as recipients of this donation. The
~ contribution is spread over a five-year period, beginning in fiscal year 2001...U.S. Wireless
- Corp. announced that it has received notice of allowance from the US Patent Office for four
~ ofits principal patents, covering key aspects of the company’s multipath pattern-matching
- technology. An nnportant area of intellectual property covered by the company’s patent
~ filings focuses on its unique strength in locating wireless calls in urban areas, where other
_ solutions such as triangulation or Global Positioning System (GPS) suffer from signal block-
- age..ADC announced that its AAC-2® asynchronous-transfer-mode (ATM)-access con-
~ centrator has been named a finalist by CMP Media, Inc. for Network Computings’ 2000
 Well-Connected Award in the category of ATM-access concentration. The product was
_ chosen for its flexible, scalable architecture, multiple protocols, wide range of line speeds,
~ large variety of customer interfaces, and inverse multiplexing over ATM (IMA) capa-
_ bilities...Motorola has increased its gallium-arsenide (GaAs) capacity every year since

- 1997, and completed the process of tripling the wafer output of its Compound Semi-
 conduetor-1 (CS-1) wafer-fabrication facility in June, three months ahead of schedule.
~ Motorola’s GaAs semiconductor devices are currently fabricated in the CS-1 facility.
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AFS3-01000200-15-TC-6  1-2 36-40 1.00 1.5
AFS2-02000400-15-TC-6 24 22-26 1.00 1.5
AFS3-02000400-15-TC-6 24 22-26 1.00 1.5
AFS2-04000800-20-TC-2  4-8 18-22 1.00 2.0
AFS3-04000800-18-TC-4  4-8 26-30 1.00 1.8
AFS2-02000800-40-TC-2  2-8 14-19 1.50 4.0
AFS3-02000800-30-TC-4  2-8 22-27 1.50 3.0
AFS2-08001200-30-TC-2  8-12 12-16 1.00 3.0
AFS3-08001200-22-TC-4  8-12 24-28 1.00 2.2
AFS4-12001800-30-TC-8 12-18 22-26 1.00 3.0
AFS4-06001800-35-TC-6  6-18 22-26 1.00 3.5
AFS6-06001800-35-TC-8  6-18 30-34 1.00 35
AFS4-02001800-45-TC-5  2-18 18-24 1.50 45

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

Many other frequencies, noise figures and gain windows are available.

AFS4-00050100-25-25P-6 0.5-2 36 1.50 2.5"
AFS3-00100100-23-25P-6 -1 38 2.00 2.3
AFS3-00100200-25-27P-6 -2 33 1.50 2.5
AFS3-00100300-25-23P-6 1-3 25 1.50 2.5
AFS3-00100400-26-20P-4 -4 26 1.50 2.6
AFS4-00100600-25-20P-4 1-6 32 1.50 25
AFS4-00100800-28-20P-4 .1-8 30 1.50 2.8
AFS4-00101200-40-20P-4 A-12 20 1.50 4.0
AFS4-00501800-60-20P-6 .5-18 25 2.75 6.0
AFS5-00102000-60-18P-6 1-20 25 3.00 6.0
AFS3-01000200-20-27P-6 1-2 33 1.50 2.0
AFS3-02000400-30-25P-6 2-4 28 1.50 3.0
AFS3-04000800-40-20P-4 4-8 20 1.00 4.0
AFS4-08001200-50-20P-4 8-12 22 1.25 5.0
AFS6-12001800-40-20P-6 12-18 28 2.00 4.0
AFS6-06001800-50-20P-6 6-18 23 2.00 5.0
AFS4-02001800-60-20P-6 2-18 23 2.50 6.0

“Noise figure degrades below 100 MHz. Please consult factory for details.

Note: Noise figures increase below 500 MHz in bands wider than .1-10 GHz.
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”is _i_s only a smatl sample of our extensive list of standard catalog |tem B
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Frequency  Gain Gain Negise VSWR  VSWR Output Power Nom.

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

MODERATE BAND AMPLIFIE

AFS2-00700080-05-10P-4 7-8 30 0.50 0.45 1.511 1.51 +10 20
AFS2-00800100-05-10P-4 8-1 30 0.50 0.45 1.5:1 1.5:1 +10 90
AFS3-01200160-05-13P-6 1.2-1.6 40 0.50 0.45 1.5:1 1.5:1 +13 150
AFS3-01400170-05-13P-6 1.4-17 40 0.50 0.45 1.5:1 1.5:1 +13 150
AFS3-01500180-04-13P-6 1.5-1.8 40 0.50 0.40 1.5:1 1.5:1 +13 150
AFS3-01500250-06-13P-6 1.5-2.5 36 0.50 0.60 2.0:1 2.0:1 +13 150
AFS3-01700190-04-13P-6  1.7-1.9 36 0.50 0.40 1.5:1 1.5:1 +13 150
AFS3-01800220-05-13P-6 1.8-2.2 36 0.50 0.50 1.51 1.5:1 +13 150
AFS3-02200230-04-13P-6  2.2-2.3 36 0.50 0.40 1.5:1 1.5 +13 150
AFS3-02300270-05-13P-6  2.3-2.7 34 0.50 0.45 1.511 1.5:1 +13 150
AFS3-02700290-05-13P-6  2.7-2.9 32 0.50 0.50 1.5:1 1.5:1 +13 150
AFS83-02900310-05-13P-6  2.9-3.1 32 0.50 0.45 1.51 1.5:1 +13 150
AFS3-03100350-06-10P-4  3.1-3.5 29 0.50 0.6 1.5:1 1.5:1 +10 150
AFS4-03400420-06-13P-6  3.4-4.2 40 0.50 0.60 1.5:1 1.5:1 +13 225
AFS3-04400510-07-5P-4 4.4-51 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS3-04500480-07-5P-4 4.5-4.8 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS3-05200600-07-5P-4 5.2-6 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS3-05400590-07-5P-4 5.4-59 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS3-05800670-07-5P-4 5.8-6.7 30 0.50 0.70 1.5:1 1.54 +5 100
AFS3-07250775-06-5P-4  7.25-7.75 30 0.50 0.60 1.5:1 1.5:1 +5 100
AFS3-07900840-07-5P-4 7.9-84 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS4-08500960-08-5P-4 8.5-9.6 32 0.75 0.80 1.5:1 1.5:1 +5 125
AFS3-09001100-09-5P-4 8-11 26 0.50 0.90 1.5:1 1.51 +5 100
AFS4-09001100-09-5P-4 -1 32 0.75 0.90 151 1.5:1 +5 125
AFS4-10951175-09-5P-4  10.95-11.75 32 0.75 0.90 1.5:1 1.5:1 +5 125
AFS4-11701220-09-5P-4 11.7-12.2 32 0.75 0.90 1.5:1 1.5:1 +5 125
AFS2-12201280-10-8P-4 12.2-12.8 14 0.75 1.00 1.5:1 1.5:1 +8 80
AFS4-12201280-10-12P-4 12.2-12.8 27 0.75 1.00 1.5:1 1.5:1 +12 200
AFS4-12701330-13-10P-4  12.7-13.3 27 0.75 1.30 1.5:1 1.5:1 +10 175
AFS4-13201400-14-10P-4  13.2-14 24 0.75 1.40 1.5:1 1.5:1 +10 175
AFS4-14001450-14-10P-4 14-14.5 24 0.75 1.40 1.5:1 1,81 +10 175
AFS4-20202120-20-8P-4  20.2-21.2 20 1.00 2.00 1.5:1 1.5:1 +8 175
AFS4-21202400-22-10P-4 21.2-24 2.0:1 +10 100

OCTAVE BAND AMPLIFIERS

AFS3-00120025-09-10P-4 .12—-.25 38 0.50 0.9 2.0:1 2.0:1 +10 175
AFS3-00250050-08-10P-4 .25-5 38 0.50 0.8 2.0:1 2.0:1 +10 125
AFS3-00500100-05-10P-6 .51 38 0.75 0.5 2.0:1 2.0:1 +10 150
AFS3-01000200-05-10P-6 1-2 38 1.00 0.5 2.0:1 2.0:1 +10 150
AFS3-01200240-05-10P-6  1.2-2.4 34 1.00 0.5 2.0:1 2.0:1 +10 175
AFS3-02000400-06-10P-4 24 30 1.00 0.6 2.0:1 2.0:1 +10 125
AFS3-02600520-10-10P-4 2.6-5.2 28 1.00 1.0 2.0:1 2.0:1 +10 150
AFS3-04000800-07-10P-4  4-8 30 1.00 0.7 2.0:1 2.0:1 +10 125
AFS3-08001200-09-10P-4  8-12 26 1.00 0.9 2.0:1 2.0:1 +10 125
AFS3-08001600-15-8P-4 8-16 26 1.00 1.5 2.0:1 2.0:1 +8 80
AFS4-12002400-25-10P-4  12-24 20 2.00 25 2.0:1 2.0:1 +10 85
AFS4-12001800-18-10P-4 12-18 26 1.00 1.8 2.0:1 2.0:1 +10 125

AFS4-18002650-28-8P-4  18-26.5 18 1.75 2.8 2.5:1 2.21 +8 150

MULTIOCTAVE BAND AMPLIFIERS
AFS1-00040200-12-10P-4 .04-2 15 1.50 1.2 2.5:1 2.0:1 +10 75
AFS3-00300140-08-10P-4  .3-1.4 33 1.00 0.8 2.0:1 2.011 +10 150
AFS2-00400350-12-10P-4  .4-3.5 22 1.50 1.2 2.0:1 2.011 +10 80
AFS3-00500200-08-15P-4  .5-2 38 1.00 0.8 2.01 2.0:1 +15 125
AFS3-01000400-09-10P-4 1-4 30 1.50 0.9 2.0:1 2.0:1 +10 125
AFS3-02000800-09-10P-4 2-8 26 1.00 0.9 2.0:1 2.011 +10 125
AFS4-02001800-23-10P-4 2-18 25 2.00 2.3 2.0:1 2.0:1 +10 175
AFS4-06001800-22-10P-4 6-18 24 2.00 2.2 2.0:1 2.0:1 +10 150
AFS4-08001800-22-10P-4 8-18 26 2.00 22 2.0:1 2.0:1 +10 150

ULTRA WIDEBAND AMPLIFIERS
38

AFS3-00100100-09-10P-4  .1-1 1.00 0.9 2.0:1 2.0:1 +10 150

AFS3-00100200-10-15P-4  .1-2 38 1.00 1.0 2.0:1 2.0:1 +15 150
AFS3-00100300-11-10P-4  .1-3 32 1.00 11 2.0:1 2.0:1 +10 150
AFS3-00100400-13-10P-4  .1-4 28 1.00 1.3 2.0:1 2.0:1 +10 150
AFS3-00100600-13-10P-4  .1-6 28 1.25 1.3 2.0:1 2.0:1 +10 125
AFS3-00100800-14-10P-4  .1-8 25 1.50 1.4 2.0:1 2.0:1 +10 125
AFS4-00101200-22-10P-4  .1-12 28 1.50 2 2.0:1 2.0:1 +10 175
AFS4-00101400-23-10P-4  .1-14 24 2.00 2.3 251 2.5:1 +10 200
AFS4-00101800-25-10P-4  .1-18 25 2.00 25 2.5:1 2.5:1 +10 175
AFS4-00102000-30-10P-4  .1-20 20 2.50 3.0 2.5:1 2.5 +10 175
AFS4-00102650-40-8P-4 .1-26.5 18 2.50 4.0 2.5:1 2.5:1 +8 175

\Note: Noise figure increases below 500 MHz in bands greater than 0.1-10 GHz.
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When Bluetooth-enabled havdware invades the
turf of WLANs, will it be a clash of titans or
will the two peacefully coexist?

Bluetooth Meets WLANsS—
Gan They Live Together?

GENE HEFTMAN

Senior Editor

F all the pundits, experts, and members of the Bluetooth Special Inter-

est Group (SIG) are correct, it will be only a matter of time before the

most heralded wireless communications technology since the cellular

phone starts showing up in laptop computers, personal digital assis-
tants (PDAs), digital cameras, and a host of other portable devices. These
Bluetooth-enabled products will exchange information among themselves
and fixed equipment over a short-range radio link that operates in the 2.4-
GHz industrial- scientific-medical (ISM) band. This is the same frequency
that wireless local-area networks (WLANs) using the well-established
IEEE 802.11 standard have been transmitting on for the past several
years. Since Bluetooth and WLANs share a similar technology—spread-
spectrum communications—and will serve in identical data and voice
applications in many instances, an obvious question is, can they both share
the airwaves without interfering with one another? The answer is critical
to both technologies since they are expected to proliferate tremendously
in the next few years with a myriad of products incorporating both. In
many applications, Bluetooth and 802.11 hardware will wind up in the
same portable device and operate in the same location—office, factory,
hospital, etc. This situation is known as the coexistence problem of the
two technologies and it has attracted the attention of the Bluetooth and
WLAN camps, IEEE standards groups, and the Federal Communications
Commission (FCC).

No one associated with Bluetooth | band, the characteristics of direct

or WLANSs doubts that there will be
a coexistence problem. Likewise, no
one doubts that the technical difficul-
ties of two different spread-spectrum
devices transmitting information at
the same time in close proximity can-
not be resolved. But the problem is
complex and is being approached on a
number of levels: the geometry or
distance between devices, the appli-
cations (voice or data), packet size,
packet length, operating rules and
channel widths within the 2.4-GHz

sequence, spread spectrum (DSSS)
[used in most WL ANs] and frequen-
cy hopping, spread spectrum (FHSS)
[used in Bluetooth], and others. The
IEEE has formed the 802.15 Co-
existence Group to come up with
guidelines for allowing the technolo-
gies to live together. Recent reports
and simulations indicate that solu-
tions to the potential interactions can
be devised. Meanwhile, the FCCisin
the process of hearing arguments for
changing Part 15 of its rules (section

- 247 regarding the operation of

spread spectrum devices) to widen
the channel widths of the 2.400-to-
2.483-GHz band to permit frequency-
hopping devices to operate with a
wider bandwidth. But organizations
such as the IEEE 802 Standards
Working Group oppose the proposed
change and the issue is currently in
the charge/counter-charge arena.

EXPERT OPINIONS

“There is sure to be a co-existence
problem.” says David McCartney,
Executive Vice President of Range-
star Wireless, Inc. (Aptos, CA), “If
you put a Bluetooth card and WLAN
card in two adjacent slots of a note-
book computer, they won’t work.”
But he is optimistic about reducing
the interference between the two
technologies by separating them
within the equipment. Simulations
and tests run by the 802.15 Group
show that by placing the devices 6
to 8in. (15.24 to 20.32 cm) apart with-
in the equipment will enable full
operability.

In the view of David Lyon, Chair-
man and CEO of Silicon Wave (San
Diego, CA), “Bluetooth will not be
jammed all of the time. Even worst
case, with devices closely co-located
(Bluetooth and WLAN), Bluetooth
should be able to get significant
throughput.” Lyon is optimistic
about Bluetooth and WLANSs shar-
ing the same neighborhood. He says,
“Bluetooth was designed to survive
even with transmitters in the ISM
band such as microwave ovens, the
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different flavors of 802.11, cordless
phones, ete., so the protocol stack and
physical-layer definition is built to
survive the worst of the jammers.”

Another viewpoint comes from

Paul Sofianos, Senior Staff Applica-
tions Engineer at Motorola’s Semi-
conductor Power Sector (Tempe,
A7), who states, “One thing I haven’t
seen in the literature and will proba-
bly be eritical is thinking in terms of
Bluetooth and the applications. If you
look at WLANSs and the other poten-
tial interferers, it seems like the
problems will not be as pronounced
as people think they will be.” For
example, Sofianos points out that a
heavy duty WLAN would be unlike-
ly to have a Bluetooth voice applica-
tion, and it is voice that would cause
the major problem because one can-
not retransmit data.

On the 802.11 side, Jim Zyren,
Product Marketing Manager at
Intersil Corp. (Irvine, CA) says of
the possibility of interactions, “There
will be some effect, but we don’t
think it will be catastrophiec, but
there could be some degradation to
the abilities of both systems such as a
marginal reduction in throughput.
One system is frequency agile (Blue-
tooth) while the other is fixed fre-
quency (WLAN) so inevitably there
will be some collisions.” The proba-

bility of collisions depends on the

"l Market target
e REeELE
=B (e.g., headset, mobile (e.g., mobile phone, :
= accessories, etc.) laptop, etc.) :
@ E
E ADC Voltage pump Baseband programmer
5! audio support (+1.2-VDC operation) Auxiliary synthesizer :
N PH2401 core ~ RFhasehand 5
e Tx/Rx architecture . Interface

=i || SIGEBIEMOS | | | pamesiionic | | i Prog XTAL

Ei|| process || Comrollogie | Cocgitator

1. Single-chip radio transceivers for Bluetooth such as the PH2401 from
Conextant Systems are designed to maximize battery life, have a small

footprint, and be low in cost.

direct sequence type. Two hoppers
would collide with devastation. But
direct sequence could have some
impact on the bit-error rate (BER) of
hoppers.”

Many experts envision similar
solutions to the co-existence prob-
lem. Intersil’s Zyren and his associ-
ate Bruce Kraemer, also a Product
Marketing Manager, believe that
Bluetooth radios may be able to use
intelligence to hop around and avoid
other interferers in the band. Wight
of Conexant Systems is on the same
track when he says that you can use
“traffic lights” (i.e., intelligence) to

mitigate a collision. In other words, if
the traffic light is “red” a new system
is not allowed on the air, but it would
take a high-level agreement between
all of the system operators to do this.
A theoretical possibility comes from
Rangestar’s McCartney who says,
“Since we're both using the same 2.4-
GHz band, why don’t we share the
front end. We could have a common
RF front end and switch. If I'm using
802.11 in the transmit or receive
mode, I shut off the Bluetooth and
the two systems switch back and
forth.” Intersil’s Kraemer believes,
“There is a technical solution to the

operating mode-voice or data interference problem where
downloads and the traffic ADC you operate on non-overlap-
density on 802.11. And _L ping frequency channels.”
another of the many factors To A recent report from
that influence the occurrence modem Ericsson entitled, “Blue-
of interference is the location _l" tooth voice and data perfor-
of Bluetooth and WLAN . ADC mance in 802.11 DS LAN
devices with respect to one R Infout:: < environment,” examined
anothgr._ RF infout- <> Voo the coex1stt.ance p'robler{l
Collisions are a concern of PLL |— from the standpoint of a
Jim Wight, Senior Radio | EXT_PA_ gl‘\?,TT. +20-dBm 802.11 direct-
Architect for Conexant Sys- CNTL = : sequence system interfer-
tems Wireless Communica- <%= [« DAC = ing with a 0-dBm Bluetooth
gonshDigjif)ion }ENQ‘:HLO“ | . T mt:g:e“m link. T}l;le r?l)lor%iioets n‘?}‘i
¢ who states, cover how the Bluetoo
“lffobh,ems oécur \(‘)Vhen you %0[* system impacts on the
have two systems that use Driver =" WLAN. The setting is a
the same type of spreading. == DAC “typical” office having a
If you have different systems large number WLAN ter-

all doing frequency hopping,
you can get into a very
crowded signal space. It is

2. The architecture of Silicon Wave’s SiW1501 radio-
modem IC is a direct conversion type that converts the
radio signal into digital bits and provides a digital inter-
more of a problem than if a face. The synthesizer function is fully integrated and re-

hopper interacts with a quires no external VCO.

minals but a small number
of access points. It is
assumed that in an office
environment, both systems
will operate simultaneously
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and since they are in the same radio
band, mutual interference is a
concern.

The study differentiates between
the impact on the Bluetooth voice
link and data link. As might be
expected, distance is a critical factor
in the disturbance of a link. For
example, under normal WLAN traf-
fic conditions, Bluetooth voice users
are not disturbed as long as the voice
users stay within 2 m of the equip-
ment that they are communicating
with (disturbance occurs in less that
1 percent of cases). But if the Blue-
tooth voice user moves out to 10 m
from the equipment, the probability
of disturbance increases to 8 percent.
In the data-link case, Bluetooth sup-
ports and experiences more degrada-
tion. At a distance of 10 m, a through-
put reduction of more than 10
percent occurs with 24-percent prob-
ability. The authors claim that
because Bluetooth and WLANS have
limited frequency overlap, the
throughput reduction can never

NEWS
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3. A total Bluetooth solution from
Rangestar Wireless includes the
type of miniature embedded an-
tenna shown here that meets a
user’s, size, cost, technical, regula-
tory, and volume-production
requirements.

exceed 22 percent.

While the search for solutions to
coexist go forward and interested
parties make their case to change the
FCC rules, Bluetooth is moving clos-
er toward implementation in port-
able products. Earlier magazine arti-
cle predictions called for 2000 to be a

banner year for Bluetooth, but 2001

looks more like the breakthrough
that SIG members are hoping for. IC
suppliers, in particular, are jockeying
to be first with Bluetooth-compliant
chips on the market.

Single-chip low-power trans-
ceivers such as the PH2401 (Fig. 1)
from Conexant Systems are spring-
ing up as IC suppliers rush to nail
down orders for what appears to be
an expanding market. The PH2401 is
one of three radio transceivers opti-
mized for 2.4-GHz operation that
meets Bluetooth Specification v1.0.
It incorporates a transmitter power
amplifier (PA) having programmable
output levels from —10 to 2 dBm. The
modulation technique is Gaussian
frequency-shift keying (GFSK).
Channel bandwidth is 1 MHz with
frequency deviation between 140 and
175 kHz. The device departs from the
trend toward using mainstream
semiconductor processes in Blue-
tooth products to reduce costs, sim-
plify designs, and ensure an ample
flow of products. The chip is fabricat-
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it's brilliant.

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
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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?
Call TRAK today. Lets talk about solutions.

We are experienced.
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ed as a silicon-germanium (SiGe)
bipolar-complementary-metal-oxide-
semiconductor (BiCMOS) applica-
tion-specific IC (ASIC).

Cambridge Silicon Radio (Cam-
bridge, United Kingdom) claims to
have the first fully integrated 2.4-
GHz radio, baseband, and microcon-
troller in a single IC. Known as the
Bluetooth CMOS BlueCore™01, this
is a pure plain-vanilla CMOS device.
It is intended to drive Bluetooth
costs down by integrating
more functionality in a single
IC. Built into the device are a
2.4-GHz radio, a baseband
digital signal processor
(DSP), a 16-b microcontroller
and the necessary random
access memory (RAM) to
implement a Bluetooth
solution.

Yet another semiconductor 4. PRISM 2.5, Intersil’s latest version of its 2.4-GHz
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silicon on insulator (SOI). It uses a
direct-conversion architecture (Fig.
2) for the transceiver to directly con-
vert an incoming analog signal into
bits-direct in-phase/quadrature (I/Q)
conversion (zero IF) with a DC out-
put. Also on-chip are the GFSK
modem and a synthesizer that
requires no external VCO or res-
onator. The device is available on a
stand-alone basis or with the
SiW1601 link-controller IC and lower

e —————

¥

level Bluetooth protocol software.
An RF Bluetooth module based on
thin-film technology is under devel-
opment by Intarsia Corp. (Oxford-
shire, United Kingdom) in collabora-
tion with Ericsson Mobile Com-
munications AB (Lund, Sweden).
Integrating RF passive components
in thin films on a glass substrate is
said to offer a high-performance,
miniature device suitable for mount-
ing in handheld wireless devices such
as mobile phones. The module
to be built is a BICMOS RF
single-chip transceiver with
numerous discrete passives
mounted on a ceramic sub-
strate. A key aspect of
the design is Intarsia’s Pass-
Port™ design automation tool
| which can perform transmit-
ter/receiver (Tx)/(Rx) balun
matching, resonant tank-cir-

processing approach to Blue- WLAN hardware set, reduces the chip count of its
tooth is Silicon Wave’s predecessor PRISM Il from 5 to 4 devices. This
SiW1501 radio-modem IC, a WLAN adapter card is intended for laptops, PDAs,
BiCMOS device fabricated in digital cameras, and other portable equipment.

cuit design and the design of
lumped-element components
for the VCO loop filter. A full-
function module has been fab-

4849
s it just isn't

But with our filter performance, looks aren't important.

TRAKS 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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TRAK's 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
Actual colors Aot shawn requirements.

So...is performance getting pretty ugly with your filter applications?

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

We are experienced.
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ricated using Intarsia’s direct-mod-
ule-attach (DMA) module assembly
technique, which eliminates the sur-
face-mount assembly of more than 30
small discrete passive components
onto the substrate.

The large influx of companies
expected to manufacture Bluetooth-
enabled products is likely to leave
many with a difficult task of actually
implementing the radio. According to
Rangestar Wireless’s David McCart-
ney, many of the company’s custom-
ers are not RF experts, but they are
expert at what they do—making
notebooks, PDAs, ete. Accordingly,
they need a total solution provider
for their Bluetooth product, from the
software through the serial port.
Although Rangestar’s expertise is
miniature Bluetooth antennas (Fig.
3), it offers a total solution package
that includes the design and integra-
tion of the antenna, regulatory test-
ing compliance, certification to the
Bluetooth qualification tests, inte-
gration of radio and antenna, and
software development. Some func-
tions are performed by the company
while other are performed through
alliances with other companies.

While attention focuses on the
data-handling capabilities of Blue-
tooth and WLANSs, these systems
will require voice capability as well.
Mitel Semiconductor (Ottawa,
Ontario, Canada) has come out with a
baseband controller-the MT1020-
that includes a full-duplex audio
codec. The controller also supports
data operations and includes an
ARM7TDMI embedded microcon-
troller core, the company’s Bluetooth
baseband peripheral (BBP) clock,
program memory, along with USB
and UART host interfaces.

THE LAN SIDE

The other element in the coexis-
tence-problem equation is WLAN, a
technology that is growing at a rate
of better than 30 percent a year and
is expected to approach $3 billion by
2004. The IEEE 802.11 standard for
WLANS is only three years old and
already has outgrown its original
2-Mb/s data rate specified for the
2.4-GHz range. IEEE 802.11b is
called the higher-rate extension for
5.5- and 11-Mb/s transfers at 2.4 GHz,

while IEEE 802.11a is the 5-GHz
extension that permits transfers at 6,
12, and 24 Mb/s. Although Bluetooth
gets most of the attention these days,
WLAN product manufacturers are
making a few headlines of their own.

Almost from the inception of
WLANS, Intersil (formerly Harris
Semiconductor) has had one of the
best-known chip sets on the market,
the PRISM™. A new version was
announced recently called PRISM
2.5, which marks a reduction in the
number of chips—from 5 to 4—over
the previous version, PRISM II (Fig.
4). The four ICs-3 RF devices and 1
digital device-can deliver 10BaseT
Ethernet data rates of 11 Mb/s. The
company has adopted a new manu-
facturing process called UHF-2, a
0.6-pm RF BiCMOS technology that
integrates a 25-GHz fr, 40-GHz fy
NPN transistor that can deliver
higher performance, lower-power
transistors. On-chip integration of
passive components is another bene-
fit of the new process.

Another 11-Mb/s WLAN card
known as the ORiINOCO PC from
Lucent Technologies (Research Tri-
angle Park, NC) is aimed at high-
speed wireless networking and
Internet access for laptop and desk-
top computers. The card boasts a
range of up to 1500 ft. and offers a
choice of security levels from a 64-b
key (silver level) to a 128-b key
(gold level). Recently, IBM chose
ORINOCO technology as the wire-
less adapter in its ThinkPad™ note-
book computers.

A complete access point for an
802.11b WLAN is offered by Symbol
Technologies (Holtsville, NY) with
its Spectrum24® which consists of an
access point with an integrated
antenna, PC card for mobile users,
and PCI card with an external anten-
na for desktop systems. The access
point can serve as a bridge between a
10BaseT Ethernet hub and a variety
of other equipment such as laptops
and desktops, and handheld comput-
ers. The WLAN uses complementary
code keying (CCK), which is a DSSS
technology that uses particular codes
to represent data bits. This enables
receivers to filter out signals that do
not use the same codes, such as inter-
ference or noise. ®®
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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
one of the numbers listed below. And we'll help make it happen. Suddenly that dream of

cutting costs looks like a reality.

. . o el . .
www.agilent.com/find/wireless eg e Agilent Technologies
Lo 9e. Innovating the HP Way

Argentina (54 1) 787-7115 » Austria (01) 25000-7006 « Australia 1 800 629 485  Belgium (32/2) 778-34-17 « Brazil (55-11) 7297-8600 « Canada 1-877-894-8414 « Czech Republic (420} 261307111 « Denmark (45} 45 99-10-00  Finland (3589) 8872 2100 « France (01) 69 29 41 14
Germany (0180) 524-6330* « Greece (30/1) 7264045 » Hong Kang (852) 2599 7889 » Hungary (36) 1 4618111 « India (91 11) 690 6156 = Ireland (01) 615 8222 « Israel 972 (03) 538-03-80 = Italy (39 02) 92-122-241 » Japan (81/3) 3331-6111 » Korea (82 2) 769 0800
Malaysia 1800 88 8348, (6 03) 291 0213 + Mexico 525-5-258-4294 + Netherlands (020) 547 7272 « Norway {47) 22 73 57 59 » Philippines (632) 814 1083  Poland (48) (022) 6087700 « PRC 800 810 0189, (86 10) 6564 5238 * Singapore 1800 375 8100 Spain (34} 91 631 1323
Sweden (46/8) 444 22 77 » Switzerland (01) 735 72 36 « Taiwan 080 212 535, 0800 47866 press 1+ Thailand (66 2) 661 3999, (088} 225 802 » United Kingdom (01344) 366666 + Venezuela (58-2) 207-8357 * Telephone Charge per Unit Time = 0.24 DM/Min

©2000 Agilent Technologies TMSKD333/INTL
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Value-Added Sevvices

Value-added sevvices, such as custom packaging,
screening, and testing ave essential ingredients
for the successful growth of a long-time technical distributor.

Distribution Group Adds
Value To Industry

JACK BROWNE
Publisher/Editor

ISTRIBUTION of electronic products has never been trivial. Cus-

tomers need and want their parts immediately and are rarely con-

tent to wait. But with the increased demands and reduced time to

market of communications and other fast-growing electronics mar-
kets, the distribution business has become extremely complex. One possi-
ble solution is the approach taken by the Microwave Technical Solutions
(MTS) division of Avnet Electronics Marketing (San Jose, CA), where
technical solutions are part of nearly every product shipped.

Veteran microwave engineers will |

remember Avnet’s RF & Microwave
. and specialized engineering services.

Product Business Group by its former

name, Penstock (see Microwaves &
RF, June 1997, p. 121). Founded in
1971 by Bruce White, the firm broke |
! ing, one of the largest global distribu-

new ground in distribution channels

by offering not only standard prod-
ucts, but a variety of custom designs

In 1994, Penstock became the RF
and Microwave Product Business
Group of Avnet Electronics Market-

1. Avnet MTS offers numerous value-added services, in-
cluding bond-pull testing. (Photograph courtesy of

Avnet MTS, San Jose, CA.)

tors of semiconductor products.
Rather than playing a passive role in
the success of Avnet, the group built
upon the innovations fostered by its
founder to become a multifaceted dis-
tributor/manufacturer/service organi-
zation with unique capabilities for
commercial and military customers.
According to Avnet RF & Micro-
wave Director Joel Levine, the divi-
sion accounted for a little more than a
$100 million in annual sales only three
years ago. Levine notes, “In North
America alone, Avnet RF & Micro-
wave division is now a $300 million
annual operation. In addition to being
a distributor of electronic components
and semiconductors for companies
such as Agilent Technologies, Motoro-

2. Avnet MTS offers a variety of specialized automatic
test capabilities, including testing for output power,
power, gain, and power-added efficiency. (Photograph
courtesy of Avnet MTS, San Jose, CA.)
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National Semiconductor is a
leader in applying the LTCC
advantages of high-density
interconnect capability, ability
to integrate passive components
and functions, and low-loss
performance. In a recent design,
National chose to combine its
advanced ICs for wireless com-
munications with Green Tape®
DuPont’s brand of LTCC tape
dielectric material, to provide
optimum performance in the
smallest possible package.

Challenge:
Decreased Size and Cost,
Improved Performance for

Wireless Devices

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

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

GREEN TAPE™  FODEL®

== Application Profile E

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

unique properties of Low

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

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

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

BIROX®

CIDCIE NG D928

DIFFUSION PATTERNING™

BGA pads on the backside. The

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

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

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

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

®
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Value-Added Sevvices

la, Philips Semiconductors, and M/A-
COM, Avnet Microwave Technical
Solutions (MTS) offers a variety of
high-reliability and hybrid screening
services as well as value-added mate-
rials and testing services.

Avnet MTS, for example, can per-
form a full range of space and military-
level sereening operations, in its
MIL-STD-750 and MIL-STD-883

environmental laboratories. In sup-
port of high-reliability screening
requirements, Avnet MTS can pro-
vide stabilization bakes, temperature
cycling, constant acceleration testing,
burn-in operations, high-temperature
reverse-bias accelerated life testing,
full electrical parameter testing, fine-
and gross-leak seal testing, bond-pull
and die-shear testing, lead and pack-

Does your company's
(a+es+ produc+ udea

.
P/ane;@
=
Penton Electronics Group

Coming September 2000
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age integrity testing, as well as tape-
and-reel packaging (Fig. 1).

The firm offers impressive value-
added electrical test capabilities (Fig.
2). These capabilities include RF
power testing and device selection at
continuous wave (CW) and pulsed
power levels for frequencies from 2 to
4000 MHz. Measurements can be
made of standard parameters, such as
output power, power gain, and power-
added efficiency (PAE), as well as cus-
tom measurements, such as third-
order intercept point (IP3).

“We currently have more than 90
RF electrical engineers globally, locat-
ed in the field and in design centers
throughout the world in Bulgaria, Sin-
gapore, New Zealand, and India to
help us serve our customers with their
specialized engineering needs,”
according to Levine.

The company offers a variety of
materials-related services, including
tape-and-reel packaging, parts kitting,
tape-and-reel marking, package lead
trimming and forming, solder dipping,
as well as color marking. Levine notes
that if a manufacturer’s production is
slowed by symptoms such as excess
preproduction non-value-added activi-
ties (including labeling and parts kit-
ting), excessive tuning-in production,
failures at final test, excessive rework
on finished units, and excessive field
returns, Avnet MTS can probably help
through their value-added services.

Effective use of the Internet’s
World Wide Web has also made it eas-
ier for Avnet MTS to serve its cus-
tomers. “The website is geared to help
simplify our customers’ searches for a
solution,” says Levine. “A customer
can use our website to browse through
the information, pick products, and
download data sheets,” he notes. “You
can also use the website to perform a
search through our product listings
according to specific package types,”
he adds.

For more information on Avnet
MTS, contact the company at the fol-
lowing address, or visit the company’s
website to explore the many materi-
als, screening, and measurement ser-
vices that are offered. Avnet Elec-
tronics Marketing, 6321 San Ignacio
Ave., San Jose, CA 95119; (408) 360-
4000, Internet: http://www.em.avnet.
com. ee




Imagine the possibilities.

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

Stanford Microdevices introduces the NGA-100 through
600 Series InGaP HBT amplifiers designed for
today’s and tomorrow’s advanced communication
& infrastructure equipment. Design and fabricated
" with state-of-the-art InGaP/GaAsHBT technology for
higher reliability, these devices are ideal for use as
driver stages for higher power applications. Available in
small-form factor plastic packages, the NGA series are

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

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

NGA - InGaP MMIC 50 Ohm Gain Block Amplifiers

Freq Range| Vd Id Gain | PIdB | IP; Thermal

Model

Data at 1 GHz and is typical of device performance.

* STANFORDO

MICRODEVICES

www.stanfordmicro.com * 800-764-6642
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Power amp boosts MMDS

ently in 120- and 220-VAC environments. Available op-
The model 4020 narrow-band, high-gain power am-

tions allow the user to control the amplifier remotely
through a custom controller or personal computer (PC).
The custom, microprocessor-based-controller option in-

cludes a liquid-crystal display (LCD) and

plifier (PA) boosts 2.5-t0-2.7-GHz, multichannel-
multipoint-distribution-system (MMDS) signdls
for electromagnetic compatibility (EMC) and communi-

cations applications. Applications
include electromagnetic-interfer-
ence (EMI)/RF-interference
(RFI) susceptibility, high-power
driver, satellite ground-station am-
plifier, and lab applications. At 0-
dBm input, the amplifier achieves a
saturated output power of 115 W.
An auto-switching AC input allows
the amplifier to be used transpar-

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

PIN-diode switch .
provides amplitude matching
j E jhe model SIN-OLA positive-intrin-
sic-negative (PIN)-diode, single-
pole, 16-throw switch provides *5-
deg. phase matching and =*=0.5-dB
amplitude matching among its 16 output
ports over a bandwidth of 2 to 18 GHz. The
switch provides a minimum isolation of 60
dB, a maximum insertion loss of 6 dB, and a
maximum VSWR of 2:1. It has a total
switching speed of less than 2 ps and offers
transistor-transistor-logic (TTL)-compati-
ble control logic. The device switches RF at

power levels up to +20 dBm and can toler-
ate RF power as high as 1 W CW. It draws
+850/—200 mA from a =5-VDC power sup-
ply and is housed in a package measuring
3.5 X8.5% 0.88 in. (8.89 X 8.89 X 2.24 cm).
G.T. Microwave, Inc., 2 Emery Ave.,
Randolph, NJ 07869; (973) 361-5700,
FAX: (973) 361-5722, Internet:
http://www.gtmicrowave.com.

CIRCLE NO. 58 or visit www.mwrf.com

features functions such as automatic
level control, VSWR protection, gain
control, and forward monitoring. PC-
communication-port options are IEEE-
488, RS-232, and RS-422. Ophir RF
Corp., 5300 Beethoven St., Los An-
geles, CA 90066; (310) 306-5556,
FAX: (810) 577-9779, Internet:
http:/www.ophirrf.com.

CIRCLE NO. 57 or visit www.mwrf.com
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Antenna serves ISM band
‘v ihe model 0012-800 antenna oper-
ates in the industrial-scientific-medical (ISM) band from 902 to
j [ 928 MHz and is ideal for use in
dense, urban, wireless-local-area-net-
work (WLAN) links. The antenna can
be horizontally or vertically polarized,
and its trihedral-reflector design is
said to optimize the front-to-back ra-
tio. It has a minimum front-to-back ra-
tio of 27 dB within its rear hemisphere,
a nominal gain of 9 dBi, and a cross po-
larization of —20 dB. AZ pattern and
EL pattern are 60-deg. beamwidth,
and maximum VSWR is 2:1. Seavey Engi
neering Associates, Inc., 28 Riverside Dr., Pembroke, MA
02359; (781) 829-4740, FAX: (781) 829-4590, Internet:
http://www.seaveyantenna.com.
CIRCLE NO. 59 or visit www.mwrf.com

GaAs FETs target satellite amps

= Jour gallium- arsenide (GaAs) heterojunction field-effect tran-
L..i sistors (HFETS) are said to boost output power, gain, and ef-
ficiency in base-station and satellite-communications ampli-
fiers. Model MGF'S48V2527 as shown is a
60-W, push-pull transistor for multi-
channel-multipoint-distribution-
system (MMDS) transmitters op-
erating from 2.5 to 2.7 GHz.
| Typical output power at P2dB is
Y 48 dBm and typical power gain is
' 10 dB across the band. All four
transistors are hermetically sealed
in metal-ceramic, low-thermal-resis-
tance packages. Mitsubishi Elec-
tronics America, Inc., 1050 E. Arques
Ave., Sunnyvale, CA 94086; (480) 730-5900, FAX: (480) 737-

1129, Internet: http://www.mitsubishi.com.
CIRCLE NO. 60 or visit www.mwrf.com

MICROWAVES & RF = AUGUST 2000

4 4




A spectrum analyzer can be an extreme
Once it's your turn.

3 GHz for *11,250° Affordable Spectrum Analysis for every bench. Your days of sharing equipment are numbered.
Because starting at 87,500, Agilent Technologies’ ESA-L series of spectrum analyzers are affordable
enough to have on every bench. And accurate enough to deserve the space. How accurate? The ESA-L
series has background auto-alignment for continuous calibration. The frequency accuracy of a continu-
ously phase-locked synthesizer. And a dynamic range wide enough for just about any distortion test. Not
to mention best-in-class measurement speed. When you need product specs and application information,
it's as easy as visiting our web site. And if you're ready to buy, you can simply do that anline too. You can
even call and talk to another engineer. All of this is done with one purpose in mind: helping you meet any

challenge that comes along. Including making sure it's always your turn,

... Agilent Technologies
Innovating the HP Way

Argentina (54 1) 787-7115 » Austria (01) 25000-7006 » Australia 1 800 629 485 = Belgium (32/2) 778-34-17 » Brazil (55-11) 7297-8600 * Canada 1-877-894-4414 « Czech Republic (420) 2 61307111 » Denmark {45} 45 98-10-00 + Finland (3589] 8872 2100
France (01) 69 29 41 14 » Germany {0180) 524-6330* » Graece (30/1) 7264045 = Hong Kong (852) 2589 7888 * Hungary (36} 1 4618111 = india (31 11) 690 6156 « Irefand (01) 615 8222 * Israel 972 (03) 538-03-80 = Italy (39 02) 92-122-241
Japan (81/3) 3331-6111 » Korea (82 2} 769 0800 » Malaysia 1800 88 8848, (6 03) 291 0213 * Mexico 525-5-258-4294 » Netherlands (020} 547 7272 « Norway (47) 22 73 57 59 « Philippines (632) 814 1083 + Poland (48} (022) 6087700 * PRC 800 810 0189, (86 10) 6564 5238
Singapore 1800 375 8100 « Spain (34) 91 631 1323 = Sweden (46/8) 444 22 77 « Switzerland {01) 735 72 36 + Taiwan 080 212 535, 0800 47866 press 1 * Thailand (66 2) 661 3999, (088) 225 802 » United Kingdom (01344) 366666 » Venezuela (58-2) 207-8357
*Telephone Charge per Unit Time = 0.24 DM/Min  ®2000 Agilent Technalogies ADGPPOOZ/INTL
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WAP Needs More Zap To Grow

marriage between the Internet

and wireless technology, but so far,
the wireless application protocol
(WAP) has received a cool reception
from users in Europe. WAP is a stan-
dard for allowing small terminals
such as mobile phones, pagers, and
personal digital assistants (PDAs) to

It is being heralded as the hot new

receive Internet content and ad-
vanced data services. Most of WAP’s
current problems can be attributed
to growing pains similar to those that
users experienced in the early Inter-
net days.

For one thing, according to a re-
port in The Wall Street Journal,
WAP-enabled phones have not been

Frequency

(MHz) Typ.

Gain (dB)

Power Qut

Typ. Typ.

0.5-30
Mode 1
Mode 2
Mode 3

18.0
10.0
1.5

55 26.0
5.5 24.0
1.5 15.0

A2KW5232 | 30-100
Mode 1
Mode 2

Mode 3

19.5
10.0
-1.8

5.0 27.5
5.5 25.5
1.8 15.0

1 A2KW1331

100-1000
Mode 1 21.0
Mode 2 9.5
Mode 3

4.7 26.0
26.0

15.0

J
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rolling off production lines in the
quantities promised by major manu-
facturers such as Nokia, Ericsson,
and Motorola. Part of the difficulty
stems from factory decisions to ex-
tend testing time by up to three
months to ensure that the phones
work on existing networks. A second
headache has been the failure of Eu-
ropean telecommunications compa-
nies to provide a consistent and use-
ful set of services.

Many phone users find that ser-
vices are either not readily available
or difficult to use. For example, a
Swedish user bought a WAP phone
to receive e-mails while in transit.
This is easy with WAP simply by di-
aling into a portal and calling up the
messages. But returning calls is more
time-consuming and phoning the old-
fashioned way is simpler and faster
than with WAP.

Internet services are similarly es-
chewed according to mobile telecom-
munications provider Deutsche
Telekom AB, whose records indicate
that a typical WAP user accesses the
net only once a week. And only
slightly more than 1 percent of sub-
scribers use WAP services at all.
Many customers claim that the ser-
vices are not always reachable and
difficult to use. Yellow Page listings
and other text-based information
have been disappointing. Adding to
user frustrations is the high price of a
WAP phone—approximately $600.
What is more, a handheld device is
hardly the best appliance for down-
loading large amounts of information.
The screen is small, has generally
poor visual quality, memory is lim-
ited, and entering information from a
keypad is tedious.

Does all this mean that WAP is
destined for an early demise? More
likely, the service’s stumbling and
fumbling is the common order of
business when a new technology is
rolled out. The current difficulties
are putting a hitch in the plans of
equipment manufacturers and ser-
vice providers alike. But in the long
run, the roadblocks will fall and the
marriage of the Internet and wire-
less will be one that will turn out to
have been made in telecommunica-
tions heaven. e®
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: we call 1t
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Research, Compare, and Buy
electronic components and tools
from over 2600 suppliers.

The #1 way to reduce new product introduction cycles.

QUESTLINK

The #1 info-commerce site for the electronics industry.

www.questlink.com
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FINANCIAL NEWS

Contracts

Giga-tronics, Inec.—Announced that its Instrument Di- .

vision had received an order in excess of $2.3 million for its
three-slot VXI microwave synthesizer.

EMS Technologies, Inc.—Announced, through its
Space & Technology Group in Montreal, Canada, a $6 mil-
lion ($9.5 million Canadian) contract with the Canadian
Space Agency to provide the research and development
(R&D) for a demonstration digital-mesh-connectivity sys-
tem on Telesat’s Anik F'2 satellite.

Motorola Inc.’s Network Solutions Sector |

(NSS)—Signed a $123.5 million digital cellular-network ex-
pansion contract in China’s Hunan Province with China’s
Hunan Mobile Communication Corp. (Hunan MCO).

Harris Corp.—Announced the signing of a $3.7 million
contract to supply a cellular and fixed wireless system to
Superior Wireless, a private telecommunications corpora-
tion located in Thunder Bay, Ontario, Canada. Superior
Wireless will provide mobile and fixed wireless service to
50,000 people in 10 communities and along 1180 km of high-
way in Northwestern Ontario.

Fresh Starts

Volex Group, ple.—Has formed a new operating unit
for RF products to be known as Volex RF Technologies. The
unit will provide the engineering knowledge, customer
support, and enhanced ability in manufacturing processes
for RF products on a global basis for the rapidly growing
telecommunications-market segment.

Vitesse Semiconductor Corp.—Announced that it
has completed the acquisition of all equity interests of
SiTera, Inc. on May 31 for $750 million in common stock.

Boldt Metronics International, Inc. (BMI)—An-
nounced that it is expanding operations to Schaumburg, IL.
The larger 161,000-sq.-ft. facility in Schaumburg will offer
a greater capacity to meet its growing needs.

Agilent Technologies, Inc.—Announced a global li-

cense and support agreement with Motorola to supply soft-
ware tools, training, and technical support for the design of
Motorola’s next-generation communications printed-circuit
boards (PCBs), integrated circuits (ICs), and systems
worldwide. Under the agreement, all Motorola designers
worldwide will have broad access to Agilent’s full line of
electronic-design-automation (EDA) simulation tools.
Wireless Solutions—Became a member of the Wire-
less Ethernet Compatibility Alliance (WECA) in America.
WECA works to ensure that all products and systems,
which are based on Wireless LAN IEEE 802.11b (high

rate), should be compatible with one another regardless of |

the manufacturer.

Cambridge Positioning Systems (CPS) and Sig-
nalSoft—Have signed a joint marketing agreement to
promote mobile-location solutions to the Global Systems for
Mobile Communications (GSM) industry. The alliance re-
quires that both companies promote each other’s services,
and the benefits of mobile-location services (MLS) in
general.

Hittite Microwave Corp.—Announced the appoint-
ment of Dytec, Ine. to represent Hittite in Ohio, Indiana,

¢ Kentucky, Minnesota, and Wisconsin.

Fujitsu Compound Semiconductor, Inc. (FCSI)—
Named Arthur, Harris & Associates to sell Fujitsu’s mi-
crowave, lightwave, and gallium-arsenide (GaAs) inte-
grated-circuit (IC) data-communications products. The
FCSI territory represented by Arthur, Harris & Associates
includes the states of North Carolina, South Carolina, Geor-
gia, Alabama, Mississippi, and Tennessee.

Qualcomm and NetZero, Inc.—Announced that
Qualcomm has invested $144 million in NetZero. As aresult
of the transaction, Qualcomm now owns approximately 10
percent of NetZero’s outstanding common stock.

The Society of Cable Telecommunications Engi-
neers (SCTE)—Announced the formation of a standards-
developing Cable Applications Platform (CAP) Subcommit-
tee. CAP’s mission is to explore the need for SCTE
involvement in the development of standards for applica-
tions platform development through coordination with the
International Telecommunications Union—Telecommuni-
cations (ITU-T), the Advanced Television Systems Com-
mittee (ATSC), and other related organizations.

The EMC/Aerospace Unit of TUV Product Ser-
vice, Inc.—Has opened an electromagnetic-compatibility
(EMC) testing laboratory in Boston, MA offering East
Coast avionics, aerospace, and defense manufacturers a lo-
cal state-of-the-art testing facility, providing complete com-
prehensive testing services.

Gage Applied Sciences, Inc.—Has become a wholly
owned subsidiary of Tektronix, Inc., and will operate under
the name Gage Applied, Inc.

SiCon Video Corp.—Launched its “Helix” project to
.~ develop the world’s most comprehensive VZoIP™ for video-
and voice-communications transport controller chips.

RangeStar Wireless—Announced the completion ofits
mezzanine round of funding in which it raised $25 million.
The round included new investments from Dell Computer
Corp., Intel Capital, and Summit Accelerator Fund.
- RangeStar also received continuing investments from ex-
isting shareholders led by ComVentures, GSM Capital, BJ
Cassin, and RWT Group. RangeStar will employ the funds
to continue development of its Invisible Antennai technol-
ogy, which enables enhanced connectivity for wireless
devices including cellular/personal communications services
(PCS), wireless local-area network (WLAN), Global Posi-
tioning Systems (GPS), and Bluetooth products.

Askey Computer Corp.—Has joined the Wireless
Ethernet Compatibility Alliance (WECA). By joining
WECA, an organization devoted to the testing of wireless
local-area-network (WLAN) products, Askey will be able
to submit its WLAN product, the WLC010, for WECA
certification.

Trimble Navigation Ltd.—Has made a minority in-
vestment in Data on Air, Inc. of Orlando, FL, a privately
held advanced wireless data-solutions company. Trimble
also entered into a strategic marketing agreement with
Data on Air. The agreement is intended to allow Trimble
to enter into Internet-enabled fleet-management applica-
- tions and become a full-service provider of wireless-location

services for the mobile workplace.
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Now you can. Design faster and with more confidence with
Agilent Technologies’ flexible CDMAdvantage RF chipsets for

your handset designs.

The CDMAdvantage
complete product family of RF
solutions is designed to work
together in DBTM, DBDM and : : World's smallest PCS duplexer,
SBSM handsets. We supply ' Integrated DBTM Power Amplifier,
extensive characterization data as i 2 High output-level Upconverters,
well as complete receive and Variable linearity Downconverters,
transmit chain demonstration : Miniature LNA with Bypass Switch
boards. Allto enable you to make
better decisions faster—this is the
CDMAdvantage.

Our transmit chain maxi-

mizes efficiency, from the adaptive

current control on the upconverters

to medium power optimization on See how fast you can
the power module. The receive move with the flexibiility
side has a switched LNA and an of the COMAdvantage

adjustable linearity downconverter R ¢ hipset. Visit our
website to see product

to ensure compliance to even the specifications and our
most rigorous system specs. latest technolagies.
Agilent RF semiconductors
are already in millions of CDMA
phones. And we are continuously www.agilent.com/view/cdmadvantage
adding more capacity, so you can
move with the speed that the
market demands.
At Agilent we listen to your
needs to help you reach the right

solution- fast. . Agilent Technologies
. Innovating the HP Way
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ANTENNAS!

UHF Reader
Antenna Series

Seavey Engineering
ANTENNA DEVELOPMENT
& MANUFACTURING

offers:
* Wide Standard Product Line
Catalog (Available Online!)
* Design/Development
* Antenna Testing Services
* Manufacturing

Products Available For:

AN * PCN/PCS
* Mobile Satellite e Satellite Audio
* Cellular * Military Satcom
*Surveillance e Inmarsat
* Satellite Uplinks * Navigation
X

Seavey Engineering Associates, Inc.

>_

28 Riverside Drive
Pembroke, MA 02359
Phone (781) 829-4740

Fax (781) 829-4590

E-Mail: info@seaveyantenna.com

Visit our Web site
WwWw.seaveyantenna.com

CONTACT US FOR
YOUR SPECIAL
ANTENNA
REQUIREMENTS.
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STMicroelectronics—Enrico
Villa to corporate vice president, direc-
tor of European region; formerly cor-
porate vice president, region five.
Also, Carmelo Papa to corporate vice
president, region five; formerly direc-
tor of product marketing and customer
service for transistors and standard in-
tegrated circuits (ICs).

Current Technology, Inc.—
Ronald L. Sutton to national sales di-
rector for the Joslyn™ branded AC
surge-protection products; formerly
regional manager for Teccor Elec-
tronics. Also, Michael Lucero to direc-
tor of business development; formerly
national account manager for Veeder-
Root Corp.

Quad Systems Corp.—Cosmo
Losco to vice president of operations;
formerly senior director of operations.

Losco

WADORS

Wyle Electronics—Ken Wadors
to president and CEO of RF Vision®™;
formerly senior vice president and di-
rector of RF/small-signal business for
Avnet, Inc.

MCE Companies, Inc.—Stephen
W. Shpock to chief operating officer;
formerly vice president and general
manager of Litton-Electron Devices’
Williamsport, PA operation.

CTS Corp.—Roger E. Rickey to
vice president and general manager of
CTS’ frequency products business; for-
merly vice president and general man-
ager of the Transportation Electronics
Division at Joseph Pollack Corp.

Varian, Inc.—Sergio Piras to cor-
porate vice president; formerly gener-
al manager of Varian Vacuum Tech-
nologies” operation in Torino, Italy.
Also, Wilson Rudd to corporate vice
president; formerly general manager
of the Varian Electronics Manufac-
turing business in Tempe, AZ and
Poway, CA.

Advanced Thermal Solu-

tions—Roger Alan Emigh, Ph.D. to
director of marketing for the West
Coast operations; formerly employed
as technical marketing manager and
research manager with Johnson
Matthey Electronics.

Technology Forecasters, Inc.—
Beth Downey to vice president and
chief financial officer; formerly vice
president of administration. Also, Eric
Miscoll, Ph.D. to chief operating offi-
cer; formerly senior consultant.

MVX.COM—Scott Schaefer to
president and chief executive officer;
formerly president of Interconnection
Services at BellSouth Corp.

Scientific-Atlanta, Inc.—Sam
Lim to president and general manager
of the Media Networks business; for-
merly vice president of research and
development (R&D) and product man-
agement for Media Networks.

Barry Industries, Inc.—James
K. Wood to director of marketing; for-
merly in charge of national marketing
and technical support for several
Canadian and British communication-
equipment manufacturers.

Dow-Key Microwave—David W.
Wightman to president; formerly pres-
ident of Sunbank.

WIGHTMAN FRYKLUND

Alpha Industries—Dave Fryk-
lund to general manager of RF galli-
um-arsenide (GaAs) control integrat-
ed-circuit (IC) products; formerly
worked as director of commercial IC
products.

SignalSoft Corp.—Steven D.
Adams to vice president of operations;
formerly technical business manager
with InvisiX Corp. Also, Chris Mu-
dock to vice president of quality assur-
ance; formerly director of quality as-
surance. In addition, Doug Demmel to
vice president of sales for the Americ-
as; formerly director of North Ameri-
can sales.
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Advantages” of Motorola’s
HV4x4 RF LDMOS Transistors:

» Higher Gain

= Higher Efficiency

» Higher Impedances
 Improved Thermal Ratings

« Increased Power

= Higher Reliability

« Smaller Package Size Per Watt
* Internally Matched

« ESD Protection

*Compared to previous generations of Motorola RF LDMOS

Avnet and the AV logo are registered trademarks of Avnet, Inc. Motorola is a registered trademark
and DigitalDNA and the DigitalDNA logo are trademarks of Motorola, Inc.
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134 DMOS

Move Up to the
Next Generation
with Motorola

As digital standards increasingly
dominate the wireless communication
market, Motorola’s RF LDMOS
continues to be the industry’s technology
of choice. And, Motorola continues
to develop and improve its patented
RF LDMOS

als

designand " pyierital DNA

has recently from Motorola
extended

performance on new 4th generation

RF LDMOS products. The newest
product introductions incorporate the
latest process improvements and the most
advanced technology. With a dedicated
business group for RF & Microwave
products and services, local market
resources for support, plus one of the
largest RF inventories in the world,
Avnet Electronics Marketing is uniquely
positioned to be your source for

RF LDMOS products from Motorola.

For a copy of
Motorola’s

RF LDMOS
Selector Guide,
visit our

- x ¢ Web site at
www.em.avnet.com/rfm/motldmos.html
or call 1-800-261-9602 ext. 302.
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MICROWAVE
IECHNOLOGY
REACHING INTO
THE NEXT
MILLENNIUM

MCN/MPC
Your ONE Source

FOR Microwave CIRcUITS

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

MODULAR COMPONENTS
NATIONAL, INC.

2302 Industry Court, PO Box 453,

nCn-mmpc.com
/ WWW.Imcn-mm pc.com

MARYLAND MPC LLC
81 Old Ferr

978/ 452-9061 Fax: 978/441-0004

E-mail: sales@men-mmpe.com

http:// www.men-mmpe.com

EDUCATIONAL MEETINGS

R Y B R S T T R S PGS

Short Courses

Asynchronous Transfer Mode
Overview—Understanding ATM’s
Potential and Value

August 29-30 (Seattle, WA)

Telcordia Technologies (formerly Bellcore)

Learning Services

Registrar’s Office, Room F212

6200 Route 53

Lisle, IL 60532-3198

(800) 832-2463, F AX: (630) 960-6300

e-mail: teachme@telecodia.com

Internet: http://www.800teachme.com

Software Radio

September 4-5 (Oxford, England)

University of Oxford

Department of Continuing Education

Oxford 0OX1 1PT, England

Dee Broquard

0-1865-286959, FAX: 0-1865-286956

e-mail: dee.broquard@conted.ox.ac.uk

2000 International Symposium on
Advanced Radio Technologies

September 6-8 (Boulder, CO)

National Institute of Standards and
Technology

John J. Lemmon

(303) 497-3414

Electronic registration:
https://sales.nist.gov/conf/
secure/CONF217/conf _register.htm

Internet: http://www.its.bldrdoc.gov

Local Area Networks: Implementation
and Configuration

September 12-15 (Washington, DC)

Learning Tree International

Reston, VA 20190-5630

(800) 843-8733, F AX: (800) 709-6405

Internet: http://www.learningtree.com

Embedded and Real-Time Systems

September 19-21 (Los Angeles, CA)

UCLA Extension, Department of
Engineering

109995 Le Conte Ave.

Los Angeles, CA 90024-2883

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

e-mail: mhenness@unex.ucla.edu

Internet: http://www.uclaextension.
org/shortcourses

Fundamentals of Data Communication

October 2-4 (Madison, WT)

University of Wisconsin-Madison

Department of Engineering Professional
Development

Madison, WI 53706

Katie Peterson

(800) 462-0876, F AX: (608) 263-3160

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

Meetings

ISSSTA 2000 IEEE Sixth International
Symposium on Spread Spectrum
Techniques & Applications

September 6-8 (Parsippany, NJ)

IEEE Communications Society and Center
for Communications

and Signal Processing Research

Clare Naporano

New Jersey Institute of Technology (NJIT)

Newark, NJ 07102

(973) 596-8474, FAX: (973) 596-8473

e-mail: Clare@megahertz.njit.edu.

15th Annual Symposium and Mini-

Show: Microwaves in Wireless and
Satellite Communication in the New
Millennium

September 7 (Hanover Marriott Hotel,
‘Whippany, NJ)

The Institute of Electrical and Electronics
Engineers, North Jersey Section,
MTT/AP-S Chapter

Kirit Dixit

(201) 445-2891

Willie Schmidt

(973) 492-0371

Internet: http:/www-ce.njit.
edw/~ieeenj/ NEWSLETTER html

EMC Europe 2000—4th European
Symposium On Electromagnetic
Compatibility

September 11-15 (Brugge, Belgium)

TI-KVIV

Mrs. Peys

Desguinlei 214

B 2018 Antwerpen, Belgium

32/(0)3 216 09 96, FAX: 32/(0)3 216 06 89

e-mail: emc2000@conferences.tikviv.be

Internet: http://www.ti.kviv.be/
conf/emc2000.htm

DCP’s Summit on Wireless Computing

September 12-14 (Hyatt Regency Orlando
Airport, Orlando, FL)

DCI, Inc.

(978) 470-3880, FAX: (978) 470-0526

e-mail: ConfReg@dci.com

Internet: http:/www.dci.com/brochure/wireol

Seventh European Conference on
Fixed Radio Systems and Networks
(ECRR 2000)

September 12-15 (Dresden, Germany)

Verband der Elektrotechnik (VDE)

Elektronik Informationstechnik e.V.

D-60596 Frankfurt/Main, Germany

FAX: 49-69-9631-5213

Internet: http://www.vde.com/ECRR2000

2000 IEEE Bipolar/BiCMOS Circuits
and Technology Meeting

September 24-26 (Marriott City Center
Hotel, Minneapolis, MN)

IEEE Electron Devices Society, the IEEE
Solid State Circuits Society, and the IEEE
Twin Cities Section

Janis Jopke, Conference Manager

CCS Associates

Eden Prairie, MN

(612) 934-5082, FAX: (612) 934-6741

e-mail: jjopke@aol.com

Networld + Interop Conference and
Exhibition

September 24-29 (Georgia World Congress
Center, Atlanta, GA)

Key3Media

Needham, MA (02494-2722

(888) 886-4057, FAX: (781) 49-2674

Internet: http//www.interop.com

Wireless/Portable Engineering
Technology Conference & Showcase
at PCIA GlobalXChange

September 26-29 (McCormick Place, Chicago,
IL)

Penton Media, Inc.

611 Route 46 West

Hasbrouck Heights, NJ 07604

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

e-mail: wirelessreg@penton.com

Internet: http://www.WirelessPortable.com
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RF WIDEBAND
TRANSISTORS
FROM PHILIPS
& AVINET

Design engineers are discovering
that Avnet Electronics Marketing is
the perfect partner for access to
Philips' wide variety of RF

wideband

transistors.

Philips pH I I-I ps
offers you

advanced technologies in silicon
bipolar and double polysilicon
processes for improved RF
performance. This includes higher
transition frequencies, lower noise

performance, higher efficiency and
Ratings Characteristics, typical muc.h more. A
Type | Case |V | To |Pror| fr | bt | F [Gum | @ | F | G | @ | dedicated business
(V) | (mA) | (mW) | (GHz) | (mA) (dB) | (dB) |(MHz)| (dB) | (dB) |(MHz) group for RF and

PMBTH10 S0T23 25 40 | a0 | 06 | 1-20 .
PMBTHB1 S0T23 20 | 40 | 400 | 06 | 1-20 Microwave
BFS17W S0T323 15 50 300 1.6 220 | 45 500 technology and
BFRO2AT SC-75" 15 25 | 300 5 3-30 2 14 | 1000 3 8 2000
BFT92W 507323 15 35 | 300 4 330 | 25 17 | 500 3 1 7o | Pproducts, the largest
BFRO3AT SC-75* 12 35 | 300 5 540 | 15 13| 1000 | 2. 8 2000 RF inventory in the
BFQ67T SC-75* 10 50 | 300 8 330 | 13 13 | 1000 | 2.2 8 2000 .
PBR941 S0T23 10 50 360 8 330 | 1.4 15 | 1000 2 95 | 2000 world, and hybl'ld and
PRF947 S0T323 10 50 250 8 330 | 15 16 | 1000 | 2.1 10 | 2000 custom component
PRF949 SC-75° 10 50 150 8 330 | 15 16 | 1000 | 2.1 10 | 2000 .
PRF957 50T323 10 100 | 270 8 550 | 1.3 15 | 1000 | 1.8 92 | 2000 manufacturing
BFR505T SC-75* 15 18 150 9 110 | 12 17 | 900 | 1.9 10 | 2000 capabilities are just
BFR620T SC-75* 15 70 | 300 9 330 | 1.1 75 | 900 | 1.9 9 2000
BFC520 S0T353 8 70 | 1000 | 9 330 | 13 31 900 | 15 19 | 2000 a few reasons that
BFE520 50353 8 70 100 9 330 | 1.2 17 | 900 | 19 10 | 2000
BFM520 S0T363 8 70 | 100 9 330 | 1.1 15 | 900 | 1.9 9 2000 make Avnet the
BFG520W/X | S0T343 15 70 | 500 9 330 | 16 17 | 900 | 18 11| 2000 perfect partner.
BFG540W/X | S0T343 15 120 | 500 9 | 1060 | 19 16 | 900 | 2.1 10 | 2000 .
BFGTIWX | SOT343 8 | 500 | 760 | 9 |50-150 7 T7a00| Shouldn't you have a
BFGA03W SOT343R | 45 36 16 17 55 1 20 | 900 | 16 22 | 2000 perfect partner too?
BFGA10W SOT343R | 4.5 12 54 22 | 2-15 9 900 | 1.2 22 | 2000
BFGA25W SOT343R | 45 30 135 | 22 | 3-30 8 900 | 1.2 20 | 2000
BFGASOW SOT343R | 45 | 250 | 360 18 | 30-150 | 12 900 | 1.8 16 | 2000
BFG21W SOT343R | 45 | 200 | 600 18 | 50-250 12 | 1900

==AVYNET
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Combining
technologies can
improve
wireless
performance

Micromechanical
filter design is
explained

Test technique
measures two
parameters at
once

Mobile antenna
arrays can act in
strange ways

Wideband code-division multiple access (WCDMA) is the front-running technology for
future third-generation (3G) wireless applications, but certain types of interference could
hamper its performance. A possible solution offered by Kwang-Cheng Chen and Shan-
Tsung Wu of the National Taiwan University (Taipei, Taiwan) involves combining CDMA
with orthogonal frequency-division multiplexing (OFDM). Multicarrier transmission,
known as OFDM, is often used to combat frequency-selective multipath fading. The re-
searchers claim that an OF DM-CDMA union has a number of benefits such as permitting
finer partitioning of radio resources in the time, frequency, and code domains to provide
more effective radio-resource allocation. Three different methods are presented to com-
bine the technologies with an eye toward developing a programmable architecture that
could be based on a single hardware and software platform. This could serve as the foun-
dation for the design of a software radio. See “A Programmable Architecture for OFDM-
CDMA,” IEEE Communications Magazine, November 1999, Vol. 37, No. 11, p. 76.

High-Q bandpass filters used in RF and IF stages of heterodyne receivers generally use
off-chip, mechanically resonant components such as crystal filters and surface-acoustic-
wave (SAW) devices. Being off-chip, however, increases the size and reduces the perfor-
mance of receivers. Frank D. Bannon IT1, John R. Clark, and Clark T.-C. N guyen of the
University of Michigan (Ann Arbor, MI) show how new micromachining technologies
make it possible to miniaturize and integrate highly selective filters alongside transistors
with the eventual goal of miniaturizing superheterodyne receivers. They begin with a qual-
itative description of micromechanical filter structure and operation and move on to the
details of a high-frequency micromechanical resonator. A step-by-step description of a fil-
ter design is presented, and implemented by building a surface-micromachined bandpass
filter in silicon (Si). The fabrication reveals the problems in making such components and
the novel technique to solve it. See “High-Q HF Microelectromechanical Filters,” IEEE
Journal of Solid-State Circuits, April 2000, Vol. 35, No. 4, p. 512.

A problem in microwave source-pull measurements is making simultaneous measure-
ments of the source- and device-under-test (DUT) reflection coefficients. Researchers Gi-
anLuigi Madonna, Andrea Ferrero, Marco Pirola, and Umberto Pisani of the Dipartimento
di Elettronica, Politecnico di Torino (Torino, Italy) developed a novel solution to the prob-
lem that permits the parameters to be measured together. Currently, the measurement
is performed in two steps that involve switching the microwave signal source, whereas the
new method requires no switching or disconnection of the source. The novelty of the tech-
nique is based on an input reflectometer, a linear and invariant microwave network hav-
ing six ports. It can be shown mathematically that any wave incident or reflected by the
reflectometer is a function of only three measured quantities. Thus, the input from a gen-
erator need not be disconnected to make the measurement. A calibration procedure is re-
quired to determine error coefficients used to calculate reflection coefficients. Experi-
mental results proved the accuracy of the method compared to traditional techniques. It
is useful for fast and accurate device characterization. See “Testing Microwave Devices
Under Different Source Impedance Values—A Novel Technique for On-Line Measure-
ment of Source and Device Reflection Coefficients,” IEEE Transactions on Instrumen-
tation and Measurement, April 2000, Vol. 49, No. 2, p. 285.

Antenna arrays in mobile communications experience effects not present in other envi-
ronments due to complicated and random scattering events where received fields can come
from many different directions. This means that antenna characteristics such as gain, di-
versity and channel capacity must be considered in new ways according to Jorgen Bach
Andersen of the Center for Personkommunikation at Aalborg University (Aalborg East,
Denmark). The fundamental question for Andersen is that since the information- carrying
signal is scattered in many directions, how can the antenna elements be organized to max-
imize the power transfer. The various approaches depend on the scattering angles (which
are unpredictable), but the author suggests that power transfer can be maximized by
jointly adjusting the antenna weights in the arrays. See “Antenna Arrays in Mobile Com-
munications: Gain, Diversity and Channel Capacity,” IEEE Antennas and, Propagation
Magazine, April 2000, Vol. 42, No. 2, p. 12.
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In wireless testing, as in life, the right'tools-fnr
the job are critical. |

www.agilent.com/find/csr



11 XXEMOD

Xemod high-power RF amplifier modules..

..because you have enough to worry about.

When your job is designing the next generation
of high-power RF amplifiers, good ideas

can come to you at any time. Don't
let the difficulties of amplifier
stage design inhibit your creativity.
Take advantage of Xemod
QuikPAC™ RF power modules.

QuikPAC modules’ consistent,
reliable performance enables lower
dollar-per-Watt designs, quicker.
And they plug so easily into your
designs, you can focus your
expertise where it belongs—on
innovation and functionality.

Of course, because our focus is
on building QuikPAC modules,
we have solutions for all
common wireless bands,

. including hard-to-develop
_stages for 2.1GHz amplifiers.
So you can complete new
products for new frequencies
and new markets faster than if you’d
developed amplifiers the old-fashioned way.
And with no sacrifice of performance.

To find out how QuikPAC technology can shorten
design cycles, lower development costs across
the wireless spectrum, and free you to be more
creative, call Xemod at 1-408-748-7360 or visit us
on the web at Www.xemod.com.

Xemod, Inc.

3350 Scott Blvd., Bldg. 49
Santa Clara, CA 95054
408-748-7360
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DESIGN FEATURE

Phase Noise

Analyze VGOs
And Fractional-N

Synthesizers

A method of analyzing phase noise,
and spurious in oscillators and synthe-
sizers takes into account loaded and
unloaded quality-factor (Q) values.

Ulrich L. Rohde

Chairman
Synergy Microwave Corp., 201
McLean Blvd., Paterson, NJ 07504,

(973) 881-8800, FAX: (973) 881-8361,

e-mail: ulr@synergymwave.com,
Internet: http://www.
Ssynergymwave.com

Giinther Kiage

Senior RF Engineer

Rohde & Schwarz GmbH & Co. KG,
Muhldorfstrasse 15, D-81671 Munich,
Germany, (49) 8941-290, FAX: (49)
8941-293777, Internet:
http:/fwww.rsd.rohde-schwarz.com.

INEAR analysis of frequency synthesizers and voltage-controlled

oscillators (VCOs) can lead to improved phase-noise performance. In

the analysis technique that follows, loaded and unloaded quality-fac-

tor (Q) values are being used together for the first time. This new
analysis method shows that there is some optimum value for phase noise
between the values of loaded and unloaded @, and deviation for either side
of this optimum value will result in deterioriation of the phase-noise per-
formance. In addition to exploring this new analysis technique, this arti-
cle will explore the performance limitations of sigma-delta-converter-
based fractional-N frequency synthesizers. These limitations are set
mainly by the performance of the dividers, phase detectors, and the avail-
able minimum-division ratios of the fractional divider.

performance in modern communica-
tions systems. Noise inside the loop

Fractional-N frequency synthesuz—
ers are capable of low phase-noise
- contributors to noise are the phase
. detector, the reference standard, the
bandwidth is controlled mainly by
the noise of the active components

and the upward multlpllcatlon of the
reference source’s noise. The chief

reference dividers, and the opera-
tional amplifier. The loop bandwidth

. High 0 oscillator \
Phase perturbation S
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1. These spectral plots show oscillator phase noise for

high- and low-Q resonators.

finally 380.

2. Phase noise is shown as a function of loaded Q over
unloaded Q (Q,,,4/Q°). The lowest curve represents a Q of
200, the next-highest curve is a Q of 300, then 350 and
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Phase Noise

depends on the reference frequency.
A good combination is a reference
frequency of more than 10 MHz and
loop-filter bandwidth of 15 kHz. This
bandwidth cleans up the noise of the
VCO, specifically microphonie
events, In fractional-N synthesizers,
it is not uncommon to use a dual-
time-constant filter where the wider
bandwidth helps with frequency
acquisition while the lower band-
width is effective for phase acquisi-
tion. The loop bandwidth of the filter
cannot be made infinitely wide and
must be set at the crossover point,
where the phase noise of the active
components, as well as the reference,
is equal to the VCO noise by itself. If
a sigma-delta converter is used its
noise-corner frequency also becomes
relevant.

Table 1: Gauging flicker
corner frequency versus
collector current

requiring the best phase noise, the
ceramic-resonator-oscillator (CRO)
approach is preferred. In most cases,
a Colpitts oscillator configuration

provides good results. Grounded-

base circuits exhibit severe stability
problems and even the Colpitts oscil-
lator, based on its emitter circuitry,
occasionally shows unwanted reso-
nances to 6 GHz with high-gain tran-
sistors. Once oscillation has been
established at the proper frequency,
the immediate question is how much
phase noise does the transistor pos-
sess. The phase noise is determined
by the large-signal flicker corner fre-
quency of the oscillator device, with
typical values for transistors bein§
AF=2KF=1x10"to1 x 1077,
(These are the equivalent SPICE
parameter values which determine
the corner frequency.)

The flicker-corner frequency is
defined as the frequency where the
first break point on the phase-noise
plot occurs if a low-Q resonator is

In designing a low-noise oscillator
or synthesizer from 400 to 4000 MHz,
the main resonators of choice are
ceramic resonators and high-Q print-

ed microstrip/stripline resonators.
For conventionally sized oscillators
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DESIGN FEATURE

Phase Noise

used. Figure 1 shows the high- and |
low-Q cases with phase noise plotted

in Fig. 2. While the authors still

believe that the accurate way of

determining the actual phase noise is
the use of a nonlinear simulator with
good active-device modeling, first-
order linear analysis is also legiti-
mate approach. There is no linear
equation for the bias-dependent

flicker-corner fre-
quency unless
parameters AF
and KF are used in
a nonlinear simu-
lator, but the lin-
ear expression
allows the use of
the “expected”
flicker-corner fre-

0.1 nH
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62 O

i
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=3 dBm
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3. This schematic diagram represents
a high-performance CRO that can be
used from 500 to 2000 MHz (or 804.6
MHz as in the example).

quency in the linear equation legiti-
mately. The third component is the
tuning diode, operated in a reverse-
bias condition. The tuning diode also
has AF and KF values, with AF
being approximately 2 and KF being
about 1 X 107", In linear terms, it is
possible to assign the diode an equiv-
alent noise resistance which, depen-
dent on the technology, varies
between 200 () and 20 k().

In 1966, Leeson introduced a linear
approach for the calculation of osecil-
lator phase noise. His formula' was
extended by Scherer of Hewlett-
Packard Co. (Palo Alto, CA), who
added the flicker-corner frequency
calculation. Rohde subsequently
added the VCO term.? As a result,
the phase noise of a VCO is:

L(f, ) =10 log ({1+

115 /(2 Qrpua ) 1)
X [1+(f. / f)]
x {FKkT /2P, X

sav

[] - (Q[()ad /Q() )]}
+2KTRK / f)) (1)

where:

L(f,,) = the ratio of sideband power
in a 1-Hz bandwidth at f, to the total
power in decibels (spectral density),

f, = the frequency offset (in Hz),

fy = the center frequency,

f. = the flicker frequency,

Qioaq = the loaded Q of the tuned
circuit,

Qo = the unloaded Q of the tuned
Circuit; Q 0> Q load»

F = the noise factor,

kT = 4.1 x 107! at 300 K (room
temperature),

P.., = the average power at the

N
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Phase Noise
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4. This is the simulated phase noise for the ceramic-

resonator oscillator of Fig. 3.

oscillator’s output,

R =the equivalent noise resistance
of the tuning diode (typically 200 (2 to
10 k(}), and

K, = the oscillator voltage gain.

When adding an isolating amplifi-
er, the noise of an inductive-capaci-
tive (LC) oscillator is determined by:

qu (fm) =
[agFy +ap(Fy /20, )71/ 17
+{2GFxT 1 By) (Fy 120, %]/ 1

2

+(2(41'?QLF03,)/. m

+ag / f,, + 2GFkT / F, (2)

where:
G = the compressed power gain of .
the loop amplifier, :
F = the noise factor of the loop

5. This is the measured phase noise for the oscillator of
Fig. 3. The pedestal above 100 kHz results from the
reference oscillator, a model HP 8662 signal generator

from Hewlett-Packard Co. (Palo Alto, CA).

amplifier,

k = Boltzmann’s constant,

T = the temperature (in K),

P, = the carrier-power level (in W)
at the output of the loop amplifier,

Fy = the carrier frequency (in Hz),

Qu(= mF7,) = the loaded Q of the
resonator in the feedback loop, and

agr and oy = the flicker-noise con-
stants for the resonator and loop
amplifier, respectively.'?

Table 1 shows the flicker-corner
frequency, fc, as a function of I ( for
a typical small-signal microwave
bipolar-junction transistor (BJT).

Figure 3 shows a typical CRO.
Using the result of a nonlinear simu-
lator, it is possible to compare mea-
sured and predicted phase noise

¢ (Figs. 4 and 5). From the phase noise,

it is possible to determine the loaded

Phase noise VCO:

Q and, within limits, the corner-flick-
er frequency. The flicker-corner fre-
quency will shift for a high-Q res-
onator. For a loaded-Q (Q),.q) value
of 200 at a center frequency of 800
MHz, and a flicker frequency (f;) of
1000 Hz, similar results are mea-
sured as obtained with the linear
equation (Fig. 6). If the diode is dis-
connected, the phase noise improves,
which means that all of the noise
comes from the tuning diode. In this
case, the unloaded Q (Q,) was set to
400. As Q)oqq approaches Q, there is
a degradation of the phase noise
starting at Qo.q = 300, and degrading
further as it approaches 400, where it
will be infinite (Fig. 6). This is due to
the new term [1 - (Q,,.a/QR)]. Given
the conditions that the output power
(Pyutput) s 0 dBm, F, = 880 MHz, R,

50/

i

I
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6. The linear equation for phase noise can be used to
predict the performance of the oscillator with (top curve)
and without the tuning diode (bottom curve).

7. According to these predictions of phase noise for the
880-MHz VCO at sensitivities from 10 Hz/V to 100 MHz/V,
above a certain sensitivity, the phase noise is determined
only by the oscillator circuit’s tuning diode(s).
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=200 0, Q, = 600 at 100-kHz offset
from the carrier, the values shown in
Table 2 are obtained. The noise
remains fairly flat for Q values
between 200 and 550. This is due to
the losses of the resonator and the
variation of the output level, which is
driven by these losses.

The influence of the tuning diode,
which is shown in the last term of the
phase-noise equation, dominates the
phase noise if the tuning sensitivity
gets too high (Fig. 7).

Many authors also assume that all
the components are ideal. In reality,
passive devices such as capacitors
and inductors have “lead inductors”
and the connecting points or solder
joints also have resistive elements.
Therefore, a capacitor is correctly
modeled as a series connection of the
capacitor itself in series with a small
inductor in the vicinity of 0.2 to 1.0
nH and a contact resistor of approxi-
mately 0.2 to 0.3 Q. Figure 8 illus-
trates to what level of detail the mod-
eling must be performed so that
measured and predicted phase noise
agree. The particular oscillator is not
an award-winning design, but mea-
sured and simulated results for this
oscillator (Fig. 9) agree closely.*

The linear model is somewhat opti-
mistic since it “assumes” many
events to be linear and easy to model.
In reality, the noise, as superimposed
on the ideal noiseless carrier, comes
from many contributors (Fig. 10).

The noise performance can be
improved by having a resonator cir-
cuit with the highest possible Q, pro-
vided the tuning diode is not the main

DESIGN FEATURE

Phase Noise

V: 5.0

50 O 220 nH

6.8
0250 0.8nH PF

0.25
Q0 20k
10.5 pF 0.25 >0.25
Q Q
Tuning 2_0— .
diode > 4y
0.2
Q

Vee

H

4338 m§ b

470 pF

15 Q)

0250 |12pF 0.8nH Qutput

0.250

1.2 pF
(Parasitic
capacitance)

0.25 Q

8. This Colpitts oscillator uses RF negative feedback between the emitter and
capacitive voltage divider. Real, rather than ideal, components have been used,
including some typical parasitic values for the capacitors and inductors.

(PM) conversion adds strongly to the
noise, also influences the Q. The stan-
dard circuit uses two diodes instead
of one in an anti-series connection
which is chosen to avoid DC rectifica-
tion in self-biasing at RF voltages
higher than DC voltages.

Many circuits with medium tuning
range rely on a single diode for tun-
ing as seen in Fig. 3. If the tuning
range increases, the RF-voltage

swing across the tuning diode
increases. A remedy for this is the
use of two diodes connected in a
series where the opposite polarity of
the diode cancels the DC rectifica-
tion. The drawback of this circuit is
that there are loss resistors in series.
The circuit of choice uses at least two
diodes in each series arm. In the
example of Fig. 12, the inductor of
the left circuit is replaced with a

villain. When using a trans-

mission line-based res- 25 ] :

onator instead of a coil | g G

inductor, the Thom%sson § \a\ | o~ Measured data

formula F = 1/@2wLC)"” is L - .

no longer valid and the I h \ T Slmylatlon

inductance L must be ‘3..___,_,100 it ;\ f i

replaced with a hyperbolic | & \n\

tangent (tanh) function, X, | '8 _25 R |

= Zotanh (2@l/\), with 1 < | 8 \,\

M4. As a result, the circuit | £ 150 ! L

has a sharper resonance or Ll i o ‘ \~— =
appears to have a higher Q. =175 1 A1 D A 4111 ]
Figure 11 shows the impact 1.00E01 1.00E02 1.00E03 1.00E04 1.00E05 1.00E06 1.00E07 1.00E08
onnoise by varying the DC e e

source.

shorter stub element,

which can be used to
model a ceramic res-

onator.
Further improvement

in the noise can be
achieved by DC/RF feed-

back. The two circuits of
Fig. 13 sample the DC

current as well as the
low-frequency compo-

nents in either the emit-

ter or the collector cur-

rent. By using feedback
circuits, one can combine
a DC stabilization as well

The tuning diode, which
due to phase-modulation

9. These plots compare the predicted and measured
performance of the oscillator of Fig. 8.

as a noise compensation/
cancellation.
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This type of feedback circuit can
provide a drastic noise improvement
within the loop bandwidth of the cir-
cuit used. Figure 14 shows the mea-
sured phase-noise improvement for

such a feedback circuit using a design

where the oscillator and the feedback
are combined in a custom RF IC.
For these arrangements, there are
already existing patents or patents
pending.

This feedback shows an improve-
ment of approximately 15 dB in
phase noise. The noise improvement
can be expanded to 1-MHz offset
from the carrier if the feedback cir-
cuit has the appropriate gain and
exactly 180-deg. phase shift within
the required bandwidth.

The principle of the fractional-N
division synthesizer is not new. In
the past, implementation has
occurred in an analog system. The
previously mentioned single loop
uses a frequency divider where the
division ratio is an integer value
between one and an undetermined

DESIGN FEATURE

Phase Noise

large number. It would
be ideal to be able to
build a synthesizer
with a 50-MHz refer-
ence, and yet obtain
the desired step-size
resolution, such as 25

(a)

kHz. This would lead LO
to the smaller division

ratio and better phase

noise.

General-purpose

designs for synthesiz-
ers not only use single-

loop approaches, but

also support the intro-
duction of an auxiliary

a-, A T4
2 T
£|To N Y
? |
Lo4 2L f
Noise
sources
Periodic
excitor "| steady state
[
Nonlinear device | : Frequency
noise sources > Modulation —>1 ¢y nversion
Linear subnetwork Frequency ;
noise sources | | conversion IF noise
LO signal-noise .| Frequency
source conversion

(b)

frequency which can
consist of a single-loop

synthesizer or a har-
monic sampler. The
computer screen of

Fig. 15 shows a block diagram for a

“universal” synthesizer module. The
synthesizer module consists of a ref- |
erence oscillator, which is shown in |
the top left-hand side, and is a

10. Multiple noise sources account for noise
generated during mixing to IFs.

marked reference source. Typically,
a high-performance crystal oscillator
is used here. Reference frequencies
vary from low values such as 10 kHz
to high frequencies like 100 MHz. In

dpb
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the analysis for

this case, a data
file was chosen

From the top down:
2-nH constant current |
2-nH constant voltage [N

e

() transmission line, constant current
11 .() transmission line, constant voltage

// A/ "

which repre-

sents a 10-MHz

frequency stan- | £ -50

dard. This 10- ?

MHz frequency & 75| Frequency-dependent
is then divided | B[] e ofa o
by 1 and con- g

nected to the
input of the
phase detector.
For convention-

=

oA

al synthesizers, -150

... . 1.00E02
the division ratio

would be chosen

1 .06E03

1.00E04 1.00E05 1.00E06

Offset from carrier—Hz

so the input to
the phase detec-
toris equal to the
phase size. On
the top right-
hand side of Fig. 15, a VCO is set at
200 MHz—after being divided by 20,
this provides a 10-MHz input to the
phase detector. Since the auxiliary
loop is in the “off” position, this por-
tion no longer contributes to the sys-
tem. The modeling software will
accept inputs such as the noise floor
of the dividers, the phase-detector
sensitivity, the noise voltage of the
active filter, and the loop bandwidth.
For this single-loop synthesizer, the
linear-analysis software calculates
the total noise and displays the vari-
ous noise contributions. For a 50-kHz
loop bandwidth, the solid line illus-
trates the resulting total phase noise.
At approximately 200 Hz, it exhibits
the improvement due to the loop,
which has a slight peak of around 50
kHz, with a phase noise of about —-117
dBc/Hz. The free-running oscillator
examined previously has a predicted

circuits.

11. Constant-current and constant-voltage biasing have
been differentiated here to illustrate the sensitivity of
transistor oscillators to bias networks and resonator

phase noise of approximately -130
dBe/Hz. This means that the loop
bandwidth is too wide, since it now
reveals the upward multiplication of
the noise sources which results in
unfavorable phase noise. A more
appropriate loop bandwidth would
have been approximately 5 kHz
where the free-running oscillator has
a phase noise of about -110 dBe/Hz.
The dashed line in Fig. 15, which
peaks at approximately 50 kHz, illus-
trates the noise improvement of the
VCO due to the loop. Outside of the
loop bandwidth, the Q of the oscilla-
tor dominates the noise performance.
The horizontal dashed line at approx-
imately —130 dBc¢/Hz represents the
phase noise of the mixer (not used)
and the main divider contribution.
The line underneath is the noise level
of the operational amplifier (if used)
and the phase detector at the VCO

220nH 330 O

656535

12. Two tuning diodes are used in the parallel-resonant circuit (left). To reduce
losses, an improved circuit uses two diodes in parallel on each leg (right). The
shorted stub (SST) is a model element for a ceramic resonator.
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1kQ ol :[:1 i structing a fraction-
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Tdiode: 15 pF 2.7 FF BFR93A P1 : ’
I.__o fractional part of the
i e division is actually
8.0 nH pF - implemented using a
Bias
F f— o phase accumulator.
p 1 5 + Tee Consider  the
Tdiode — | problem of generat-
I L wenins Frequency| | ing 899.8 MHz using
Ctrim 1.0 <s5gq |singletone] | a fractional-N loop
nE 1.2 GHz with a 50-MHz ref-
(a) = = = = 1.3 GHz? erence frequency,

899.8 MHz =50 MHz

VIuningo+1 1o +22 VDG

[N + (K/F)]. The
integral part of the
division N must be
set to 17 and the
fractional part, K/F,
must be 996/1000
[the fractional part
(K/F') is not a inte-
ger], and the VCO
output must be
divided by 996 X
every 1000 cycles.
This can be easily
implemented by
adding the number
0.996 to the contents

(b) at the transistor collector.

frequency. The current configuration
also only supports a step size of 10
MHz.

An alternative to this design
approach would be for N to take on
fractional values. The output fre-
quency could then be changed in frac-
tional increments of the reference
frequency. Although a digital divider
cannot, provide a fractional-division
ratio, ways can be found to accom-
plish the same task effectively. A fre-
quently used method is to divide the
output frequency by N + 1 every M
cycles and to divide by N the rest of
the time. The effective division ratio
is then N + 1/M, and the average out-
put frequency is given by:

fo = (N + ﬁ}fr (3)

This expression shows that f, can
be varied in fractional increments of
the reference frequency by varying

13. For these bipolar-transistor-based oscillators, noise
sampling was performed at (a) the transistor emitter and

of an accumulator
every cycle. Every
time the accumula-
tor overflows, the
divider divides by 18 rather than by
17. Only the fractional value of the
addition is retained in the phase accu-
mulator. When moved to the lower
band or an attempt is made to gener-
ate 850.2 MHz, N remains 17 and K/F
becomes 4/1000. This method of using
fractional division was first intro-
duced by using analog implementa-
tion and noise cancellation, but today
it is implemented totally as a digital
approach. The necessary resolution
is obtained from the dual-modulus
prescaling, which supports a well-
established method for achieving a
high-performance frequency synthe-
sizer operating at ultra-high frequen-
cy (UHF) and higher frequencies.
Dual-modulus prescaling avoids the
loss of resolution in a system com-
pared to a simple prescaler—it sup-
ports a VCO step equal to the value
of the reference frequency to
be obtained. The dual-modulus
prescaler then divides by N or N+1
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14. A novel RF IC oscillator circuit,
which includes a tuning diode,
provides improved phase-noise
performance. The tuning-diode
coupling is only approximately 10
MHz/V and does not add to the
modulation noise. For test purposes,
the circuit is considered as an LC
circuit with a loaded Q of 50
measured at approximately 500 MHz.

depending upon the state of its con-
trol. The only drawback of prescalers
is the minimum-division ratio of the
prescaler for approximately N”. The
dual-modulus divider is the key to
implementing the fractional-N syn-
thesizer principle. Although the frac-
tional-N technique appears to have a
favorable potential for solving the
resolution limitation, it is not free of
having its own complications. Typi-
cally, an overflow from the phase
accumulator (which is added along
with the output
feedback to the
input after being
latched) is used to

change the instan-
taneous-division
ratio. Each over-

DESIGN FEATURE
Phase Noise

discrete sidebands vary from 200
kHz for K/F = 4/1000 to 49.8 MHz for
K/F = 996/1000. It will become the
task of the loop filter to remove those
discrete spurious. While in the past
the removal of the discrete spurs
has been accomplished by using ana-
log techniques, various digital meth-
ods are now available. The micropro-
cessor must solve the following
equation:

N*=(N+£J=
F

[N(F - K)+ (N +1)K] (4)
As an example, consider the case
where F, equals 850.2 MHz:
N* = 850.2 MHz/50 MHz = 17.004
Following the formula:
N*= [N + 5) =
F
[17(1000 - 4)+ (17 + 1) x 4]
1000
_ [16932+72] — 17004
1000
F,, = SOMHz x 19932+ 732]
1000
= 846.6 MHz + 3.6 MHz
= 850.2 MHz (5)

The mechanism that generates the
digital compensation is illustrated in
Fig. 16. The approach was patented
by Marconi (Stevenage, England) in
European Patent No. 0125790B2 in
1995. Tt consists of three sigma-delta
converters which are connected in

flow produces a jit-
ter at the output

frequency, caused
by the fractional

division, and is lim- =
ited to the fraction-

al portion of the |
desired-division
ratio.

In the case of the

example, a step size 15 Thls computer screen displays an image of the
of 200 kHz had been synthesizer-simulation software which can handle single-
chosen, and yet the and multiple-loop designs.
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manipulation. The approach requires = research and patent
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ers not only have a long accumulator, = chip, supports pro-
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16. This block diagram represents the
fractional-N synthesizer using the
custom IC for reference frequencies
to 100 MHz. The use of smaller
modulus values is responsible for its
frequency extension up to 3 GHz with
ripple or asynchronous counters, and
supports the implementation of dual-
modulus counts to M/N+1.

in the actual hardware. The screen
image of the control software is
shown in Fig. 17. The software
accepts all the necessary values as
inputs. On the top left, it is fed the
fractional and integer values that
result in an output frequency of
200.007 MHz using the 10-MHz refer-
ence. The correcting mechanism
requires the entry of distortion coef-
ficients and algorithm coefficients.
The values shown correspond to a
particular compensation scheme. The
display in the left-hand corner illus-
trates the equivalent phase noise
generated by this internal circuitry.
The phase noise, which is relative to
the 20-MHz reference, is shown to be
approximately —-130 dBe/Hz which
then increases at 5 x 10”2 relative to
the reference frequency. This means
that the loop bandwidth should be at
least of order 3 in order to suppress
the quantization noise caused by dig-
ital phase jitter. The loop filter itself
will attenuate the spurious on the
right side of the picture. A Type-2,
fourth-order filter is used. Since the
linearity of the phase detector is cru-
cial, the software checks if the chosen
coefficients do not overdeviate the
phase detector. This is shown in the
software’s right-hand window. Final-
ly, the distribution of the compensa-
tion values also needs to be
monitored as it determines overall
performance.

The system-level simulation soft-
ware can now be applied to examine
the overall results (Fig. 18). The solid
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Phase Noise

curve in Fig. 18 shows the overall
phase noise including unwanted spu-

rious results. Using the coefficients
as previously chosen, including the :

loop filter, the ultimate noise floor up
to 1.05 MHz is better than -140
dBc¢/Hz, reaching —~180-dBc/Hz offset
4.5 MHz from the carrier. By “play-

ing” with these coefficients, it is pos-
sible to achieve a trade-off between |

- the amplitude of

P Pl e
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the spurious sig-
nals and the cutoff
of the loop. It is
also possible to
add additional fil-
tering to increase
the spurious sup-
pression above
100 kHz. In the
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17. This plot shows the noise output
of the three-stage sigma-delta
converter and compensation circuitry
for the fractional-N synthesizer.

case shown, the loop bandwidth was
set at 10 kHz. The noise floor of the
buffer amplifier following the refer-
ence was -1656 dBc¢/Hz and, finally,
the fractional divider had a noise
floor of — 150 dBe/Hz. The output fre-
quency generated was 200.007 MHz.
This means that the fractional por-
tion had three digits of resolution.
As has been seen, it is necessary to
incorporate loaded Q, as well as
unloaded Q, in all oscillator and syn-
thesizer phase-noise design consider-
ations. Due to this, it was necessary
to expand the Leeson equation. If not
dominated by other factors, tuning
diodes (with tuning sensitivity of
MHz/V) can add significantly to the
phase noise. Since various approach-
es exist for the design of a fractional-
N synthesizer, this study has focused
on what influence the digital portion
of the synthesizer chip has on the
resulting phase noise of the system.
Given the existence of a compensa-
tion circuit with arbitrary digital
compensation coefficients, it was pos-
sible to select a practical case to
demonstrate the impact of the vari-
ous choices. In most cases, the
designer is “stuck” with a particular
hardware design and can rarely
achieve fractionality beyond 1/32.
ICs which provide higher resolution
[such as the fractional-N IC offered
by Philsar (Nepean, Ontario, Cana-
da)] achieve resolution down to 100
Hz with a 200-kHz reference at the
expense of a minimum-division ratio,
which is larger than 20. In the previ-
ous example, the fractional offset
made it possible to achieve frequency
resolution of 7kHz. The result is that
the fractional offset is inside the loop
bandwidth. Standard fractional syn-
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thesizers do not face the
problem of “channel spac-
ing” which is smaller than
the loop bandwidth. In
these cases, a complicated
compensation scheme is
necessary, as well as a com-
plete spurious analysis.
This is due to the fact that
the dual-modulus prescaler
forces a minimum-division
ratio to be approximately
NZ In the case of a pre-
scaler set at 10, the mini-
mum-division ratio would
be 100. ®®
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Modulated HBTs
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An HBT Amp

This article investigates the effect of
several digital modulation schemes on
the linearvity of an HBT amplifier.
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IRELESS communication equipment growth has led to an
increasing demand for high-performance RF components,
including high-linearity amplifiers. In this article, a high-linear-
ity, Class A heterojunction-bipolar-transistor (HBT) amplifier,
model EC1089, is tested to investigate the behavior of its linearity char-
acteristics in response to four modulation schemes: two-tone intermodula-
tion, forward code-division-multiple-access (CDMA), reverse-CDMA, and
North American Digital Cellular (NADC) signals. Also, to investigate the
sensitivity of the linearity measurements, the authors tested six samples of
the EC1089 from wafers with different epitaxial structures.
To address the linearity of an | P;, curve. Figure 1 illustrates these
amplifier, its manufacturer usually = characteristics. The relationship
tests and specifies its output third- | between P, OIP;, and third-order

order intercept point (OIPy). By def- = IM ratio (IM,) is:
inition, OIP; is obtained by cal- | M,
culating the intercept point of OlP; =F,, =T (1)

extrapolated output-power (P,,.)

versus the input-power (P;,) curve
and extrapolated third-order inter- |
modulation (IM) power (Pyy) versus

Since the OIP, is an extrapolated
value, Eq. 1is valid only in the region
of power level where the slope of

0IP3

»Pip

1. This graph shows the typical P,
versus P;, and P,y; versus P, curves
of amplifiers.
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L2 This graph shows the measured OIP; versus output power for the six
. samples.
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Piys versug P;, is 3. Outside this

region, the calculated IM; will be
incorrect. This situation is illustrated
in Fig. 1, where the slopes of two
curves—A and B—are no longer 3
above a certain power level. Since a
single value of OIP; cannot predict
the IM; over the entire power range,
another way is to plot OIP; versus
P, based on Eq. 1 (extending the
OIP, definition). If the extended
OIP; versus P, of curves A and B
are plotted, one can see that the OIP,
of curve A degrades with P, and
that of curve B goes in the opposite
direction.

In receiver (Rx) applications, sev-
eral signals at different frequencies
are applied to the amplifier. Each sig-
nal is usually at a quite low power
level (the 3:1 slope range) and OIP,
can be used directly in the calculation
of the intermodulated distortion
(IMD).

However, in a transmitter (Tx),
there is often only one signal at a high

power level. The signal can be a mod- |

75
70 - DUTA [
-=— DUTB
65 putc | |
g puUTD
’I” - DUTE
& 60 -~ DUTF —
(=]
<
55
50 \
45
10 11 12 13 14 15 16 17
Average output power—dBm

3. This graph shows the measured 1.9-GHz CDMA 9-code forward link ACPR at

750-kHz offset for the six samples.

ulated one—having a time-domain '
- eter to characterize a linear amplifi-
variation, suchas CDMA and NADC. = er. The linearity of the amplifiers in
~ these applications is characterized by

nal-amplitude range may not be con-

waveform with noise-like amplitude

Since OIP; over the modulated sig-

stant, OIP; is not the proper param-

the adjacent-channel power ratio
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4. This graph shows the measured 1.9-GHz CDMA reverse link ACPR at 885-

kHz offset for the six samples.

(ACPR), which depends not only on
the IMD of the amplifier, but also on
the amplitude-to-amplitude (AM-
AM) and amplitude-to-phase modula-
tion (AM-PM) characteristics of the
amplifiers."

The typical OIP; of the model
EC1089 amplifier is +42 dBm using a
+5-VDC supply voltage. The mea-
surements are performed with an
EV1089 evaluation board at the cen-
ter frequency of 1.9 GHz. Figure 2
shows the measured OIP; versus
P, of these samples. Table 1 sum-
marizes the measured two-tone char-
acteristics. Also shown in Table 1 is
the linearity figure of merit (LFOM),

which is defined by the ratio of OIP;
to DC power and is a common index
of the two-tone linearity of an ampli-
fier.

As seen from Table 1, the maxi-
mum-to-minimum OIP; variation of
these samples is +4 dBm, corre-
sponding to 8-dBe IM; deviation at
an output power of +11 dBm. The
maximum LFOM difference is 17.5.
On the other hand, the Py 4gis almost
constant.

Figure 3 shows the ACPR test
results using an 1S-95, CDMA-for-
ward, nine-code channel signal cen-
tered at 1.9 GHz. After investigating
the differences between Figs. 2 and

9 10 1 12 13
Average power output of two-tone—dBm

W 8 1w 17 B

5. This graph shows the measured 1.9-GHz NADC ACPR at 30-kHz offset for

the six samples.
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3, one can see that:

1. The device with the higher OIP,
also shows higher ACPR. However,
a 1-dBe-to-1-dBe correspondence
cannot be found.

2. The sample-to-sample variation
of ACPR is much smaller than that of
OIP;. This can be attributed to the
fact that the modulations have differ-
ent peak-to-average power level
and different phase-changing
characteristies.

The two-tone IM signal can be
thought of as a signal with a 3-dB
peak-to-average power ratio and
static phase. However, the CDMA
signal is more complicated than that.
The statistical characteristics of the
CDMA signal’s peak-to-average
power ratio can be described by a
complementary-cumulative-distri-
bution-function (CCDF) graph. In
the nine-code-channel CDMA appli-
cation, the probability of the signal’s
peak power reaching 9.7 dB above
the average level is 0.01 percent,

THE TWO-TONE IM SIGNAL
CAN BE THOUGHT OF AS A
SIGNAL WITH A 3-dB PEAK-
TO-AVERAGE POWER RATIO
AND STATIC PHASE, WHILE
THE STATISTICAL
CHARACTERISTICS OF THE

CDMA SIGNAL'S PEAK-TO-
AVERAGE POWER RATIO
CAN BE DESCRIBED BY A
COMPLEMENTARY-
GUMULATIVE-
DISTRIBUTION-FUNCTION
(CCDF) GRAPH.

Making the most use of the ampli-
fier in this system while, at the same
time, maintaining signal quality
requires a minimum output-power
backoff of 11 dB. For this amplifier to
be operating at 11-dB power back-
off, which is 13-dBm average output
power, the measured maximum and
minimum ACPR of the sample group

ravYil
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are 63.5 dBc and 61.8 dBc, respec-
tively. This 1.7-dBe deviation is
smaller than the 8-dBe¢ IM; deviation
in the two-tone test at the same
average output power.

Figure 4 shows the ACPR testing
results with a 1.9-GHz reverse-
CDMA signal. The statistical charac-
teristics of the reverse-CDMA signal
show that the probability of the sig-
nal reaching 5-dB peak-to-average
power ratio is 0.01 percent. So in the
reverse mode, a similar ACPR can be
obtained at an average power level of
+18 dBm. The maximum and mini-
mum ACPR are 63.9 dBc and 61.5
dBe, respectively. The deviation is
24 dB.

The NADC ACPR measurements
are performed by setting the center
frequency to 1.9 GHz and measuring

THE SAMPLE-TO-SAMPLE

VARIATION IN NADC ACPR

IS VERY LOW COMPARED
T0 THE ACPR OF TWO-TONE
AND CDMA MODULATIONS.

THIS REVEALS THE
WEAKNESS OF TWO-TONE
TESTING IN CDMA AND
NADC APPLICATIONS.

the 30-kHz offset ACPR. The ACPR
of the signal source is 35 dBc. The
results are provided in Fig. 5. The
statistical characteristics of the
NADC signal show that the probabil-
ity of the signal reaching 3.1-dB
peak-to-average power ratio is 0.1
percent. Since the peak-to-average
power is close to the two-tone IM, it
is interesting to compare the test
results in the two modulations. As
can be seen from Fig. 5, there is no
obvious ACPR degradation in low
power levels below +20 dBm, and the
device shows that higher OIP; does
not necessarily mean higher ACPR
in this modulation. This suggests that
the distortion introduced by the
EC1089 sample is much smaller than
35 dBe. The sample-to-sample varia-
tion in NADC ACPR is very low
compared to the ACPR of two-tone
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and CDMA modulations. This
reveals the weakness of two-
tone testing in CDMA and NADC
applications.

One way to increase the ACPR is
to increase P, 4g. This can be accom-
plished by increasing the bias voltage
and current of the device. At a Ve of
+6 VDC and an Ioc of 170 mA, the
DUT-C has a measured P, 45 of +25.1
dBm. Table 2 summarizes the mea-
surement results before and after
increasing the DC power and pro-
vides the ACPR that is measured at
different power levels. There is
almost no improvement in the OIP,
performance of the high-power ver-
sion. Actually, the LFOM is degrad-
ed due to higher DC power. But from
the ACPR measurements, three
interesting things can be found:

1. The ACPR is very similar at low
output power for both DC-bias condi-
tions.

2. At high output power, the high
P, 4g version has much better ACPR.

3. At the same backoff level
(defined by P, 45 — P,u0), the ACPR
is similar.

The ACPR improvement due to
the increased OIP; and P; 4i can be
compared quantitatively through the
comparison of their improvement
ratios, IR(OIP;). The improvement
ratio, as a function of OIP;, is defined
as:

AACPR
AOIP,
=[ACPR(DUTx) -
ACPR(DUTY)]/
[OIP,(DUTx) — OIP;(DUTy)]
dBc | dBm (2)

IR(OIP;) =

and IR(P; 4g), the improvement

THE ACPR IMPROVEMENT
DUE TO THE INCREASED
OIP; AND P, ;; CAN BE

COMPARED QUANTITATIVELY

THROUGH THE COMPARISON
OF THEIR IMPROVEMENT
RATIOS, IR(OIP.).

DESIGN FEATURE

Modulated HBTs

ratio as a function of P, 45, is defined
as:

AACPR
1dB
=[ACPR(DUTx) -
ACPR(DUTY)]/
[Pap(DUTX) = Py g (DUTY))
dBc | dBm (3)

IR(Pyp) =

The measurement results of DUT-
A ard DUI-F are used to calculate
the IR(OIP;), and that of DUT-C at
+5 VDC and +6 VDC are used to cal-
culate IR(Py 4p). For example, the
OIP; difference between DUT-A and
DUT-F at +13-dBm P, can be found
from Fig. 2 to be +4 dBm, and their
forward ACPR difference at the
same power level is 1.5 dBe, so the
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Table 1: Summary of the testing results
of six EC1089 samples from wafers
with different expitaxial structures

A

[R(OIPy) is 1.5/4 = 0.38 (dB¢/dBm).
For the IR(P, 4g), the forward ACPR
difference of DUT-C at +6 VDC and
DUT-Cat +5 VDC and +13-dBm P,
is 1.3 dBc. This value divided by their
P, 4p difference +1.3 dBm, is 1
(dBc/dBm). Through similar calcula-
tions at the other power levels, a plot
of IR versus P, is obtained and
shown in Fig. 6. From the figure, it is
obvious that increasing the P, 4g, or

by examining the situation in an
equivalent way, increasing the back-
off power level, is a more-efficient
way to improve the ACPR than
increasing the OIP,.

TEST RESULTS
RF tests of the EC1089 reveal that
the amplifier has distinctive linearity
characteristics for each modulation.
Two-tone IM testing shows the high-

est sensitivity to sample differences.
The maximum sample-to-sample
variation of OIP; of +4 dBm corre-
sponds to a LFOM deviation of 60
percent. The other modulation
schemes show less-sensitive results.
The maximum deviation of ACPR
measured at minimum backoff power
level (P, at +13 and +18 dBm) in for-
ward CDMA and reverse CDMA are
1.7 and 2.4 dBe, respectively. In the

- NADC ACPR testing, no noticeable
-~ difference was found among the sam-
- ples. Moreover, by comparing the
- CDMA ACPR measurement results

of the devices with a different OIP;
and output 1-dB compression point
(P, gp), it is shown that increasing the
P, 45 is a more-efficient way to
improve the ACPR than increasing
the OIP;.ee
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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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Why accept second best? /L
We don't.

— Actually we have only modest needs. For example, bad quality is something we can’t accept. This
attitude ensures our technical leadership in the field of 3D EM simulation: The incorporation of the
Perfect Boundary Approximation™ (PBA) technique allows an accurate modeling of curved surfaces while
maintaining the unparalleled performance of the FI method in the time domain.

The applications of CST MICROWAVE STUDIO™ include the simulation of waveguides, couplers, filters,
power splitters, multiplexers, switches, planar structures, coax and multipin connectors, MMIC packages,
all kinds of antennas, and many other structures.

CST

COMPUTER SIMULATION
TECHNOLOGY

CST. CHANGING THE STANDARDS.
CST of America, Inc. - Cambridge, Massachusetts - http://www.cst-america.com
To request literature or a free demo (D, 617-576-5857, or info@cst-america.com




DESIGN FEATURE

Predistortion Techniques

Digital Predistortion

Linearizes
RF PAs

Predistortion techniques allow designers
to improve power, linearity, and efficiency

of RF power amplifiers.

Frank Zavosh and David Runton
RF Design Engineers

Chris Thron

Systems Engineer

Motorola Semiconductor Product
Sector, 2100 E. Elliot Rd., Tempe, AZ
85284, (480) 413-6617, FAX: (480)
413-6480, e-mail:
r38755@email.sps.mot.com.

APID enhancements in digital signal processors (DSPs) have made

it possible for designers to use digital predistortion to perform real-

time correction of distortion in RF power amplifiers (PAs). Unfor-

tunately, unlike purely analog-based solutions, this technique puts
stringent requirements on several components in the transmission chain,
including predistortion circuits, data converters, reconstruction filters,
and the RF transmitter (Tx) components (Fig. 1). These constraints arise
because there must be a perfect transmission path between the predis-
torter and the nonlinear PA, since any errors in this path will result in
increased adjacent-channel power (ACP). Although an adaptive digital
predistortion system can compensate for some of the nonlinearities in the
forward path not attributable to the PAs, many other imperfections can-
not be overcome. Therefore, a successful implementation of digital pre-
distortion requires an understanding of potential system-level limitations
and the means of overcoming them. This article presents an empirical
overview of circuit errors in non-adaptive systems. Since many of the com-
ponents in the correction loop exhibit characteristics similar to those in
the forward path, the information presented is also applicable to a fully
adaptive, digital predistortion system.

The predistortion algorithms
developed to date are based on either
a mapping-type predistorter or a
gain-based predistorter."* Mapping
predistorters map an input-in-
phase/quadrature (1/Q) signal vector
into an output-gignal vector, essen-
tially mapping the complex plain into
itself.> The advantage of this tech-
nique is its ability

gence.'” The complex gain predis-
torter uses a one-dimensional, com-
plex-word, look-up table to store the
level-dependent complex gain of the
predistorter, which is computed from
the complex gain characteristics of
the amplifier.”* This method requires
smaller memory and exhibits faster
convergence time when compared

to compensate for
analog-modulator
errors and PA
nonlinearities. The

\/

two-dimensional | —»|predistortion >
(2D) look-up table circuit |,

DAC

&

MECHED

used in this
method, however,
can increase mem-
ory requirements

and slow conver- 1.This is a block diagram of a digital predistortion system.
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to the mapping technique. However,
these improvements come at a cost
of increased signal processing.
This article describes an algorithm
based on the complex gain predis-
torter. The complex predistortion
coefficients are computed from inter-
polated, empirical, amplifier-gain
characteristies by using piecewise

cubic splines.” This technique has
vielded the best results measured to
date for laterally diffused metal-oxide
semiconductor (LDMOS) and galli-
um-arsenide (GaAs) RF PAs. The
test signal selected for the analysis of

- the digital predistortion system is
* based on the IS-95 code-division-mul-
. tiple-access (CDMA) specification.

PRECISION ADAPTERS

In-Series and Between-Series

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

These adapters won’t roll

2.4mm
7921A

off the test bench.

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

2.92mm
8714A1

8714B1

8714C1

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

This signal is the nine-channel for-
ward model composed of pilot, pag-
ing, syne, and traffic codes 8 through
13. The peak-to-average ratio of the
signal selected is 10.1 dB.

All implementations of digital pre-
distortion use a look-up table that
stores the predistortion coefficients.
This may take the form of a 2D table
of I and Q predistortion coefficients,
or a one-dimensional complex-gain
table in polar or Cartesian format.
Since in all cases, the look-up table is
stored in read-only memory (ROM),
the size of the table is a constraint
that can limit system performance.
Large table size is costly and can
result in slow convergence in adap-
tive systems. If the table size is too
small, however, quantization noise
will be added to the predistortion
coefficients and will degrade the per-

ALL IMPLEMENTATIONS OF
DIGITAL PREDISTORTION
USE A LOOK-UP TABLE
THAT STORES THE
PREDISTORTION
COEFFICIENTS. SINCE IN

3.5mm Bulkhead and panel
8021A2 802182 { mount adapters are also AI_I_ [:ASES 'I'HE I_un"_up
£ £ available. ’
2 y e
& k Contact our Sales Staff TABI'E Is STORED IN READ
P for details, or visit us on
| estriinewrae il ONLY MEMORY (ROM), THE
http://www.maurymw.com. SIZE nl: THE 'I'ABLE Is A
Model Adapts From Adapts To | Frequency Range and Maximum VSWR
8021A2  3.5mm female 3.5mm female | DC - 18.0 GHz, 1.05 BONSTR‘“NT THAT CAN
8021B2 = 3.5mm male 3.5mm male 3 18.0 - 26.5 GHz, 1.08
8021C2  3.5mm female 3.5mm male | 26.5 - 340 GHz, 1.12 I.IMIT SYSTEM
7926A 2.4mm female 2.92mm (K) female _
7926B | 2.4mm female | 2.92mm (K) male 5’% 283 g:z 1.05 PERFORMANGE.
. - ) z, 1.08
7926C | 2.4mm male | 2.92mm (K) female 200 - 400 GHs 112
79260 | 2.4mm male | 2.92mm (K) male : ' ' : ] ]
7927A | 2.4mm female 3.5mm female formance of the predistortion algo-
79278 2.4 f | 3.5 | DC - 18.0 GHz, 1.06 . 6 . . :
| -mm iemale ~>mm maie 18.0 - 265 GHz, 1.08 rithm.” The level of quantization
7927C ‘ 2.4mm male 3.5mm female 565 - 340 GHz 112 . hat can b lerated d d
7927D | 2.4mm male 3.5mm male B ,,,I , . . g . noise tha 'Cdn e to era.e epenas
7921A | 2.4mmfemale | 2.4mm female I DC - 265 GHz, 1.06 on dynamic-range requirements of
7921B 2.4mm male 2.4mm male 26.5 - 40.0 GHz, 1.10 stem. Th : stem
7921C 2.4mm female | 2.4mm male | 400 - 500 GHz, 115 t}}e ‘S‘ykte d: eﬂ.deSfrlbed lsy 'te.
8714A1 | 2.92mm (K) female, 2.92mm (K) female DC - 4.0 GHz, 1.05 uses a one- lmepblona , complex-gain
8714B1 | 2.92mm (K) male | 2.92mm (K) male 4.0 - 20.0 GHz, 1.08 table. Figure 2 illustrates the output
8714C1 | 2.92mm (K) female 2.92mm (K) male 20.0 - 40.0 GHz, 1.12 power-spectral density (PSD) of the

amplifier as a function of look-up
table size. The table size is shown as
2N for varying N. Note that for table
sizes of 256 or larger, the ACP
response converges to its optimum

MAURY MICROWAVE

C O R P O R A TI1 ON

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

FAX: (909) 987-1112

value. This indicates that for the algo-
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287 specs. 23 designers. 4 departments. 1 goal.

...1s everybody on the same page?

Ansoft HFSS
3D electromagnetic
structure simulation

Harmonica
linear & nonlinear
circuit simulation

Ensemble
planar electromagnetic
field simulator

e

i

Symphony
Ansoft's Serenade Design Environment wireless & wired
system simulation

...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
third-party tools from companies such as Cadence R, 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 Windows® 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

Interoperate

high performance EDA

www.ansoft.com



bri ng your

design team

together% with

_ SystemView .

e imicomma

The program
manager gets a
complete view

of the project at
hand, including the
immediate effects
of changes.

The DSP designer

gets bit-true

- simulation and
a direct path to
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mplementation.
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Predistortion Techniques

rithm used here, the noise floor of the
system will not be constrained by the
look-up table size if more than 256
entries are used.

In most cases, the predistortion
coefficients are stored in ROM as
finite-length digital words. The finite
precision of the coefficient values
adds an additional source of quantiza-
tion noise to the system. As in the
case of the look-up table size, this
noise degrades system performance.
Figure 3illustrates the output PSD of
the amplifier as a function of predis-
tortion-coefficient output word-
length. Note that the system is less

THE NEXT COMPONENT IN
THE SYSTEM THAT CAN
DEGRADE PERFORMANCE IS
THE DIGITAL-TO-ANALOG
CONVERTER (DAC). THE

DAC’s CONTRIBUTION TO
SIGNAL DISTORTION IS IN
THE FORM OF
QUANTIZATION ERROR.

sensitive to this parameter than it is
to the table size. A wordlength of 8 b
or greater results in negligible per-
formance degradation.

The next component in the system
shown in Fig. 1 that can degrade per-
formance is the digital-to-analog con-
verter (DAC). The DAC’s contribu-
tion to signal distortion is in the form
of quantization error introduced due
to its finite resolution. This finite res-
olution results in sharp edges in the
DAC output signal, which imply the
presence of undesired high-frequency
components. These frequency compo-
nents are aliased within the Nyquist
band and appear as discrete spurs in
the DAC output spectrum. The sig-
nal-to-noise ratio (SNR) of the DAC
is given as:

SNR =6.02N + 1.73 + 20log(FFS) +
lolog(Fsos/FS) (dB)

where:
N = the number of bits in the DAC

POWER SENSOR CALIBRATORS

Win with
TEGAM’s
Industry
Standards

SYSTEM

If you are not calibrating power sensors today, you will
be tomorrow!

Advancements in Radio Frequency research and
development are resulting in the increased use of RF
power meters and attenuators in design and production
test applications. TEGAM’s RF calibration and
measurement instruments continue to provide the
complete solutions you need to support these instruments
today and into the future.

TEGAM's SYSTEM II and VM-7 products are
the world’s fastest and most accurate Power Sensor
Calibration and RF Attenuation Measurement Systems.

TEGAM makes it easy by providing a full
selection of GPIB programmable instruments. from
100 KHz to 40 GHz

Whether you are planning to expand your
capabilities or are specifying your first system. ..
you need to know TEGAM to get a good start!

Contact TEGAM at 1-800-666-1010. send
e-mail to sales@tegam.com or visit our website at
www.tegam.com to find your local representative

THE GLOBAL SOURCE FOR PROVEN
TEST & MEASUREMENT TECHNOLOGY

TEN TEGAM WAY - GENEVA, OHIO 44041
PHONE 440-466-6100 - FAX 440-466-6110
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microwave absorbers

TECHNOLOGIES,

www.arc-tech.com
978-388-2993
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PSD versus frequency as a function of LUT size 2DPS!J versus frequency as a function of word length
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2. This graph shows the PA-output PSD versus frequency
as a function of look-up-table size (1S-95 signal, 10.1 dB

peak-to-average ratio).

resolution,

FFS = the fraction of fullscale at
which the DAC operates,

Fg = the Nyquist sampling rate,
and Fgyog = the oversampling rate.

If this SNR is less than the level
required by the system dynamic
range, the improvements in ACP due
to predistortion will be degraded by
the DAC. Toillustrate this effect, two
DACs are considered in this system.
The first DAC has a resolution of 8 b
(N = 8), and the second DAC has a 14-
b (N = 14) resolution. In both cases,
the DAC full-scale range is used and
4-times oversampling is applied. Fig-
ures 4 to 6 show the adjacent-, first-

average ratio).

alternate-, and second-alternate-
channel powers for the system with
the 8- and 14-b DACs, with and with-
out the predistortion applied. For the
adjacent- and first-alternate chan-
nels, the results without predistor-
tion clearly show the reduction in
noise-floor level when the DAC with
higher resolution is used. As the input
power is increased, the distortion due
to amplifier nonlinearity begins to
raise the noise floor and the DAC is
no longer the limiting factor. In the
case where predistortion is applied, a
larger improvement in the noise floor
is achieved for the 14-b DAC relative
to the 8-b DAC. This occurs because

3. This graph shows PA-output PSD versus frequency as a
function of word length (1S-95 signal, 10.1-dB peak-to-

some of the improvements attained
through predistortion are canceled
out in the 8b DAC due to the large
quantization noise. In both cases, the
curve has a knee at approximately
P, = +37 dBm. This is the point at
which the predistortion can no longer
compensate for the amplitude
modulation/amplitude modulation
(AM/AM) of the PA, and the system
noise floor degrades rapidly due to
PA nonlinearity. In the case of second
alternate channel, DAC resolution
again plays a substantial role in
reducing the noise-floor level, but
clearly does not play a major role in
limiting the performance of the pre-

i I I

— PreD_1.25 MHz_8b — PreD_1.25 MHz_14 b

-- 1.25MHz_14 b

(=]

\
o
v

-35 | | | -35 |
— PreD_885kHz 8b — PreD 885 kHz 14 b |
—A0H _ _ 885 KkHz 8 b -~ 8B5kHz 14 b -0l _ 1.25MHz 8b
5 £ v -45

!
(52}
o

1
[31]
(3]

(=]
b
B

& & 3o
N

Adjacent-channel power—dBc

Adjacent-channel power—dBc

o
i
N

il
\
L\

65 ] per e
-70
70 =75
20 25 30 35 40 45 20 25 30 35 40 45
Pout—dBm Pout—dBm
4. This graph shows adjacent-channel power versus 5. This graph shows the first alternate-channel power

output power as a function of DAC resolution (1S-95 signal,

10.1-dB peak-to-average ratio).

versus output power as a function of DAC resolution (IS-95

signal, 10.1-dB peak-to-average ratio).
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. Our new:line of COMBLINE Rx/Tx band pass filters and

| DUPLEXERS adds to our wide rangeof high performance

' Low: Pass, Band Pass and High Pass filters. With its high rejection
' of greater than 70dB and an insertion loss of less than |dB,
these Filters and Dupiéxers are the perfect choice for your

‘ﬂceilular and PCS band requirement.Varying from model to model,
the power handhng capacity of these new line of filters ranges
:fr_om_tZO_:watgs__to 100 watts. ‘

For additional information,; </ Bl {

contact Synergy's Sales and/Applic ion teama ¢ AAYANY A T O\ (O
3 Y - '

A" ABRAY L1\ } W

MICROWAVE CORPORATION '

Phone: (973) 881-8800 Fax (973f881 8361
E-mail: sales@synergymwave.com
Visit our web site at http://www.synergymwave.com
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10, 100, 250 MHz

Frequency Dividers
AVX-FD Series

The Avtech AVX-FD Serles of digital frequency I I l |
dividers will divide the pulse repetition — PreD_2.75MHz_8 b — PreD_2.75 MHz_14 b

!reguency of an input pulse train by an -- 2.75MHz.8b -- 2.75MHz_14b

adjustable division factor.
Noise floor |imited //

1
(2]
(2,1

4

» Divide by 2t0999
» Pulse Width adjustable, 50 ns - 50us
» TTLinputs and outputs

AVX-FD2-PS ~ to 100 MHz

» Divide by 2to 255

» Pulse Width adjustable, 5Sns-5us
» TTLinputs and outputs

&
T

AVX-FD3-PS ~ to 250 MHz

*» Divideby2t065535

* Pulse Width fixed at one input period
» ECLinputs and outputs
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n Pr Available Options T -
Avtech manufactures a full line of * ECLordifferential-ECL inputs and outputs
general-purpose and high-performance ~ * Complementary outputs
pulse generators, function generators,  Analogsine-wave input
delay generators, laser diode drivers, 25 30 35 40 45
amplifiers, frequency dividers, and - P — Prinh
accessories. Call us or visit our web site Data sheets ~ Application Notes ~ Pricing Pgu[—dBm
for information or to request our new 113 Catalog Requests ~ and more! ~ all at

page catalog (Cat. No. 10)! www.avtechpulse.com
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6. This graph shows the second alternate-channel power

¥ e versus output power as a function of DAC resolution (IS-
AV T EC H NY, 13669-0265
—N— -800-265- . .
n b L 95 signal, 10.1-dB peak-to-average ratio).
Fax: (613) 226-2802

e-mail: info@ :
ELECTROSYSTEMS R vicchpulSecom’ distortion algorithm. This can be observed from the fact
wiveNoseeND SAAN. MEISHG CoRp ToYe that the power levels' for a particular DAC resolution are
SINCE 1975 il i the same with and without predistortion.
The next element in the system shown in Fig. 1 con-
CIRCLE NO. 402 or visit www.mwrf.com tributing to distortion is the reconstruction filter. A recon-

struction filter can be a major source of memory effects.

Since most predistortion algorithms do not account for

w W SII memory effects in the system, this can reduce system per-

E a“t ln “W formance, particularly in wide-bandwidth applications.

One approach to reducing the impact of the filter is to

ﬂ“ []W e increase the sampling rate.” This, however, will increase

: - | | cost and power consumption on the DSP side. Therefore,

”IL'I( ﬂll’””l’ ' a combination of appropriate oversampling in conjunction

; with the proper reconstruction-filter type and filter-order

tacks III] P B 8 | selection will substantially reduce distortion at minimal

: @ | cost. An analysis of reconstruction-filter effects on predis-

: tortion and guidelines in selecting the appropriate filter
can be found in ref. 7.

Quadrature modulators (quad mod) and demodulators

(quad demod) are critical components of modern digital-
communication transceivers. Although this funec-

* Accurate Drilling, Milling, Routing
* Plated Through Holes : Predistorter—|  Quad

* Multilayer Capability modulator
* Better Registration and Mechanics

Attenuator

*Sample Boards and Demos
show why we
offer the best solution.

Phase shifter

T-TECH, NG

5591-B New Peachtree Rd. = Atlanta, Georgia 30341 USA
ce VO'CE_I: 77?-4(5]5;0676| fax: 77?-455-0970 : 7. This is a block diagram of a digital predistortion system
e ppiiey 3 . . L
email: sales(c’t-tech.com 1ﬂ’.p.// www._t-tech.com Wlth an LO leakage-compensahon CIrCUIt.
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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’
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tionality can be
implemented digi-

PSD versus frequency as a function of LO leakage

tally, all-DSP 20 } — 0-dB LO reduction
. . L ,ll, o4 | —=5-0B LO reduction
gg;ﬂ) dm(i)gsi?rll(; 10 f —+5-dB LO reduction
suffer from in- E g
-3
creased power
consumption and Z -10
low intermediate- | &
frequency (IF) -20 l
interface com- ﬁj ™
pared to analog -30 W o
implementations.

Therefore, analog
modulators and
demodulators are

~20 -1.5-10 05 0O

05 10 15 2025
Frequency offset—MHz

commonly used in
most systems. The
analog implemen-
tations suffer from
several deficiencies, however, most
notably amplitude and phase imbal-
ance and local-oscillator (LO) leak-
age. These deficiencies can substan-
tially degrade the performance of
digital predistortion systems by elim-
inating most of the out-of-band emis-
sion reduction achieved through the
predistortion algorithm.** LO leak-
age has a particularly negative
impact on the performance of predis-
tortion and must be suppressed by
careful design of the modulator or by
adding a compensation circuit to the
system. A simple and effective
method to overcome LO carrier
feedthrough is to employ an attenua-
tor and phase shifter in parallel with
the quadrature modulator, as shown
in Fig. 7. The phase shifter and atten-
uator are adjusted to cancel out the
carrier-leakage

average ratio).

8. This graph shows the PA-output PSD versus frequency
as a function of LO leakage (IS-95 signal, 10.1-dB peak-to-

compensator. The 0-dB reduction
refers to an amplifier without a com-
pensation circuit. The —5-dB LO
reduction occurs when the LO level
relative to signal level is reduced by 5
dB (destructive interference), and
+5-dB LO reduction occurs when the
LO level relative to signal level is
increased by 5 dB (constructive inter-
ference) from the no-compensation
case. As illustrated, the ACP level is
greatly impacted by the level of L.O
leakage present.

Even though analog compensation
circuits can be used for LO suppres-
sion, they are not easily adaptable to
changing system conditions and tend
not to be very precise. Furthermore,
gain and phase imbalances are very
difficult to overcome with any analog
solution. Digital compensation cir-

component from
the modulator out-
put. A feedback
mechanism using

an envelope detec-
tor at the output of
the summing junc-
tion can be added
for adaptive com-
pensation. To illus-
trate the efficacy

QuinStar Technology, Inc. of this technique,

; : A = = cos(db/2
24085 Garnier Street Fig. 8 illustrates B ; 4 sg/z} i
Torrance, CA 90505 the amplifier-out- D =tan(¢/2)

put PSD for three -
different states of 9. This block diagram shows a symmetric quadrature-
the LO leakage modulator compensation circuit.

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

sales@quinstar.com
www.quinstar.com
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N ATURE

Predistortion Techniques

cuits can be used to overcome modu-
lator imperfections with greater pre-
cision and adaptability.'”' If a map-
ping predistortion algorithm is
implemented, the modulator compen-
sation can be simply added to the pre-
distortion coefficients. In the case of
complex gain predistortion, a sepa-
rate circuit is needed. This compensa-

tion circuit can take a number of sym-
metric or asymmetric forms. A com-
mon symmetric form of modulator
compensator is shown in Fig. 9.1 The
digital modulator-compensation cir-
cuit can nearly eliminate any modula-
tor defects and, if applied to an adap-
tive predistortion system, can
remove nearly all constraints due to

Flexible Cio.

The Best
Way To Stay
In Shape

Introducing Harbour Industries’ Sureform Coax, the easy forming,
shape holding alternative to semi-rigid coaxial cables. Our propri-
etary “soldered braid” yields low attenuation and the highest possible

shielding effectiveness of any flexible coaxial cable.

Harbour’s Sureform Coax allows routing in extremely tight areas

and can be used with standard connectors for semi-rigid coax. 50
ohm constructions include SC 402 (.1417), SC405 (.086"), and 75
ohm constructions include SC75086 (.086”).

For complete information, contact your Harbour representative or

call us at (802) 985-3311.

High Poformance Wire & Cable

1)

B & A member of The Marmon Group of companies

4744 Shelburne Road, P.O. Box 188
Shelburne, Vermont 05482

{802) 985-3311

www.harbourind.com
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the modulator imbalance.

Although digital predistortion can
be an effective method for linearizing
RF PAs, imperfections in the trans-
mission path between predistortion
and amplifier can nearly eliminate all
ACP reductions achieved by the sys-
tem. Therefore, system components,

- including the look-up table, DAC,

reconstruction filters, and quadra-
ture modulators must be carefully
chosen to achieve the desired effect.
Some limitations can be overcome by
redefining component specification.
However, as in the case of the modu-
lator, elaborate compensation circuits
may be needed to overcome compo-
nent limitations. Since compensation
solutions are best implemented using
digital circuits, this can easily be
added to the overall digital predistor-
tion system. ee
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DNL Testing

Measure INL And DNL
For High-Speed

Anc s These two key pavameters can be measured to provide
an evaluation of the lineavity and accuvacy of high-
speed analog-to-digital converters (ADCs) for test and
communications applications.

NALOG-TO-DIGITAL converters (ADCs) are essential components in
communications and test equipment. Their speeds have evolved to the
Maxim Integrated Products, 120 San realm of RF and microwave rates, capable of capturing more than one
Gabriel Dr., Sunnyvale, CA 94086; illion samples per second (1 GSamples/s). To evaluate the accuracy
(408) 737-7600, FAX: (408) 737-7194, and linearity of these ADCs, two important parameters—integral nonlineari-
Internet: http://www.maxim-ic.com. ty (INL) and differential nonlinearity (DNL)—must first be measured.
Although these are not the most DNL error is defined as the differ-
important electrical characteristies for = ence between an actual step width and
highperformance data convertersused | the ideal value of 1 least-significant bit
in communications or fast data-acquisi- - (LSB) [Fig. 1a]. For an ideal ADC,
tion (DAQ) applications, INL and = where the DNL coincides with a DNL
DNL gain significance in imaging = of 0 LSB, each analog step equals 1
applications. The intent of this paperis ~LSB and the transition values are
to provide insight on the generation of = spaced exactly 1 LSB apart. A DNL
powerful typical operating character-  error specification of less than 1 LSB
istics (TOCs), using tools and tech- =~ guarantees a monotonic-transfer func-
niques that are simple but also smart ~tion—a monotonic ADC produces a

Tanja C. Hofner
Applications Engineer

and precise. non-decreasing/increasing digital out-
Digital output code Digital INL error (best straight-line INL)
A output code
A
Full-scale range (FSR) 3
e e s LARRRREY Actual ADC transfer
E ) . function before offset ¥
' ° and gain correction
E Ideal 7 ; .
. transfer 2l : . Actual ADC transfer
. f“ncﬁon\/T ! . gurve after ofiset and
. 0 . gain correction
* .~ Real : 4
omgotigt ) ‘transfer: INL error

function: 00000111 | (end-point INL)
h

00000011 Code width With one; 00000110
=2 LSB m’ssmgi 00000101 Best straight-
00000010 DNL=11SB code ' 00000100 line fit
Sibbouet ieal S gggggg}; {deal transfer curve
¥~ “percent transition point Analog | oonon001 V2 A el Analog
00000000 ‘Ideal code center L dnput | o on0o000 v input
First transition Last fransition

(a) (b)

1. To guarantee that an ADC has no missing codes and a monotonic transfer function, its DNL must be less than 1 LSB
(a). Best straight line and endpoint INL are two possible ways to define the linearity characteristic of an ADC (b).
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DNL Testing

put code, when stimulated with a
monotonically increasing/decreasing
analog input, neglecting the effects of
random phenomena—with no missing
codes. DNL is specified after the stat-
ic-gain error has been removed. Its
definition is:

DNL = I[(VD%*VD)/V LsB-iEAL - 111,
where 0<D<2™ 2.

where:

Vp, = the physical value correspond-
ing to the digital output code D,

N =the ADC resolution, and

VLSB—IDEAL = the ideal Spacing for
two adjacent digital codes.

By adding noise and spurious com-
ponents beyond the effects of quantiza-
tion, higher values of DNL usually
limit the ADC’s performance in terms
of signal-to-noise ratio (SNR) and spu-

sents a particular digital
ansition between two ad-

in Fig. 1b, but are more
he slowly increasing
C converts more often

sition corresponds to
 with equal probability to

rious-free dynamic range (SFDR).

INL error is described as the devia-
tion [in LSB or percent of full-scale
range (FSR)] of an actual transfer
function from a straight line (see side-
bar, “Understanding Transfer Funec-
tion”). The INL-error magnitude then
depends directly on the position chosen
for this straight line. At least two defi-
nitions are common: “best-straight-
line INL” and “endpoint INL” (Fig.
1b):

The best-straight-line approach pro-
vides information about offset (inter-
cept) and gain (slope) error, plus the
position of the transfer function. It
determines, in the form of a straight
line, the closest approximation to the
ADC’s actual transfer function. The
exact position of the line may not be
clearly defined, but this approach
yields the best repeatability, and it

C
g
Ramp dV/dt = 1/C

+

Integrator

comparator directly control the current
flow of the two current sources.

DuT

2N

Codes

under
test
from

2. This circuit configuration is an analog integrating servo loop.

Without fast transient response,

you could be registering false
failures on perfectly good,
battery-operated products. The
Keithley 2303/2304A Power
Supplies provide voltage control
and power consumption data in
one production testing instrument.
Other key features include complex
load current measurement, T00nA
current sensitivity, and current
sinking — far more capability

than typical power supplies.

For more information, call
1-888-KEITHLEY
(1-888-534-8453).

www.keithley.com

KEITHLEY

A Greater Measure of Confidence
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DESIGN FEATURE |g Wpasa/iA | 15 0Mz, A fBm -
; en bl External 50-() termination
DNL Testing % eND1 o
CLK- CLK+

serves as a true representation of . VNG 5.0 V analog
linearity. ““i’o"'i’:" MAX108  |-9:0 Vanalo

Endpoint INL passes the straight . VIN- EVKIT *g‘g;mm
line through the endpoints of the con- ;Eg.ital
verter’s transfer function, thereby
defining the precise position for the
line. Thus, the straight line for an N-bit ) HP16500C 16 data
ADC is defined by its zero- (all zeros) E..im iakene % Pawer supplies
and full-scale (all ones) outputs. > GPIB system e

The best-straight-line approach is z

Ma.ke A Connech’nn 3. With the aid of the MAX108EVKIT

and an analog integrating servo loop,
this test setup determines the

With Sawtek MAX108’s INL and DNL.

preferred because it produces better

More people are connecting results. The INL specification is mea-
sured after static offset and gain errors
the wireless way. Data have been nullified and can be

described as follows:

terminals. Computers.
INL =1[(Vp=Voppser)/Visppearl -

Wireless Internet. WLAN. EDGE. GPRS. Di,
where 0<D<2N—1,

SAW devices from Sawtek are at the

where:
heart of it all. We’re in today’s cutting-edge Vorrser = the minimum analog
input corresponding to an all-zero out-
handsets, the base stations that connect them, plus cable modem put code.

INL and DNL can be measured
with either a quasi-DC voltage ramp or
alow-frequency sine wave as the input.

head-end equipment that rockets

Internet access into the fast lane!

When data goes wireless, it
goes through Sawtek.
We’re the connection

for high-volume SAW

production to revolutionize ‘nominal analog
ding to the dig-

how you do business.

of adjacent tran-
efined as the mid-
t point) of this
1its of the transi-
known, this 50-
is easily calculated.
n point can be de-
est by measuring
ransition inter-
dividing the inter-
mber of codes ap-
it.

We’re Sawtek.

www._sawtek.com/mj

Call us today or visit our NEW website. Phone (407) 886-8860
Fax (407) 886-7061

When you look to the future, §'= e
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As a leader in the microwave industry, our
RF Connector, Cable Assembly and Resistive
Products Division has over 40 years of proven
high-quality performance. We design and
manufacture RF coaxial connectors, cable
assemblies, attenuators and terminations.
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products, we can meet the most demanding
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electronics, satellite and wireless communication
markets. Call us at 561-840-1800.
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DNL Testing

A simple DC (ramp) test may incorpo-
rate a logic analyzer, a high-accuracy
digital-to-analog converter (DAC)
[optional], a high-precision DC source
for sweeping the input range of the
device under test (DUT), and a control
interface to a nearby personal comput-
er (PC) or X-Y plotter.

If the setup includes a high-accuracy
DAC (higher than that of the DUT),
the logic analyzer can monitor offset
and gain errors by processing the
ADC’s output data directly. The preci-
sion signal source creates test voltages
for the DUT by slowly sweeping
through the input range of the ADC
from zero-scale to full-scale. Once it is
reconstructed by the DAC, each test
voltage at the ADC input is subtracted
from its corresponding DC level at the
DAC output, producing a small voltage
difference (Vppp) that can be dis-
played with an X-Y plotter and linked
to the INL and DNL errors. A change
in quantization level indicates DNL,
and a deviation of Vppp from zero
indicates the presence of INL.

Another way to determine static lin-
earity parameters for an ADC, which
is similar to the preceding example but
more sophisticated, is an integrating
analog servo loop. This method is usu-
ally reserved for test setups that focus
on high-precision measurements
rather than speed.

A typical analog servo loop (Fig. 2)
consists of an integrator and two cur-
rent sources connected to the ADC
input. One source forces a current into
the integrator, and the other serves as
a current sink. A digital magnitude
comparator connected to the ADC out-
put controls both current sources. The
other input of the magnitude compara-
toris controlled Ey a PC, which sweeps
it through the 2~ —1 test codes for an
N-bit converter.

If the polarity of feedback around
the loop is correct, the magnitude com-
parator causes the current sources to
servo the analog input around a partic-
ular code transition (see sidebar
“Tracking Transitions”). Ideally, this
action produces a small triangle wave
at the analog inputs. The magnitude
comparator controls the rate and direc-
tion of these ramps. The integrator’s
ramp rate must be fast when approach-
ing a transition, yet be sufficiently slow
to minimize peak excursions of the

SCX Ultraminiature_
Coaxial '

Connectors

(.145”" max diameter)
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Improving Your Dynamic Range
with Notch Filtering

Add signal dynamic range to your existing and emerging receiver applications
with programmable notch filters from Signal Technology's Systems Operation.
These devices allow you to selectively attenuate strong signals without
affecting the balance of the reception band. This allows receivers to operate

Notch Shape Factor:
Notch Depth:
Passband Gain: +2dB £ 1dB
VSWR: 151
Impedance: 500

25dB

o) F-t ]
. ~3Z== TECHNOLOGY CORPORATION
SYSTEMS OPERATION

37 Sutton Road, Webster, MA 01570
508-943-7440 « Fax 508-949-1804
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DESIGN FEATURE Low-frequency servo-loop data Low-frequency servo-loop data
0.5
DNL Testing 0.4 < 0
2 03 T 03
. ) L ooy - . - 2 02
superimposed triangular wave when | |£ 0.4 - i S 0.4
measuring with a precision digital volt- = |8 j _ W' m £
meter (DVM). s ”02\14 ‘#"‘y'l': Ll i S =
For INL/DNL tests on the |£ _0'2 ’ ! s _0'2 | I
MAX108, which is a high-speed ADC § o3 v € g3
capable of sampling at 1.5 GSamples/s | |E _0' . £ _0' i
with &b resolution (see Microwaves & _0'5 = _0'5
RF, March 1999, p. 128), the servo-loop "0 32 64 96 128 160192 224 256 0 32 o4 9 128 160192 224 256
board connects to the evaluation board @) Output code 1) Output code
through two headers (Fig. 3). One

4. The left-hand plot shows typical INL
for the MAX108 ADC, captured with
the analog integrating servo loop (a),
while the right-hand plot shows DNL
for the MAX108, captured with the
analog integrating servo loop (b).

urface Mount High Performance

Icrowave Mixers

; header sets a connection between the
Choose REMEC Magnum as part of your Total Microwave Solution

MAX108's primary (or auxiliary) out-
put port and the magnitude compara-
tor’s latchable input port (P). The sec-
ond header ensures a connection
between the servo loop (the magnitude
comparator’s @ port) and a computer-
generated digital reference code.

Reaching high frequencies with low conversion
loss and high isolations is now possible in a
series of surface mount mixers from REMEC

Magnum. Convert signals up to 20 GHz without

connectors, and without manual installation of
ribbon leads. These surface mount mixers can
be placed atop your circuit and reflow soldered

along with all the rest of your surface mount

The fully decoded decision resulting
from this comparison is available at the
comparator output P>QOUT, and is
then passed on to the integrator con-

figurations. Each comparator result
controls the logic input of the switch
independently, and generates voltage
ramps, as required, to drive succeeding
integrator circuits for both inputs of
the DUT. This approach has its advan-
tages, but it also has drawbacks:

® The triangular ramp should have
low dV/dt to minimize noise. This con-
dition generates repeatable numbers,
but results in long integration times for
the precision meter.

® Positive- and negative-ramp rates
must be matched to arrive at the 50-
percent point, and the low-level trian-
gular waves must be averaged to
achieve the desired DC level.

® Integrator designs usually require
careful selection of the charge capaci-
tors. To minimize potential errors due
to the capacitors’ “memory effect,” for
instance, select integrator capacitors
with low dielectric absorption.

® Accuracy is proportional to the
integration period and inversely pro-
portional to the settling time.

A DVM connected to the analog
integrated servo loop measures the
INL/DNL error versus output code
(Figs. 4a and b). Note that a parabolic

components.
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or bow shape in the plot of “INL ver- |

sus output code” indicates the predom-
inance of even-order harmonics, and an
“S shape” indicates the predominance
of odd-order harmonics.

To eliminate negative effects in the
previous approach, one can replace the
servo loop’s integrator section with an
L-bit successive-approximation regis-
ter (SAR) that captures the DUT’s
output codes, an L-bit DAC, and a sim-
ple averaging circuit. Together with
the magnitude comparator, this circuit
forms a SAR-type converter configu-
ration (Fig. b) [see sidebar, “Using An
SAR Converter”], where the magni-
tude comparator programs the DAC,
reads its outputs, and performs a suc-
cessive approximation. Meanwhile, the
DAC presents a high-resolution DC
level to the input of the N-bit ADC
under test. In this case, a 16-b DAC
was chosen to trim the ADC to 0.13-
LSB accuracy and obtain the best pos-
sible transfer curve.

The advantage of an averaging cir-
cuit is apparent when noise causes the
magnitude comparator to toggle and
become unstable, as it does on
approaching its final result. Two
divide-by counters are included in the
averaging circuit. The “reference”
counter has a period of 2™ clock cycles,
where M is a programmable integer
governing the period (and, hence, the
test time). A “data” counter, which
increments only when the magnitude
comparator output is high, has a period
that is equal to one-half of the first
2M-1 eycles.

The data counter executes a count
only when the magnitude counter’s
output is high. Together, the reference

Successive
approximation  Read hack L after
register end of conversion 7
Im 7. §§ ze:;-al
End of L2212 “Data" counter counts =
conversion when "> output of the 196K -*"':f'g' | under
magnitude 28 | fest
comparator = |fromPc
isa™." i v
i
—
e Glogk
4\ B b
- 2" |"Reference"
 Racpt | COUNtEr
m counts every
clock pulse.

Digital averager

5. Successive approximation and a DAC configuration replace the integrator

section of the analog servo loop.

and data counters average the number
of highs and lows, store the result in a
flip flop, and pass it on to the SAR reg-
ister. This procedure is repeated 16
times (in this case) to generate the
complete output-code word. Similar to
the previous method, this one has
advantages and disadvantages:

® The test setup’s input voltage is
defined digitally, supporting easy mod-
ification of the number of samples over
which the result is to be averaged.

® The SAR approach provides a DC
level rather than a ramp at the DUT’s
analog input.

® As adisadvantage, the DAC in the
feedback loop sets a finite limit on res-
olution of the input voltage.

ide is the first weight generated by
(DAC) configuration (the most sig-

ill-scale output). If the unknown

s the desired output code by repeat-
g from the most-significant bit

3). N is the resolution of the DAC in
eight represents one binary bit.

To assess an ADC’s dynamic nonlin-
earity, it is possible to apply a full-scale
sinusoidal input and measure the con-
verter's SNR over its entire full-power
input bandwidth. The theoretical SNR
for an ideal N-bit converter (subject
only to quantization noise, with no dis-
tortion) is:

SNR (indB) = N * 6.02 + 1.76.

Embedded in this figure of merit are
the effects of glitches, INL, and sam-
pling-time uncertainty. It is possible to
obtain additional linearity information
by performing the SNR measurement
at a constant frequency and as a func-
tion of the signal amplitude. Sweeping
the entire amplitude range, for exam-
ple, from zero-scale to full-scale and
vice-versa, produces large deviations

- from the source signal as the source

amplitude approaches the converter’s
full-scale limit. To determine the cause
of these deviations—while ruling out
the effects of distortion and clock insta-
bility—a spectrum analyzer should be
used to analyze the quantization-error

signal as a function of frequency. ee
For Further Reading

MAX108 data sheet, Rev. 1, 599, Maxim Integrated Produets, Sunnyvale, CA.

MAXI0SEVKIT datasheet, Rev. 0, 6/99, Maxim Integrated Products, Sunny-
vale, CA

D. Johns and K. Martin, Analog Integrated Circuit Design, Wiley, New York,
1997,

E. Sanchez-Sinencio and A.G. Andreou, Low-Voltage/Low-Power Integrated
Circuits and Systems(Low-Voltage Mized-Signal Circuits, IEEE, Piscataway,
NJ, 1999,

R. van de Plasche, Integrated Analog-to-Digital and Digitai-to-Analog Con
verters, Kluwer Academic Publishers, Johanesburg, South Africa, 1994,
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HORT-RANGE wireless connectivity solutions for the home and
office, such as Bluetooth, will simplify the transfer of control and
data signals between electronic devices. As the number of devices
equipped with wireless connectivity capability increases, it makes
sense to evaluate the effects of multipath and Doppler shifts, due to reflec-
tivity and mobility, on voice- and data-transmission quality. Identifying the
sources of channel impairments on the signals transmitted and received
with this enabling technology is important for proper use of any new
devices which are designed for the underlying applications. In this article,
residential homes and their short-range communication channel charac-
teristics will be discussed. With small Doppler shifts and the absence of
large delay spreads, testing and performance evaluations of the short-
range wireless connectivity inside our homes may prove to be plain and sim-
ple when performed using designated RF faders and channel simulators.

Driven by declining prices for per-
sonal computers (PCs), free wireless
phones equipped with the third-gen-
eration (3G) wideband-cellular-tele-
phony technology, the boom in Inter-
net usage, on-line trading, banking
and shopping, recent trends in high-
er education that require college stu-
dents to purchase and use their own
computers, rapid increases in the
number of home offices, and a drop in
the percentage of corporate employ-
ees commuting to work, a typical

8.)).&

1. A typical application for IrDA
devices is the exchange of data
between two closely spaced laptop
computers.

home in the new millennium will be
poised to house laptop and desktop
computers, printers, scanners,
pagers, and cordless wired and wire-
less telephones. Connectivity among
these devises will become a necessity
to share resources, such as scanners
and printers, transfer e-mail, Inter-
net, and video data among wired and
wireless units. Connectivity must
incorporate the mobility of pagers,
wireless and cordless phones, as well
as the immobility of PCs and the
portability of laptop computers.
Home local-area networks (LANS)
using telephone lines as a tool for
connectivity are faced with difficult
challenges due to variations in the
lines’ voltage levels and impedance,
poor shielding, and improper line ter-
mination." Furthermore, the use of
phone lines, in general, limits mobili-
ty and does not lend itself to future
integration of all electrical and elec-
tronic devices at home. It is foreseen
that home appliances will soon be

MICROWAVES & RF « AUGUST 2000
121




DESIGN FEATURE

Wireless Connectivity

equipped with wireless transmission
to communicate household informa-
tion to PCs or wireless devices. The
alternative to wired connectivity is
the wireless short-range connectivi-
ty offered by Bluetooth technology at
24 GHz.

Short-range wireless connectivity
between computer and telecommuni-
cation devices at home is within

reach.” As more devices become
available, this technology must be
tested and evaluated using RF-chan-
nel faders and simulators which gen-
erate proper signal impairments for
this application. As discussed in the
following sections, due to the nature
of human occupancy in residential
homes and home sizes, Doppler and
delay spread are minimal, causing
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the wireless indoor-communication
channel to be either stationary or a
very slowly varying Rician flat-fad-
ing channel.

Bluetooth? is a standard for short-
range voice and data transfer
through low-power RF transmission
and reception. Bluetooth can trans-
mit through solid, non-metal objects.
Its nominal link range is from 10 em
to 10 m, but it can be extended to 100
m by increasing the transmitted
power. It is based on a low-cost,
short-range radio link, and facilitates
ad-hoc connections for stationary and
mobile-communication environ-
ments. This technology will enable
users to connect to a wide range of
computing and telecommunications
devices without the need to buy,
carry, or connect cables. It can be
used in phones, pagers, modems,
LAN-access devices, headsets, as
well as notebook, desktop, and hand-
held computers.

Bluetooth generally operates in
the license-free 2.4-GHz industrial-
scientific-medical (ISM) band. It
offers the capability of non-line-of-
sight transmission and reception
through walls and other solid object
with only moderate attenuation. This
is in contrast to infrared (Ir) devices
built according to the Infrared Data
Association (IrDA) standards, which
require a short direct nonobstructed
path from the transmitter (Tx) to the
receiver (Rx). Figure 1 shows a typi-
cal application of IrDA in exchanging
business cards between two closely
spaced laptop computers. The line-of-
sight requirement limits connectivi-
ty, as it lacks the flexibility to con-
nect a wireless device to a wired
network, and thus reduces the
options in placing a LAN-access
point within the premises.

In contrast to IrDA, which
requires that the Rx be within 30
deg. of a direct line of sight with the
Tx, Bluetooth is omnidirectional.
That is, the Tx signal is radiated with
equal power in all directions, imple-
menting point-to-multipoint propa-
gation. In addition, Bluetooth offers
10 times the range of IrDA devices.
Bluetooth uses frequency-hopping,
spread-spectrum (FHSS) techniques
to combat potential interlopers from
baby monitors, garage-door openers,

1 6)6)
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cordless phones, and microwave
ovens, all of which operate in the
same frequency band. Bluetooth can
support up to eight devices in a
piconet, and more devices can be
added by linking piconets. It has
built-in security, and supports
isochronous and asynchronous ser-
vices and easy integration of trans-
mission-control protocol/Internet

protocol (TCP/IP) for networking.2
Wireless communications channel-
modeling and signal-fading charac-
teristics in residential homes are
guided by three fundamental fac-
tors—the nature of human occupan-
cy, home design, and structural
materials. While the first factor
mainly determines ambient motions
and subsequently sets the Doppler
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- shifts and defines the time-varying

characteristics of the communication
channel, the other two factors are
mostly responsible for the multipath-
profile signature, delay spread, and
path loss between the Tx and the Rx.
Spatial information regarding the
correlation of signals among multiple
antennas, direction of arrivals, and
multipath angle spread are key
parameters describing the spatial
channel for smart-antenna technolo-
gy. At present, these parameters do
not play an important role in single,
omnidirectional Rx/Tx communica-
tions associated with short-range
connectivity.

There are fewer occupants in any
residential home compared to the
two cases of an office building or a
commercial area. The latter includes
manufacturing floors, shopping
malls, storage places, and trans-
portation stations. Often, people
inside their homes are either sitting
down or standing up. Furthermore,
since it is not a standard practice to
buy new furniture or move furniture
around the house, home furniture
and appliances should be considered
in constant stationary modes and
viewed as fixed reflectors of electro-
magnetic (EM) waves.

In indoor settings, PCs, laptop
computers, printers, and other com-
puter devices and equipment are not
typically used while in motion. Sub-
sequently, the only potential mobile
Rxs or Txs in residential areas are
typically cordless and wireless tele-
phones and personal digital assis-
tants (PDAs). Within the home, it is
unlikely that a person would continu-
ously walk during an entire call.
Their movements would most likely
be characterized by repeated pat-
terns of moving and then being sta-
tionary. Therefore, Doppler spreads
associated with the use of wireless
units, caused by holding these mobile
units or reflecting their signals, are
smaller in residential homes when
compared to other indoor-propaga-
tion environments.

In fact, Doppler spreads in homes
will hardly reach the maximum fre-
quency recommended by the Person-
al Communications Services (PCS)
Joint Technical Committee for indoor
pedestrian-communication environ-
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Line of sight (a)

multipath conditions.

ments. This frequency is 9.6 Hz for
services operating at 2 GHz. By
examining the nature of human occu-
pancy, it is safe to assume negligible
Doppler spreads in a typical residen-
tial home over long periods of day-
time, and zero Doppler spread during
the night.

Residential homes represent the
smallest sites for indoor communica-
tions. For short-range connectivity
and by the virtue that the Tx and Rx
are contained in the same home,
there is modest path loss due to the
distance traveled in free-space at
home compared to outdoor propaga-
tion. If the loss in the first meter is 30
dB,? and a free-space loss of 6 dB per
octave is factored in, then a house
that is 24 m long will attenuate the
signal by 54 dB, as it propagates from
one end of the home to the other. The
signal-power attenuation is also
caused by losses associated with sig-
nals traveling through exterior and
interior building structures. Resi-
dential homes are typically wooden-
framed, low-ceilinged, single-family
units with one or two stories. The
interior walls are usually covered
with a thin layer of plaster inside
cardboard. The exterior frame is
often filled with insulation and cov-
ered by layers of plywood and wood-
en or aluminum (Al) siding or brick.
In contrast to indoor-office areas,
houses are not usually built using
metallic studs and concrete frames
and their floors often do not contain
large amount of metal and concrete.
There are almost no, or very few,
large metal objects or cubicles, for

2. In a typical home environment, RF transmissions can experience a variety of

which there is no application or use at
home. The table shows typical parti-
tion losses that were measured in
office buildings.* Comprehensive
tables for average signal-loss mea-
surements reported by various
researchers for radio paths obstruct-
ed by common building material are
given in Ref. 5. The first four mea-
surements in the table were gained
at 815 MHz, whereas the last two
measurements in the table were per-
formed at 9.6 MHz.

The last three values in the table
apply to residential-home indoor
communications and show losses pos-
sibly up to a maximum of 7 dB per
interior partition. Signals penetrat-
ing the exterior walls are sufficiently
attenuated to be considered a dis-
tressing source of interference to
nearby homes. Conversely, it is
maintained that, unlike commercial
areas, residential homes have sever-
al glass windows that may remain
open most of the summer and spring
seasons. Signals escaping one home
to a neighboring home in very close
proximity through open windows can
be considered a worrisome source of
interference that can be eliminated
only if FHSS-communication proto-
cols are different in the two homes.
More typical and fundamental inter-
ference sources in short-range com-
munications in residential areas are
caused by the microwave oven and
garage-door openers.

Detailed statistical modeling and
computer simulation of indoor radio
channels can be found in refs. 6-8. The
formula for path loss in a residential

© ¢
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home of a signal traveling within the
same floor is given by:

L,=L,+ 10nlog,,d+

n = 2 for the underlying short-
range applications, L, is the drop in
power in decibels at 1 meter, d is the
overall distance between two com-
municating devices. The last term in
Eq. 1 represents the drop in power
due to path obstruction by N home
interior walls. The terms in the sum-
mation in Eq. 1 may be considered
equal, as the interior walls do not
vary much in texture and thickness.

Figure 2 shows one possible short-
range connectivity setting that
includes a laptop, PC, and a printer,
each in a separate room. With the
room doors open, the PC has a line of
sight to the printer (a). In this case,
only the first term of the path loss in
Eq. 1 applies. Conversely, the laptop
and the printer can only communi-
cate either through an obstructed
line of sight or multipaths. With the
transmitted signal power dropping 6
dB per octave, and considering typi-
cal room and hallway sizes in resi-
dential homes, it is easily realized
that the transmitted signal along
path (b) obstructed by a plywood wall
is received at the printer with higher
power than the signal along multi-
path (c). The latter looses power due
to the long distance traveled and also
due to the attenuation incurred from
the reflections against the interior
walls.

It should be mentioned that there
are several other possible multipaths
in the specific home structure depict-
ed in Fig. 2 that could connect the
printer to the two computers
through reflections from walls,
floors, and ceilings. Many of those
multipaths, after a certain number of
reflections and transmissions
through walls are sufficiently attenu-
ated and their effects on signal fading
are therefore negligible. It is also
important to point out that Fig. 2
only shows one example of specular
multipath. This is because at approx-
imately 2-GHz center frequency,
most surfaces of reflection in homes
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are relatively smooth and the scat-
tered media that produces diffuse
reflections are minimal. Therefore,
diffuse multipaths for short-range
connectivity applications in homes
can be ignored.

As mentioned previously, the bit
rate used in Bluetooth is 10 Mb/s (i.e.,
the bit duration is 100 ws). EM prop-
agation travels at the speed of hght
or 3 X 10® m/s, so one bit is approxi-
mately 30 m long. Frequency-selec-
tive fading responsible for intersym-
bol interference would occur if the
path differences inside the residen-
tial home were significant portions of
30 m. Propagation experiments con-
ducted for small buildings show that
the maximum delays are in the order
of 100 ns (this value will become
smaller when specifically considering
residential homes). The distance
traveled over the aforementioned
maximum delay spread is 30 m. Not
counting the loss due to reflections,
this 30-m distance causes an approx-
imate 30-dB drop in power relative to
a signal that is received one meter
away from the Tx. This drop is sig-
nificant and causes any resolvable
multipath to be weaker than the first
signal arrival. As a result, Bluetooth-
signal propagation inside residential
homes is primarily guided by a flat
fading channel, where all effective
multipaths arrive within the infor-
mation symbol.

An indoor wireless channel is often
described by Rician fading, where
the probability-density function of
received signal envelope x is given

by:
X - I2+ 2 2 Ax
1) = Sy (2]
AZ
with K = 2
1 26" (2)
where:

I,(.)= the modified Bessel function
of the first kind and zero order.
Parameter A is greater or equal to
zero and denotes the peak-to-zero
value of the specular radio signals
comprised of the superposition of the
dominant line-of-sight signal and the
time-invariant scattered signals
reflected from walls, ceilings, and
stationary objects. Parameter o®
represents the average power of the
signal received over paths that vary

Wireless Connectivity

with time due to people moving with-
in the house. Parameter K is the
Rician distribution. When K equals
infinity, the channel is Gaussian,
whereas K = 0 defines the Rayleigh
channel. A value of 3 dB for K is typ-
ical for modeling indoor radio-chan-
nel amplitude fluctuations.

If the Tx and Rx are stationary
with no pedestrian movements, as in

the case depicted in Fig. 2, the com-
munication channel is constant with
time-invariant impulse response and
zero Doppler. In this case, the chan-
nel is deterministic and its multipath
characteristics remain constant over
a long period of time. Depending on
the locations of the Tx and the Rx
antennas inside the home, the multi-
path components may add construc-

afse—ﬂg@mnmny -
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Wireless Connectivity

tively or destructively. As such, the received signals may
be amplified by a constant factor or remain in a deep fade.
It is therefore important in Bluetooth applications to find
“blind spots” as well as optimum locations. An example of
this is a laptop computer in each room of the house which
communicates with a fixed printer that is stationary in a
specific room. These locations should be determined in
most likely propagation seenarios, that is, they should not
be influenced by Doppler shifts but rather should be iden-
tified in stationary settings when most of the house occu-
pants are away, or in “stand-still” positions.

With no randomness induced in the communication
channel, the ratio of the square of the mean to the vari-
ance in Eq. 2 becomes extremely high and K can be sim-
ply approximated by a positive infinity.

In the second type of propagation environment, the Tx
and Rx are stationary, but there are some ambient
motions of people
within the house. This

causes the communi- BECAUSE OF POTENTIAL

cation channel to be

slowly time-varying MUTIPATH CONDITIONS
ninis case, the muliti-

path components can WITHIN INDOBR HUME
be divided into two AN“ OI:H(:E EN‘"H“N_

different categories.

The first category is MENTS, " |S IMP 0“‘
comprised of the dom-

inant line of sight sig- TANT IN BI-UETBBTH
nal, if it exists, in addi- Appuc‘“'mms 'I'u FIND

tion to all

time-invariant scat- “BLIND SPUTS" AS
tered signals reflected WEI.I. AS ﬂPTIMUM

from the stationary
objects such as walls, LOCATIONS.
ceilings, furniture,
and appliances. The
other category consists of the multipaths whose first- or
higher-order reflection patterns include at least one path
that bounces from a nonstationary source in the house.
While the lifetime of the multipath signals in the first cat-
egory is very long and may last until the signal transmis-
sion is terminated, multipath signals in the second cate-
gory may cease to exist shortly after they became
established. The contribution of the first category of mul-
tipaths to the signal-fading environment is deterministic
with zero Doppler, whereas the effect of the second mul-
tipath category is stochastic and changes the signal cor-
relation and frequency characteristics. The combined cat-
egories yield Rician fading described by Eq. 2 with o
assuming nonzero values.

In the third type of propagation environments, either
the Rx and/or the Tx are in motion. This, indeed, intro-
duces Doppler effects on the transmitted signal with fre-
quency changing up to approximately 10 Hz. The move-
ment, as well as displacement of the antennas inside the
house, may create a new line of sight or obstruct an
already existing one (Fig. 3). It may also change the sig-
nal, scattering propagation profiles near the Txs and the
Rxs, and may consequently give rise to random scatter-
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Pede:
Llna of sight strian speed

is available

Flat

spectrum Fixed components
Classic
spectrum

No line of sight
is available

3. When a Tx and/or Rx moves within the home
environment, new conditions of multipath can be created
and line-of-sight signal paths can be obstructed.

ing that defines the probability-den-
sity function of Eq. 2.

The correlation of the fading enve-
lope is determined by the relative
power carried by the different scat-
terers and their corresponding
angles of arrival. In isotropic scatter-
ing, the power is uniformly distribut-
ed over 360 deg. This leads to a U-
shaped spectrum (Fig. 4), which is
known as the classic Doppler spec-
trum. While the classic spectrum is
often assumed in outdoor propaga-
tion, a flat Doppler spectrum is
shown to be characteristic of indoor
communications.” In the flat Doppler
spectrum, the uniformity is encoun-
tered across frequencies rather than
over the angles of arrivals. This type
of spectrum is caused by random
movements of scattering elements in
the area of the communication path,
from random movement of the Tx or
Rx causes. A flat Doppler spectrum
is also shown in Fig. 4, where the
impulse represents the presence of
the line-of-sight signal path that can
be associated with the classic and flat
Doppler spectra. The impulse loca-
tion at zero frequency indicates,
among other possibilities, the orthog-
onalilty between the direction of
motion of the Rx and the line con-
necting the Rx and transmitting
antennas.

FADING SIMULATORS

New RF techniques in channel
simulation can work well for testing
and characterizing short-range
indoor-radio modules. These tech-
niques employ combinations of pro-
grammable phase shifters, attenua-
tors, and vector modulators to
achieve the desired fading profiles.

|/

0 Baseband frequency

The RF-channel simulators are sim-
pler in design complexity than their
digital-signal-processing (DSP)-
based counterparts and are typically
less costly and easier to program and
operate. In contrast to DSP solu-
tions, an RF-channel simulator does
not require signal downconversion
and upconversion and, as such, does
not introduce distortion products and
frequency-conversion errors into a
channel which otherwise would not
exist. There are several factors that
favor a channel simulator where the
signal processing is performed at RF.

A flat-fading channel with one or
two resolvable multipaths can be
achieved easily and cost effectively.
An RF-channel simulator requires
that the incident signal be split into a
number of resolvable multipath com-
ponents appropriate for simulating a
particular operating environment.
Each signal component is faded inde-
pendently and undergoes its own sig-
nal processing. The multipath signals
are then recombined. While this can
become cumbersome with twelve
multipaths, for the underlying indoor
applications, it can be performed
using a simple power splitter, com-
biner, and two signal-processing
components.

The short propagation delays asso-
ciated with indoor communication
can be easily handled by a channel
simulator using RF signal process-
ing. Delays are typically short when
they can be achieved using simple,
commerecially available delay lines.

The demand for bandwidth in
wireless LAN (WLAN) systems is
increasing. In addition, techniques
that employ direct-sequence spread
spectrum (DSSS) with frequency

4. The classic of U-shaped Doppler spectrum is shown in
contrast to a flat-shaped Doppler spectrum.

hopping are being developed to com-
bat potential interference generated
from home appliances and shared
spectrum users. Effective interfer-
ence suppression requires large
spreading of the transmitted signal
bandwidth. A channel simulator
which performs signal processing at
RF is only band-limited by the RF
control components processing the
signal. The extent of signal band-
width at the 2.4- and 5.8-GHz ISM
bands may become unsuitable for
even the most-powerful DSP-based
commercially available channel
simulators.

In conclusion, new short-range
wireless connectivity technologies
that are cable-free and allow elec-
tronic devices to talk to each other
with little user intervention are with-
in reach. The home environment is
seen as a major growth area and the
principal host of these technologies.
This is mainly due to the increase in
information appliances and Internet-
borne services. Testing and evaluat-
ing the performance of present and
future short-range wireless connec-
tivity can be achieved by a new gen-
eration of simple RF faders and chan-
nel simulators designed for this
purpose.®®
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ONLINEAR effects of RF power amplifiers (PAs) in digital wire-
less communications systems often result in spectral regrowth—
the generation of noise outside the system’s allocated RF spec-
trum. This noise can create interference in a carrier’s own
receiver or in the receivers of nearby or co-located competing carriers.
To analyze the results of these effects, many engineers use discrete-
Fourier-transform analysis while driving a PA with psendorandom data
streams.' Another approach is to drive a PA with a statistical power dis-
tribution and evaluate distortions using techniques such as crest-factor,
cumulative-distribution function, and clipping effects.”* All of these
approaches require single-tone, amplitude-modulation (AM)/AM, and
AM/phase-modulation (PM) waveforms and sophisticated software. This
article investigates the frequency offsets of intermodulation-distortion
(IMD) products to find a correlation between IMD and adjacent-chan-
nel-power ratio (ACPR) for several digitally modulated communication
standards having flat-power spectra. It proposes a physical-statistical
approach based on the two-tone analysis proposed in Ref. 4, which sup-
ports easy analysis of ACPR on the basis of IMD. Representing a signal
in a statistical manner in the frequency domain helps to introduce
weighting functions for each IMD product, as well as demonstrating the
contribution of all IMD products to system performance as a whole. This
approach clarifies the tuning procedures for a system and helps it meet
a desired specification.

Consider the case where a PA is
driven by a statistical signal with an
idealized, rectangular, flat-shaped
average-power spectrum over a fre-
quency band (Af) that is a close
approximation of quadrature-phase-
shift-keying (QPSK), quadrature-
amplitude-modulation (QAM), and
orthogonal-frequency-division-mul-
tiplexing (OFDM) signals. One can
assume that all of the useful informa-
tion of a signal is restricted by mar-
gins =Af/2 from the carrier frequen-
cy, and that the entire input power is
placed inside these margins in the
frequency domain. The power spec-

trum is solid due to the non-periodic
driving of the PA. Taking into
account the physical entity of the sta-
tistical signal’s average-power spec-
trum, one can represent this signal in
the frequency domain statistically
with a flat probability-distribution
function within the margins of Af.
This implies that each average-
power spectral component inside the
flat shape is composed of the instan-
taneous input signal on the same fre-
quency, with an additional probabili-
ty of the appearance of a signal on
that frequency. Thus, the probability
of the appearance of the input-signal
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1. This plot shows relative frequency spacing versus
relative frequency offset. offset.
spectral component inside the limits | expressed as:
dfy is:
1 o Af Afy
8P )5y b = mp= [ [ | mog(mp)
1 —o Of, Af,
g(PW,)ZJ;dfl dp,,, (1) v
1
where: [-A?] df,df>dIMD (3)

g(P;,) and g(P,,,) are densities of
the probability-distribution fune-
tions for the PA’s input and output
power, respectively. At the same
time, the spectral component inside
the limits df, exists with a similar
probability. For the flat spectrum
shape, one can suppose that the spec-
tral components at df; and df, are not
correlated. These simultaneous spec-
tral components cause instantaneous
IMDs of the PA-output signal at fre-
quency offsets determined by a dif-
ference between df; and df,. In this
case, the probability of the appear-
ance of IMD products at different
frequency offsets can be represented
as:

1 1
g(IMD)A—f * Zfdﬁ df>dIMD
l 2
= g(IMD)(E)
df; df,dIMD (2)
where:

g(IMD) is the density of a proba-
bility-distribution function for IMD
imposed by an instantaneous input
signal. Assuming that the main con-
tribution to IMD is produced by fre-
quency components with equal
power levels, the average value of
IMD at different offsets can be

The frequency spacing where IMD
is defined is given by the followirg
eqatians:

N-1 Af
_2_Af1 :fo"Tj
and SN = A A ()

where:

f is the offset from the center fre-
quency of the spectrum where one
calculates the spectral regrowth, and
N is the order of the IMD considered.
Figure 1 shows these offsets and
spacing margins at relative values. It
can be seen that IMD must be mea-
sured at different spacing for diverse
frequency offsets. Furthermore, this
spacing depends on the IMD order.
Moreover, even for a particular offset
at a fixed IMD order, one must con-
sider IMD through a wide range of
frequency spacing depending on the
offset value. This range increases
with decreasing f,. At offsets f/Af
>1.5, 2.5, 3.5, etc., one should exclude
IM;, IM;, IM;, ete., from considera-
tion. All communication standards
with flat-power spectra are narrow-
band, and the difference in IMD at a
fixed offset is quite small through the
range of frequency spacing. In this

2. This plot illustrates weighting function versus frequency

case, ae can cansider the mean val -
ues ad rewrite By. 3 as:

IMD =
o A Af

j J' jIMDg(IMD)

— A, A,

| 2

— | dfdf,dIMD
[Af] f] f2

2&0
(-
_[ Af “’MDg

(IMD)dIMD (5)

The function F(Af) = [(Af , - Af
/AL plays the role of a weighting
coefficient for the IMD average value
at different offsets. Figure 2 shows
its shape in decibel units for several
orders of IMD. By such considera-
tion, the spectral components at dif-
ferent offset £, can be represented in
the simple additive form, including
the noise N at the output of a PA:

=IM5 + IMs + ...+ Ny (6)

Considering Fig. 2 and taking into
account Eq. 6, one can see that the
contribution of higher-order IMD to
the total distortion value increases
with increasing offset f,. Usually,
most digitally modulated, wireless-
communications systems have an
approximately logarithmie, normal
power distribution.” Assuming this
distribution for a PA-driving signal,
one may write:
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DESIGN FEATURE

IMD Measuvements
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The function T, = g(P;, ) IMD/P;, is
the auxiliary transfer function for
IMD.* The physical meaning of T, is
that the integral of this function is
proportional to the IMD at a particu-
lar frequency offset f,. The function
T, is convenient for the graphical
consideration of Eq. 7. Tt clearly
shows the contribution of the input-
signal statistics and the IMD charac-
teristics of a PA at each instanta-
neous drive level to the spectral
regrowth at f,. The square restricted
by the curve T, and the P, -axis is
equal to the IMD value at f,, with an
accuracy of a coefficient. Considering
curves T, versus P,,, one can tune a
circuit to decrease IMD at input-
power levels that contribute signifi-
cantly to the output-power spectrum
distortions.

The average output power of a PA
is defined as Ref. 4:
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G is the two-tone gain and G, =
G(P;,)g(P;y,) is the auxiliary gain
function.” Its physical meaning is
defined as the integral of this func-
tion is proportional to the average
output power of a PA.

Finally, the power-spectral compo-
nents at different offset f, are calcu-
lated as:

P(fy) =
10log(IMDy /P,,) [dB] (9)

IMDy is defined by Eq. 6, and P,
is defined by Eq. 8. By the accepted
assumptions, the phase-characteris-
tic considerations have been elimi-
nated because they are implied by
the IMD measurements. No filtering
characteristics were considered at
the PA output, and Eq. 9 represents
the spectral regrowth inherent only
for a PA. The approach is considered
valid for the AM/PM conversion
inherent only for the nonlinear part
of a PA. With a properly designed
PA, the contribution of AM/PM con-
version to the spectral regrowth is
negligible when compared to an
AM/AM conversion, even for high
values of phase deviations.?

Frequency offsets for some
widespread communication stan-
dards with a flat spectrum shape and
weighting functions F(Af) are pre-
sented in Figs. 1 and 2.

For code-division multiple-access
one (edma One) at a frequency offset
of 1.25 MHz, third- and fifth-order
IMD have approximately equal con-
tribution to ACPR. But for IM., one
must consider 0.6356- to 0.9322-MHz
spacing. For IMj, it should be 0.3178
to 0.6215 MHz. For a further increase
of the IMD order, its contribution
decreases approximately 1.5 dB each
time, according to Fig. 2. Considering
ACPR at 1.98-MHz offset, one must
take into account only IM and higher-
order IMD. At 750- and 885-kHz off-
sets, the IMD contribution is
decreased with an increase of an
order of IMD. To consider ACPR for
an entire adjacent or alternate chan-
nel, one must integrate Eq. 7 at fre-
quency limits determined by this
channel. That is why one can see a
correlation between IM and ACPR
at an adjacent channel, and between
IM; and ACPR at first alternate
channel, for a single-user signa
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But, according to Fig. 2 and Eq. 7,
this correlation is less perceptible if
one drives an amplifier with a multi-
carrier signal at fairly high output-
power levels due to the higher dis-
persion of signal statistics,

For the single-carrier, 3.6864-
Mechip/s, CDMA-2000 standard at an
offset of 5 MHz, the situation differs
from edma One. In this case, the con-
tribution of IM to ACPR is 8.5 dB
less than for IM. Using that as a
model, IM would be measured from
3.1568 to 3.4216 MHz and IM from
1.5784 to 2.2811 MHz.

For the 4.096 Mchip/s, wideband
CDMA (WCDMA) system at 5.23-
MHz offset, the situation is similar to
CDMA-2000. IM,’s contribution to
ACPR is 5 dB less than that for IM,,.
IMj is measured from 3.182 to 3.639
MHz and IMj at 3.452 to 3.774 MHz.
For this standard, the approach pro-
posed has been verified experimen-
tally in Ref. 4 with good agreement,
even for hard-driven, nonlinear PAs.
A good correlation between IM; and
ACPR at an adjacent channel for
WCDMA PAs is observed in Refs. 9
and 10. However, the correlation
between IM; and ACPR at an alter-
nate channel is not as favorable. At
the alternate channel, the contribu-
tion of higher-order IMD products to
the spectral regrowth can become
evident at high power levels (Fig. 2).
Furthermore, one should not forget
to choose different frequency spacing
by IMD measurements (Fig. 1). This
is particularly important for transis-
tor PAs operating at modes close to
class B, and for laterally-diffused-
metal-oxide-silicon (LDMOS) ampli-
fiers that have “sweet spots” due to
cancellation effects imposed by the
high-order nonlinearity in a circuit.”
8 10,11, and 12 Gircyit tuning for high
linearity requires different load con-
ditions for in-band, out-of-band (har-
monics and sub-harmonics), and
baseband.'® '* Moreover, one must
take into account the noise parame-
ters of a circuit, considering ACPR
(see Eq. 6). Usually, the wider the
frequency bandwidth of a signal, the
higher the relative noise floor of a
system. This can significantly alter
the ACPR’s value and shape
through the power sweep.*

(concluded on p. 155)
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GaAs requirements will fit in our foundry.
We offer processing solutions for all your

chip needs, from prototyping to production.

You design it, we'll build it. Or bring us your
specifications and we’'ll provide end-to-end
design, manufacturing and test. Our flexi-
ble foundry supports both HBT and HEMT
manufacturing. Plus, our GaAs production

line hosts the industry’s largest MBE capability.

L Chigs Pack more features into
your products with TRW’s compact GaAs
MMICs. Smaller chips allow you to
squeeze more capability in less space.

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

© 2000 TRW Inc.

Our HBT and HEMT products offer the
highest performance available anywhere.
Our devices have a record of reliability
proven by more than 4 million hours of
lifetime testing and real-world experience.

W offer heavyweight solu-
tions for your next generation products. From
broadband wireless to high-speed digital,
fiber-optic and photonics applications.

I'7: 72

www.trw.com/telecom
IS0 9001 Registered
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Produced by:

[enton

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 vari-
ous wireless, microwave, and other consumer
events. COTS events are helpful if you're looking for
a modified consumer IC, but your total design solu-
tions need dedicated attention in order to meet the
high standards, bandwidth capacity, and life cycle of
today’s military systems. Now there’'s a compre-
hensive event specifically designed for you.

The Military Electronics Show is a full-scale confer-
ence and showcase dedicated to Electronics OEM
engineers and designers who are developing prod-
ucts for the military/aerospace industry, and the
military leaders influencing these products.

November 7-9, 2000

The Ronald Reagan
International Trade Center
Washington, DC

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.

Please contact Jack Browne at
jbrowne@penton.com.

Please contact btapp@penton.com.

Log onto www.militaryelectronicsshow.com
after August 1st, or e-mail

mgallo@penton.com.

Sponsored by:




Wi I‘EIESS Symposium

Portable by Design

WHERE THE WIRELESS FUTURE GETS BUILT

2nd Annual Engineering Technolo
Conference & Showcase

at PCIA GlobalXChan

September 27th - 29th, 2000

McCormick Place
Chicago, IL

GLOBAL
XCHANGE™

Partners for a Global
Marketplace

For the second consecutive year,
Wireless/Portable will present a leading
technical conference and showcase

for electronics engineers and designers
at PCIA's GlobalXChange (formerly the
Personal Communications Showcase).
Discover the latest technical content
as well as solutions to your component
needs at the wireless industry's
"must-attend" event. This year,
GlobalXChange will feature traditional
wireless companies as well as the
Internet and computing players
positioning themselves for global
wireless convergence.

Focused Showcase

Don't miss the Wireless/Portable
showcase on the show floor. You will
discover the top vendors in electronics
engineering and design offering the
latest in hardware, software, services,
and test equipment!

Leading Technology Forum

Wireless/Portable in conjunction with
Besser Associates consistently delivers
high-level technical presentations led by
the industry’s brightest talent. More tha
50 all-new sessions are offered in t
areas including:

¢ Bluetooth/Wireless LAN's
» 3G Systems

Broadband Wireless
CDMA/WCDMA

Base Station/

High Power Amp Design
Handset Amplfiers
* Wireless Internet
e And Morel!!

e

Register
TODAY!

to secure your seat...
Class sizes are limited.

Register on-line for a conference package

using code to receive an
additional discount off the

current prices, and a commemorative

Wireless/Portable gift! Log on to

www. WirelessPortable.com for detailed

session descriptions, registration

information, and other important event
information. Deadline to pre-register

L]

Wireless/Portable is sponsored by:

DeveLomme TN DESEN IR ProdciNews

Microwaves=itF g%%“wm

is September 8th, 2000.

Admission to the Wireless/
Portable showcase and PCIA
GlobalXChange exhibits is
FREE with your conference
registration, a $100 value!




Focus US

To support the demap:di”  needs of microwc = and RF applications,
capital reinvestment for machinery and tooling is a top priority.

The production capacity and capability of Chin Nan is second to
none. : g

BNC

TNC
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{AN PRECISION FLECTIONE

MCX Mini-UHF

SMA

FME

SMC UHF

Distributor in FL

FLORIDA RS TECHNOLOGY

3379-A SW 42" Avenue, Palm City, FL 34990
TEL:(561)221 8188 FAX:(561)221-1095
E-mail:info@flrst.com £

®
CHIN NAN PRECISION ELECTRONICS CO., LTD.
NO. 22-1 JEN-HO ROAD, TAINAN, TAIWAN, R.O.C.
TEL:886-6-2678303 FAX:886-6-2678337
E-Mail:market @ chinnan.com.tw
Web Site:http//www.chinnan.com
Web Site:http//www.chinnan.com.tw
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Radiation Effects

Gauging The Effects 0f Nuclear
Radiation On Microstrip

Antennas In Space

Nuclear vadiation can
degrade the performance of

the dielectric matevials in
space-based antennas.

A. Kumar

President

AK Electromagnetique, Inc., P.O. Box
240, 30 Rue Lippee, Les Coteaux,
Quebec J7X 1HS, Canada; (514) 620-
3717, FAX: (450) 267-1144, e-mail:
kumar@colba.net.

ESISTANCE to radiation is critical for the long-term use of dielec-
tric materials in space-based applications. In these applications,
devices and antennas can be exposed to substantial doses of nucle-
ar radiation. Not only must dielectric materials used in antennas for
space-based satellite-communications systems endure the physical stress
of the launch, they must also withstand prolonged exposure to intense radi-
ation without drastic changes in mechanical and electrical properties.

In space applications, microstrip
antennas are subject to radiation in
the Van Allen Belt,' which consists of
electrons with substantial densities
at energies up to 100 meV. Bombard-
ment on microstrip antennas etched
on dielectric materials, such as poly-
tetrafluoroethylene (PTFE), with
particles of this high energy results in
a continual degradation of mechanical
and electrical properties.

The effects of nuclear radiation on
the electrical and mechanical proper-
ties of many dielectric materials were
investigated by Pascale, Herrmann,
and Miner.” These researchers used a
turntable device as the mounting
rack for the test specimens.

In a dielectric material, most elec-
trons are restricted to the valance
band, with only a negligibly small
number being free to move. The elec-

tronic excitiation

Threshold radiation doses
of PTFE in air and vacuum

processes  are
responsible for
increasing the

number of con-
ducting electrons
in the dielectric
substrate. Two
main phenomena
occur in these
materials when
irradiated—tran-

sient effects, which disappear upon
removal from the radiation field, and
permanent effects, which remain
after the radiation field is removed.
In most cases, failure due to struc-
tural changes occur before any signif-
icant permanent change in dielectric
properties has taken place. These
structural changes generally cause
the fracture and eracking of material,
a particularly serious problem if the
irradiated component is under stress,
and continued irradiation always
leads to progressive deterioration.
Such properties as tensile strength,
elasticity, viscosity, transparency,
chemical reactivity, electric-field
strength, and resistivity become per-
manently changed. The primary
effect of nuclear radiation on materi-
als based on PTFE is the reduction of
molecular weight by breaking the
large polymer molecule into smaller
parts. There is an increase in brittle-
ness and this reaction is maximized in
the presence of air. It has been
reported®® that changes in the
mechanical properties of PTFE
depend on the total radiation dose
and to be independent of dose rate.
The dielectric properties are affected
by an electrical-charge distribution in
the resin which decays with time and,
therefore, the dose rate is an impor-
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Radiation Effects

Polystyrene _Fused glass
Silicon Carhon
2 Bakelite
. Rubber gaskets
Buna-N Nooprons Vicet Germanium Optical materials
Teflon Ethylene <> Sealing compounds .
Polyvinylchioride  propylene Jiton A Silicone. Silicone resin
e Mylar grease Mica
Nylon cogp_er clad «——> ; k
- stripline Conductive adhesive Duroc
Polychloraprene e ceramic
nsulation Natural rubber Polyethylene Epoxy glass
> < > - > Quartz
1 1 l |
10° 108 107 108 10° 1070
Radiation dose—rads

tant parameter.

During irradiation, the real and
imaginary parts of the permitivity of
the material are temporarily in-
creased. The effect of space radiation
on these parameters is decreased at
elevated frequencies which would be
encountered in microwave applica-
tions, such as satellite-communica-

1. Dielectric susceptibility varies with radiation dose.

tions systems. The degree to which
PTFE is affected is essentially a func-
tion of the amount of energy
absorbed, regardless of the identity
of the radiation (i.e., beta, gamma,
and X-ray energies all have the
equivalent effect). It has been report-
ed"® that during solar flares (solar
storms), the radiation intensity in

space increases many

Thermal-control cover
Astroquarz cloth

63

Ground plane (inside)
Ag-plated Cu (1 0z./1t?)

SEASAT antenna panel

Radiating circuit
-30 solder-plated

thousands of times
when compared to peri-

dose during solar
storms can damage
materials which are
susceptible to ordinary
levels of space radia-
tion. The table offers a
summary of the radia-

0.0065-in, | tion doses (in rads)

onﬁ%ﬂﬂ?’é-lné I:!Dﬂtxv epoxy fiberglass | related to the damage
MR, support for antenna | levels of PTFE materi-
Typical vent holes 1/16 in. square circuit

1/4 X 1/4-in. cell nomex
vented honeycomb

G10 edge closure

0.025 < 0.281 x 0.260 in.
(1/8-in. diameter vent
holes on 10-in.
ctrs)

SIR-A antenna panel

Core with
vents in
HRP-3/8-2.2
honeycomb 1-0z. copper

laminated on 0.0065
epoxy fiberglass

(ground plane) Filler

Hexabond 11i
cell-edge adhesive

Antenna circuit
1-0z. Cu (1.4 mil thick)

fiberglass adhesive

als. Figure 1 shows the

dielectric materials as a
function of total nucle-
ar-radiation dose in
space. Usually, a radia-
tion-dose rate of 10
rads/h is quoted for the

0.0065 epox > .
s Van Allen Belt.” At this

fiberglass circuit

ate for approximately
five years before a
threshold level of dam-
age would be electroni-
cally and mechanically
detectable. However,
during solar storms, the
operational age of

Epoxy

disc film

(a) and the SIR-A antenna panel (b).

2. These sketches show the SEASAT antenna panel

PTFE could depend
upon the intensity of

ods of non-solar-flare
activity. The radiation

susceptibility levels of

rate, PTFE could oper- |

- nuclear radiation in space. This was

discussed during the design phase of
the ERS1-IDHT antenna.’ The Euro-
pean Space Agency did not use
microstrip feeder and dielectric sup-
port for the ERS1-IDHT antenna and
a new IDHT antenna was designed
without dielectric material ®°

The SEASAT and SIR-A mi-
crostrip antennas are among the
largest arrays that have been flown in
space. The deployed radiating surface

- of the SEASAT antenna was 10.74 X

2.16 m and the measured antenna
gain was 34.9 dB at 1.275 GHz. The
SIR-A microstrip-array radiating
antenna panel’s surface was 9.4 X
1.25 % 0.006 m, with 128 microstrip
elements per panel. The SEASAT
antenna consisted of eight panels sup-
ported on an extendable graphite
epoxy structure. The SIR-A antenna
consisted of seven panels supported
by an Al-tube-truss structure.'® The
substrate materials for these
microstrip arrays were chosen on the
basis of the lightest weight, the low-
est-loss microstrip dielectrie, the
highest efficiency, and good repeata-
bility in electrical and mechanical per-
formance. The honeycomb structure
shown in Fig. 2 was selected because
it provided the required structural
strength and, while the loss tangent
of the epoxy fiber-glass sheets and
honeycomb dielectric material is rela-
tively high, the substrate loss is small
due to the large percentage of voids in
the honeycomb. The relative permit-
tivity of the STR-A microstrip-anten-
na substrate was measured as 1.18.
The nuclear-radiation dose of the
material in space was more than 10°
rad, which is 1000 times more than
PTFE-type substrate. ®®
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AMPS
CDMA
CDPD
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ECM
EDGE i
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GPRS
GPS
GSM900
HFC
IFF
LEO
LMDS
LMR
MMDS
NPCS
PCS
PCS1900
RADAR
RFID
RLL
SMR
TDMA
TETRA
UMTS
WAP
WBA
WCDMA
WLAN
WLL
WWAN

1S09001 Certified

Special Integrated Assemblies | Voltage Controlled Oscillators I Double Balanced Mixers |

4895 Peoria Street OUR PLL Synthesizer Modules | Wideband RF Transformers | Couplers

Denver, Colorado 80239 PRODUCTS

T 303.371.1560 INCLUDE:
fax 303.371.0845

Power Dividers/Combiners l 1Q Modulators/Demodulators l PROUDLY MADE IN THE USA

e-mail: sales @ vari-l.com Contact the Vari-L Sales Department for your special microwave and RF component assembly needs.

Vari-L Company, Inc.



Products for a Wireless World
« LAN

MIXERS

RF Surface Mount
Mlcrowave Open Carrler

= High lIP3
= 10kHz to 26.5 GHz h
® Industry Standard Packaging
) ® Delivery from Stock
= Best Price-Performance ratio in the Industry

* IMT2000
sWLL
*PCS

* WAN

* MMDS
*W-CDMA
* SATCOM
*LMDS

_+* mmW/Microwave Radio

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

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

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

Part

Frequency Frequency LO Drive Isolation (typ) Input  Conversion Package

Number RF & LO IF Level LO/RF IP3 (typ) Loss (typ) Style
CSM1-10 10to 1,500 MHz  1t0o500 MHz  +10 dBm 40 dB 19 dBm 7.5dB Surface Mount
CSM1-13 10t0 1,500 MHz  1t0500 MHz  +13 dBm 40 dB 22 dBm 7.5dB Surface Mount
CSM1-17 10t0 1,500 MHz  1t0 500 MHz  +17 dBm 40 dB 27 dBm 7.5dB Surface Mount
CSM2-10 10t0 2,800 MHz 10t0 2,000 MHz +10 dBm 30dB 20 dBm 7.5dB Surface Mount
CSM2-13 10t0 2,800 MHz 10t0 2,000 MHz +13 dBm 30dB 22 dBm 7.5dB Surface Mount
= CSM2-17 10t02,800 MHz 10t0 2,000 MHz +17 dBm 30dB 27 dBm 7.5dB Surface Mount
MC4107 2t0 10 GHz DCto 2 GHz +7 dBm 40 dB 11 dBm 6.0 dB Open Carrier
MC4110 21010 GHz DCto2GHz +10dBm 40 dB 14 dBm 6.0dB Open Carrier
i MC4113 21010 GHz DCto2GHz  +13dBm 40 dB 17 dBm 6.0dB Open Carrier
MC4120 21010 GHz DCto2GHz  +20dBm 40dB 23dBm 6.5dB Open Carrier
MC4507 4 t0 22 GHz DC to 4 GHz +7 dBm 32 dB 11 dBm 6.0dB Open Carrier
MC4510 4t0 22 GHz DCto4GHz  +10dBm 32dB 14 dBm 6.0dB Open Carrier
MC4513 4to 22 GHz DCto 4 GHz +13 dBm 32 dB 17 dBm 6.0dB Open Carrier
MC4520 4 to 22 GHz DCto4 GHz  +20dBm 32dB 23dBm 6.5dB Open Carrier
MC4807 101to026.5 GHz DC to 6 GHz +7 dBm 28 dB 11 dBm 6.5dB Open Carrier
MC4810 10to 26.5 GHz DCto6GHz  +10dBm 28 dB 14 dBm 6.5dB Open Carrier
MC4813 10t0265GHz DCto6GHz +13dBm 28 dB - 17dBm 6.5dB Open Carrier
MC4820 10to265GHz DCto6GHz +20dBm = 28dB 23 dBm 6.5dB Open Carrier

* Connectorized test units available for evaluation

visit us on the web at

www.stellexms.com

The'best high performance mixers

available have a new name...

i W Stellex

5300 Hellyer Avenue, San Jose, CA 95138-1003
Tel: 1.800.321.8075 ¢ FAX 408.624.3906
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Wireless Event
Readies For Chicago

The autumn vevsion of the Wiveless Symposium/Povtable By
Design Confevence & Exhibition promises a full lineup of
educational wovkshops and technical sessions.

IRELESS-EQUIPMENT designers may want to make plans to be
in Chicago this fall. The Windy City is this year’s site for the au-
tumn Wireless Symposium/Portable By Design Conference & Ex-
hibition, scheduled for September 26-29 at McCormick Place.
With a variety of workshops and a full slate of technical sessions, Wire-
less/Portable forms a key educational event for engineers and engineering
managers seeking to know more about key wireless technologies, from
Bluetooth to wireless local-area networks (WLANSs). Co-located with Wire-
less/Portable is the huge PCIA GlobalXChange event (see sidebar), which
draws more than 20,000 attendees to its more than 600 exhibitor booths

JACK BROWNE
Publisher/Editor

and market-oriented education sessions.,

Tuesday
~ September 26

Workshops at a glance

ptember 27

- 9:00 AM — 4:30 PM

9:00 AM — 4:30 PM

- DSP Made Simple (1)
Rick Lyons
- Besser Associates

. RF Fundamentals (1)
 Les Besser
- Besser Associates

2G/3G Wireless Sys-
tems
- Darryl Schick
_ Linear Lightwave

- Short Range/LAN &
~ Bluetooth
~ Rob Morrow

Besser Associates

. 3G Made Simple
Al Scott
‘Besser Associates

' CDMA Technology for -

BéP Made Simple (Ii)
ick Lyons
Besser Associates

RF Fundamentals (1I)
| Les Besser
 Besser Associates

3G WCDMA and
- cdma2000 Technolo-

oy
~ Darryl Schick
_ Linear Lightwave

sser Associates
cillator Design
Eagleware Corp.

' Wireless System
Fundamentals

k Fornes
sser Associates

\ntennas and Prop-
gation for Wireless
. Communications

- Dr. Steven Best

. Cushcraft Corp.

The Wireless/Portable technical
program was assembled under the
guidance of the Conference Advis-
tory Committee, a learned group
that includes Don Brown, director of
the IWPC (Warrington, PA); Tim
Carey, director of marketing for An-
ritsu Co. (Morgan Hill, CA); Dr.
Samuel Horowitz, marketing man-
ager for DuPont Microcircuit Materi-
als (Research Triangle Park, NC);
Robert Morrow, an instructor for
Besser Associates (Mountain View,
CA); Dave Osika, chief scientist for
Strategic Technologies with

ANADIGICS (Warren,
NJ); and Darryl Schick,
president of Linear
Lightwave, Inec.
(Lafayette Hill, PA).
The technical pro-
gram organized under
the conference direction
of the well-known edu-
cational organization
Besser Associates. The
expertise of the Besser
instructors is evident
from the breadth of
workshops offered dur-
ing the Wireless/
Portable event (see
table), including several
of the “Made Simple” tu-
torial courses that help
bring engineers and
their managers up to
speed on different tech-
nology areas, such as
third-generation (3G)
wireless systems and
digital-signal processing

MICROWAVES & RF « AUGUST 2000

149




" SPECIAL REPORT

Fall Symposium

(DSP). For example, the DSP Made
Simple workshop taught by Rick
Lyons of Besser Associates provides
an accessible introduction to DSPs.
Striving to minimize the amount of
mathematics contained in the course,
Lyons nonetheless unveils the funda-
mental equations of DSP and how
they are applied in modern dedicated
microprocessors. The workshop
highlights some of the key algo-
rithms of DSP technology, including
discrete Fourier transforms, finite-
impulse-response (FIR) digital fil-

ters, and infinite-impulse-response
(ITR) digital filters.

Additional workshops include sev-
eral strong sessions from Darryl
Schick, former chief engineer of RDL
(Conshohocken, PA) and now presi-
dent of Linear Lightwave. One of
these workshops, a full-day seminar
on “CDMA Technology for 2G/3G
Wireless Systems,” provides a thor-
ough introduction to code-division-
multiple-access (CDMA) technology,
and how CDMA is implemented in
the TTA/ETA-95 standards. The

course covers Walsh codes, Gold
codes, error protection and correc-
tion, synchronization, the CDMA
RAKE receiver, and how to predict
CDMA traffic capacity. Schick’s
other workshop, “3G WCDMA and
cdma2000 Technology,” is a one-day
examination of wideband CDMA
(WCDMA) and discusses how 3G-
CDMA is implemented in the TIA
cdma2000 and ETSI/ARIB WCDMA
standards. The second workshop is
an excellent followup course for
those who are taking the introduc-

'PCIA GLOBALXCHANGE

nologies, fixed broadband services, and international-
market perspectives. For example, the track on emerg-
ing technologies includes a Tuesday session on in-vehi-
cle wireless applications, including access to the
Internet from the automobile.

The track on wireless Internet should draw large
crowds. The wireless Internet offers a new frontier for
the industry, with new revenue streams, new competi-

 tion, and new customers. What are the technological
content and service developments that will drive the
growth of this portion of the industry? This track will

~ explore the alliances, strategies, and business models
that carriers should be examining today to ensure their
future on the new wireless Internet frontier.

The track on content for the wireless Web covers

- what is currently available in terms of content for
WAP devices, and what will be done to improve the
types and amount of content that will be available to
wireless Internet subscribers. A Tuesday presentation
from this track, for example, highlights the need for
partnerships, no matter how small, in order to build the
‘specialized Internet content.

~ The track on wireless voice notes that, in spite of the
number of cellular subscribers passing 100 million in

- the United States and more than 500 million globally,
many opportunities still exist in the wireless voice

. arena. These opportunities rely on targeting new mar-
kets and developing new business models. One session
‘within the track looks at the current state of the wire-

less voice industry, and provides key trends and statis-
ties and identifies the drivers of the future.

For those who still have time, there are the many
workshops and technical sessions on wireless technol-
ogy to be found in the Wireless Symposium/Portable

- By Design Conference and Exhibition co-located with

the PCIA GlobalXChange. For more information on
the PCIA GlobalXChange, contact its sponsor at:

PCIA, 500 Montgomery St. Suite 700, Alexan-
dria, VA 22314; (800) 759-0300, (703) 739-0300,
FAX: (703) 836-1608, Internet: http://www.
pciaglobalxchange.com.
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tory workshop on CDMA.
Other workshops include the popu-

lar Oscillator Design workshop by

Randy Rhea, founder of software in-
novator Eagleware Corp. (Stone

Mountain, GA), the popular two-day
course, “Wireless Made Simple,” |
taught by Al Scott of Besser Associ- = WLAN systems and where each can
i be effectively used, and how inte-

grated-circuit (IC) designers are re- Nortel Networks (Dallas, TX) on

ates, a one-day course on short-range

wireless technologies, such as Blue- |
tooth and WLANS, taught by Rob |
Morrow of Besser Associates, and |
' 24 GHz.
and Propagation for Wireless Com-
munications,” taught by Dr. Steven |

the popular workshop “Antennas

Best, president of Cushceraft Corp.
(Manchester, NH).

TECHNICAL SESSIONS

A wide range of technical presen-
tations and mini-tutorial sessions are
also available at Chicago’s Wire-
less/Portable event. As with the
PCIA’s companion event, presenta-
tions are grouped by technology
tracks, such as wireless packaging
short-range (Bluetooth) technolo-

ces for wireless Internet applica-
tions, and high-power design for base
stations. The Bluetooth track,

chaired by Tim Carey, director of |

- gies, 3G technologies, embedded de- !

plications, and how to design devices
for low-power use, in low-data-rate

. RF identification (RFID) as well
- as remote-keyless-entry (RKE)

i

marketing for Anritsu Co. compares |
the technologies of Bluetooth and |

sponding to the need for lower-cost
Bluetooth devices operating at
- be one of the largest of all wireless

HIGH-POWER AMPS

Several sessions on high-power
- they do business. The session will fo-

amplifier designs, chaired by Dave

Osika of ANADIGICS, explore the = cus on the challenges facing wireless

latest technologies and techniques to |
help amplifier designers reach their
target specifications for output :

power and intermodulation distor-
tion (IMD) for base-station ampli-
fiers. In contrast, a series of sessions
organized by Rob Morrow of Besser
Associates focuses on new technolo-

CIRCLE NO. 434 or visit www.mwrf.com
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i gies for low-bit-rate, low-power ap- :

applications.

For those who remain throughout
the length of the conference, their re-
ward is a powerful mini-tutorial ses-

n on Friday by Barry Herbert of

“Enabling the Wireless Internet.”
Herbert notes that this may prove to

- applications, and it one that will cer-
- tainly change the way that people

live and revolutionize the way that

Internet providers in the years to
come.

The Wireless Symposium/Por-
table By Design Conference & Exhi-
bition is managed by Penton Media.

r more information on the upcom-
ing Wireless/Portable event, visit
the website at http://www.Wireless

ortable.com. ee
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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.
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Light years ahead.
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(continued from p. 140)

For the personal-digital-cellular
(PDC) standard, the specification
requires ACPR measurements at the
first alternate channel. One can see in
Fig. 2 that the IM; contribution to
ACPR exceeds the IM; contribution
for nearly the entire frequency band-
width considered. This note is espe-
cially important at high output levels.
That is why one can observe the cor-
relation between IM; and ACPR for
PDC systems.’

The situation for the personal-
handyphone-system (PHS) standard
is similar to that for PDC, but with a
higher correlation between IM; and
ACPR. Moreover, one should ob-
serve some noticeable correlation
between IM; and ACPR as well.

For cellular standards where
ACPR is defined as a spurious emis-
sion and channels are spaced very
tightly, the low-frequency spacing
may play a considerable role in
ACPR at low-frequency offsets (Fig.
1). Due to this, IMD products can rise
significantly.'*

The proposed approach allows one
to consider IMD’s contribution to
ACPR for communication standards
with a flat spectrum. If there is any
unpredictable spectral regrowth at
some frequency offset, one must
check IMD at the frequency spacing
determined in Fig. 1 for the IMD
order specified in Fig. 2. After that,
one can find out what part of a circuit
creates this distortion and eliminate
it by adding a tuning circuit. In addi-
tion, it is senseless to look for a
strong correlation between fixed val-
ues of IMD and ACPR, even at the
correctly chosen output-power level.
One must consider the IMD behavior
through the entire power range
where the signal exists due to the
appropriate statistics. This is espe-
cially important at high power levels,
where the cancellation effect may be
perceptible” and different-order
IMD products have a variable shape.
The signal statistics play a decisive
role for ACPR. For example, failing
to take this into account for the
hybrid phase-shift-keying (PSK) sig-
nal in the WCDMA system used in
Ref. 15, it is easy to receive false cor-
relation data, especially in a “sweet
spots” environment.

DESIGN FEATURE

IMD Measuvements

The two-tone, IMD-measurement
approach discussed here predicts and
analyzes ACPR in RF/ microwave
PAs used in modern digitally modu-
lated communication systems with
flat-power spectra. This method
works best in multicarrier environ-
ments and for higher quantities of
signal-constellation states. But even
for a single-carrier signal with some
correlation between the spectral
components, the method can help
engineers analyze and tune circuits
for the best linearity. ®®
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APPLICATION NOTES

. Transistor 1/f noise has a major influence on the ultimate phase noise of a voltage-
 controlled oscillator (VCO). To better understand how 1/f noise changes with bias con-
~ ditions and from device to device, a study was performed by California Eastern Lab-
_ oratories (Santa Clara, CA) on the 1/f noise of two different bipolar transistors, and
_ nonlinear models were developed and compared. The study is contained in a six-page
_ application note, “1/f Noise Characteristics Influencing Phase Noise.”
~ In a communications system, the phase noise of an oscillator determines the sys-
. tem’s ability to separate adjacent channels. Given the increase in wireless signal traf-
_ fic, system designers are seeking oscillators with improved phase noise. And selecting
_ the proper active device for a low-noise oscillator is very critical. Phase noise, which
- is generally measured in a single 1-Hz sideband at some specified offset frequency
- from the carrier, is essentially random frequency variations in an oscillator. These ran-
~ dom variations are caused by thermal noise, shot noise, and flicker noise. Thermal
_ noise s a function of the temperature, operatmg bandw‘.tdth and resistance. Shot noise
~ is a function of the DC bias current to the active device. And flicker noise is a function
- ofthe active device's characteristics. Oscillator phase noise has two components: phase
~ noise resulting from direct upconversion of white noise and 1/f noise, and phase noise
~ resulting from the changing phase of the noise sources (the white noise and 1/f noise)
o jn"loc ulating the oscillation frequency.
. The application note describes a test setup to measure device 1/f noise. In order to
'-'-'Zelnmnate noise, the supply voltages are provided by batteries, and the entire test set-
. upis contamed in an electromagnetic-interference (EMI) shielded enclosure. Mea-
. surements using this setup were performed on the company’s NE68819 and NE68519
_{_:blpolar transistors. From these measurements, it was possible to calculate the intrin-
~ sic base-flicker noise-corner frequency.
; The note goes on to examine the bias dependency of the flicker-corner frequency for
the two bipolar devices, and develop a 1/f noise simulation for each transistor. Appli-
~ cation note AN1026, “1/f Noise Characteristics Influencing Phase Noise,” is available
~ upon request from the company, or can be downloaded free of charge from their web-
~ site. Contact: California Eastern Laboratories, Inc., 4590 Patrick Henry Dr.,
~_ Santa Clara, CA 95054-1817; (408) 988-3500, FAX: (408) 988-0279, Internet:
 http//www.cel.com.

CIRCLE NO. 194 or visit www.mwrf.com

. Phase control is critical to achieving low distortion in modern cellular and personal-
_communications-services (PCS) base stations. Compensation techniques generally
~_rely on voltage-controlled or digitally controlled phase shifters to make phase adjust-
. ments across the operating frequency range. Application note APN1009 from Alpha
. Industries, Ine. (Woburn, MA), “A Varactor Controlled Phase Shifter for PCS Base
- Station Applications,” describes the design of a high-performance phase shifter that is
~well suited for PCS band base-station applications. The phase shifter is based on one
of the company’s varactor diodes and a model HY19-12 90-deg. hybrid.
 The application note provides a schematic diagram for a typical phase shifter using
~ aquadrature coupler or 90-deg. hybrid circuit. Varactor diodes are incorporated in the
_ circuit as reactive loads which can shift between open-circuit conditions (a reflection
_ coefficient of 0 deg. for zero varactor capacitance) and short-circuit conditions (a re-
:fiectzon coefficient of 180 deg. for infinite varactor capacitance).
. Forusers of computer-aided-engineering (CAE) tools, the application note provides
~ aphase-shifter circuit model of the 90-deg. hybrid for use with the Libra circuit simu-
~ lator, as well as a SPICE model of the company’s model SMV1245-011 varactor diode.
. Inaddition, a full circuit diagram is presented for the PCS-band phase-shifter design,
L along with a detailed listing of required circuit elements and circuit-board materials.
 Copies of the four-page application note, “A Varactor Controlled Phase Shifter for
 PCS Base Station Applications,” can be downloaded free of charge from the compa-
~ ny's website. Contact: Alpha Industries, Inc., 20 Sylvan Rd., Woburn, MA
- 01801; (781) 935-5150, FAX: (617) 824-4579, e-mail: sales@alphaind.com, In-
 ternet: http:/www.alphaind.com.
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Kalmus builds the Widest Variety of RF Amplifiers

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,

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

Built to your specifications. Sometimes there isn't an
existing Kalmus RF (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-
tative, just visit our web site
or call us toll free (US) direct.

The RF Amplifier Company

11807 North Creek Parkway South, Suite 109, Bothell, WA 98011 « Phone: (800) 344-3341 » (425) 485-9000 e Fax: (425) 486-9657
E-mail: kalmus@kalmus.com ¢ Web: www.kalmus.com
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Digital Upconverter IC
Tames Gomplex Modulation

An tmproved 14-b avchitecture, simplified synchronization,
and enhanced power-saving civcuitry ave a few of the features

of this quadvature digital upconverter.

Ken Gentile
System Design Engineer
Analog Devices, Inc., Greensboro, NC 27409; (336) 605-4073, FAX: (336) 605-4187, e-mail:
ken.gentile@analog.com, Internet: http://www.analog.com.

IGITAL technology continues to replace many analog functions in modern

receiver architectures. The latest contributor to this trend is the AD9857

quadrature digital upconverter from Analog Devices, Inc. (Norwood, MA),

which can replace several front-end components, including a mixer and
local oscillator (LO). The 14-b integrated circuit (IC) provides improved dynam-
ic range and sensitivity when compared to its 12-b predecessor, with enhanced
power-conservation circuitry.

As the demand for higher data rates continues to | of baseband transmission systems. There are sev-
grow, system designers are finding it more attrac- | eral reasons for this. First, many data-transmission
tive to design carrier transmission systems instead | systems are broadcast over the “air,” such as mobile
phones, satellite

AD9857 functional block diagram communica-
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Stk 14 interpolator " jpiemofator | |MOHUIAIOr  SINC filter Rset | sion. The trans-

aralle +#>lInverse cic X 14-b lout mission of sig-
data in N (4x) ' o Baink 5

(14 b) fT— GIB\ (2x - 63x)> - Iﬂsﬁ"z& 14 DAC lout nals thr_ough

140 = 1 N T — Mux 8 free space is not

= £ S| = SIN| [cOS 2 practical at low

E § S| Mux % 'g S| Mux Fape a Osgta;::l 2 frequencies. The

= S|2 b= al = core 2 value | |= main reason is

8 2 g = 2l 2 tuningd ook |© 1 3 due to the physi-

z| 2 T - word {32 g cal size of the
HE g | i

| R — — required anten-

 Control registers ; Timing and control na, which is

¥ A ete inversely relat-

Power| [Profile| (3 | & Clock ed to the trans-

down | |selecti< = | a‘;‘ti%: Mode [«<QReICIK | 1nitted frequen-

]ogf iogle Mux conirul RefClk | .y Thus, placing

O g—é g o baseband infor-

PDCLK/ Tx Reset CIC  Serial Digital  P1 PO PLL  Clock mation on a

FUD enable overflow  port power down lock  input mode high-frequency

1. The AD9857 quadrature digital upconverter employs a 14-b architecture for im- carrier makes
proved sensitivity and dynamic range compared to its 12-b predecessor, the AD9856. the use of a
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parts and mixed

onto the carrier
orthogonally.
This offers an
automatic factor-of-two reduction in
the bandwidth required to carry the
data (relative to a signal confined to
baseband). Thirdly, a modulated car-
rier can be easily shifted in frequen-
cy to offer multiple channels of
operation.

At the heart of any data-transmis-
sion system resides a bit stream,
which is a sequence of ones and zeros
that represents the information
being transmitted. The bit stream
can be converted to a sequence of
pulses through a variety of methods,
but the end result in any case is the
generation of a baseband signal. A
baseband signal has a spectrum that
starts at 0 Hz (DC) and extends to
some positive frequency. The fre-
quency range thus spanned defines
the bandwidth of the baseband sig-
nal. As mentioned earlier, it is often
desirable to shift the baseband signal
to a higher frequency to take advan-
tage of the benefits of carrier trans-
mission. The process of shifting a
baseband signal to a higher frequen-
¢y is known as upconversion.

In the past, upconversion has been
accomplished through analog mixers,
oscillators, and filters. However,
upconversion is now possible
through digital methods. The first
digital upconverter from Analog
Devices, the model AD9856 (see
Microwaves & RF, February 1999, p.
125), provided 12-b resolution and
the capability to work at clock rates
up to 200 MHz. With the introduction
of the AD9857 quadrature digital
upconverter, enhanced performance

nonexistent (b).

is possible by virtue of the AD985T’s !

14-b architecture. The additional bits
of resolution yield increases in
dynamic range and signal-to-noise
ratio (SNR). Improvements have
also been made to simplify the syn-
chronization process between the
device's baseband data port and the
user’s controlling hardware. Addi-
tionally, improvements to the signal-
processing chain make the AD985T a
more robust and flexible device than
its predecessor. The AD9857 also
incorporates a sophisticated power-
conservation architecture that auto-
matically shuts down functional
blocks that are not configured for
use.

Similar to the AD9856, the AD9857
incorporates baseband signal-pro-
cessing, quadrature mixing, and
oscillator functions—all implement-
ed in digital technology. There are a
number of significant advantages to
implementing these functions digital-
ly. 1. A digital quadrature modulator
supports precise matching of the in-
phase (I) and quadrature (Q) chan-
nels, a challenging task when imple-
mented with analog circuits. 2. The
digital circuits used to implement the
signal-processing functions do not
suffer the effects of thermal drift and
aging associated with their analog
counterparts. 3. Digital circuitry pro-
vides the ability to control and pro-
gram the device, which means more
flexibility for the system designer. 4.
The digital nature of the device
yields precise control of frequency
and nearly instantaneous tuning
speed, greatly expanding the range

of system capabilities available to the :

2. Note that the stopband attenuation is 85 dB (a). In this plot, passband ripple is virtually

designer. 5. The implementation of
digital functional blocks makes it pos-
sible to achieve a high degree of sys-
tem integration. This implies a major
reduction in the printed-circuit-
board (PCB) area required, which is
relative to an equivalent analog
design.

Even though the AD9857 incorpo-
rates a largely digital architecture, it
nonetheless delivers analog output
signals by virtue of its integrated 14-
b digital-to-analog converter (DAC).
This saves the user the burden of
having to provide an external DAC
to make the conversion to analog sig-
nals. Degpite the presence of high-
speed digital circuitry, the AD9857
IC achieves analog output signals
with excellent noise performance, all
on a single silicon (Si) complemen-
tary-metal-oxide semiconductor
(CMOS) chip.

A look at the block diagram of the
AD9857 helps to appreciate the
design’s blending of digital and ana-
log circuitry (Fig. 1). The AD9857 is
designed to operate with a +3.3-VDC
supply (with + b-percent regulation)
over the extended industrial temper-
ature range of —40 to +85°C. As with
the AD9856, the AD9857’s internal
system clock (SysClk) can operate at
rates to 200 MHz, which is the maxi-
mum sample rate of the onboard
DAC (200 MSamples/s). The quadra-
ture digital upconverter is controlled
through an SPI-compatible serial
input/output (I/0) port that is capa-
ble of operating at rates up to 10
MHz. The architecture is designed so
that the device may be used in any
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one of three operating modes: single-
tone generator mode, interpolating
DAC mode, and quadrature upcon-
verter mode.

The focus here will be on the last
mode of operation, which makes use
of all of the AD9857’s functional
blocks. The other two operating
modes are simply subsets of the
quadrature upconverter mode.
Briefly, in the interpolating DAC
mode, the quadrature modulator is
bypassed. In the single-tone mode,
the quadrature modulator

by enabling the PLL at a multiplica-
tion factor of 20. Of course, any phase
noise inherent in the RefClk signal
will be amplified by the PLL multi-
plication factor. For this reason,
very-low-noise clock sources are pre-
ferred when the PLL is employed.
The PLL also provides an exter-
nal-lock indication signal (the PLL
lock pin). When the PLL lock signal
registers high, it indicates to the user
that the PLL has acquired a lock con-
dition. In addition, this signal is rout-

tion of a digital sine and cosine wave-
form. Each waveform is represented
as a series of 14-b numbers that are
samples of the tuned frequency taken
at the fg rate. In the quadrature
upconverter mode, the digital sine
and cosine samples serve as a digital
quadrature local oscillator (L.O) oper-
ating at the carrier frequency, fc.
The carrier is simply the user-speci-
fied frequency to which the DDS is

tuned.
The quadrature modulator (or dig-
ital mixer) multiplies the

and the entire baseband sig-
nal-processing section are
bypassed.

Reference level

Marker 1 [T1]  RBW 30 kHz RF
-17.35 dBm

VBW 300 kHz attenuation 10 dB

Many of the features of the 0
ADY985T are directly con-

trolled or programmed by a
set of internal control regis-
ters, which are accessed by
the user through the serial
I/0 port. The serial I/0 port
is limited to a maximum
clock rate of 10 MHz, which o

sets an upper limit on the
rate at which registers may

~15dBm _39.00300601 MHz

-

SWT1s

e e e

quadrature carrier samples
from the DDS core by the
baseband I and Q samples.
A fundamental requirement
must be established at this
point, which is that the sam-
ple rate at the input to the
digital mixer must be the
same as the sample rate of

B

the quadrature carrier sig-
nal. For the AD9857, the

quadrature carrier signal is
sampled at fg, the frequency

of SysClk. This means that

be updated. The control reg-
isters have write and read
access, which can be benefi- | -850
cial during the prototype | =100
phase of a design because it
provides the designer with

80 -

Center 39 MHz

the I and Q samples must
also arrive at the digital

1 MHz

Spén 10 MHz

mixer at the fg sample rate.
The quadrature modulator
also handles the merging of
the multiplication results by

the ability to verify the con-
tents of the control registers
after they have been
programmed.

SYNCHRONIZATION

The AD9857 derives its timing
through a user-supplied external ref-
erence clock (RefClk) from which the
internal SysClk signal is derived. The
RefClk input will accept either a dif-
ferential or single-ended clock source
at frequencies up to 200 MHz. The
SysClk signal is either a directly
buffered version of RefClk or it is
derived from RefClk through an
internal phase-locked-loop (PLL)-
based frequency multiplier (pro-
grammable in integer values from 4
to 20 through the control registers).
The PLL is bypassed or enabled with
a control bit in the control registers.
This allows the user to employ a low-
frequency crystal oscillator for the
RefClk signal (e.g., 10 MHz), yet still
obtain 200-MSamples/s performance

3. This plot shows GMSK modulation for a 39-MHz
carrier with a sampling rate of 156 MSamples/s.

ed internally to provide certain inter-
nal housekeeping functions within
the baseband signal-processing sec-
tions of the device. A control bit in
one of the control registers will
determine whether the PLL lock
indicator triggers the internal house-
keeping functions.

The heart of the AD9857 is its
direct-digital-synthesizer (DDS)
core. The DDS consists of a 32-b accu-
mulator that operates at the SysClk
rate of fq. The frequency of the DDS
is tunable from DC to fg/2 by means
of programming registers, which are
accessed through the I/0 port. With
its 32-b tuning word, the DDS offers
a tuning resolution of fg/2*%, which is
equivalent to 0.047 Hz when operat-
ing at the maximum clock rate of 200
MHz.

In the AD9857, the primary role of
the DDS is the simultaneous genera-

either adding or subtracting
the two products. By
default, the Q results are
subtracted from the I results. How-
ever, the user can specify a spectral
inversion, in which case the products
are summed. This feature makes it
possible to select either the upper or
lower sideband when the device is
used as a single-sideband (SSB)
transmitter. The presence or absence
of the spectral inversion function
is handled through the control
registers.

The output of the quadrature mod-
ulator may be optionally routed to an
inverse SINC filter. When selected,
this digital FIR filter compensates
for the inherent sin(x)/x (SINC)
rolloff characteristic introduced by
the DAC (an unavoidable artifact of
the sampling process) by imposing an
x/sin(x) response on the samples
before they are routed to the DAC.
This compensation is effective over
the frequency range of DC to 0.45f.
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The inverse SINC filter is
enabled or disabled through
the control registers.
Additionally, the digital
samples may be scaled just
prior to the DAC input. This
is accomplished through a

SINC envelope

Fundamental

Bandpass filter

\

The T and Q@ words are
demultiplexed at the front
end of the device and fed
down parallel paths, which
constitutes the baseband
signal-processing pathway.
The I and @ data are first

programmable scaler. The

routed to an optional inverse

scaler multiplies the sam-
ples by an 8-b positive num-
ber that is programmed by
the user through the control
registers. The scaler is
designed so that the maximum multi-
plier value (all digital ones) corre-
sponds to a scale factor of 510/256
(1.9921875). The digital scaler makes
it possible to generate amplitude-
modulated (AM) signals or to ramp
the analog output signal level up or
down at will.

The AD985T7's most enabling
attribute is its integrated 14-b DAC.
With 14-b resolution, there is suffi-
cient dynamic range to satisfy multi-
carrier and spread-spectrum applica-
tions. Additionally, there is the
benefit of a reduced noise floor over
devices with fewer bits of resolution.
The DAC can handle sample rates up
to 200 MSamples/s, while still offer-
ing a spurious-free dynamic range
(SFDR) of better than —-50 dBe¢ with
an 80-MHz output signal. Though
this specification does not seem to be
overly impressive, it should be noted
this represents a worst-case sce-
nario. Since the largest spurious
components are harmonics of the fun-
damental output signal (a DAC-
induced artifact), it is often possible
to select a clock and signal plan that
minimizes harmonic artifacts, there-
by making it possible to achieve bet-
ter SFDR performance numbers
than those specified.

The DAC is implemented as a cur-
rent-output DAC with complemen-
tary output pins. An externally con-
nected resistor (Rset) establishes the
full-scale current generated by the
DAC. Typically, Rset is chosen for
10-mA full-scale output current.
When the input data to the DAC are
at positive full scale, the normal DAC
output pin sources 10 mA while the
complementary DAC output pin
sources 0 mA. The opposite is true
when the input data to the DAC are

at negative full scale. This comple- |

mentary output architecture makes
it possible to easily interface to a dif-
ferentially coupled pulse transformer
in order to reduce common-mode
spurious signals.

BASEBAND PROCESSING

The preceding sections have
described the functional blocks of the
AD9857 related to generating and
conditioning a carrier signal for the
purpose of modulating a baseband
signal. The following sections
describe the baseband signal-pro-
cessing chain. Baseband information
is delivered to the AD9857 over a 14-
b parallel data bus. The data present-
ed to the device are assumed to con-
sist of sampled I and Q data pairs that
arrive consecutively. That is, a 14-b
“I word” which is followed by a 14-b
“Q word.” The device provides an
output clock (PDCLK) to assist the

user in synchronizing the transfer of

data. The PDCLK signal is a square
wave at a frequency determined by
the programmed interpolation rate
of the digital cascaded-integrator-
comb (CIC) filters. Specifically, the
output data-clock frequency, fpey, is
equal to fs/2M, where M is the pro-
grammed interpolation rate of the
CIC filters. Each rising edge of the
PDCLK signal causes the ADY857 to
read in an I or Q word. The user pro-
vides a synchronization signal to the
ADI857 (T, Enable), the rising edge
of which signifies that the next rising
edge of PDCLK represents an I
word. The AD9857 continues to
accept alternating I and Q words
with each rising edge of PDCLK as
long as the user holds T, Enable high.
This input timing architecture makes
it very easy to implement data trans-
mission in either burst mode or con-
tinuous mode.

4. This diagram shows the technique of using a spectral
image of the output signal to eliminate an upconversion
stage in a Tx.

CIC filter. Next, it is passed
through two consecutive
halfband finite-impulse-
response (FIR) filters that
result in the T and Q data
being upsampled by a factor of 4. The
images normally produced by the
upsampling process are effectively
eliminated by the frequency-
response characteristic of the half-
band filters (Fig. 2). The frequency
scale is relative to the sample rate of
either the I or Q samples (which
equates to half the frequency of the
PDCLK signal). Note in Fig. 2a that
the stopband attenuation is 85 dB. In
Fig. 2b, it can be seen that the pass-
band ripple is virtually nonexistent.
Close inspection of Fig. 2b indicates
that some of the input bandwidth at
the high end must be sacrificed as
part of the transition region of the fil-
ter. Approximately 10 percent of the
bandwidth needs to be sacrificed to
retain flatness within 1 dB. This
implies that the user must upsample
the raw baseband data by at least a
factor of 2 prior to delivering the data
to the AD9857 to avoid the band-
width limitation imposed by the half-
band filters.

Following the halfband filters is an
optional CIC filter, which may be
bypassed through the control regis-
ters. There are two advantages to

using a CIC filter. First, the archi- |

tecture is easy to implement in hard-
ware since there are no multiplica-
tion operations required—only
additions, negations, and unit delays.
Second, a single CIC filter can be
made to interpolate data at different
rates. This is a unique characteristic
of CIC filters and makes it possible to
have a programmable interpolation
rate. In the AD9857, the CIC filter
can be programmed (through the
control registers) to interpolate at
any integer rate from 2 to 63. Pro-
gramming the CIC filter with a value
of 1 causes it to be completely
bypassed.
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A CIC filter is not without its
shortcomings, however. There are
three distinct disadvantages associ-
ated with the use of a CIC filter, but
each of these shortcomings has been
overcome in the AD9857 through
careful system design. The first dis-
advantage imposed by a CIC filter is
that the loss through the filter is a
function of the programmed interpo-
lation rate (an unavoidable conse-
quence of the architecture). The mag-
nitude of the loss ranges from no loss
up to 6-dB loss. To combat this prob-
lem, the output stage of the CIC fil-
ter incorporates a digital scaler that
automatically corrects the rate-relat-
ed loss. A second disadvantage of a
CIC filter is that the passband
response is not flat, but follows a
form very similar to a SINC
response. This problem can be over-
come by enabling the optional
Inverse CIC filter mentioned earlier.
This FIR filter modifies the data
before they arrive at the halfband fil-
ters to compensate for the frequency
response of the CIC filter. This effec-
tively flattens the CIC response over
the bandwidth of the passband of the
halfband filters. In most applications,
the inverse CIC filter is not required
because the halfband filters limit the
spectrum of the incoming data to a
nearly flat region of the CIC
response curve. However, some
applications cannot tolerate

tor pin, which serves as an alarm,
indicating that the CIC filters have
entered an overflow condition.

The AD9857 has been designed
with both power conservation and
noise reduction in mind. A separate
clock domain controls each major
functional block. When a functional
block (e.g., the CIC filters) is disabled
or bypassed, the clock to that section
is stopped, thereby reducing power
consumption and any associated digi-
tal switching noise.

CONFIGURATION PROFILES

The AD9857 has another feature
that adds to its versatility—its abili-
ty to switch between four configura-
tion profiles. A profile is a specific
grouping of control registers. Each
profile consists of an identical group-
ing of registers. However, the indi-
vidual registers within each profile
are independently programmable,
allowing four different device config-
urations to be programmed. The reg-
isters associated with each profile
support programming of a tuning-
word value (frequency), a CIC inter-
polation rate, spectral inversion (or
not), an output scale value, and
bypassing of the inverse CIC filter
(or not). To select a specific profile,
the user simply applies the appropri-
ate logic levels to the two profile-
select pins (PO and P1). This provides

- the user with the ability to rapidly

switch between configurations
through external hardware control.
Furthermore, the profile-select pins
are synchronized internally with the
rising edge of the PDCLK signal to
ensure predictable latency through
the device.

The advantages of using profiles
become apparent when, for example,
a form of modulation known as fre-
quency-shift keying (FSK) is
employed. FSK modulation is accom-
plished by switching between two
predefined frequencies in sympathy
with the 0’s and 1's of an input data
stream. FSK can be easily imple-
mented by loading frequency num-
ber one in to Profile 0 and frequency
number two into Profile 1. Then, with
the P1 pin held low, the user simply
drives the PO pin with the FSK data
stream. Thus, whenever the FSK
data stream presents a logic zero to
the PO pin, then frequency number
one is transmitted. Likewise, when a
logic one is presented to the PO pin,
then frequency number two is trans-
mitted. Many other scenarios are fea-
sible using this flexible architecture.

The AD9857 is well-suited for
wireless base-station applications.
Base stations in Global System for
Mobile Communications (GSM), for
example, offer a significant design
challenge in terms of noise floor and

spurious requirements.

the 0.5 to 0.7 dB of droop
imposed by the CIC filters,
in which case, the user has
the option of enabling the
inverse CIC filter to flatten
out the offending droop. A
third disadvantage of a CIC
filter is that the integrator
section incorporates feed-
back. This is not a problem
in and of itself, but if the
device is not used properly,
the CIC filters can be forced
into an overflow condition
(from which a soft recovery
is not possible). As a fail-
safe against this potential

0
-10

-30
-40
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Reference level —31.30 dBm VBW 300 kHz RF attenuation 0 dB
~29 dBm
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Especially those systems
that employ Gaussian mini-
mum-shift-keying (GMSK)
modulation. The stringent
noise and spurious require-
ments can make it difficult
for the system designer to
find an adequate digital solu-
tion. However, with its 14-b
integrated DAC and 14-b
data pathway, the AD9857
yields sufficient resolution
and dynamic range to pro-
vide the designer with a dig-
ital alternative to base-sta-
tion transmitter (Tx) design.

Given that the basic GSM
data rate is 270.833 kb/s, it is
a simple matter to convert

dB

problem, a control bit is pro- |
vided in the control regis- | -100 ! 5
ters that can force the CIC Center 170 MHz 200 kHz Span 2 MHz

filters to be cleared. In addi-

the basic GSM data rate to a
higher sample rate with the

tion, the user is provided 5. This plot shows GMSK modulation for a 170-MHz

with a CIC overflow indica- carrier at a sampling rate of 195 MSamples/s.

AD985T’s baseband signal-
processing chain. For exam-
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ple, assume that the user elects to
oversample the basic GSM data by a
factor of 2 prior to presenting it to the
ADI857. This alleviates the band-
width-sacrificing problem pointed
out in the halfband-filter section. The
sample rate is now 541.667 kSam-
ples/s. With a CIC interpolation rate
of 63 (the maximum value) and the 4
X upsampling of the two halfband fil-
ters, the sample rate becomes 136.5
MSamples/s, well within the 200-
MSamples/s limit of the AD9857.
Since it is now established that the
sample rate is 136.5 MSamples/s, in
this case, the GMSK signal can be
broadcast on an intermediate-fre-
quency (IF) carrier at any frequency
up to 40 percent of this rate. For this
example, any carrier frequency up to
54.6 MHz may be used.

To demonstrate the AD9587’s
capability in generating a GMSK-
modulated carrier, consider Fig. 3. It
shows a spectral plot of the AD9857
transmitting a GMSK-modulated sig-
nal on a 39-MHz carrier (156 MSam-
ples/s). The basic GSM data have
been oversampled by a factor of 4 and
the CIC interpolation rate set to 36.
Note that the AD9857 meets the
GSM spectral mask with margin to
spare.

In some systems, multiple upcon-
versions are required to shift the IF
up to the final broadcast frequency,
which can be in the 900- or 1800-MHz
range depending on the GSM system
employed. Thus, a 39-MHz IF signal
may not be sufficiently high enough
to eliminate an upconversion stage.
However, the exceptional perfor-
mance of the AD9857 makes the use
of an image of the output signal pos-
sible instead of the fundamental. Fig-
ure 4 demonstrates the technique of
using a spectral image.

Figure 5 shows a spectral plot of
the AD985T transmitting on a 170-
MHz carrier (195 MSamples/s),
which is the first image of the 25-
MHz fundamental carrier. Similar to
the setup of Fig. 3, the basic GSM
data rate has been oversampled by a
factor of 4, but the CIC interpolation
rate is set to 45 instead of 36. Note
that the AD985T7 is still able to meet
the GSM spectral mask despite the
reduced SNR imposed by the SINC
rolloff characteristic. In Figs. 3 and 5,

the spectral mask specified in the
GSM 05.05 document for GSM-900
transmitters is superimposed on the
ADY857 output spectrum.! This
demonstrates the AD9857’s per-
formance relative to the GSM
specification.

In short, the AD9857 is an
extremely flexible, low-cost DDS-
based solution for a wide range of fre-
quency-synthesis applications. It can
be used as a single-tone clock source
or LO, as a rate-programmable inter-
polating DAC, or as a quadrature
digital upconverter in a wide variety
of applications. Its 14-b DAC and 14-
b baseband data path yields suffi-
cient resolution and dynamic range
to make it suitable for wireless (and
wired) base-station and spread-spec-
trum applications. A low-cost evalua-
tion board is available for checking
the performance of the AD9857, com-
plete with a Windows™-based soft-
ware package with intuitive graphi-
cal user interface (GUI). The
evaluation board connects to the par-
allel port of a personal computer
(PC), which serves as the link
between the user and the AD9857’s
serial I/0 port. The register pro-
gramming protocol is handled by the
software package, thereby sparing
the user the task of learning the
details of communicating with the
ADI85T. P&A: $15.40 (1000 qty.) and
$250 (evaluation boards); stock. Ana-
log Devices, Inc., One Technolo-
gy Way, P.O. Box 9106, Nor-
wood, MA 02062-9106; (800)
262-5643, (781) 329-4700, FAX:
(781) 326-8703, Internet: http:/
www.analog.com.
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HMC230MS8 3 Bit, 2to 28 dB . 0.75-2 4,8, 16 1.8 +0.5 + 46 14.8
Pos. Bias

HMC288MS8 3 Bit, 2to 28 dB 0.7-3.7 2,4,8 1.3 +0.3 + 51 14.8
Pos. Bias

HMC291 2Bit,4to 12dB  KveE 4,8 0.9 0.2 +54 9
Pos. Bias ]

HMC290 2 Bit, 2to 6 dB 0.7-4 2,4 0.6 +0.2 +52 9

Pos. Bias

* DATA IS MIDBAND TYPICAL, “ DATA SHEETS ARE AVAILABLE ON - LINE!

Request Our |
PRODUCT SPECIFICATIONS ARE GuARANTEED, =55 °C TO +85 °C...  re8 2000 Catalog |

www. hittite.com &
PHONE: 978 250 3343 « Fax: 978 250 3373 @ |

12 Elizabeth Drive, Chelmsford, MA 01824 USA
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Design Services

Global Group Provides
Extensive Design Services

By leaning on their expertise in electronic design
automation (EDA), this engineeving team provides all
levels of design sevvices for hardware and softwave.

JACK BROWNE
Publishev/Editor

UCCESSFUL design efforts require a team with experience. Tality

Corp., a subsidiary of Cadence Design Systems (San Jose, CA), is

such a team, at the disposal of a customer needing any level of elec-

trical engineering services, from the development of a hybrid circuit
to the full design of a mixed-signal integrated circuit (IC). Tality can even
help with software/hardware integration and the development of measure-
ment procedures for final manufacturing test.

Tality acts as a form of virtual-
product-development organization
(VPDO), allowing a customer company
to focus its internal engineering
strengths on core competencies and on
differentiating their product lines from
their competitors. Tality features 14
design sites throughout the world,
with more than 1000 design engineers
covering virtually all aspects of electri-
cal-engineering design. Design center
locations include San Jose, CA; Sunny-
vale, CA; San Diego, CA; Portland,
OR; Vancouver, British Columbia,
Canada; Chelmsford, MA; Dallas, TX;
Cambridge, England; Ottawa, On-
tario, Canada; Milan, Italy; and Liv-
ingston, Scotland.

Tality actually consists of seven sub-
groups in specific design areas, with
four concentrating on system-level de-
signs and three on IC designs. The
system-focused groups include the
wireless design group, the data-com-
munications/telecommunications de-
sign group, the information appliances
design group, and the embedded con-
trols design group. The IC-focused
groups include the digital IC design
group, the analog/mixed-signal IC
group, and the silicon (Si)-technology-

services design group. This latter
group helps link IC design to
manufacturing.

The data-communications/telecom-
munications design services group and
the wireless design services group can
enable firms with limited engineers
resources to quickly and effectively de-
velop new products for rapidly chang-
ing markets. The data-communica-
tions/telecommunications design
group specializes in several key tech-
nologies for modern network access
designs, including cable modems, digi-
tal-subscriber-line (DSL) modems,
end-user network devices, and en-
hanced network protocols. For exam-
ple, the group’s experience in DSL
modems includes expertise in adaptive
equalization, adaptive coding, digital
modulation, and multilayer protocol
stacks.

The wireless design services group
can help a customer with a full product
design, including printed-circuit-board
(PCB) subsystem design and IC
design, software/hardware implemen-
tation, test-procedure development,
certification, and hand-offs to manufac-
turing facilities. Cadence’s wireless de-
sign expertise consists of six wireless

design centers, including Cambridge
and Livingston in United Kingdom
and Portland and Vancouver in the Pa-
cific Northwest. The six design centers
comprise a network of more than 300
engineers with over 450 completed en-
gineering projects to their credit. De-
sign capabilities include digital base-
band hardware, digital baseband
software, analog baseband hardware,
RF hardware (including ICs and
PCBs), power-management and
power-supply cireuits, user interfaces,
protocol stacks, and industrial/me-
chanical packaging designs.

The wireless design services group
has already accounted for a wide range
of custom wireless products for inter-
national customers, including handsets
and infrastructure equipment for Digi-
tal European Cordless Telecommuni-
cations (DECT) systems, developers
kits for Bluetooth devices, high-speed
designs for HiperLAN wireless net-
works, and a variety of Global Posi-
tioning System (GPS) satellite-naviga-
tion designs.

Tality makes use of the company’s
computer-aided-engineering (CAE)
simulation tools to accurately model
and develop custom circuits and inte-
grate these into cost-effective prod-
ucts. In only five years, Tality has
grown into a $146 million (annual) op-
eration within Cadence Design Sys-
tems, devoted to customer satisfaction
and fast turnaround times. Cadence
Design Systems, Inc., 555 River
Oaks Pkwy., San Jose, CA 95134;
(800) 746-6223, (408) 943-1234, In-
ternet: http//www.cadence.com.
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Strike back against data loss with Narda’s
new Phase-Locked DROs for microwave radio.

Why put up with data loss caused by acoustic or mechanical shocks when you can put in Narda's new
Phase-Locked DROs? Designed for high-volume microwave radios, Narda's advanced-technology PLLDROs
maintain phase lock under the toughest conditions.

Our rugged models maintain precise frequency and phase lock during direct impact shocks. So don't
get hit by data loss. Get Narda's PLLDROs for your high-volume microwave and LMDS radios.

Once you do, you'll also benefit from performance-boosting characteristics like ultra-low phase noise,
wide operating temperatures and superior frequency stability—all at prices so low, they're shocking in

themselves. Call Narda now at 631-231-1700.
narda

microwave-east

Typical phase noise performance for o
Narda 26 GHz phase-locked oscillator. © 2000 L-3 Commurications, Inc.

; an@communicaﬁons company
www.nardamicrowave.com
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Fixed-Frequency VCOs

IGs Help Implement
A Trim-Free VGO

A new family of integrated civcuits can ease the
task of developing compact, fixed-frequency voltage-
controlled oscillators (VCO:s) for IF applications.

Chris 0’Gonnor
Member of Technical Staff
Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086, (408)
737-7600, FAX: (408) 737-7194, Internet: http://iwww.maxim-ic.com.

ESIGNING a voltage-controlled oscillator (VCO) for fixed interme-
diate-frequency (IF) use can be daunting. Fortunately, the
MAX2605-2609 VCO integrated circuit (IC) from Maxim Integrated
Products (Sunnyvale, CA) can simplify the task while saving money
and printed-circuit-board (PCB) space when compared to conventional

discrete-device VCO solutions.

In a traditional IF VCO design,
discrete transistors, resistors, capac-
itors and inductors form the oscilla-
tor core and output-buffer stage
(Fig. 1). The tank is built from a net-
work of the frequency-setting indue-
tor, varactors, coupling capacitors,
and feedback capacitors.

A major disadvantage with dis-
crete IF VCO designs is the amount
of PCB area needed. Much effort
must be expended in optimizing the
layout to below 6 x 10 mm. Further-
more, the PCB layout is critical in af-

fecting the performance and design

accuracy of the VCO. The layout con-
tains parasitic capacitances and in-
ductances that affect the frequency
of oscillation. These must be taken
into account in order to properly im-
plement the oscillator. Parasitic ele-
ments often cause an undesired shift
in the nominal oscillation frequency,
which negatively contributes to de-
sign-centering errors and ultimately
forces the need for greater tuning
range to account for the errors.

In order to simplify the design of
IF VCOs, as well as reduce cost and
size, Maxim Integrated Products has
developed the MAX2605-2609 family
of IF VCO ICs. The five ICs in the
family are designed specifically for
low-power, fixed/single-frequency

The output stage uses reac-
tive elements to impedance
match the output to the par-
ticular load impedance. The
proper component values
must be found to ensure a
successful design. These in-
clude considering the needs
to establish the desired
nominal oscillation fre-
quency, guaranteed oscilla-
tor startup under all condi-
tions, adequate tuning
range, proper biasing, and
proper output-stage perfor-
mance. Even with a good
first-order design, problems
can occur—trade-offs exist
between current consump-
tion, start-up margin, fre-

1

portable wireless applica-
tions from 45 to 650 MHz.
The ICs include much of the
circuitry needed on chip—
only the tank inductor
= (which establishes the oscil-
lation frequency) is left off-
chip. Once the correct value
of external inductance is
chosen, the IC is guaranteed
to tune to the corresponding
frequency over the tuning-
voltage range of +0.4 to +2.4
VDC. The IC’s tuning-volt-
age input can be driven di-
rectly from the output of a
phase-locked-loop (PLL)
loop filter. The MAX2605-
2609 ICs are designed for
supply voltages of +2.7 to
+5.5 VDC. The supply-volt-

quency-tuning range, and
phase noise.

1. This schematic diagram shows an example of an IF
VCO implemented with discrete-circuit elements.

age connection does not re-
quire special regulation for
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and space flight applications.

Ducommun
Technologies’
Wireless Package
features switches from
our RF & Microwave
Product Line that includes
various Coaxial & Waveguide
switches, Broad Band Coupler
and High Power Dual Notch
Filters for commercial, military

[TOH Series is a SP2T [MM Series, 5P4T and [The MM or TOH switches ~ [RA Switchis a cost [4x4 Matrix Switch uses
switch for various 4P3T switches are used in come available with effective SPST switch breakthrough technology
Wireless application Base Station applications either Strip Line or SMA intended for Strip Line to supply @ non-blocking

that require three connectors mounting 4x4 switch matrixina
antennas to receive or 3.5x3.5x3.0 package.
transmit. The switching The Matrix Package
configuration would replaces 8 SPAT switches
employ four amplifiers, and 16 interconnections

one antenna, plus one
spare. The MM4 switch
would be used to route
the back-up amplifier
to one of the three
antennas as required

" DUCOMMUN

TECHNOLOGIES, INC.

23301 Wilmington Avenue, Carson, CA 90745 Phone 310-513-7200 Fax 310-513-7298 www.ductech.com Email sales@ductech.com
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Fixed-Frequency VCOs

proper operation. Each IC is sup-
plied in a tiny six-pin plastic SOT-23
package (Fig. 2).

The product family includes the
MAX2605, MAX2606, MAX2607,
MAX2608, and MAX2609. The
MAX2605 tunes from 45 to 70 MHz
with phase noise of ~117-dBe/Hz off-
set 100 kHz from the carrier. The
MAX2606 tunes from 70 to 150 MHz
with phase noise of ~112-dBe/Hz off-
set 100 kHz from the carrier. The
MAXZ2607 tunes from 150 to 300 MHz
with phase noise of -~107-dBc/Hz off-
set 100 kHz from the carrier. The
MAX2608 tunes from 300 to 500 MHz
with phase noise of -100-dBe/Hz off-
set 100 kHz from the carrier. The
MAX2609 tunes from 500 to 650 MHz
with phase noise of -93-dB¢/Hz offset
100 kHz from the carrier.

The frequency-tuning range, bias-
ing, startup, and other oscillator
characteristics are managed within
the IC, eliminating the design
headaches typically associated with a
VCO design. On-chip varactors and
capacitors eliminate the need for ex-
ternal tuning elements, and thus sim-
plify the design of an IF VCO.

The MAX2605-2609 was conceived
to provide several important new
value elements to RF designers. The
IC was designed to create VCOs that
would be trimless, without the need
for external adjustments. It was also
designed to cover a wide range of ap-
plication frequencies to accommo-
date the anticipated range of system
IFs found in dual-conversion sys-
tems. Additionally, it was designed
to have a flexible output interface,
help reduce the cost of building an IF

IND [1

GND [2

Tune E—{ 4

2. The MAX2605-2609 IF VCO IC is
supplied in a six-pin surface-mount
SOT package designed to occupy
minimum PCB space.

created the opportunity to design the
IC to simultaneously provide all the
desired operating objectives of a
good VCO design. The circuit could
ensure proper oscillator startup,
wide frequency range, required tun-
ing characteristics for trimless oper-
ation, controlled current consump-
tion, as well as power-supply and
temperature-independent biaging.

Using an off-chip inductor allows
the VCO to be applied over a wide
range of operating frequencies. The
on-chip capacitance remains the
same, but changing external induc-
tance values modifies the resonant
frequency of the oscillator-tank cir-
cuit. If the inductor has a minimum
quality factor (Q), then the phase-
noise and startup behavior can be
guaranteed (F'ig. 3).

In order to implement this new cir-
cuit approach, the IC technology
used needed a full complement of ac-
tive and passive elements to support
construction of the oscillator circuit
shown. Specifically, the IC-process
technology had to provide high-fre-

. quency transistors, high Q, high-ca-

. pacitance-ratio varactor diodes,

high-Q capacitors, and positive-nega-
tive-positive (PNP) or p-channel-
metal-oxide-semiconductor (PMOS)
devices. The MAX2605-2609 IC is
fabricated with a silicon (Si) bipolar-
complementary-metal-oxide-semi-
conductor (BiCMOS) process devel-
oped specifically for RF ICs,
including monolithic oscillator struc-
tures. This process features nega-
tive-positive-negative (NPN) tran-
sistors with a transition frequency (f
1) of 25 GHz; PNP, N-type-metal-ox-
ide-semiconductor (NMOS), and
PMOS devices; low-series-resistance
varactor diodes with better than 2:1
capacitance ratio for tuning voltages
from +0.4 to +2.4 VDC; very high-Q
metal-insulator-metal (MIM) RF ca-
pacitors; precision thin-film resis-
tors; and three layers of metal.
Finally, in order to absolutely
guarantee that the oscillator pos-
sessed sufficient frequency-tuning
range to account for the shift in oper-
ating frequency caused by compo-
nent tolerances, Maxim elected to
perform production testing on the
devices and guarantee a set of fre-
quency limits. The limits provide the
user of the MAX2605-2609 with an
absolute guaranteed set of high and
low frequency-tuning limits (fy;ax
and fy 1y, respectively), where a
passing IC has a frequency of oscilla-
tion (fogc) that is less than or equal to
the minimum tuning frequency
(fyrn) at a tuning voltage (Vpyng) of
+0.4 VDC and fosc < fMAX at VTUNE
= +2.4 VDC. This testing guarantees
that the VCO will always tune to the
inductor-selected operating fre-

VCO, and help shrink the
size of the final design.

Vee

quency with no adjustments
to the external inductance

Since the MAX2605-2609
represents a new VCO con-

cept, a fundamentally new | IND
circuit approach was needed |
to achieve the product ob- .

F

jectives. Maxim devised an
oscillator scheme that could

1

use the reliable and flexible | =
Colpitts oscillator structure.
The topology was adapted
so that all oscillator-circuit

il

Veoic

>

Amplifier
control

—a Qut+

value—assuming a * 2-per-
cent tolerance-external in-
ductor, temperature drift,
and a small design centering
error (less than 0.5 per-
cent)—thereby achieving a
trimless VCO design.

The application of the
MAX2605-2609 was de-

GND —

7 Out-
! signed to be highly simpli-
fied and conceptually easy to

elements except the induc-

understand. The application

tor would be integrated into

the entire oscillator on-chip

3. This circuit diagram of the MAX2605-2609 VCO IC
the IC. Integrating nearly shows how changing the value of the external inductor
changes the resonance of the on-chip tank circuit.

of the MAX2605-2609 in-
volves two simple steps:
1. Selecting and imple-
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COMPETITIVE.

Switches and
Power Dividers
JFW Industries continues to redefine
high performance RF switches and
power dividers at competitive prices.
With over 1,500 individual models
currently available and custom
design capabilities, JFW has the
switching and power divider solutions
that you need. Recent innovations
include 2 and 4 way dividers
optimized for cellular and PCS
applications with a guaranteed
minimum isolation of 40 dB, as well
as 1P2T and 1P4T solid-state switches
designed specifically for 3 G
applications up to 3 GHz. For more
information, please contact us or
visit the Switch and Power Divider
sections on our web site at
www.jfwindustries.com/rfswitches.html
and

Jjfwindustries.com/dividers.html
Power Dividers are available Switches are available with the
with the following features: following features:
¢ Frequency ranges from DCto 4 GHz ¢ Frequency ranges from DC to 4.3 GHz
* Reactive and Resistive designs o Electro-mechanical and Solid-state
s Up to 150 Watts continuous RF power models
* Custom enclosures and connector * Parallel, TTL, GPIB, or RS232
configurations controllable
¢ High isolation models available * Up to 250 Watts continuous RF power
« Impedances 50 and 75 Ohms » Self-terminating and reflective models

¢ |mpedances of 50 and 75 Ohms

"W Industries, Inc. T (317) 887-1340 Toll Free 1 (877) 887-4539
cialists in Attenuation and RF Switching Fax (317) 881-6790
5134 Commerce Square Dr. « Indianapolis, Indiana 46237

Internet- http://www.jfwindustries.com
E-mail- sales@jfwindustries.com
ISO 9001 Certified
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Fixed-Frequency VCOs

menting an external induc-
tance to set the desired os-
cillation frequency.

2. Resistively or reac-
tively matching the output
stage to the load (Fig. 4).

The nominal desired op-
erating frequency of the
VCO (fyom) is selected
solely by the value of exter-
nal inductance. The re-
quired external inductance

1
Lf
2

From PLL loop-
filter output

v PLL prescalar. The output
ﬂ“ ) can be taken single-ended
6}-—¢ | F—e———0ut+ | or differentially. However,
R2 the maximum output power

and lowest harmonic output

>[5 H I Tomixer | are achieved in the differen-
R tial output mode. Outputs

- | OUT- and OUT+ are open-
e =0 | oollector style and require a
c1 'D;rgsfs';tr“l'; ’ pullup element to the collec-

capacitor divider | tor voltage V.. The output

network stage may be applied with a

versus the desired operat-
ing frequency is described
through a detailed curve
(Fig. 5). The required inductance
value is taken directly from this
curve. The inductance is the effective
inductance at pin 1 (IND).

The inductance value (L) that is
required for the desired operating
frequency may not necessarily coin-
cide with a standard value surface-
mount-technology (SMT) inductor,
which typically increases in approxi-
mately 1.2 X steps. In these cases,
the inductance must be constructed
from two inductors—ILy; and Lpo—
in order to achieve the desired value.
Inductor Ly, should be chosen as the
nearest standard-value inductor just
less than the required total indue-
tance. Inductor Ly, should be chosen

4. This simple schematic diagram represents a typical
application for the MAX2605-2609 VCO IC.

as the nearest-standard value just
less than Ly — Ly;. Inductor Ly,
should adhere to the minimum-Q re-
quirements, but inductor Ly, may be
implemented as a lower-cost thin-
film SMT inductor. Its lower Q has
only a small impact on the overall Q
of the inductance because it is less
than 20 percent of the total induc-
tance. It is also permissible to use
PCB traces in order to provide a
small amount of inductance, thereby
adjusting the total inductance value.
On the MAX2608 and MAX2609, the
inductance values for inductor L,
are sometimes precisely imple-
mented as a PCB trace (shorted to
ground), rather than as an SMT in-
ductor. Once the

Required LTyNE—nH

MAX2607
Required LTUNE VS. fcenter

value of indue-
tance is estab-

210

lished at pin

200 |
190 |

IND, the VCO is

guaranteed to

180 |

tune to this oscil-

1o
160 [

lation frequency

150 |

over all compo-

nent variations,

140 [+

operating tem-

130 |-
120 |-

peratures, and

RS

supply voltages.

The MAX2605-

100 |:

2609 VCO in-

cludes a differen-

tial-output

amplifier after

| the oscillator

core. The ampli-

fier stage pro-

fcenter—MHz

vides valuable
isolation and of-
fers a flexible in-

5. This plot contains values of required total-tuning
inductance (L ¢ as a function of desired-oscillation
frequency for the 150-to-300-MHz MAX2607 VCO IC.

terface to the IF
functions, such as
a mixer and/or

pullup resistor or inductor.
A pullup resistor is the most
straightforward method of
forming an interface to the output
and works well in applications that
operate at lower frequencies or only
require a somewhat modest voltage
swing.

For frequencies of operation above
the 3-dB bandwidth and/or when a
greater voltage swing or output
power is desired, a reactive-power
match is required. The matching net-
work is a simple circuit with shunt in-
ductor and series capacitor. The in-
ductors are connected from pins
OUT-and OUT+ to pin Vg to pro-
vide DC bias for the output stage.
The series capacitors are connected
from pins OUT- and OUT+ to the
load. The values for LM and CM are
chosen according to the operating
frequency and load impedance. In
general, the differential output may
be applied in any manner like con-
ventional differential outputs. The
only constraints are the need for a
pullup to VCC and a limit to the volt-
age swing at the output pins OUT-
and OUT+.

A comparison of the design time
needed to apply each approach re-
veals a dramatic difference in the de-
velopment time. The classical/dis-
crete approach shown is very
design-intensive to implement. Con-
versely, with the MAX2605-2609, it
is possible to design the VCO solu-
tion in minutes and verify and test it
in an afternoon. The MAX2605-2609
dramatically reduces the required
development time. Maxim Inte-
grated Products, 120 San
Gabriel Dr., Sunnyvale, CA
94086; (408) 737-7600, FAX: (408)
737-7194, Internet: http://www.
maxim-ic.com.
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Concludeq you -
accurac needed greater

y Measuring your
RMS Power outpyt.

Our SmartLoad®power-sensing termination is a major advance in
monitoring RF output, such as in microwave transmission fault
detection. It provides a true RMS response because it detects microwave

power by converting it into heat. The VSWR does not vary with input

Call us at 856-429-7800,

and ask about Smartload,
another brainstorm from EMC,

or visit www.emct.com

power or ambient temperature. Alternatives that are this precise are
expensive. And because it's a monolithic all-thick film device,
compatible with automated assembly equipment,

SmartLoad can reduce your chip count and

save you money.
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Do you want
it now?
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Visit the
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website at:
www.mwrf.com and click the
instant inquiry button to request
information seen in this issue or
visit the manufacturers links for
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6. This graph shows the ACPR improvement ratios IR(OIP;) and IR(P4 4g ) in
the forward CDMA modulation. Increasing the backoff power level is a more-
efficient way for improving ACPR than increasing the OIP,.

(contmuedﬁ"om p. 92) Intermodulation Spectrum By Modeling Device Non-Lin-

¢ earity With Tcheﬁyshev Polynominan,” 1997 Wireless

RF Power Amplifier Design For CDMA Signals,” 1996 ;| Communications Conference, pp. 117-120.

IEEE International Microwave Theory And Techniques | 4. Nuno Borges de Carvalho and Jose Carlos Pedro,

Symposiwm Digest, June 1996, pp. 851-854. i “Compact Formulas To Relate ACPR And NPR To Two-
3. %sin-Chin Chang, Seng-Woon Chen, Doug Moe, and ; Tone IMR And IP3,” Microwave Journal, Vol. 42, No. 12,

Scott Hackman, “CDMA ACPR Prediction Using Two-Tone ;| December 1999, pp. 70-75.

Table 2: Summary of the testing results of the
DUT-C biased at +5 VDC and +6 VDC
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Filter with Flat Group Dela

WAVECON CIRCLE 563

Frequency coverage 450 MHz to 26.5 GHz
Low Insertion Loss <0.3 dB; H;gh Isolation >23 dB

Excellent VSWR
/ Drop-in Packages J Volume Discount
/ Reflection sensing tabs v " Application Support
/ Surface Mount Packages ,/ TQM Organization
/ Four port custom designs  / Just in Time
. Conneqcropnons v MIL--45208 Qualified
/ Coaxial packages J/ Custom designs
/ Multijunction for V/ Cellular/Comm.
higher isolation optimized

+'Low Cost / High Volume Production Capability
380 Tennant Ave. Morgan Hill, CA 95037

A /@V p/Awww.novamicro.com
Tel. 408 778 2746 » Fax.408-779-5967

MICROWAVE e-mail: novamic@msn.com
NOVA MICROWAVE CIRCLE 560

40MHz TO 183GHz
HIGH ISOLATION, RADIAL
SP6T & SP7T, PIN DIODE SWITCHES

* HIGH ISOLATION

* ULTRA-BROADBAND
* LOW INSERTION LOSS
* LOW PROFILE RADIAL DESIGN

AMC MODEL Nos:
SWN-1170-6DT-00418 & SWN-1170-7DT-00418

SPECIFICATIONS:
®  FREQUENCY RANGE
INSERTION LOSS
* ISOLATION
VEWR : 181

®  SWITCHING SPEED % 28 oS RISE/FALL sax

%150 S ON/OFF !lAL

EASTER SWTTCING SPEEDS AYATARLE)

*  CONTROL TTL, COMPATIBLE m-a-
AP CONTOL OFTIONS AYARLARLE)

*  PCPOWER SUPPLY 200, IS raax.
APTHEN VOLTALLES AYABABLE)

.

.

SIZE : 125" (Hinscter} X 0.70° Gueight)
WEIGHT : <o,

“tn Pursni of Esoellanse Phromgh Engingering™
AMERICAN MICROWA VE CORPORATION

OTHER MODELS AVAILAELE FROM SPST TO SPI6T, BOTH ARSORPTIVE AND REFLECTIVE,
731G GROVE ROAD
FREDERICK, MD 21704

TAN\Y B

AMERICAN MICROWAVE CORP. CIRCLE 552

ProbePoint™

ePrecision CPW to iStrip Adapler Substrates
«(Companion Calibration substrates and standardse
e Accurate Electrical Data o Frequencies greater than 50 GHze

* 5,10, 15 mil thickness «
*Compalible with 40GHz+ probes =

150 614-8509
{5033 5318325 [FAX]

o microTechnology
3744 NW Bluegross Pt
ﬁ“ﬁw wanw, fnicrotechnolagy.com
Test Tooling for the Untestable

Portland, OR 97229
J MICROTECHNOLOGY CIRCLE 557
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(201) 666-6698

:‘: Engineus' and l)owlopors
Conference
Proceedings

SAMPLE TOPICS

Wireless/
Portable

* Bluetooth Connectivity

e LAN Technologies

¢ PCS Handset Technology
® High Power Design

e 3G ¢ DSP Made Simple

/-\
mrel@w@wm

Portable by Design

[[1]:1
Tracks

* Wireless Technologies
e Servers, Browsers
& Munging
e Control & Implementation

...and much more

For more
information,
call us at

1-888-947-3734

- www.WirelessPortable.com
www.iDeviceBuilder.com

Act Today-
quantities are limited
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MICROWAVES & RF DIRECT CONNECTION ADS

Fiers to 50 GH

® Waveguide

® Stripline/Microstrip

® Transmission Line

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

NI

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 * 800-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com

TO ADVERTISE CALL JOANNE REPPAS

PCAAD 4.0
Personal Computer Aided Antenna Design
32 bit Software for Windows

The latest version of this popular general purpose
antenna design and analysis software is now available,

PLAAD 401 Pe

e Aided Antonna Dossgn
Pt 5* Wies Aam m: Miiostip Tines Help

Cost: $390. For more information, contact:
Antenna Design Associates, Ine.

(201)

SPECIALISTS IN
CUSTOM DESIGNED
SATELLITE SWITCHES

SPACE WAVEGUIDE SWITCHES

666-6698

WR112

WR75

SECTOR MICROWAVE
INDUSTRIES INC.
Bivd. Deer Park, NY 11729

Tel: (831)242 zaoo * Fax: (631) 242-8158
sectormicrowave.com

able Microwave Spectrum Analyzers, model MSA-90A,
covers a frequency range of 50 KHz to over 1 GHz in one
sweep with a sensitivity greater than -110 dBm at narrow
spans and uses slale-of-the-art direct frequency synthe-
sis to assure accurate center frequency measurements
down to 1 KHz accuracy, for the amazing price of $ 3875.

500 SOUTHLAKE BLVD
RICHMOND, VA 23236 USA
804-794-2500
OF VIRGINIAINCORPORATED  FAX: 804-794-8284
Web site: www. AVCOMofVA com

software is driving
you to drink, check
out the serious

software:

DGS S FlYN
PCFILT

Check out our web page at
http://www.web-span.com/alk

Where you'll find
+The PCFILT for Windows demo
«The PCFILT user guide

«Sample designs
* Program specifications
+Program update information * FREE inductor design software

A410-546-8573  Fox: 410-860-2062

AVCOM OF VA., INC. CIRCLE 555

ALK ENGINEERING CIRCLE 551

http:/iwww.microwavefilter.com 5 T“‘““:,d‘:f,:zg ﬁ?‘;‘:s_m:‘:m 01002 o Coax & Mamx Switch Assemblies Available

MICROWAVE FILTER COMPANY  CIRCLE 559 | ANTENNA DESIGN ASSOC. CIRCLE 553 SECTOR MICROWAVE CIRCLE 567

PRECISE MEASUREMENT i i
EEEAESLEEN [ ALK Engineering | | [mevonw Loss BRIDGES

'
AVCOM's MSA-90A ‘ ‘
. If trying to do it
Microwave Spectrum Analyzer with the big-name
AVCOM's newest addition to its impressive line of afford- brand filter design

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.

WIDE BAND ENGINEERING CO. INC.

P.O. Box 21652, Phoenix, AZ 85036
Phone & Fax (602) 254-1570

WIDE BAND ENGINEERING CIRCLE 564

New and Current Products Presented By The Manufacturer

RF

icrowaves

For further information,
circle the appropriate
number on the
Reader Service Card.

To advertise, Call Joanne Reppas at
(201) 666-6698, Fax (201) 666-0557

MICROWAVES & RF - AUGUST 2000
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Rb Standards & DDS Synthesizers
“Precision You Can Afford”

« 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
DDS3pc & DDS4pe PC ISA-bus to 34 MHz

« Bench Top Synthesizers

2910A Series 1pHz steps to 48MHz

Novatech Instruments, Inc.
206-301-8986 (v) , 206-363-4367 (fax)
Specs & prices: www.eskimo.com/~ntsales

NOVATECH INSTRUMENTS, INC.  CIRCLE 561



Circulators protect
solid-state circuits
High-power, low-loss, tab-mount
circulators and isolators designed to
protect solid-state circuits are avail-
able over 10-percent minimum band-
width in the 1-to-3-GHz frequency
range. Various models cover identifi-
cation friend or foe (IFF), personal
communications services (PCS), and
radar bands. Rated at 300 W CW and
3-kW peak power, the units typically
provide greater than 20-dB isolation,
0.2-dB loss, and 1.25:1 maximum
VSWR. Integral mounting tabs pro-
vide optimum ground contact. SMA
connectors are an option. The pack-
age measures 1.25 X 1.33 X 0.75 in.
(3.18 x 3.38 X 1.91 ecm). UTE
Microwave, Inc., 3500 Sunset
Ave., Asbury Park, NJ 07712;
(732) 922-1009, FAX: (732) 922-
1848, e-mail: info@utemicro
wave.com, Internet: http://
www.utemicrowave.com.
CIRCLE NO. 61 or visit www.mwrf.com

Amplifier serves
WLL applications

The model JCA23-W03 amplifier
for wireless-local-loop (WLL) appli-
cations covers 2.3 to 2.5 GHz with a
minimum gain of 24 dB and a gain
flatness of +0.5 dB. The amplifier
boasts a power output of +30 dBm
minimum at the 1-dB compression
point. It offers a typical noise figure
of 1.3 dB and typical output intercept
compression point of +40 dBm. Cus-
tomized versions are available, with
options for alternative gain specifica-
tion, temperature compensation, and
drop-in packages. JCA Technolo-
gy, Inc., 4000 Via Pescador,
Camarillo, CA 93012; (805) 445-
9888, FAX: (805) 987-6990, e-
mail: jca@jcatech.com, Inter-
net: http://www_ jcatech.com.

CIRCLE NO. 62 or visit www.mwrf.com

Attenuator suits
cellular environments

Model 3-A-MFB-XX is a convec-
tion-cooled attenuator with a 3-W
continuous power rating and ambient
temperature range of operation of
—40 to +40°C. With a maximum
VSWR of 1.1:1 from DC to 1 GHz and
1.25:1 VSWR from 1 to 4 GHz, this
unit is ideal for cellular, personal-

NEW PRODUCTS

. communications-services (PCS), lab-

oratory, and field environments. The
product’s standard attenuation val-
ues are 1, 2, 3, 6, 10, 20, and 30 dB.
Bird Component Products,
10950 72nd St. N., Suite 107,
Largo, FL 33777-1527; (727) 547-
8826, FAX: (727) 547-0806, e-
mail: sales@birdfla.com, Inter-
net: http://www.birdfla.com.
CIRCLE NO. 63 or visit www.mwrf.com

VCO reaches
2300 MHz

Model VCO-2200AT is a voltage-
controlled oscillator (VCO) that gen-
erates frequencies from 2100 to 2300
MHz with control voltages from 0.5
to 4.5. The unit typically requires 12-
mA current from a +5-VDC power
supply. Typical phase noise at 100-
kHz offset is —116 dBc/Hz, and typi-
cal output power is 0 dBm. Second
harmonic suppression is typically
—14 dBe and third harmonic suppres-
sion is typically —20 dBe. The unit is
housed in a 0.50 x 0.50 x 0.18-in.
(1.27 X 1.27 X 0.46-cm) surface-
mount package. Vari-L, 4895 Peo-
ria St., Denver, CO 80239; (303)
371-1560, FAX: (303) 371-0845,
Internet: http://www.vari-l.
com,

CIRCLE NO. 64 or visit www.mwrf.com

Sync module
filters jitter

The model SY-0001 Stratum-3
clock module is a semicustom subsys-
tem that offloads costly design engi-
neering tasks and boasts a turnkey
solution to many communication-sys-
tems design challenges. The unit fea-
tures its own oven-controlled crystal
oscillator (OCXO0), two independent
inputs of any reference frequency
from 8 kHz to 77.76 MHz, and a digi-
tal-signal-processor (DSP) phase-
locked loop (PLL) with a bandwidth
of 0.1 Hz that eliminates jitter in any
incoming signal. DSP coefficients are
held onboard in Flash memory and
provide a high degree of user flexihil-
ity. Flexibility features include two
external reference frequencies, con-
trol inputs through header pins, J-
TAG or SCI connectors, and three
packaging options. The packaging
options include a hermetically sealed
metal box for severe conditions, an

electromagnetic-interference (EMI)-
protected metal enclosure, or an open
circuit board for low-profile installa-
tions. Raltron Electronics Corp.,
10651 N.W. 19th St., Miami, FL
33172; (305) 693-6033, FAX: (305)
594-3973, Internet: http://www.
raltron.com.

CIRCLE NO. 65 or visit www.mwrf.com

Analyzer’s reach
is extended

The models 6846 and 6847
microwave system analyzers en-
hance a system’s flexibility and abili-
ty to measure microwave signals to
26.5 GHz. Model 6846 measures
transmission characteristics of
7-GHz radio feeds and spectral puri-
ty to the third harmonie. The instru-
ment includes an 8.4-GHz swept
source and scalar analyzer with a 24-
GHz spectrum analyzer. Model 6847
has a source and scalar analyzer that
extends to 20 GHz and a 26.5-GHz
spectrum analyzer. This supports
feeder measurements on 7-GHz, 13-
GHz, and 15-GHz radios with spec-
trum- and modulation-envelope mea-
surements on 23-GHz radios. IFR
Systems, Inc., 10200 W. York St.,
Wichita, KS 67215-8999; (800)
835-2352, (316) 522-4981, e-mail:
info@ifrsys.com, Internet:
http://www.ifrsys.com.

CIRCLE NO. 66 or visit www.mwrf.com

Filter isolates
critical frequencies

The model 12086-2 waveguide fil-
ter boasts very low loss, 0.04 dB max-
imum, across the 3.625-t0-4.2-GHz
receive band. It maintains a return
loss of greater than 25 dB (VSWR
1.12:1) in the passband, and achieves
a rejection of greater than 70 dB in
the transmit band across the 5.85-to-
6.425-GHz frequency range, WR-
229G flanges are standard, with
other flange and mechanical configu-
rations available upon request.
Microwave Filter Co., 6743
Kinne St., East Syracuse, NY
13057; (800) 448-1666, (315) 438-
4700, FAX: (888) 411-8860, (315)
463-1467, e-mail: mfcsales@
microwavefilter.com, Internet:
http:// www.microwavefilter.
com.

CIRCLE NO. 67 or visit www.mwrf.com
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Focus Mlcrowa;ves

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?7
; Tel: (514) 335-6227 Fax: (514) 335-6287

E-mail: info@focus-microwaves.com

CIRCLE NO. 387



Bypass switch serves
microstrip applications

The 409B series of miniature
bypass switches operates from DC to
3 GHz and is designed to be mounted
on a printed-circuit board (PCB).
This 0.75 x 1.00 X 0.45-in. (1.91 X
2.54 X 1.14-em), 50-Q impedance
series of switches with +24-VDC
actuating voltage is designed for
microstrip applications. The unit can
be hot switched at 10 W CW and can
handle up to 30 W CW. The insertion-
phase repeatability from port to port
is within 0.01 dB for a 100-MHz band-
width. Maximum VSWR is 1.20:1,
maximum insertion loss is 0.20 dB,
and minimum isolation is 70 dB. The
switches have positive-intrinsic-neg-
ative (PIN) connectors. Dow-Key
Microwave Corp., 4822 Mec-
Grath St., Ventura, CA 93003-
7718; (805) 650-0260, FAX: (805)
650-1734, Internet: http:/www.
dowkey. com.

CIRCLE NO. 68 or visit www.mwrf.com

Antennas suited for
RFID applications

The 0015 series of antennas is suit-
ed for RF-identification (RFID)
applications in license-free, ultra-
high-frequency (UHF) bands. The
50-() impedance antennas are avail-
able in linear polarization as well
as lefthand circular polarization
(LHCP). They offer 7-dBi nominal
gain, a beamwidth range of 65 to 70
deg., and a 1.25:1 maximum VSWR.
The antennas operate at tempera-
tures from —20 to +80°C. They
include a wall-bracket mounting and
SMA female RF connectors. The
LHCP units feature a maximum
axial ratio of 2.5 dB. The antennas
weigh approximately 1 lb. and are
manufactured of aluminum (Al) 6061-
T6 with an ABS cover. Seavey
Engineering Associates, Inc., 28
Riverside Dr., Pembroke, MA
02359; (781) 829-4740, FAX: (781)
829-4590, e-mail: info@seavey
antenna.com, Internet: http:/
www.seaveyantenna.com.

CIRCLE NO. 69 or visit www.mwrf.com

Combline filter targets
WLAN applications

Model QCB-5575M2P5SCS is a
low-profile, combline filter designed

specifically for the wireless local-
area-network (WLAN) market. The
filter operates at 5.8 GHz and boasts
rejection performance to 26 GHz.
The filter measures 2.50 X 0.66 X
0.40 in. (6.35X 1.55 X 1.02 em) and
weighs less than 1 oz. Its operating
temperature ranges from —55 to
+95°C. SMA-type male connectors or
pins are included. Q Microwave,
Inc., 1331 N. Cuyamaca St.,
Suite G, El Cajon, CA 92020;
(619) 258-7516, FAX: (619) 258-
7516, Internet: http:/www.qmi-
crowave. com.

CIRCLE NO. 70 or visit www.mwrf.com

Buffer amps boast
high isolation

Models SGA-1163 and SGA-1263
silicon-germanium, heterojunction-
bipolar-transistor (SiGe HBT) ampli-
fiers claim to offer as much as 40-dB
isolation at 2 GHz. The model SGA-
1153 operates across the DC-to-4-
GHz frequency range, and the model
SGA-1263 operates from DC to 6
GHz. The two-stage buffer amplifiers
are fabricated using the latest 50-
GHz Ft process and are designed for
applications at frequencies to 6 GHz.
They are housed in surface-mount,
SOT-363 plastic packages and are
ideal for use in oscillator applications
covering cellular, industrial-scientif-
ic-medical (ISM), and narrowband,
personal-communications-services
(PCS) bands. Stanford Microde-
vices, Inc., 522 Alanor Ave.,
Sunnyvale, CA 94086; (800) 746-
6642, FAX: (408) 739-0970, Inter-
net: http://www. stanfordmi-
cro.com.

CIRCLE NO. 71 or visit www.mwrf.com

Terminations cover
military equipment

Models CT-63-BNC/M and CT-53-
SMA/M represent a series of minia-
ture 50-() coaxial terminations suit-
able for military and commercial
equipment. The VESWR averages
1.1:1 over the frequency range of DC
to 2 GHz (BNC) and 4.2 GHz (SMA),
with a maximum VSWR of 1.3:1.
Power dissipation is 0.5 W CW, 1 kW
peak over the temperature range of
—25 to 85°C. The design uses male
gold (Au)-, silver (Ag)-, or nickel
(Ni)-plated connectors and resistor

elements mounted in Ag-plated
housings. Elcom Systems, Inc.,
PMB 255, 20423 State Rd. 7 No.
F6, Boca Raton, FL 33498; (561)
883-1945, FAX: (561) 883-1945, e-
mail: sales@elcomsystems.com,
Internet: http:/ www.elcomsys
tems.com.

CIRCLE NO. 72 or visit www.mwrf.com

Capacitors focus on
high-Q applications

The model 1500 Eco-Trim® vari-
able air capacitor is designed for
applications where high-quality fac-
tor (Q) and cost are design criteria.
The capacitor is ideal for impedance
matching, filter tuning, interstage
coupling, and antenna tuning. It has a
capacitance range of 1 to 10 pF, a
rated voltage of +250 VDC, and an
operating temperature range of —65
to +125°C. It is available in five
mounting styles for personal-compu-
ter (PC) and surface-mount-technol-
ogy (SMT) applications. Johanson
Manufacturing Corp., 301 Rock-
away Valley Rd., Boonton, NJ
07005; (973) 334-2676, FAX: (973)
334-2954, Internet: http://www.
johansonmfg.com.

CIRCLE NO. 73 or visit www.mwrf.com

Generator is ideal
for compact analysis

The model MG3681A signal gener-
ator boasts the performance capabil-
ities to measure the upcoming Third-
Generation-Partnership-Project
(3GPP) wideband-code-division-mul-
tiple-access (WCDMA) signals. Cov-
ering 1.6-Hz-to-16.5-MHz and 30-
MHz in-phase/quadrature (I/Q) mod-
ulation bandwidth, the generator is
suitable for component analysis and
base stations that are designed for
3GPP signals. Measuring 250 kHz to
3 GHz, the unit boasts four downlink
3GPP channels—dedicated physical
channel (DPCH), primary common-
control physical channel (P-CCPCH),
primary synchronization channel (P-
SCH), and secondary synchroniza-
tion channel (S-SCH). Anritsu Co.,
1155 E. Collins Blvd., Richard-
son, TX 75081; (800) ANRITSU,
(972) 644-1777, FAX: (972) 644-
3416, Internet: http:/anritsu.
com.
CIRCLE NO. 74 or visit www.mwrf.com
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hen you need Glarity 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!

SPECIFICATION MATRILX

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) 13.8 154 197
TOIP (dBm) 34.0 36.0 34.0
P1dB (dBm) 20.0 20.0 20.0
N.F. (dB) 39 38 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 Tj= 1 million hrs. (Ryy = 97C/W typ)

SiGe HBT MMIC | t ) 507-89 package

features include: \

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

* STANFORDO
MICRODEVICES  1.800-764-6642 u.s. onrree

We Deliver RF Innovation — 1-408-616-5400 outside u.s.

CIRCLE NO. 268



Coaxial probes

A catalog describes a line of coaxial
probe designs. Features that are
unique to these probe designs are
included, along with various special-
ized designs. Interconnect De-
vices, Inc.; (913) 342-5544, FAX:
(913) 342-7043, e-mail: info@idinet.
com, Internet: http:/lwww.idinet.
com.

CIRCLE NO. 75 or visit www.mwrf.com

Adapters and terminations
Waveguide products that are
designed to address military and
commercial microwave applications
up to 40 GHz are described in a cata-
log. Adapters, transitions, termina-
tions, attenuators, couplers, harmon-
ic filters, horn antennas, mismatches,
transverse-electromagnetic (TEM)
cells, and water-cooled loads are
offered. Information on the compa-
ny’s capabilities is also provided.
Advanced Microtek Ltd.; 01256-
355771, FAX: 01256-355118, e-mail:
sales@linkmicrotek.co.uk, Internet:
hittp:/fwww.linkmicrotek.co.uk.
CIRCLE NO. 76 or visit www.mwrf.com

Wireless communications

Wireless systems and components
are available from a 1000-page cata-
log. Site infrastructure products,
radio-communications equipment,
power systems products, and wire-
less equipment are offered. Specifica-
tions are provided. Hutton Com-
munications, Inc.; (972) 417-0100,
FAX: (972) 417-0180.

CIRCLE NO. 77 or visit www.mwrf.com

Wireless links

Laser technology and wireless
links are covered in a 24-page quar-
terly magazine. Interviews with
design leaders and conference
reporting are included. Philips
Research; +31-40-27 1220}, FAX:
+31-40-27 44947, e-mail: prpass@
natlab.research.philips.com, Inter-
net: http://www.research.philips.
com/password.

CIRCLE NO. 78 or visit www.mwrf.com

Mobile antennas

Dual-band Advanced Mobile
Phone Service personal-communica-
tions-services (AMPS PCS) antenna
solutions are introduced in a four-

NEW LITERATURE

page brochure. Application informa-
tion is provided. Antenna features
are also included. Richard Hirsch-
mann of America, Inc.; (800) 255-
052}, (973) 830-2000, FAX: (973) 830-
1470, e-mail: ant-sales@hirsch
mann-usa.com, Internet: http://
www.hirschmann-usa.com.

CIRCLE NO. 79 or visit www.mwrf.com

3G communications

An eight-page newsletter deals
with solutions for the global mobile
communications market. Bluetooth™
projects, third-generation (3G)
mobile communications, and the
teaming of CETECOM with T-Mobil
are featured articles. CETECOM,
Inc.; (510) 252- 0559, FAX: (510)
252-0559, Internet: hitp:/fwww.cete
com.de.

CIRCLE NO. 80 or visit www.mwrf.com

Radio ICs

A four-page brochure details a line
of devices for personal wireless con-
nectivity. Multipurpose RF trans-
ceivers, fractional-N frequency syn-
thesizers, Bluetooth radio solutions,
and integrated Global Positioning
System (GPS) receiver RF front-end
applications are discussed. Informa-
tion on the company’s capabilities is
provided. Philsar Semiconduc-
tor; (800) 551-2319, (613) 274-0922,
FAX: (613) 274-0915. e-mail: info@
philsar.com, Internet: http://www.
philsar.com.
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instrumentation amplifiers

Instrumentation amplifiers (in-
amps) are examined in a 66-page
application book. Applying in-amps
effectively, input-protection basics,
and issues affecting DC accuracy are
covered. Real-world in-amp applica-
tion examples are included. Analog
Devices, Inc.; (800) 262-56,43, FAX:
(781) 937-1021, Internet: hitp:/fwunw.
analog.com/in-amp-book.
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Varactor diodes

Varactor diodes are examined in
an 80-page catalog. Specifications
include reverse voltage, reverse cur-
rent, diode capacitance, series resis-
tance, and capacitance ratio. Applica-
tion information is provided, along

with outline drawings. Toko Amer-
ica, Inc.; (800) PIN TOKO, (847)
297-0070, FAX: (847) 699-7864, e-
mail: info@tokoam.com, Internet:
http:/www.tokoam.com.

CIRCLE NO. 83 or visit www.mwrf.com

Leaded inductors

Leaded inductors are the subject
of an eight-page engineering bulletin.
RF-interference (RFI) suppression,
filters, decoupling, as well as energy-
storage chokes in switching-mode
power-supply applications are off-
ered. Features, specifications, out-
line drawings, along with a section
of application notes is provided.
Sprague-Goodman Electronics,
Inc.; (516) 334-8700, FAX: (516) 334-
8771, e-mail: info@spraguegood
MAN.COM.
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Wireless products

High-performance components,
networks, and instruments are listed
in a 648-page catalog. Wireless prod-
ucts, electromechanical RF switches,
passive components, active compo-
nents, RF radiation safety products,
as well as power meters and monitors
are featured. Specifications, outline
drawings, performance charts, and a
secton of application notes are pro-
vided. Articles that help engnieers
select the most suitable product for
every requirement are presented.
Narda Microwave-East; (631)
231-1700, (631) 231-1390, FAX: (631)
231-1711, e-mail: nardaeast@ L-3
COM.com, Internet: http:// www.
nardamicrowave.com.
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PCB packaging

Printed-circuit board (PCB) hard-
ware assembly and packaging prod-
ucts are highlighted in a catalog.
Card guides, card ejectors, screw
pacers and insulators, universal
mounts and spacers, light-emitting-

- diode (LED) mounting products, as
- well as permanent mounts are
- offered. A cross-reference guide and

specifications are provided. Bivar,
Inc.; (949) 951-8808 ext. 312, FAX:
(949) 951-3974, e-mail: Bivar@
Bivar.com, Internet: http:/fwww.
bivar.com.
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AN INTERNET APPLIANCE REAL SOLUTIONS, RIGHT NOW
COMMUNITY Discover resources that will
Internet Device Builder brings keep you at the forefront of
together the engineers and this fast-moving pack. Get a
designers who are creating comprehensive overview!
intelligent appliances. Join ® More than 60 exclusive
others sharing the same vision conference sessions
at the only comprehensive ® Complimentary networking
event dedicated to those functions
building Internet functionality ® A showcase dedicated to
% into their products. ubiquitous computing
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RF/MICROWAVE CIRCUIT DESIGN FOR WIRELESS APPLICATIONS

Ulrich L. Rohde and David P. Newkirk

Ulrich Rohde has made a career of
making an impact on the RF/micro-
wave industry. Under his guidance
during the late 1980s and 1990s, the
computer-aided-engineering (CAE)
firm Compact Software developed a
suite of innovative design tools that
included nonlinear simulation and
system simulation, before the compa-
ny’s acquisition by Ansoft (Pitts-
burgh, PA). Rohde’s family business,
Rohde & Schwarz (Munich, Ger-
many) is a global leader in test-and-
measurement solutions. His efforts
for Synergy Microwave (Paterson,
NJ), where he is Chairman, have
helped to raise the engineering excel-
lence of that organization, resulting
in the development of a line of frac-
tional-N synthesizers with unparal-
leled performance (see Microwaves
& RF, April 1998, p. 151).

Rohde’s efforts in publishing have
included an extensive bibliography of
scholarly papers on low-phase oscil-
lator and synthesizer design, as well
as a series of authoritative books on
frequency synthesizers and commu-
nications receivers. His latest effort
in publishing, RF/Microwave Circuit
Design For Wireless Applications,
may be his finest moment. No single
text could possibly address all of the
complexities of RF design for wire-
less systems, but RF/Microwave Cir-
cuit Design For Wireless Applica-
tions comes close. As co-author,
David Newkirk, a professional edi-
tor, did a marvelous job in transform-
ing highly technical and sophisticat-
ed text and graphics into a quite
readable book.

The text covers the design and
specification of all major RF portions
in a wireless system. The book only
contains six chapters and two appen-
dices, but these are information-
packed chapters that could serve as
the basis for separate multi-day tech-
nical workshops.

For example, Chapter 1 includes a
block diagram of a handheld cellular-
telephone receiver as a starting
point. This chapter, which opens with
discussions on radio-channel charac-
teristics, such as fading and multi-
path, and the development of a radio-
channel transfer function, focuses

largely on modulation and access |

schemes, with a brief comparison of
frequency-division-multiple-access
(FDMA), time-division-multiple-
access (TDMA), and code-division-
multiple-access (CDMA) techniques.
Details are presented concerning the
generation of digitally modulated
carriers for transmitters, how data
are mapped onto baseband wave-
forms, and how information is
demodulated from a carrier at the
receiver. The “Building Blocks” sec-
tion provides a miniature selection
guide of RF front-end components.
This chapter provides brief over-
views of key system specifications,
including amplitude linearity, gain
compression, linearity, dynamic
range, and error vector magnitude
(EVM). In addition, specifications
are provided for proven test instru-
ments, such as the CMD 65 radio-
communications tester from Rohde
& Schwarz.

Chapter 2, entitled “Models For
Active Devices,” details the useful-
ness of nonlinear circuit and SPICE
CAE simulation tools to predict bias
points for active devices in small-sig-
nal and power amplifiers (PAs) for
wireless systems. Since diodes are
also key semiconductor devices (for
switching and varying capacitances)
in wireless designs, the chapter
begins by presenting a basic diode
model. The model is extended to
include mixer and detector diodes as
well as PIN diodes and varactor-tun-
ing diodes. The physics of varactor
diodes are detailed, along with dis-
cussions on diode quality factor (Q),
loss, and tuning drift. Several diode-
tuned resonant circuits are present-
ed in Chapter 2, along with support-
ing design equations. About one-
third of the way through the chapter,
the discussion turns to bipolar tran-
sistors and their large-signal behav-
ior. Operating characteristics are
reviewed, and several data sheets for
the BPF420 NPN silicon (Si) bipolar
from Infineon, formerly Siemens,
(Munich, Germany) are included to
illustrate typical performance char-
acteristics. Small-signal models of
bipolar transistors are also covered,
along with a useful list of key bipolar-

junction-transistor (BJT) equivalent
model parameters, such as the base-
to-emitter capacitance (CBE) and
the collector-to-emitter capacitance
(CCE). An overview of current BJT
technologies is shown in the form of
tabular data, complete with informa-
tion on bipolar-complementary-
metal-oxide-semiconductor (BiC-
MOS) and Si-germanium (SiGe)
devices.

The second half of Chapter 2
reviews field-effect transistors
(FETs) and their key parameters,
again using manufacturers’ data
sheets to show parameter values for
commercially available devices. The
large- and small-signal behaviors of
junction FETs (JFETs) are dis-
cussed, as well as the operating char-
acteristics and small- and large-
signal behaviors of metal-oxide-semi-
conductor FETs (MOSFETSs). Galli-
um-arsenide (GaAs) metal-epitaxial-
semiconductor FETs (MESFETSs)
are also included in the FET device
coverage. The final part of Chapter 2
explores parameter extraction for
active devices, including the develop-
ment of noise models and scalable
device models. As with the other
chapters in this book, detailed infor-
mation is provided on reference
materials, along with a listing of pub-
lications for further reading.

Chapter 3 highlights amplifier
design with FETs and BJTs, cover-
ing low-noise amplifiers (LNAs),
high-gain amplifiers, and medium-to-
high-power amplifiers. This is by far
the largest chapter in RF/Microwave
Circuit Design For Wireless Appli-
cations, essentially equaling the
information found in some texts
dedicated to amplifier design. For
LNAs, extensive information is pro-
vided on noise-figure characteriza-
tion, analysis, and prediction, the use
of noise circles, noise correlation in
two-port networks, and measure-
ment equipment. For PAs, analysis
techniques are shown for distortion
with digitally modulated waveforms,
and for amplifiers with automatic-
gain-control (AGC) functions. Chap-
ter 3 features design guidelines for
LNAs, narrowband amplifiers, high-
gain amplifiers, as well as single-
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stage and multistage amplifiers with
feedback. This chapter also covers
associated circuitry, such as filters
and frequency doublers, biasing con-
siderations, and development of
matching networks. Several exam-
ples are presented for each type of
amplifier, with advice on various
analysis techniques, such as small-
signal AC analysis and stability-anal-
ysis approaches.

Chapter 4 provides 80 pages of
insights into one of the more difficult
portions of an RF design, the mixer.
It reviews the properties of mixers,
such as conversion loss or gain, noise
figure, isolation, linearity, and local-
oscillator (LLO) drive levels. It also
points out the differences among
mixer types, such as single-balanced
mixers and double-balanced mixers,
while comparing and contrasting
diode-based mixers with transistor
mixers. This chapter is generously
supported with manufacturers’ data
sheets and schematic diagrams to
help novice as well as veteran engi-
neers understand the complex be-
havior of high-frequency mixers.

Chapter 5 also addresses a com-
plex component, the high-frequency
oscillator. Although this is not a sim-
ple subject, it is one in which Rohde
is well-versed and his command of
the subject material is apparent in
the clarity of his presentation. The
chapter covers basic oscillator cir-
cuits, such as the Hartley, Colpitts,
and Clapp-Gouriet configurations,
along with an equation for predicting
a quick estimate of an oscillator’s
noise performance. The chapter
details the use of different resonator
types, such as ceramic resonators,
microstrip inductors, and crystal res-
onators, and how to implement tun-
ing circuits in practical oscillator
designs. A detailed discussion
on noise in oscillators includes
noise-generation mechanisms and
methods for optimizing phase-noise
performance.

The final chapter in RF/Microwave
Circwit Design For Wireless Appli-
cations explores frequency synthe-
sizers for wireless applications. The
chapter reviews the basies of phase-
locked loops (PLLs) and the use of
phase/frequency comparators, flip-
flops, filters, and charge pumps. It
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includes several design examples and
practical design techniques when
using CAE tools. This chapter also
offers some of Dr. Rohde’s insights
into fractional-N frequency synthe-
sizers, as well as some thoughts on
direct-digital-synthesizer (DDS)
sources.

The two appendices provide infor-
mation on modeling heterojunction
bipolar transistors (HBTs) and on
nonlinear microwave circuit design
using multiharmonic load-pull simu-
lation techniques. The latter is
applied to the design of a narrowband
amplifier and a frequency multiplier
(doubler).

No doubt, the sheer size of
RF/Microwave Circuit Design For
Wireless Applications, at approxi-
mately 1000 pages, will intimidate
some readers. But in terms of infor-
mation per dollar, the book repre-
sents a real value. Many texts are
available on various aspects of wire-
less RF engineering, but usually on
narrowly defined topics. RF/Mi-
crowave Circuit Design For Wireless
Applications is the only text that
provides a complete education for
wireless circuit designers, by cover-
ing wireless RF engineering from
semiconductor through system lev-
els. It can be used on many different
levels, from basic tutorial to ad-
vanced design concepts, depending
upon the background of the reader.
The book should be particularly use-
ful for those designers tasked with
learning more about an unfamiliar
portion of the RF signal chain, such
as antenna designers who need to
know more about LNAs. (2000, 954
pp., hardcover, ISBN: 0-471-29818-2,
$125.00.) John Wiley & Sons, Inc.,
605 Third Ave., New York, NY
10158-0012; (800) CALL-WILEY,
(212) 850-6011, FAX: (212) 850-
6008, e-mail: PERMREQ@WIL
EY.COM, Internet: http://www.
wiley.com.
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Electronics Engineering
Career Center

Careers for electronic,
electrical, microwave and
wireless design and
evelopment engineers and
. engineering management in

~ the computer hardware,

. software, communication
. systems, industrial controls,
‘medical, avionics, automotiv
. and consumer electronics

. WWW.eecareers.com

8]

. EMPLOYERS:
' » Post your job openings
iE - Within 24 hours/update weekly
. - More than 5,000,000

. visits per month

e Banner/Sponsorship ads

. promote direct candidate

. flow to your HR office or

| website

'+ Direct access to more tha
. 140,000 resumes on-line
. o Use our HR Center

. JoB SEEKERS:

' » FREE resume posting

. » E-mail your resume

| » Find jobs by company

. name, category or functio

1 EMPLOYERS: |
. CALL FOR ON-LINE
. DeEmo

Tim WAGNER
216-931-9631

,‘ Put this powerful

recruitment tool to work
or your company within
24 hour period

www.eecareers.com
the on-line

recruitment solution

LOOKING BACK

S eventeen years ago, a special report by
Associate Editors Mike Kachmar and Barry Manz
featured an interview with Stephen Levy, senior
vice-president of Motorola (Phoenix, AZ) and head
of operations in Japan. Motorola became one of the
first US companies to successfully compete in
Japan, winning a $9 million contract from Nippon
Telegraph and Telephone (NTT) for pagers.

Microwaves & RF

September Editorial Preview
Issue Theme: Dual-Use Technology

News

With approximately 3000 re-
searchers and engineers, the US
Naval Research Laboratory (Wash-
ington, DC) serves as the US
Navy’s corporate laboratory. In
many ways, NRL initiates the
engineering research and develop-
ment (R & D) that is eventually
transformed by the electronics
industry into military and com-
mercial products. The September
issue will feature an inside look at
one small part of the work being
conducted at NRL, where the
vacuum-electronics group pursues
ever-higher output-power levels
with improved efficiency.

Design Features

A key high-frequency design area

that has benefitted from the dual-
use transition of technology from
military to commercial applications
is in millimeter-wave communi-
cations. September will offer
several articles highlighting this
technology. In addition, a method to
calculate the pulse response of a
dipole antenna will be discussed.
Product Technology

September’s Product Technology
section will introduce a radical
departure for a series of microwave
vector network analyzers (VNAs), a
product concept where a high-
powered personal computer (PC)
has been seamlessly integrated
with the measurement hardware to
yield a new approach to vector
network analysis.
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When it comes to attenuators,
nobody- but nobody- can fill our shoes

After all, who knows more about variable Write today for New Catalog No. 90. Or call (613)

attenuators than ARRA? We’ve got them all 231-8400 with your special requirements. Cus-

. and then some! tomer specials have been our way of life for over
30 years.

* High Power 500 watts average, 10 KW peak
* Miniature bands 1.0 to 18.0 GH=
* Direct Reading to 120 dB attenuation

* Absorptive Pin Diode extremely broadband

* Remote Control broadband, direct reading .. the last word in variable attenuators
* Computer Programmable-TTL compatible A R R A

decimal, binary or BCD INC.

Visit our website at www.arra.com l-_N TENNA & RADOME RESEARCH ASSOCIA¥£-I
For complete info, write for NEW CATALOG... 15 Harold Court, Bay Shore, N.Y. 11706 ¢ 613-231-8400

For instant info, see the PRODUCT DATA DIRECTORY CIRCLE NO. 216 FAX 613-434-1116
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An infinitely smarter and safer ;
way to cross the road.

This Micro Xinger's
able to leap 5 to bGHz
in a single band.

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 v

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?”

° e Faster than a speeding bullet? Sort of. More
“ng/ powerful than a locomotive? You could say that.
Anaren’s smallest Xinger” yet? You bet!

The new Xinger 1M803 surface mount 90 degree 3dB hybrid
coupler is the perfect solution to rescue all of your U-NII and HiperLAN
applications from the perils of poor performance.

The 1M803 measures in at a mere 0.40" x 0.20" x 0.07"

(10.16mm x 5.08mm x 1.78mm), but its performance is anything but
small — a maximum average output of 20 watts keeps any application
flying high. Designed for use in the 5 to 6GHz frequency range, this
low profile, micro Xinger provides a minimum isolation of 20dB and

a maximum insertion loss of 0.25dB. Plus, it offers a phase balance

of £3 degrees and a minimum return loss of 20dB.

In addition to Anaren’s patented packaging technology, the
1M803 Xinger is manufactured using materials with x and y thermal
expansion coefficients that are compatible with many common
substrates, including FR4, G-10, R04350, and polyamide for greater
reliability in high-power applications.

And Anaren provides superhero support with its exclusive B-There”
service commitment — toll-free 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 surface mounts — exclusively from Anaren.

E

2.4GHz ISM-band coupler
for wireless LAN lovers.

n-‘ ol
-

If you design wireless LANs, you've got to try this

0.56" x 0.20" x 0.075" Xinger" surface mount on for size.

> LNA and PA applications for ISM and MMDS

> Low 0.20dB max insertion loss and 2 degree
phase balance

> +0.20dB amplitude balance; 22dB minimum isolation;
and a maximum VSWR of 1.18:1

> A great price, in volume

> And our B-There™ service commitment and 100%
On-Spec™ performance guarantee!

Anaren

What'll we think of next?”

Questions? Contact Anaren at xinger@anaren.com

800-544-2414 > www.anaren.com

In Europe, call 44-2392-232392 Anare“
Visa/MasterCard accepted (except in Europe)

What’'ll we think of next?™
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