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To make no mistake.

That is what you seek.

To be always right. Fver accurate. To not look like a fool.

But that's not always easy. Not when you're exploring new ground.
When you will only find out what you don’t know the hard way.

By trial and error.

We can help.

With test equipment that Is accurate, easy and intuitive to use
That can not only speed through a test, but through those
wonderful folks in management.

And with the help and advice of our engineers who, like you,
want to do what's right.

Make no mistake.

[ g ]
www.agilent.com/find/engineer 1-800-452-4844, Ext. 6743 RSP -

©2000 Agilent Technologies ADGPPO0S/MRF ~In Canada, call 1-877-894-4414, Ext. 6743

CIDCIENG 919

Agilent Technologies
Innovating the HP Way



MIXERS TO 60 GHz

* Single-, double-, and triple-balanced

* Image rejection and I/Q

* Single-sideband, BPSK and @PSK modulators
* High dynamic range

« Active and passive frequency multipliers

AMPLIFIERS TO 60 GHz
* Octave to ultra-broadband
* Noise figures from 0.35 dB
* Power to 10 waltts
* Temperature compensated
+ Cryogenic

INTEGRATED
SUBASSEMBLIES TO 60 GHz

* Integrated up/downconverters

* Monopulse receiver front ends

* PIN diode switches

* Ultra-miniature switch matrices

* Missile receiver front ends

* Switched ampilifier/filter assemblies

* loga mpiners

« Constant phase-limiting amplifiers
* Frequency discriminators
* AGC/VGC amplifiers

* |/Q processors

* Digital DLVAs

SATCOM EARTH STATION
EQUIPMENT TO Ka-BAND

* Synthesized up/downconverters
* Test translators

* LNA systems
FREQUENCY * 1:N redundancy units
SOURCES « INMARSAT products
TO 40 GHz * FM modems
* Free-running
VCOs/DROs

* Phase-locked
cavity oscillators
* Phase-locked

coaxial resonators : ., \ AN _ :
* Synthesizers I ]
foyl' SATCOM ) M I ! “q
* Fast-tuning . ' } TEL: (516) 436-7400
communication N FAX: (516) 436-7430
i 100 Davids Drive, Hauppauge, NY 11788
www.miteg.com -

AS OF NOVEMBER 1999, OUR NEW AREA CODE WILL BE 631
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LIFTERS

for every application

: RA BRGAD BAND

& Model Freq.Range Gain NF  Gain  1dBComp. 3rdOrder VSWR DC Curent
- GHz dBmin dBmax Flat4/-dB pt.dBmmin ICPtyp In/Outmax  mA

§ JCAO8-203 D05-180 20 50 28 1 2011 250

® JCA018-204 (05180 25 40 . 20:1 300

§ JCA218-506 20-180 35 50 ! 0: 400

B JCA218-507 20-180 35 50 / u 450
218-407  2.0-18.0 . . A 500

1 11 OC] AMPLIF]

§ Model Freq.Range Gain NF  Gain 1dBComp. 3rdOrder VSWR DCCurrent

g GHz dBmin dBmax Flat+/-dB ptdBmmin ICPtyp In/Outmax  mA

i JCA04-403  05-40 : 15 27 201 . hD

& JCAGB-417  05-80 ; 15 21 Al E )

E JCA28-305  20-80 . 10 g1 a0l 550
CA212-603 2.0-12.0 : 340 a4 L0 550
CA618-406  6.0-18.0 : 20 3 b1 600
CA618-507  6.0-18.0 ; 20 31 201 800

& Model Freq.Range Gain NF  Gain 1dBComp. 3rdOrder VSWR DCCurent
GHz dB min dBmax Flat+4/-dB pt.dBmmin ICPtyp In/Outmax  mA
# JCA12-P01 135185 35 40 10 33 41 20:1 1000
B JCA34-P02 3135 40 45 10 31 a3 1 200
# JCASG-PO1 5964 30 50 10 34 2. 01 1200
& JCAB12-P03 80-120 40 50 15 33 40 201 1700

& JCA1218-P02 120-180 22 40 20 25 9 200 700

| Model  FoqRange Gan NF  Gan 1dBComp. 3rdOder VSWR DCCurent
i GHz dBmin dBmax Flat+/-dB pt.dBmmin  (CPtyp  In/Out max mA
B JCA12-3001 1.0-20 40 08 10 10 20 201 200

8 JCA24-3001 2040 32 12

: 1 10 A 20 00
¢ JCA48-3001 40-80 40 13 |1

1

1

0

0 10 a oA
0 10 e gL
0 10 @ 201 A0

& JCA812-3001 8.0-120 32 18
& JCA1218-800 12.0-180 45 20

. MF  Gain 1dBComp. 3rdOrder VSWR DCCurrent

‘ max Flat+-dB pt.dBmmin  ICPtyp In/Out max mA

1.2-16 : 0.5 10 20 20:1 80
2223 3§ . 05 10 20 2.0:1 80
37-42 . 05 10 20 2.0:1 90
] 0.5 10 20 20:1 120

/ 201, ' 0.5 13 23 2.0:1 120
05 13 23 i3] 150

] : 910:3001 95100 28 12 05 13 & 151 150
2000117122 @ 11 05 13 B 151 150

JCA 33001122127 88 11 05 10 20 201 200
53001 144-154 8 0 24 200 200

TECHNOLOGY 8.3001 18.1-186 B 05 @ W 2

1-3001 202-21.2 0.5 10 e 201 A0

B

/IN2-4 WEEKS ARD Features: Diidie:

e }édor, Camarillo, CA 93012 + Removable SMA Connectors ~ * Alternate Gain, Noise, Power, VSWR levels f required
BfS'FHXZ (805) 987-6990 + Competitive Pricing + Temperature Compensation
ech.com * www.jcatech.com + Compact Size +Gain Control
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SPIRENT

Communications

CDMA
Gets Wide

Extend your product’s
performance with
TAS' 3G CDMA

test solution.

/idebéha CDMA stretches old algorithms to new limits. Algorithms
r‘t” "'® such as RAKE finger tracking and wideband channel estimation.
‘ Ld&‘ 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
your 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 I TR S A A A S T A T R e
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Worth switching to...

“ao ®»®  ant to save real estate in your cordless phone, PCS,

shown acunt ane, AN digital cellular handset designs? Our ultraminiature GaAs

these low voltage

Leand sPoT swiches — SPIYT' switches deliver wide bandwidth, low insertion loss and

are available now
in low cost 6-pin

SOT-26 packages. hlgh PldB I plus the quahty

and consistency you've come Ultraminiature

to expect from NEC.

Best of all is the price. GaAS SWitCheS y

Starting at under 50¢ in pro-

duction quantities, they're the

switches worth switching to!
Want more information? You can download data sheets

directly from our website, or get them instantly via

UPG152TA UPG137GV Fa‘x by USIHg
FREQUENCY RANGE 100MHz 10 2.5GHz 100MHz To 2.5GHz
INSERTION LOsS 0.5dB @ 2GHz 0.55dB @ 1GHz the Document
0.65dB @ 2GHz
Pids +30dBm uP TO +35dBm
1 Shown 3X
CoNnTROL VOLTAGE +3V 10 +5V +3V TO +5V Numbers prOVIdEd. actual size.
PACKAGE S0T-26 8 PIN SSOP
Price* 49¢ 95¢ Call 800-390-3232.
Fax DocumenT No. 409 408
R .
100K Plece Qty. www.cel.com

(93 California Eastern Laboratories NEC

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

Mouser (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)
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Point...

The Website of Preference*
™ value of Overall Content
™ Product Search Engine
™ Product Order Mechanism
™ Ease of Navigation
¥ Access Speed
“Electronio Engincering Times, Wabsite Audi, duno 25, 1990

*Cahners Research, How Engineers Worldwide Use the Internet, Nov. 9, 1999
*Beacon Technology Partners, Distributor Evaluation Study, Nov. 1999
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QUALITY ELECTRONIC COMPONENTS
SUPERIOR SERVICE

1-800-DIGI-KEY

www. digikey.com

ey Corporation

9-2000 Digi-Ki

1999-2(




WEINSCHEL QUALITY COMPONENTS & SUBSYSTEMS

Products |
That Make|
a Werld of
Difference |

Whether it's standard off-the-shelf
coaxial components or custom designs fo &
meet your requirements,
contact Weinschel for
high quality products
that make a world of
difference in your
wireless applications.

Variable & Step
Attenuators

® (onfinuously Variable, dc-4.2

® Manual Step, dc-26.5 GHz

o Connector Choice: SMA, N, 2.92mm

Programmable Attenuators

® RF, Wireless, & Microwave Models
(de-1,1.2,2,3,4,18, 26.5 GHz)

® New Solid-State Designs (PIN & GaAs FET)

® 75 Q & Phase Compensated Designs

Phase Shifters
®dc-18 GHz
« Internal Self Locking Mechanism

Power Splitters & Dividers
o Resistive Models to 40 GHz

o Connector Choice: SMA, 2.92m, N

© 2 & 4 Way Designs

Fixed Attenvators

© Models from dc-40 GHz

® High Power Models up to 1,000 W
o MIL & Space Qualified Models

© Low Intermodulation Design Options
© (onnector Choice: SMA, 2.4mm, 2.92m, 3.5mm, N, 7/16, BNC

Precision Adapters & Connectors
® Blind-mate Connector Systems 4
© Puanar Crown® Connector System T

Directional Couplers
© dc-4 GHz © Octave & Broadband

Weinschel

CORPORATION

An MCE Company
5305 Spectrum Drive, Frederick, Maryland 217037362
800-638-2048 o Tel: 301-846-9222  Fax: 301-846-9116
e-mail: sales@weinschel.com ® Web: www.weinschel.com

SmartStep” Components

& Subsystems
® Plug & Go Programmable Atienuators
and Relay Drivers

© |EEE-488 & Standard Serial Interfaces/Controllers

® Bus Controlled Programmable Attenuator Units

® (ustom Subsystem Design for Specialized Applications

Terminations & Loads

® Models from dc-40 GHz

« High Power Models up to 1,000 W
© Low Intermodulation Design Options
* Connector Choice: SMA, 2.4mm,

2.92m, 3.5mm, N, 7/16
CERTIFIED
ISO 8001
SERy -
& [~
~— bt
A erearuton Ry e e

Cerfificate No. 94-289¢
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To us, it’s the
Scorpion®
Vector Network

Measurement

System. To the competition,
it's a wake-up call. Because
Scorpion is the first VNA
that can do the job of five
different instruments. One
box performing all those
common RF measurements
you need to make. Like
S-parameters. Noise figure.
Intermodulation distortion
(IMD). Harmonics. Gain
compression. And Frequency
Translated Group Delay. All
with a single connection.

Impressed? Visit our website
atwww.global.anritsu.com.
Or call 1-800-ANRITSU and
hear even more. The Scorpion
Vector Network Measurement
System. One box that does it
all. Its that simple.

I_mking'l;"‘}“)

Word 7/
orld ¢ /
pA ’

Yy

Are You Measuring S-Parameters On
3-Port Devices?

Simply connect your diplexer, coupler or
circulator and tune any of the nine
S-parameters using a correct 3-port
calibration. Why settle for multiple 2-port
cals when measuring a 3-port device?

Need To Measure Noise Figure?

Quickly and easily switch applications and
begin taking data. Spend your time making
measurements, not searching for cables and
interconnecting instruments. Combine
S-parameter and noise figure measurements
and say good-bye to inaccurate results caused
by DUT mismatches. Try finding anything
else that can do that!

Don’t Get Bent Out Of Shape Making
Distortion Measurements.

With two integrated synthesizers, Scorpion
makes IMD measurements in a flash,
eliminating complex test set-ups using
VNAs, signal generators and spectrum
analyzers. Sweep power and frequency and
see the whole picture of your DUT’s
performance. Of course, you could do this
with individual instruments, if you like
writing software.

Test Frequency Translation Devices?
Scorpion can accurately characterize your
mixers and other FTDs for isolation, match,
conversion loss, noise figure and frequency
translated group delay (FTGD). Allwith a
single connection to one instrument.

Add one external synthesizer and Scorpion
can easily orchestrate a complete swept
mixer IMD measurement.

/nritsu

Scorpion Vector Network Measurement System One world. One name. Anritsu.
©1999 Anritsu Company Sales Offices: United States and Canada, I-800-ANRITSU, Europe 44(01582)433200,

Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com
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D0O1607 Power Inductors

@

DO1608 Power Inductors

QQQ-&

003308 Power Inductors DO3316HC Power Inductors

S .

D05022 Power Inductors

&

DT3316 Power Inductors

3

M2022 EMI/RFI Filters

e

DO5022HC Power Inductors

*

EE Power Transformers

< ¥

TTOLF EMI/RFI Filters

DS1608 Power Inductors

Toroid Power Inductors

- The world's
“most powertul
PRl magnetic field L 2

CCDLF EMI/RFI Filters LC Filters
& & £ &
F 3
sa's g << 5
0603CS Chip Inductors 0805CS Chip Inductors 0805HS Chip Inductors
cee eee o®e
1008HT Chip Inductors 1008CT Chip Inductors 1008LS Chip Inductors
- - “
Micro Spring Inductors Micro Spring Inductors Mini Spring Inductors

From 0603 RF chip inductors to 16 Amp

D03316 Power Inductors

DS3316 Power Inductors

‘

DS5022 Power Inductors

es

Custom Power Transformers

D03340 Power Inductors

&

DT1608 Power Inductors

power inductors, only Coilcraft offers so many
types of surface mount magnetics.

And only Coilcraft sells factory-direct and
stocks most parts for immediate shipment.

(9 |
ORDER DIFEAS

L
OVERN\GHT DE\.NER\’\. CAL

Custom Power Transformers RS232/485 Isolation Transformers

1812 Wideband Transformers — TTWB Wideband Transformers

WBSM Wideband Transformers TTTRF Tip/Ring Filters
S5 & 8
- <
s£T e - & ¥l L 2 27

0805HT Chip Inductors 1008CS Chip Inductors 1008HS Chip Inductors

2 -

e @ & R

e e

1206CS Chip Inductors 1812CS Chip Inductors 1812LS Chip Inductors

o®

Midi Spring Inductors

«f

Mini Spring Inductors Maxi Spring Inductors

For free evaluation samples or to order our
handy Designer’s Kits, visit our web site at
www.coilcraft.com.

See why Coilcraft is your most attractive
source for surface mount magnetics!

Cary IL 60013 800/322-2645 Fax 847/639-1469
WWWhttp:/www collarcft com  DRIAFAX 800/651-6974

CIRCLE NO. 231



IPLIFIERS . MIXERS ' MULTIPLIERS

i " »

i Gain Noise 1/0 Output Power
? o Frequency Gain Flatness Figure VSWR | at1dB Comp.*
& _ Model Number (GHz) | (dB, Min.)| (xdB, Max.) (dB, Max.) (Max.) (dBm, Typ.)
g J ; " JSW4-18002600-18-5A | 18-26 28 1.0 1.8 2.0:1/2.0:1 5
-‘ i JSW4-26004000-25-5A | 26-40 25 2.5 2.5 2.0:1/2.0:1 5
e @ b JSW4-18004000-32-8A | 18-40 21 2.0 3.2 2.0:1/2.5:1 8
* y JSW4-30005000-45-5A | 30-50 21 2.5 45 2.5:1/2.5:1 5
JSW4-40006000-65-0A | 40-60 16 2.5 6.5 2.5:1/2.5:1 0
* Higher output power options available
- . - = miw . '
. Frequency (GHz) Conversion Noise LO-RF
o Gain/Loss Figure |Image Rejection | Isolation
L Model Number RF LO IF (dB, Typ.) | (dB, Typ.) (dB, Typ.) (dB, Typ.)
w L LNB-1826-30 | 18-26 Internal 2-10 42 2.5 20 45
i % LNB-2640-40 | 26-40 Internal 2-16 42 3.5 20 45
oW . ! ARE3436LC1 34-36 | 15.5-16.5 | 2.7-3.3 25 4 20 60
Lo L il 4 SBW3337LG2 | 33-37 33-37 DC-4 -7.5 8 N/A 25
i ,' 4 TB0440LW1 4-40 4-42 .5-20 -10 10.5 N/A 20
o DB0440LW1 4-40 4-40 DC-2 -9 9.5 N/A 25
SBE0440LW1 4-40 2-20 DC-1.5 -10 10.5 N/A 20
Input Output Fundamental DC current
Frequency (GHZ) | | gvel Power* |Feed Through Level | @s+15VDC
Model Number | Input | Output | (dBm, min.) | (dBm, min.) (dBc, min.) (mA, nom.)
MAX2M260400 | 13-20 | 26-40 10 12 18 160
MAX2M200380 | 10-19 | 20-38 6 14 18 200
MAX2M300500 | 15-25 | 30-50 10 8 18 160
MAX4M400480 | 10-12 | 40-48 10 8 18 250
MAX3M300300 10 30 10 10 60 160
MAX2M360500 | 18-25 | 36-50 10 8 18 160
MAX2M200400 | 10-20 | 20-40 10 10 18 160
TD0040LA2 2-20 | 4-40 10 -3 30 N/A
QHigher output power options available /
MITEQ also offers custom designs to meet your specific requirements. NOn
For further information, please contact David Krautheimer 1S0 9001
at (516) 439-9413 or e-mail dkrautheimer@miteq.com —
100 Davids Drive » Hauppauge, NY 11788
M‘ lT—‘“q TEL.: (516) 436-7400 * FAX: (516) 436-7430

www.miteq.com
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Introducing the Xinger® Crossover from Anaren — a simple solution for
the age-old problem of “getting to the other side.”

® You can now cross any RF and DC line combination and avoid dangerous intersections within
:x "nge’~ low- and high-frequency applications such as NMT, GSM, UMTS, MMDS and HiperLan.
The Xinger Crossover's multilayer-stripline packaging provides optimal line-to-line
isolation to ease signal transmission and is a low-cost alternative to bulky, multilayer boards. RF-DC and

RF-RF components are available — each with a tiny footprint of 0.2" x 0.2", a frequency range of 0 to 6GHz, and
an insertion loss of less than 0.1dB and a return loss of less than 20dB at 6GHz. The RF-RF version also maintains
an isolation higher than 25dB.

The Xinger Crossover is designed for surface mounting via tape or reel for quick circuit board assembly.

So, whether you want DC current capability or RF performance, the Xinger Crossover is the safest — and
soundest — way to get to the other side.

Call today to find out more about the Crossover and the entire line of Xinger* products, including the balun
and the mini-Xinger — exclusively from Anaren.

* Patent pending on the Crossover component and patent awarded on the Xinger packaging technology.

Questions? Contact Anaren at crossover@anaren.com

800-544-2414 > www.anaren.com

In Europe, call 44-2392-232392 Anaren

Visa/MasterCard accepted (except in Europe)

150 9001 certified What'll we think of next?™
CIRCLE NO. 317




PHONE RADIATION
To the editor:

In your February 2000 article
"Studying Biomedical Issues Of
High-Frequency Radiation" (p. 105),
the author, Rajeev Bansal, has com-
pared the power density from the sun
to the microwave. This comparison is
misleading for the cellular-phone
user. Bansal has presented the radia-
tion level of 0.3 mW/cm ® inside a car
from a mobile phone, but he did not
write anything regarding a 600-mW
cellular phone that is close to the
user's head. Recently, George Car-
low' told the Boston Globe that "we
have scientific information now that
suggests genetic damage and some
increased risk of cancer. My current
recommendation at this point has to
do with moving the antenna away
from your head" or use shielding.”
Consumers should check the radia-
tion level from a cellular phone/per-
sonal-communications-services
(PCS) phone antenna to the user's
head by using a low-cost radiation

checker.? If you have an antenna
right next to your head, you are go-
ing to have exposure.

Bansal did not use any recent bio-
medical/biological paper in his refer-
ence. Many biomedical scientists®®
have suggested that microwave radi-
ation has some effect on DN A and hu-
man memory. Lai and Singh,® both at
the University of Washington (Seat-
tle, WA), contend that the Malyapa-
Roti’ work is flawed. "There is some-
thing seriously wrong with those
experiments," Singh told Microwave
News.

In my opinion, cellular-phone users
must safeguard themselves from the

radiation that is close to their heads.

References

1. Patricia Wen of the Boston Globe, "Cell-Phone Alarm
Sounded," The Gazette, Montreal, Section J8, October 9,
1999.

2, A. Kumar, "Shielding The Ill Effects Of EM Radiation,"
Jl\gilcruwaves & RF, Vol. 35, No. 13, December 1996, pp. 157-

3. H. Lai and N.P. Singh, "Single- And Double-Strand
DNA Breaks In Rat Brain Cells Offer Acute Exposure To
Radiofrequency Electromagnetic Radiation," Int. J. Radia-
tion Biology, Vol. 69, No. 4, pp. 513-521, 1996.

4. J.L. Philips et al.,, "DNA Damaglg In Molt-4 T-lym-
phoblastoid Cells Exposed To Cellular Telephone Radiofre-
quency Fields In Vitro," Bioelectrochemistry and Bioener-
getics, Vol. 45, pﬁ. 103-110, 1998.

5. M.H. Repacholi et al., "Lymphomas In EU-Pimj Trans-
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enetic Mice Exposed To Pulsed 900 MHz Electromagnetic

ields," Radiat. Res. Vol. 47, 1997, ?p. 631-640.

6. A.W. Preece et al., "Effect Of A 915-MHz Simulated
Mobile Phone Signal On Cognitive Function In Man," Inter-
national J. Radiat. Biol., Vol. 75, 1999, p}i;j 447-456.

7.R.S. Malyapa et al., Measurement Of DNA Damage Af-
ter Exposure To Electromagnetic Radiation In Cellular
Communications Frequency Band (835.62 and 847.74
MHz)," Radiat. Res., Va‘ 148, 1997, pp. 618-627.

8. Microwave News "Two Labs At Odds Over Microwaves
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A. Kumar
AK Electromagnetique, Inc.
Les Coteaux, Quebec, Canada

Please comment

Microwaves & RF welcomes mail
from its readers. Letters should be
typewritten and must include the
writer’s name and address. The
magazine reserves the right to edit
letters appearing in “Feedback.”
Address letters to:

Jack Browne
Publisher/Editor
Microwaves & RF
Penton Media, Inc.

611 Route 46 West
Hasbrouck Heights, NJ 07604

- FEATURED PRODUCT -

Combline Filters in 10 days

Order online and save

an additional 5%!

Series Number
Select any Fo

Response
Prototype Price
Shipment

Insertion Loss @ Fo
-1dBc passband

1315

- from 750MHz to 3500MHz

. <2dB

:1.5%Fo minimum

: 5 pole Chebyshev design

: <$400.00

: 2 weeks after receipt of order

RF and Microwave Filters to 18GHz

www.tte.com

TTE, Inc, Los Angeles, CA » 800.776.7614/310.478.8224 » FAX 800.473.2791 / 310.445.2791
America’s Filter Specialist Since 1956
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Get a grip on technology, and you're in

complete control.

That's why we use six advanced process
technologies to create RFMD's
communications components. Si BJT,
Si Bi-CMOQOS, GaAs HBT, SiGe HBT,
GaAs MESFET, Si CMOS — we have what

it takes to get your project rolling.

We invented Optimum Technology Matching®
to pair application needs with process
performance. That's why our chips feature
the best possible combination of power,

efficiency and integrated function.

Don't toy with technology — unless you're

playing with the very best.

TECHNOLOGY - 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 technology when contacting us.
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EDITORIAL

NAVIGATING
RF WEBSITES

Microwave and RF manufacturers
have been slow to embrace the possibili-
ties of the Internet compared to some
other portions of the electronics indus-
try. But they have made up for their ini-
tial equivocation with a flurry of website
development in the past year. Many
high-frequency manufacturers are learn-
ing that a properly maintained website
can be a powerful business partner.
Armed with the right information, the
website cannot only become an exten-
sion of a company’s sales force, but also
an applications aid for customer
engineers.

What makes a good website? Obviously, small firms with only a handful of
specialized product lines cannot host a website with thousands of pages of
product information. Such companies cannot hope to compete with sophisti-
cated websites such as those maintained by Agilent Technologies
(http://www.agilent.com) and Analog Devices (http://www.analog.com). Still,
many small firms offer superb websites, sites that serve to enhance a compa-
ny’s technical credibility. An example is the site maintained by Philsar Semi-
conductor, Inc. (Nepean, Ontario, Canada) at http://www.philsar.com.

The site’s home page is simple but effective: one small graphic element (a
photograph) and just enough information to guide browsers to those sections
that interest them. Key among these sections is the “RF Designer’s Resource
Center.” At this part of the site, browsers are treated to an attractive collec-
tion of application notes and articles (in downloadable PDF form) on the com-
pany’s specialties: Bluetooth integrated circuits (ICs), fractional-N frequen-
cy synthesizers, Global Positioning System (GPS) front-end design, and
multipurpose RF transceivers. This small company has managed to supply
visitors to its site with a wealth of information that is disproportionate to the
size of the firm. Good sites are like this one: not just a product catalog but a
design-engineering resource center.

Where does one learn more about such sites? Well, this magazine contains
a section called WebWatch in which websites are reviewed and presented in
generally one-page reports (see p. 121 for a review of the Philsar site). Spe-
cial Projects Editor Alan “Pete” Conrad invests his time so that readers don’t
waste theirs. And if you feel your site should be the subject of a review, drop
us an e-mail at jbrowne@penton.com and we’ll take a look.

Editor’s Note: Many readers will remember Ron Schneiderman for his
years as the News Editor of Microwaves & RF. Inrecent years, Ron has stood
at the helm of our sister publication, Wireless Systems Design, as that maga-
zine’s Chief Editor. With the April issue of Wireless Systems Design, Ron has
chosen to leave this organization to pursue other opportunities. In the inter-
im, I will be performing double duty as the Editor of both Microwaves & RF
and Wireless Systems Design. For those who know and remember Ron, I
hope you will join me in wishing him all the best in his future pursuits.

Crawme

Publisher/Editor
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350 Volt, 2 ns t,

Pulse Generator
Model AVL-2-B

High voltage pulser ~ featuring IEEE-488.2 GPIB control

+ GPIB & RS-232 control
+ 0to 350 Volts
« 2nsrise time
i i + Pulse widths from 5 to 100 ns
‘OO‘JC’W DIV. | - 0to5kHz PRF
BIBEDY . - AVL-2-B $6198 U.S

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

The AVL-2-B is a high amplitude 350 Volt pulser featuring IEEE-488.2 GPIB bus
control (and RS232) and providing flat-topped pulse outputs with 2 ns rise time, pulse
repetition frequencies to 5 kHz and pulse widths variable from 5 to 100 ns. Accessory
transformers will boost outputs to 700 Volts to 200 O or 28 Amps to 3 Q.

Other Models in the AVL series will provide 0.6 ns rise time (300 Volts) and 1.0 ns rise
time (450 Volts)

Call us or visit our web site for information or to request our new 113 page catalog (Cat
No. 10) featuring over 500 models including pulsers, laser diode drivers, amplifiers and
more.
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Synthesizer Tuning Speed — 100 ps Maximum
Frequency Synchronous or Independent Operation

Interad Ltd.
8020 Queenair Drive - Gaithersburg, MD 20
Phone: 301-948-7172 - Fax: 301-977-7
E-mail: interad@pop.erols.com
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rimary loop delay filter assemblies
integrate high power cavity delay filters,
couplers and isolators into a single compa
modaule 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
rour PWB with pick and place machinery.

New! Buy K&L Filters over the web
www.klmicrowave.com
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Introducing a new series of Low Noise
and High Dynamic Range FETs

Cutting-edge performance at

FH1
For wireless v
applications

to 3GHz
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FHF1
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applications
above 3GHz

The Wireless Edge”

an amazingly low price

DC-6GH=z=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.

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.
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THE FRONT END

[ HESTER, ENGLAND—Telecommunications firm Vodafone signed a four-
30 million pound (approximately $48.3 million US) sponsorship deal with English
ceer club Manchester United on February 11. The deal, which is effective June 1, pro-
vides Vodafone with sponsorship of Manchester United j jerseys, the right to use the
‘Manchester United trademark in promotions and advertising, hospitality-area access, as
‘well as advertising boards at all Manchester United home games (except for UEFA
Champions League matches).
Perhaps the most intriguing part of Vodafone’s sponsorship deal with Manchester
is that Vodafone will provide United fans with access to audio highlights of Unit-
‘matches as well as text messages regarding the club through the new Vodafone Air-
Touch Global ereless Portal using wn'eless apphcatlon protocol (W AP) This wireless

P er Bamfor(i chief executive of Vodafone UK Ltd., comments, “This ground-break-
g agreement goes beyond a pure shirt sponsorship and will bring a new range of mobile
formation services to a loyal massive supporter base. There is additional business po-
in the bringing together of the world’s largest telecommunications company and
e world’s best-known football club.”

There will be an additional perk for United supporters in approximately three years’
: ng to Paul Donovan, commercial and marketing director of Vodafone, who
rom the beginning of 2003/2004, fans will be able to look at highlights of matches
f goals that have been scored wherever they are in the world. People will also be
receive broadcast messages from the club and they will be able to use their phones
uy shirts or tickets.”

i '-genératioz: (3G) mobile phones should be available beginning in 2003 and will
the viewing of archived soccer matches possible. Live games will not be viewed on
1l ones at any time in the foreseeable future.

pproximately 25 million mobile phones in the United Kingdom, which is
ble the number of personal computers (PCs). Vodafone is Britain’s largest
company, recently purchasing a controlling stake in German firm Mannes-
in a deal worth 114 billion pounds (apprommately $183.54 billion US). Vodafone
Is 33 percent of the UK cellular market, serwcmg approximately 8 million cus-
ers in the UK and has more international roaming agreements than any other UK
mobil peratar Currently, Vodafone is able to offer its subscribers roaming with 220
networks in 104 countries. In addition to their sponsorship of Manchester United, Voda-
 fone alse sponsors the England cricket team and the Vodafone Derby horse race.

LITTLE FERRY, NJ—The SETI League, Inc., an organization involved in the
search for extra-terrestrial intelligence, has begun the design of Array2k, a new kind of
radio telescope which will be taking shape over the next few years at a remote Northern
New Jersey location. The telescope’s name refers not to the year 2000, but rather to the
strument’s more than 2000 sq. ft. of collecting area. This is equwalent to a single dish
tenna of more than 50 ft. in diameter, at approximately a tenth of the cost.
The Array2k design combines 16 standard satellite TV antennas into a single power-
al radio telescope. The SETI League, Inc. pioneered the use of backyard satellite TV
shes for SETI research four years ago, with the launch of its Project Argus all-sky sur-
The concept has been embraced by other scientific organizations, including the SETI
Institute in California, which earlier this year announced its One Hectare Telescope
HT) project to combme 500 of these dishes into a grand SETI array.
The SETI League’s more modest design will support the individual efforts of its 1100
worldwide as a follow-up detection device to help confirm their observations.
also be used for direct astronomical research, and serve as a test bed for SETI
League engineers to develop the technologies which will someday allow them to unite
thnusands of members’ small backyard telescopes into a huge planetary array.
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THE FRONT END

R BAY, NY—As the wireless revolution continues to progress worldwide,
anufacturers can expect to see the multibillion dollar market more than double
1e next five years, according to a study from Allied Business Intelligence, Inc.
ment in the wireless phone market has been strongly augmented by new

Wireless ICs By Function
World Market, 1999

Basehand/digital
41 percent

et solutions are gaining ground from boards and modules in the GPS and
sectors. For example, modules and board solutions accounted for 41 percent

nd 23 ercent of the market in 1999 (see figure) but both are expected to fall in share
of GPS chip sets in embedded applications. The antithesis is evident in

market where second- and third-tier phone builders are looking to IC
fm‘ eompiete reference de51g'ns and board solutions. This is espemally true in

éveloped a new miniature fuel cell that may one day replace the tradi-

‘ that now power everything from cellular phones and laptop comput-
ortable cameras and electronic games.

‘ y density of these new fuel cells is 10 times that of conventional recharge-

8. t the same time, they will be significantly lighter in weight and less

or exmple, could safely power a cellular phone for more than a month and elim-
he need for battery chargers and AC adapters.
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............................................................................... to buy right away ]

Tough test and measurement equipment choices? When you need to
compare apples to apples to make a purchasing decision, TestMart-a unique
Web-based service where you can buy or sell with confidence-is just a
click away.

e Unbiased product comparisons with advanced parametric search tools
® 750,000 comprehensive specifications on over 12,000 products

e Application Engineers are available online or toll-free

e All of your test and measurement equipment requirements, 24/7

Gone are the hassles of piecing together inadequate information from
one-dimensional sources. Our integrated Compare Specs tool and secure
commerce areas allow you to determine whether to buy, lease or rent new
and refurbished equipment and to sell your underutilized equipment online.

Finally, the power to make timely, cost-effective decisions is in your hands
from research through delivery.

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

www.testmart.com
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THE FRONT END

, CA—The global consumption of fiber-optic couplers in 1999 was $394.1
to ElectroniCast Corp.’s Fiber Optic Coupler Global Market Forecast.
n value will increase to $1.75 billion by 2008, supported by rising quanti-
, partially offset by a continuing decline of average prices.
ler consumption will be driven by the accelerating demand for high-capac-
tems (optical-fiber amplifiers, optical add/drop multiplexers, ete.). “Cou-
ious forms, are enabling components used in a wide array of applications such
submarine networks, subscriber-loop networks, cable-television (CATV)
st instruments, and sensors. The main use of couplers is for splitting or com-
oday’s capacity-hungry networks and will remain so in the foreseeable
phen Montgomery, president of ElectroniCast.

1 led in global coupler consumption with 38 percent, or $149.7 million, in
erican consumption will expand in value to $664.3 million by 2008. Europe
usage of fiber-optic couplers with 27.6 percent, or $108.9 million, in 1999,
$491.8 million by 2008. The leading European countries in fiber-optic

g Dyment Were Germany, the United Kingdom, France, and Italy.

; A——Qualcom recently announced that it has acquired SnapTrack,
involved in wireless position-location technology. Combining Snap-
ry with Qualcomm’s gpsOne technology will accelerate the introduction
ed Global Positioning System (GPS) technology. Qualcomm paid $1 bil-
e acquisition of SnapTrack. The agreement was completed last month.
The combined Qualcomm and SnapTrack position-location technology targets wireless
01 ldwide. It will be designed and is patented to operate in existing code-di-
ess (CDMA), Personal Digital Cellular (PDC), Global System for Mo-
ons (GSM), time-division-multiple-access (TDMA) and integrated-dis-
edmnetwork (iDEN), and new thlrd-generatlon (3G) CDMA systems.

technology will enable the design of smart phones, personal digital as-
'DAs), and pagers that will help find wireless 911 callers for emergency pur-
vide customized location-specific services either directly to the user or
nternet applications and services. The location technology is air inter-
ent and functions in any wireless standard. SnapTrack’s Location on De-
ensure a caller’s privacy—putting location information in the hands of
 network. Qualcomm will provide a low-cost, robust solution to the Fed-
Commission’s (FCC’s) mandate that wireless carriers provide for
eless phones for 911 applications.
50 patents, either issued or pending, that concern the deployment of
SnapTrack has focused on integrating GPS and two-way wireless
the pa.st five years. It pioneered the client/server-assisted GPS technol-
ss Assisted GPS that uses the US government’s GPS satellites to
levices | Withm an average of 5 to 20 m, including buildings where con-

ne announeed that it has shipped its 50 millionth code-division-
) product...Murata Electronics announced that its State Col-
facility is certified to the ISO 14001 Environmental Manage-
ligent Information, Inc. has been named to Deloitte & Touche’s
 ranking of the 500 fastest-growing US technology compa-
Inc. is the recipient of the Delphi Automotive Systems Division
Zero Defect Award. This award is presented by Delphi-Delco
: ailures or defects during the previous year. RFM is
1 suppliers who received this award...Marconi Com-
companies nationwide, is the first to receive the
om the QUEST (Quality Excellence for Suppliers
The TL-9000 program is based on the IS0-9000 pro-
tions-specific metrics added.
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National’s New Multi-Carrier
14-Bit, 135 MSPS D/A

Converter Simplifies Wireless
Basestation Design

W-CDMA ACPR

DAC14135 Combines Multiple
Carriers, Reducing Basestation
Cost and Size

e Wide dynamic range with:
85dBc SFDR @ 1MHz
70dBc SFDR @ 20MHz

e TTL/CMOS (+3.3V or +5V) Inputs

® 48-pin TSSOP provides small footprint
e Low 185mW power dissipation

e Costs less than $10

Ideal for Multi-Carrier and Multi-Standard
Cellular Basestations, Wireless Local Loop
Basestations, Direct Digital Synthesis (DDS),
ADSL and HFC Modems, and Instrumentation

For More Information on DAC14135:
www.national.com/appinfo/wbp/
1-800-272-9959

Evaluation Board Available at:
www.national.com

Power (dB)

Free CD-ROM Data Catalog
Available at freecd.national.com
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©1999 National Semicenductor Corporation. National Semiconductor and @ are registered trademarks of National
Semiconductor Corporation. Price shown is for 1K units in USD, FOB Santa Clara, CA. All rights reserved.
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NEWS

Communication Trends

Broadband and navrowband data technologies ave two of
the trends making strong bids to grab the headlines in
today’s fast-paced wiveless communications industry.

Wireless Up-And-Gomers
Head For The Spotlight

GENE HEFTMAN

Senior Editor

ITH the mass of media attention focused on developments in
portable phones (IMT-2000 or 3G) and Bluetooth connectivity,
it is easy to overlook allied technologies that will have major
impacts on the future wireless world. Probably the most impor-
tant trend in wireless communications is the beginning of its transforma-
tion from a voice-centric to a data-centric technology. Already, manufac-
turers of phones are moving to equip up to 50 percent of their handsets
with WWW surfing capability by next year. And that is only the beginning
as the digital worlds of wireless, computers, and the Internet race head-
long down a road where all three will converge. The trend is clearly under
way as wireless services transition from 2.5 G to 3G (Fig. 1).

tems into the wireless mainstream.
The IEEE802.11 specification for
2.4-GHz WLANS is on the verge of a
breakout into higher data-rate terri-
tory that is expected to greatly
expand its range of applications and
user base. The original 802.11 work-
ing group was established in 1990,
but it took until 1997 to get approval
of the first standards covering fre-
quency-hopping spread spectrum
(FHSS) and direct-sequence spread
spectrum (DSSS) as the physical-
layer (PHY) standards (IEEE
802.11-1997). These first WLAN sys-

Within the Global Systems for
Mobile Communications (GSM) and o s
cdma2000 standards, data protocols
such high-speed circuit switched W, IS-‘}I{:&B/ 1-136B/HS |
data (HSCSD), enhanced data rate
for global evolution (EDGE) and oth-
ers are coming online. A little farther
out on the radar screen, however, are
wireless local area networks aSM
(WLAN) and Broadband Wireless ‘
Access (BWA), two technologies that
could change the way data are han-
dled within companies and delivered
to the home. The WLAN market is m
predicted to undergo explosive /
growth over the next few years— B
more than seven times its present T
size by one estimate. BWA in the
form of local multipoint distribution cdma \
system (LMDS) and multichannel || [ One / P\ [15-058 b= ] 15-958 e
multipoint distribution systems it
(MMDS)—also known as Metropoli-
tan Area Networks (MANs)—may 1. Data services are an important aspect of 2.5G wireless phone technol-
require more nuturing but standard- ' ogy, and will be in the future, as shown in this projected path to 3G envi-
ization efforts are underway to bring = sioned by Tektronix, Inc. The blocks marked GPRS, EGPRS, EDGE, and
the large bandwidths of these sys- | HSCSD are data-handling protocols.
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Jeez, talk about
getting the book
thrown at you!
Here at GHz,
we're a little more
personal. Oh sure,
our catalog is impres-
sive. But our real
strength is customizing
RF power transistors
for your applications.
To save you a load of
time and expense in
production, we deliver
every transistor fully
optimized to fit your
circuit. No tweaking,
tuning or rework
required at the factory.
Don’t waste time
trying to track down
catalog transistors. Call
408-986-803 1 x224
for a perfect fit and
lowest-cost solution.
Or visit www.ghz.com.
We'll review your needs

and build from there!

I1SO 9001 registered

Copyright © 1999 GHz Technology. Al rights reserved

ASID/AIE NS 220

CIRCUIT.
NOT THE
OTHER WAY
AROUND.

CHz TECHNOLOCY

RF-MICROWAVE SILICON POWER TRANSISTORS




NEWS

Communication Trends

tems ran at data rates from 1 to 2
Mb/s and were aimed primarily at
vertical applications such as invento-
ry control, bar-code reading, ete.

To compete against higher data-
rate wired LANS, changes had to be
made. “Wireless LANs weren't
going anywhere until the data-rate
issue was solved,” says Al Petrick,
Director of Marketing and Business
Development at ParkerVision, Inc.
(Jacksonville, FL) and Vice Chair-
man of the IEEEP802.11 committee.
In order to augment a wired Ether-
net LAN, higher data rates were
needed and work began in 1997 on
higher data-rate extensions to the
first standard. These higher rates,
according to Petrick, “could serve
more users and also be used for voice,
isochronous, and video-stream appli-
cations.” This is a change in emphasis
from the original specification, which
was always more data oriented.

The cateh to going to higher data
rates was how to do it without creat-
ing a new standard. Proposals from
WLAN hardware makers Harris
Semiconductor (now Intersil) and
Lucent Technologies led to the con-
clusion that the original standard
could operate up to a 11-Mb/s data
rate. Thus, two new extensions,
802.11a and 802.11b, were born
(Fig. 2).

IEEES802.11b is known as the 2.4-
GHz high-rate extension and can
operate at 11 Mb/s until the distance
between transmitter and receiver

grows too large—somewhere around
100 feet indoors—at which point the
data rate drops back to 5.5 Mb/s. It
uses the existing 802.11 medium-
access-control (MAC) layer and the
collision-avoidance protocol
carrier sense, multiple-access
collision avoidance (CSMA/CA).
IEEER802.11a, known as the 5-GHz
extension, is intended to run at
mandatory data rates of 6, 12, and 24
Mb/s. Similar to its 11-b cousin, it
uses the existing MAC layer, but the
modulation scheme, orthogonal fre-
quency-division multiplex (OFDM),
is different [11a uses complementary
code keying (CCK)].

In Petrick’s view, the near term
goal for the extensions is to get
worldwide adoption so that one sys-
tem can be used anyplace in the
world, perhaps using a computer
equipped with a PC card [a personal-
computer memory-card international
association (PCMCIA) card]. This
avoids dealing with various stan-
dards that could be in effect in differ-
ent places. Also on the agenda is
obtaining ISO approval for the
extensions, something considered
very probable. A new goal is called
the interactive access-point protocol,
which would allow access points to
talk to each other, creating a more
efficient network structure. Under
current WLAN configurations,
access points (a transceiver connect-
ed to the network) does not know
what other points are doing. The

Project 802.11

I MAC
Regulatory updates MAC —-bl enhancemeﬂts 'znnn

o A P

2.4-GHz 2.4-GHz 1 2.4-GHz |, 5-GHz |
Frequency hopped| | Direct sequence Infrared | ;Higher-rate extension )
Spread spectrum | | Spread spectrum 1 Mb/s ! extension ‘! 802.11a I
1 Mb/s 1Mb/s  |[2Mb/s (optional)(; 802.11b 11 6 45 3424 Mbss |

2 Mb/s (optional) 2 Mb/s : 5115,'::;;3 : 9 to 54 Mb/s (optional)!
e i U e 5 800 o o ey s Ly

ISO/IEC 8802-11: 1999

1997
© Published as International Standard

2. IEEE802.11a and 11b are high-rate extensions to the original 802.11 stan-
dard adopted in 1997. The higher data rates of the extensions open up new
applications in enterprise and consumer markets.
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group also wants to establish
wireless quality-of-service
(QOS) standards for voice
and Voice over Internet pro-
tocol (VoIP), a technique
that permits voice and data
to travel simultaneously
over a single network line,
providing users with more
effective phone and fax
service.

Satellite
12 percent

Broadband subscribers by technology,
US market, 2003

Others
5 percent

ADSL
36 percent

also states that another goal
is to turn the Bluetooth
specification into an IEEE
standard, and work is
underway in that area.
Under current technolo-
gy, broadband access to
businesses and residences
for services such as high-
speed Internet, video and
data comes in primarily

Ultimately, the higher LMDS through the wired infras-
data rates becoming avail- 9percent oo\ Cable Dohi tructure. Two examples of
able will enable WLANS to 12 percent 26 percent this type of access are cable

match the rates of the major-
ity of wired LANs. At 11

Source: Allied Business Intelligence, Inc.

modems and digital sub-
seriber line (DSL). The
wireless alternatives to

Mb/s, 802.11b systems can be
considered a direct alterna-
tive to 10- Mb/s wired LANs
such as 10base-T Ethernet.
Not only that, falling prices
for WLAN equipment are
making it more cost-effective for
small and medium-size enterprises to
purchase the technology. A recent
market study performed by Intex
Management Services Ltd. of the
United Kingdom puts today’s world-
wide market for WLANSs at 1.07 mil-
lion units (network-interface connec-
tions, access points, and build-
ing-to-building bridges.) By 2003, the
report states that the number will
increase to more than 8.14 million
units, and medium to long-term
growth will be the result of penetra-
tion into the home/consumer market.

802.16 MAKES A BID

Ever since the Federal Communi-
cations Commission (FCC) auctioned
off a chunk of bandwidth in the 28-to-
31-GHz range in the winter of 1998 to
104 bidders, the broadband wireless
service called LMDS has shown more
promise than progress. But change
may be in the offing as the
IEEER02.16 Working Group on
BWA takes on the task of developing
transmission standards that will pro-
duce a working foundation for sys-
tem developers and hardware
providers. Recent activity in the
working group has centered around
developing technical standards for
the PHY and MAC layers and whit-
tling down the dozen proposals in the
hopper to a few that show the most
promise.

The original charter of the 802.16

3. This projection of the broadband wireless and wired

markets from Allied Business Intelligence indicates that
LMDS services will lag well behind other access means
until 2003.

group was to look into broadband
services spanning the frequency
range of 10 to 66 GHz, but that range
has been expanded to cover frequen-
cies below 10 GHz. According to Dr.
Roger Marks of the US National
Institute of Standards and Technolo-
gy, and a member of the 802.15
Group, there are a number of studies
and projects underway. In addition
to developing an air-interface stan-
dard for fixed BWA in the 10-to-66-
GHz range, one subgroup is investi-
gating an air-interface standard for
unlicensed bands between 2 and 11
GHz. A study group called the Wire-
less Human Project has been formed
to examine unlicensed frequency
bands at approximately 5.8 GHz. And
a Coexistance Group is trying to rec-
ommend practices—not standards—
relating to interference in closely
bands. According to Marks, “There is
no longer guidance from the Federal
Communications Commission on how
to avoid interference other than,
don’t bother your neighbor.” They
are trying to provide guidelines that
neighbors can live with.

In addition to its charter to come
up with a standard in the 10-to-66-
GHz band [known as metropolitan-
area networks (MANs)], the 802.16
group interfaces with the 802.11
WLAN group and the 802.15 group
which focuses on personal-area net-
works (PANs). A PAN is a network
that is smaller than an LAN. Marks

these technologies are
LMDS and MMDS. LMDS
is a two-way point-to-multi-
point system that operates
in three bands: 27.5 to 28.35
GHz, 29.10 to 29.25 GHz and 31.075 to
31.225 GHz for a total bandwidth of
1.15 GHz. Another auction is planned
for this year to sell off an additional
1.4 GHz in the 39-GHz range. The
success, or lack of it, should send a
signal as to the prospects for the
future of LMDS development.

One prediction comes from Allied
Business Intelligence (Oyster Bay,
NY) which sees the technology trail-
ing well behind the wired DSL and
cable-modem access three years
down the road (Fig. 3). But Marks
takes an opposing view. He says,
“LMDS will be growing and coming
on very strong. At a recent broad-
band wireless conference, there were
a lot of people, business and techni-
cal, who want to get this thing going,
so things are looking up.”

Two of the technical hurdles that
LMDS will have to vault were
revealed in a paper entitled “Wire-
less Technologies for Broadband
Access,” by Peter Okrah and David
Anderson of Motorola (Tempe, AZ)
presented at the Wireless Sympo-
sium in San Jose, CA in February of
this year. Okrah and Anderson point
to deployment cost and reliability as
the stumbling blocks. In landline sys-
tems, most of the wiring infrastruc-
ture is in place, and so most of the
investment has been made. With
LMDS, cost is a factor because some
skeptics question whether the cost of
the required radio technology will
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facilities

Interface and multiplexer/
demultiplexer

Customer premise
equipment

PC or
network
server

Voice,
video,
and data
services

4. A basic LMDS system is a 2-way broadband communications channel
running at around 28 GHz. Its extremely wide bandwidth (1 GHz) allows it
to support an almost unlimited variety of voice, video, and data services.

come down sufficient to make the
technology practical. The radio por-
tion [RF and intermediate frequency
(IF)] of the transceivers is a major
cost factor, and to compete with DSL
and cable modem, the installation and
service costs to the consumer must
be comparable (Fig. 4).

The second factor, claim the
authors, is that LMDS’s operation in
the millimeter-wave band makes the
service vulnerable to environmental
conditions such as trees, water
vapor, fog, gasses, ete. That is, such
conditions can cause signal attenua-
tion that will render the service inop-
erable. Thus, the equipment would
have to be installed under line-of-
sight (LOS) conditions, and in non
LOS areas, with repeaters, both of
which could add cost to the systems.

UMTS IN THE AIR

In all the reportage on the Univer-
sal Mobile Telecommunications Sys-
tem (UMTS) and the push toward 3G,
the subject of the satellite component
receives little mention. In another
paper offered at the Wireless Sympo-
sium entitled “Satellite UMTS (S-
UMTS) Visions and Realities,” by
Santanu Dutta and Peter D. Karabi-
nis of Ericsson (Research Triange
Park, NC), the authors claim that a
satellite component of UMTS is
essential: “If UMTS is to be truly
‘UMTS, it must encompass a satel-
lite component. This component must
be a synergistic derivative of the ter-
restrial UMTS standard and technol-

ogy, otherwise it will not be able to
afford the economies of scale which
are so essential for the end-user
product.” S-UMTS is defined as any
system that will satisfy the require-
ment of IMT-2000, meaning that it
must provide multimedia packet data
services of up to 384 kb/s in a mobile
environment and address TDMA and
CDMA solutions.

The authors offer a basic vision for
a mobile-satellite standard (MSS)
that must include terminals (hand-
sets) that offer cellular-like size,
weight, battery life, and cost. These
can be created by aligning the air
interface closely with a mainstream
terrestrial interface, down to the
physical layer. This facilitates the
maximum use of cellular components,
which enjoy low cost through high-
volume manufacturing.

Satellite technology embedded in a
phone should not mean bigger, heav-
ier, or significantly more cost for the
product. It should mean added value
for slightly more cost. The product
should remain a consumer (mass-
market) product.

This said, the authors offer a view
of the technological challenges that
stand in the way of making S-UMTS
a reality that fulfills the goals men-
tioned previously. And they are not
too optimistic that the challenges can
be over come in the near future. The
reality, they claim, is approximately
ten years off and it will take a combi-
nation of working out the standards
and technical details to deliver the
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vision of a truly “universal” system.

The actual hardware or radio
equipment that will implement satel-
lite communications and the space
technology that will get it up there is
close to reality in the view of G. Della
Monica and P. Barretto of Alcatel
Space Industries (Toulouse, France).
In their paper, “Next Generation
Architecture Of Satellite Radio
Equipment Using Very Latest Wire-
less Solutions,” given at the Septem-
ber 1999 Wireless Symposium in
New Orleans, LA. The technology
for building satellite is already there,
they claim, stating that satellites can
be produced on assembly lines in
mass-production like quantities. One
of the design considerations that has
lead to a standoff between different
factions is the debate over the relia-
bility level of the components needed
for space flight.

Veterans of the satellite business
cling to the notion that space de-
mands devices that meet the old
“class S” requirements of military
systems to ensure the highest relia-
bility. If this is true say the authors,
it will be difficult or impossible to
build the modern, low-cost electronic
architectures that will allow S-
UMTS to succeed. Thus, the industry
must find a way to produce electron-
ic devices that can meet the military-
like requirements of civilian space
applications but at commercial price
levels. Particularly difficult are the
radiation-hardening requirements
that any device placed in space must
operate with a high degree of relia-
bility over a long period of years.

NEW MODELS

For wireless technology to forge
ahead with enterprising projects
such as 3G, BWA, WLANSs, and oth-
ers, hardware designers will need
tools that can speed up the current
design turnaround process to meet
time-to-market demands. This
means improving the design automa-
tion tools used to model amplifiers,
mixers, oscillators, and other circuit
elements that are the foundation of
many RF transmitter/receiver sys-
tems. These circuits are growing
more difficult to design due to factors
such as the need for complex modula-
tion schemes in digital cellular to

increase channel capacity, handle
data traffic, and receive messages
with greater accuracy in the pres-
ence of noise and distortion. An
important concept behind faster and
more accurate design tools is neural
networks (NNs).

At the conceptual level, NNs are
systems composed of a large number
of single processing units intercon-
nected by communications channels.
Units operate on small pieces of data
which then can be processed in paral-
lel to produce results much faster
than with serial processing methods.
At the practical level, Xpedion
Design Systems (Santa Clara, CA) is
a company using NNs in its Gold-
enGate Model Compiler to not only
speed up circuit simulations but to
give designers more accurate results
than can be obtained with conven-
tional modeling.

The standard way to model an indi-
vidual device or a circuit/subsystem
is by writing a complicated equation
that describes its behavior over sev-
eral different bias points, tempera-
tures, or other input variables. The
problem is that the more parameters
accounted for, the greater the
amount of data required or the more
complicated the equation becomes.
“With NNs,” says Jake Goldstein,
customer support manager at Xpe-
dion, “you build a model based on
data, either from an RF circuit simu-
lator or from measured data. The
model can be parameterized at differ-
ent bias points and is not simulator
specific.” NNs are known for allow-
ing the creation of numerically effi-
cient models drawn from large input-
data bases. Techniques such as table
look-up, curve fitting, and polynomial fit-
ting become difficult to handle as the
amount of input data gets larger.

According to Richard Curtin, Sen-
ior Vice President of Sales and Mar-
keting at Xpedion, “The GoldenGate
Model Compiler’s capabilities turned
out to be more robust than anticipat-
ed. So we decided to extend it to
device modeling, in addition to circuit
and subsystem modeling. By taking
NN down to the transistor level, the
more accurate the final design will
be.” This is known as bottom-up
design and it permits very complex
devices to be modeled accurately.ee
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Kits evaluate transimpedance amps

Q valuation kits are available to gauge the perfor-
‘ mance of the company’s integrated de-
tector/preamplifier-transimpedance amplifiers

(IDP-TTAs) used in fiber-optic re-
ceivers for Gigabit Ethernet and Fi-
bre Channel applications. Each kit
includes six IDP-TIAs, one of which
is mounted on an evaluation board
that provides SMA connectors to the
differential outputs. The kit also in-
cludes an application note that de-
scribes how to achieve optimal per-
formance of the IDP-TIA in a
receiver design. Evaluation kits are

available for the company’s three IDP-TIA models cur-
rently in production: AMT121302, AMT128502, and
128503. Model AMT121302 is designed for 1300-nm sys-

tems and employs a positive-intrin-
sic-negative (PIN) diode. Models
AMT128503 and AMT128502 are de-
signed for 850-nm systems and em-
ploy metal-semiconductor-metal
(MSM) diodes. ANADIGICS, 35
Technology Dr., Warren, NJ
07059; (908) 668-5000, FAX: (908)
668-5132, Internet: http://
www.anadigics.com
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Spectrum-analyzer
options serve 3G

wo new options for the
model 3086 real-time spec-
trum analyzer allow it to
measure code-domain power and
perform analyses of complementary
cumulative-distribution functions
(CCDF's). These options can assist
engineers with the design of third-
generation (3G) wireless devices and
systems. The code-domain power op-
tion, designated Option 16, allows
the analyzer to quantify a base sta-
tion’s response to instructions from
the network. Option 16 permits mea-
surements that conform to the pub-
lished specifications for wideband
code-division-multiple-access
(WCDMA) experimental version 1.1.
The CCDF option, designated Op-
tion 20, is particularly useful to de-
signers for evaluating the distortion
performance of their products. Tek-
tronix Measurement Group,
P.O. Box 3960, Portland, OR
97208-3960; (800) 426-2200 re-
quest code 1176, FAX: (503) 222-
1542, Internet: http://www.tek
tronix.com/measurement.
CIRCLE NO. 59 or visit www.mwrf.com

Airborne helical array
aids avionics systems
LT""‘ he model 9930-800 airborne
‘ helical-array antenna sup-
H_I| ports avionies systems at
frequencies from 2200 to 2290 MHz
aboard commercial and military air-
craft. The antenna consists of eight
individually sealed helix elements
arranged in a ring. A microstrip-feed
network electrically combines the el-
ements. The antenna is designed for
right-hand-circular polarization and
can handle RF power levels to 100 W
CW. Gain is 20 dBic, VSWR is 1.5:1,
and maximum axial ratio is 2 dB. It

has an outside diameter of 12.5 in.
(31.75 c¢m) and a cylinder height of
13.5 in. (34.29 cm). Seavey Engi-
neering Associates, Inc., 28
Riverside Dr., Pembroke, MA
02359; (781) 829-4740, FAX: (781)
829-4590, Internet: http:/www.
seaveyantenna.com.
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Software facilitates
real-time applications

. a1 abVIEW RT software helps
L} Ilh engineers and scientists de-
___ l velop real-time application
programs for high-speed data acqui-
sition (DAQ), control, test, and pro-
cess control. It is designed to be used

in conjunction with the company’s
RT series of DAQ hardware. The
software’s graphical programming
environment allows engineers and
scientists to develop Windows-based
applications without extensive
knowledge of traditional text-based
programming languages. LabVIEW
RT automatically communicates
with the RT engine on the RT target
hardware, which can be a plug-in
DAQ device or a PXI/Compact PCI
controller connected through Ether-
net. National Instruments, Inc.,
11500 N. Mopac Expwy., Austin,
TX 78759-3504; (512) 683-0100,
FAX: (512) 794-8411, Internet:
http://www.ni.com.
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FINANCIAL NEWS

Top Tuner Makers Team Up

o companies with expertise in de-

I veloping innovative integrated cir-
cuits (ICs) for TV- and radio-
broadecasting applications have
merged. Microtune, Inc. (Plano, TX)
and Temic Telefunken Hochfrequen-
ztechnik GmbH (Ingolstadt, Ger-
many) joined forces in January with
the deal being engineered by Hicks,

Muse, Tate & Furst, Inc., a Dallas, TX
investment house. Microtune acquired
the technology, personnel, and assets
of Temic, including manufacturing fa-
cilities and operations in the US, Ger-
many, and the Philippines. The com-
pany will conduct business under the
Microtune, Ine. name. Financial de-
tails are sketchy, except that Hicks,
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Muse invested $75 million in the two
companies shortly before the merger,
and bought out the German company a
few weeks prior to the deal.

Microtune’s technological achieve-
ment is its patented MicroTuner 2000,
a single-chip broadband TV tuner that
has applications in a wide range of
TVs, set-top boxes, cable modems,
multimedia personal computers (PCs)
and other information-receiving prod-
ucts that are considered vital to the
upcoming digital media/communica-
tions era. The IC is a breakthrough in
tuner technology since it can replace
conventional board-type tuners, which
are larger and not as versatile. It in-
corporates an all-silicon (Si) RF archi-
tecture that works with various types
of broadband networks, operates on
the established analog and new digital
systems, and handles video/audio in-
formation as well as digital data. Mi-
crotune recently announced new fami-
lies of chip and modular products
aimed at specific markets such as cable
set-top boxes, cable modems, PC/TVs,
and digital TVs. These products serve
as broadband gateways for bringing
audio, video, and data from informa-
tion providers to information users.

Temic is a manufacturer of tuner
1Cs used in automobiles and multime-
dia computers, and has focused on the
emerging broadband marketplace. Its
customer base includes auto and com-
munications manufacturers such as
DiamlerChrysler Corp., Cisco Sys-
tems, and Ericsson USA.

The link of the two companies was
well-received by financial analysts and
industry watchers. Microtune is
viewed as an Si company while Temic
has a reputation as a systems house.
Most pundits believe the marriage
puts Microtune in a position to offer its
customers a one-stop shopping solu-
tion for a complete solid-state RF
front end covering virtually every
communications access method avail-
able or on the way. This total solution
for the tuner function is increasingly
important because of time-to-market
pressures faced by manufacturers in
the fast-growing digital consumer
electronics and information appliance
markets. The merger also gives Micro-
tune entrée into the expanding auto-
motive tuner market.ee
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rely on Harmonica

You don't want any surprises when the part that performed so well during

simulation is built and tested. No shifted gain. No premature saturated power

or unaccounted spectral regrowth...and certainly no oscillations.

Successful amplifier designs demand optimal ACPR, power, IP3, nonlinear

stability and yield. That's why many engineers are turning to

Harmonica, the most powerful high-frequency circuit design solution

available for the PC desktop. With physics-based distributed

models and a time-tested
Harmonic Balance engine, P T ' p
Harmaonica delivers superior owe r rl
speed, accuracy, power and
functionality. And as a part of
Ansoft's Serenade Design
Environment, Harmonica
offers seamless links to
layout, system simulation,

electromagnetics, and third-party tools.

After all, every dBm counts.

Discover the difference Harmonica makes in the

design of amplifiers, mixers, oscillators, filters,

matching networks and other components in

your wireless design.

For your free evaluation copy of Harmonica or

any of the tools in Ansoft's Serenade Design

Environment call 412-261-3200

high performance EDA
or send e-mail to info@ansoft.com.

www.ansoft.com
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FINANCIAL NEWS
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Contracts

Ghana Telecommunication Co. Ltd.—Awarded a
$41.5 million contract to Motorola, Inc. for the supply and
deployment of its Global System for Mobile Communica-
tions (GSM) digital cellular network.

IFR Systems, Inc.—Was awarded a contract from
British Telecommunications (BT) valued at $8.1 million
over three years to supply calibration and maintenance
services for BT’s electronic test equipment used in field
and laboratory applications throughout the UK.

Sanders—Has received a $7 million Foreign Military
Sales contract from the US Army to provide missile-
warning systems (MWS) for the Greek armed forces.

LCC International, Inc. and Pinnacle Hold-
ings, Inc.—Have entered into a definitive agreement for
LCC’s tower subsidiary, Microcell Management, Inc., to
sell up to 197 communication tower sites to Pinnacle Tow-
ers, Inc., a wholly owned subsidiary of Pinnacle Holdings.
The deal is valued at approximately $80 million.

Intermec Technologies’ Amtech Systems Divi-
sion—Has been awarded a multimillion-dollar China
Ministry of Railways (MOR) contract to provide RF-
identification (RFID) equipment for the Chinese railway
network, the fourth largest in the world.

Telespree Communications—Received $6 million
in funding from leading wireless venture capital firms to
introduce a new category of prepaid wireless communi-
cations for the mass market.

Robinson Nugent, Inc.—Has been awarded the
contract for the backplane connector for the newly re-
leased MAX TNT switch. The MAX TNT is a multipro-
tocol wireless-area-network (WAN)-access switch that
enables carriers, Internet service providers (ISPs), cor-
porations, and major network providers to offer a variety
of access services such as analog, integrated-services dig-
ital network (ISDN), leased T1/E1, and frame relay.

HTE, Inc.—Was awarded a contract worth $1,037,570
to provide a comprehensive public-safety software solu-
tion to the Wisconsin State Patrol. Under the contract,
mobile software will be integrated with HTE’s dispatch-
ing software, CAD V™, so that officers can receive dis-
patch information, update their status, and run queries
from computers in their vehicles.

Glenayre Technologies—Announced that it has
received a $5.6 million, three-year contract to provide its
enhanced-services solution to Urban Media, an on-site
service provider (OSP) delivering integrated broadband
communications services to small and mid-sized
businesses.

Fresh Starts

Signal Technology Corp.—Acquired the assets of
Advanced Frequency Products (AFP) of Andover, MA.
AFP is a provider of high-frequency millimeter-wave and
microwave transceivers for the broadband wireless com-
munications infrastructure marketplace.

Wavetek Wandel Goltermann—Sold its Precision
Measurement Division in Norwich, UK and its Test Tools
product line based in San Diego, CA to the Fluke Corp. of

Everett, WA.

Silicon Wave, Inc.—Announced the completion of its
third round of financing where it raised $35 million. The
round included new investors Intel Capital, Seligman
Technology Group, TDK Corp., and Velocity Capital
Management, as well as existing investors Sevin Rosen
Funds, Amepersand Ventures, Signal Lake Ventures,
The Benaroya Co., and Japan Asia Investment Co. Ltd.
The financing round allows Silicon Wave to continue with
the design and delivery of small-power, low-cost radio so-
lutions including the company’s recently announced
SiW015® radio-modem integrated circuit (IC).

Alpha Industries—Announced a significant increase
in capacity with its new high-throughput i-line stepper,
now being used in full production. The stepper has ex-
panded Alpha’s capacity with the ability to produce sub-
half-micron RF integrated circuits (RF' ICs) in high-vol-
ume production. Alpha received a second ASML 5500/100
stepper in January, which added even more capacity.

RF Monolithics, Inc.—Has relocated its European
sales office to England. The England sales office joins ex-
isting North American sales offices in CA, GA, and MN.

Spectrian Corp.—Has entered into an agreement
with Metricom, Inc. to provide ultra-linear power ampli-
fiers (PAs) in the 2.3-GHz wireless-communications-ser-
vice (WCS) band in support of Metricom’s Ricochet 128-
kb/s launch scheduled for this summer.

Microtune, Inc.—Has merged with Temic Tele-
funken Hochfrequenztechnik GmbH of Ingolstadt, Ger-
many, a supplier and marketer of RF system solutions to
the cable, personal-computer (PC), and automotive
industries.

M/A-COM—Has reached an agreement with ITT In-
dustries, Inc. to acquire ITT’s GaAsTEK business unit.
GaAsTEK will operate as part of M/A-COM, a subsidiary
of Tyco Electronics.

Agilent Technologies—Has signed a licensing
agreement with SynthSys Research, Inc. for its error-
analysis technology. This technology will enable engi-
neers to uncover the causes behind errors in digital com-
ponents and system hardware. Agilent will develop and
globally market bit-error-ratio products that incorporate
SynthSys’ BitAlyzer technology.

Anaren Microwave and Avnet Electronics Mar-
keting—Announced the signing of an enhanced distri-
bution agreement. Under the agreement, Avnet Elec-
tronics will directly distribute Anaren Wireless Group’s
entire list of surface-mount products to Asia, enabling
customers in the Far East to purchase a variety of wire-
less components locally from a single source.

Analog Devices—Announced that Novatel Wireless,
Inc. of San Diego, CA has selected their respective tech-
nologies for the development of Global System for Mobile
Communications (GSM)/general-packet-radio-switch
(GPRS) networks.

TRW, Inc. and Endgate Corp.—Signed a definitive
agreement to merge Endgate and TRW Milliwave, Inc.,
a wholly owned TRW subsidiary, to create a new com-
pany, Endwave Corp.
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to learn more
Click here

www. atceramics.com

FOR ATC'S
EUROPEAN

LES OFFICES,

American

Technical

RUGGED HIGH Q
THE ENGINEER’'S CHOICE

FOR OVER 30 YEARS

FROM HANDLING EXTREME RF POWER LEVELS TO

SUPER-SENSITIVE SMALL-SIGNAL APPLICATIONS. ..

FROM HIGH POWER BASE-STATION AMPLIFIERS TO

HIGH Q FILTER AND OSCILLATORS —

ATC’s 100 SERIES CAPACITORS HAVE

SUPPORTED THE RF AND MICROWAVE

INDUSTRY FOR OVER 30 YEARS.

ATC’S SELF-ENCAPSULATED PORCELAIN
CONSTRUCTION HAS EVOLVED AND
IMPROVED TO OFFER AN UNPARALLELED
LEVEL OF MATURITY, MAKING THEM

THE MOST REQUESTED CAPACITORS

THROUGHOUT THE RF/MICROWAVE INDUSTRY.

A CASE {055 % 055
B CASE S0 110
C CASE DX 250
E CASE .380 x .380

(=0 RE 1 GHZ ESR

1omM€2(1) 3 GHz(1)
85MEL2(1) 2 GHz(1)
40MmE2(2) 150 MHz(2)
70ME2(2) 120 MHz (2)

(2) 1000 PF, 30 MHz ESR
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METAL-BACKED BOARDS

CAPABILITIES

* Multi-Layers Utilizing Mixed
Dielectrics
* Metal-Backed Circuits with

Plated-thru-Holes
including Aluminum

* 2 mil Lines/Spaces

* Fine Line Etching

* Selective Plating

* Tight Tolerance Machining
e Multi-Layer/Hybrids

* Heavy Metal Backed Board
* Plated Through Holes

MODULAR COMPONENTS
NATIONAL, INC.

2302 Industry Court, PO Box 453
Forest Hill, MD 21050

410/879-6553 Fax: 410/ 838-7629
E-mail: sales@men-mmpc.com
http:// www.mcn-mmpc.com

MARYLAND MPC LLC
81 Old Ferry Road, Lowell, MA 01854
978/452-9061 Fax: 978/441-0004
E-mail: sales@mcn-mmpc.com
http:// www.men-mmpc.com

PEOPLE

AMT—Pete Manno to president
and CEO; formerly executive vice
president of Powerwave. Also, John
Carollo to vice president and general
manager of AMT’s Wireless Busi-
ness Unit; formerly director of mar-
keting at Hewlett-Packard’s power-
amplifier (PA) division.

Anaren Microwave—David
Eastwood to Eastern regional sales
manager; formerly Southeastern re-
gional sales manager for a manufac-
turer of industrial controls and
systems.

” E
EASTWOOD HCGULEY

ANADIGICS—Kenneth W. Me-
Cauley to director of field sales; for-
merly director of sales in telecommu-
nications and wireless applications
for Lucent Technologies.

Tekra Film and Adhesive
Products—Mark Norton to techni-
cal market specialist for the Western
US; formerly account executive for
contract manufacturing with Key
Tronic, Inc.

Current Technology, Inc.—
Dean W. Datre to national sales man-
ager; formerly employed in manage-
ment positions with Square D/EPE
Technologies.

The CIT Group/Equipment
Financing—James V. O’Halloran
to vice president; formerly treasurer
of FSI International, Inc.

MYDATA Automation—Pierre
Martin to president of MYDATA Ja-
pan; formerly president of MYDATA
France. Also, Joel Girard to manag-
ing director of MYDATA France;
formerly sales manager of MYDATA
France. In addition, Cheng Chong
Foo to managing director of MYDA-
TA Asia; formerly agent support
manager at Universal Instruments.

Nextec RF & Microwave,
Inc.—David Kim to executive vice
president; formerly vice president in

i

engineering at CPL.

Quad Systems Corp.—Elmer
O’Brien to vice president of technical
services and support; formerly direc-
tor of field service. Also, Matt Stack-
house to senior director of technical
services; formerly director of techni-
cal services. In addition, Edward
Conson to service manager for the
Eastern region of the US; formerly
field service engineer.

RLC Electronics, Inc.—Robert
DeBrecht to general manager; for-
merly vice president of engineering
at General Microwave Corp.

Microwave Power Devices,
Inc.—Alfred Weber to president,
chief executive officer, and chairman
of the board; formerly employed as
president, chief executive officer,
and chairman of C&D Technologies,
Inc.

Microwave Instrumentation
Technologies, LLC—Douglas
Kremer to regional sales manager for
the north central states; formerly
systems integration specialist.

TAYLOR

¢ her'
P fia
KREMER

Alpha Industries—W. Thomas
Taylor to director of sales for North
and South America; formerly East-
ern regional sales manager for Mura-
ta Electronics.

Andrew Corp.—James A. Yard
to vice president of the broadband
wireless systems group; formerly
employed in wireless network-devel-
opment work at Sprint.

CTS Corp.—Bernie Cairns to ma-
terials director for CTS’ interconnect
systems business; formerly planning
and procurement manager for the
high-performance systems business
at Digital Equipment Corp. (DEC).

Leitch Technology Corp.—
Terry A. Canning to vice president of
marketing; formerly president of
Bell Gateways.
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CS-5040 VXI
Microwave Tuner

CS-5020C
Microwave Receiver

Then Look to COM-SOL for All Your
Surveillance Equipment Requirements!

* Tuners and Receivers 5 kHz ® Custom Products -
to 40 GHz QRC Capability

* Millimeter Wave * RF/IF Display Digitizers
Dowmconverters *  Demodulators and Multicouplers

o IF—to—Bas.;ep:-md (,opvelzters e Up/Down Frequency Translators
and Digitizers with Snap-Shot 20 MHz to 60 GHz

e Rack Mount, VXI,VME
n - l.
olutions, Inc. A

(410) 344-9000 Fax (410) 344-1790 E-mail sales@comsol-inc.com
Visit our Web Site http://www.comsol-inc.com for the full COM-COL Story and New Product Announcements
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ANTENNAS, EDUCATIONAL MEETINGS
) .
B —
Short Courses e-mail: imaps@imaps.org
Analog Front End Design for DSL 2000 International Conference on
April 25-27 (Monterey, CA) Gallium-Arsenide Manufacturing
MEAD Microelectronics, Inc. Technology
7100 NW Grandview Dr. May 1-4 (Omni Shoreham Hotel,
Corvallis, OR 97330 ‘Washington, DC)
(541) 758-0828, FAX: (541) 752-1405 Wes Mickanin, Publicity Chair
e-mail: valence@mead.ch or TriQuint Semiconductor
usmead@cmug.com Hillsboro, OR 97124
Advanced Topics for Operating (503) 615-9253, FAX: (503) 615-8903
Cellular and PCS Wireless Systems | e-mail: wesm@tgs.com
May 9-12 (Madison, W) Wireless Partnering International
y
Department of Engineering Professional May 16-18 (Desert Inn, Las Vegas, NV)
Development Cellular Telecommunications Industry
University of Wisconsin-Madison Association (CTIA)
432 North Lake St. (202) 785-0081
. H l' l Madison, WI 53706 Internet: http//www.WOW-COM.com
A 1 Katie Peterson IEEE International Conference on
rborne elca (800) 462-0876, F AX: (608) 263-3160 Phased Array Systems &
e-mail: Custserv@epd.engr.wisc.edu Technology
Array Antenna Internet: http://epd.engr.wisc.edu. May 20-26 (Dana Point, CA)
Compression for Digital TV The IEEE Antennas and Propagation
DE VE L OPMENT May 10-12 (Los Angeles, CA) Society
UCLA Extension, Department of Dr. Michael Thorburn
& MANUF "ACTURIN G Engineering, Information Systems and The Aerospace Corp.
Technical Management, Short Courses Los Angeles, CA 90009-2957
- M 10995 Le Conte Ave., Suite 542 (310) 336-2197, FAX: (310) 336-6225
S eave-v E ng neeri ng Los Angeles, CA 90024 e-mail: m.a.thorburn@ieee.org
(310) 825-3344, FAX: (310) 206-2815 24th Workshop on Compound
Ot 'le rse e-mail: mhenness@unex.ucla.edu Semiconductor Devices and
. . Internet: http//www.uclaextension. Integrated Circuits (WOCSDICE)
* Wide Standard Product Line org/shortcourses May 29- June 2 (Aegean Sea, Greece)
Catal og Telecom Trends: Markets & Dr. Andreas Eisenbach, Workshop
Technologies Secretary
° H May 11-12 (Sheraton Austin Hotel, Austin, WOCSDICE 2000
DeSIgn/DeVGIOpment TX) (734) 936-1599 FAX: (734) 763-9324
° H i Technology Futures, Inc. e-mail: woesdice@eecs.umich.edu
Antenna TeStmg Services 13740 Research Blvci., Suite C-1 Internet: http://www.eecs.umich.edu/
; Austin, TX 78750-1859 dp-group/Wocesdice.html
° ;
Manufacturlng Kirsten Palumbo Supercomm 2000
4 . (800) TEK-FUTR, (512) 258-8898 June 4-8 (Georgia World Congress Center:,
Products Available For: FAX: (512) 258-0087 Atlanta, GA) ’
® ® e-mail: seminar@tfi.com Telecommunications Industry Association
LAN PCN/PCS CMOS Analog Integrated Circuits (TTA) and the United States Telecom
° ; H ® H H May 15-19 (Milpitas CA) Association (USTA)
Mobile Satellite e Satellite Audio Continuing Education (800) 2187272
° o Mili Georgia Institute of Technology Internet: http://www.supercomm2000.com
Cellular Military Satcom Atlnia, GA 30832.8502 ol For
°® i ® (404) 385-3502, F AX: (404) 894-7398 a or rPapers
Surveillance Inmarsat e-mail: conted@gatech.edu IEEE Broadcast Technology Society
i H i i Antennas: Principles, Design, and 50th Annual Broadcast Symposium
° )
Satellite Lph nks NaV|gat|on Measurement September 27-29 (Sheraton Premiere,
May 22-25 (Orlando, FL) Vienna, VA)
CON T A CT US F OR Northeast Consortium for Engineering IEEE Broadcast Technology Society
YOUR SPECIAL Education (NCEE) Mary Clemente
Kelly Brown IEEE Travel & Conference Services
ANTENNA 1101 Massachusetts Ave. Piscataway, NJ 08855-1331
St. Cloud, FL 34769 (732) 562-5350, FAX: (732) 981-1203
REQUIREMENTS. (407) 892-6146, FAX: (407) 892-0406 e-mail: m.e.clemente@ieee.org
S e-mail: steloudofl@aol.com Abstract submission deadline: May 8 (250
S Internet: http://www.usit.com/antenna words)
Seavey Engine ;rin( Associate: 0 Inc. . 2000 IEEE GaAs IC Symposium
fmju 4 :t”“ﬁ ( 3\,\ u Meetlngs November 5-8 (Westin Hotel, Seattle, WA)
28 Riverside Dri International Conference and IEEE Electron Devices, Solid State
Riverside Drive Exhibition on High Density and Circuits and Microwave Theory and
Pembroke, MA 02359 N Ss_;sztggésgdack?gl\idngk Hotel D MTeclérlliquestSmieties
) pril 26-; am's Mark Hotel, Denver, ary Clemente
Phone (78 ]) 829-4740 co) IEEE Travel & Conference Center
- (7 20.45 International Microelectronics And Piscataway, NJ 08855-1331
Fax (/ & l) 829-4590 Packaging Society IMAPS) (732) 562-5350, FAX: (732) 981-1203
E-Mail: info@seaveyantenna.com 1850 Centennial Park Dr., Suite 105 e-mail: m.e.clemente@ieee.org
b g ity <o . Reston, VA 20191-1517 Abstract submission deadline : May 12 (1
Web Site: hitp://www.seaveyantenna.com (888) 4646277, FAX: (703) T58-1066 page)
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The new mid-range prodigy
(and the proud parents)

So you know all about spectrum analyzers from
Rohde & Schwarz? Top of the range instruments
for the most demanding requirements, superlative
performance that naturally comes with a match-

ing price tag? Then think again!
And take a good long look at this
box of tricks: light,
extremely fast, big colour dis-

small,

play, with a specification to blow
the socks of all the opposition in

the market for mid-range spectrum analyzers.
Features like high-speed zero span? Built-in.
GPIB, RS232 and printer interfaces? Standard.
PC-compatible screenshots2 At the touch of a but-
ton, no conversion software needed. 10 Hz to 10

MHz bandwidths? The complete range. Time-
gated analysis? No extra charge. Plus a range of
features not to be found in a rival mid-range ana-
lyzer for love or money. Such as the RMS detec-

tor, or statistic measurement func-
tions like CCDF. Or highly selec-
tive FFT filters and the fast ACP
measurement function. Not bad,
you are thinking, but tell me
about the price for such a

parade of technology. Certainly we'll fell you
about the price: very, very competitive. Just
another feature. By the way our mid-range prodi-
gy is called the FSP. You can find out all about
the FSP on the Internet. Or give us a call.

Discover more: www.fsp.rsd.de

ROHDE&SCHWARZ

Internet http://www.rsd.de - TEL - Argentina (1) 14 331 1685 - Australia (2) 97 48 01 55 . Austria (1] 6 02 61 41 Belgium (2} 7 21 50 02 - Brazil (1
Chile (2) 2 77 50 50 - China (10) 64 67 23 65 . Czech Republic (2) 24 32 20 14 - Denmark (43) 43 66 99 - Finland (58) 9 47 88 30 . France (1) 41
Hongkong (2) 5 07 03 33 - Hungary (1] 203-0282 - India (11) 4 61 52 85 - Indonesia (21) 2 52 47 88 - Iran
Netherlands (30) 6 00 17 00 - New Zealand (4) 2 32 32 33 - Norway (23) 17 22 50 - Pakistan
Russian Federation (095) 2 34 49 62 - Saudi Arabia (1) 4 65 44 78 - Singapore
Switzerland (31) 9 22 15 22 - Taiwan (2) 23 21 70 70 - Thailand (2) 6 43 1

hitp://www .tek.com - Vietnam (4) 8 34 61 86
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121) 8 73 02 82 - haly (6] 41 59 81

1) 55 05 21 77 - Bulgaria (59] 2 65 51 33 - Canada [see USA)
36 11 09 - Germany (180] 512 42 42 - Greece (1) 7 22 92 13
Malaysia (3) 7 03 5503 - Mexico (5) 6 66 63 33

[51) 25 69 53 - Philippines (2) 8 13 29 31 - Poland (22) 6 35 06 87 - Portugal (1) 4 12 01 31 - Romania (1) 4 10 48 46
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R & D ROUNDUP

High-gain
amplifier stars in
D-band

E-commerce
represents the
shape of things
to come

Scope rise-time
errors explained

Few designers get to work in the rarefied atmosphere of D-band (110 to 170 GHz), but
for those who do, they should know that indium-phosphide (InP) high-electron mobility
transistors (HEMTS) provide higher gain at lower noise compared to devices such as gal-
lium-arsenide field-effect transistors (GaAs FETSs). Accordingly, Carl W. Pobanz et al.
of the Microelectronics Laboratory of HRL Industries (Malibu, CA), and Todd Gaier and
Lorene Samoska of the Jet Propulsion Laboratory (Pasadena, CA) developed a mono-
lithic three-stage InP HEMT amplifier that exhibits a small-signal gain of 30 dB at 140
GHz,and a gam of more than 10 dB from 129 to 157 GHz. The researchers claim that this
is hlghest gain per stage for a transistor amphﬁer working at these frequenc1es A sin-
gle-stage amplifier occupies only 0.9 mm?® while the three-stage version measures 2.0
mm?. See “A High Gain Monolithic D-band InP HEMT Amplifier,” IEEE Journal of
Solid-State Circuits, September 1999, Vol. 34, No. 9, p. 1219.

Optical-fiber systems will be a cornerstone of the next generation of high-speed com-
munications systems that will deliver consumer and business services such as the Inter-
net, multimedia broadeasting, videoconferencing, and high-definition television (HDTV).
Jian-Guo Zhang of the School of Advanced Technologies at the Asian Institute of Tech-
nology (Pathumthani, Thailand) claims that the transmission medium for these systems
should be optical-fiber code-division multiplexing (OF-CDM). He thinks that an inte-
grated-services-digital-broadcasting (ISDB) system based on OF-CDM offers a number
of advantages over wavelength-division-multiplexing (WDM) systems, which can be dif-
ficult to control when the user base becomes large. The broadband system design that
the author presents can multiplex various types of digital signals with multiple bit rates
in ISDB applications. See “Design of Integrated Services Digital Broadcasting Systems
Using Multirate Optical Fiber Code-Division Multiplexing,” IEEE Transactions on
Broadcasting, September 1999, Vol. 45, No. 3, p. 283.

Although it is barely three years old, E-commerce (electronic commerce or EC) has al-
ready been anointed as the fuel of the economic growth engine of the new millennium.
Described simply by Roberto Aaron, Muarizio Décina, and Riccardo Skillen of the Du-
mas Institut National des Packeteers, it is about building better relationships among cus-
tomers, producers, and suppliers. On a detailed level, EC is complex, but its major en-
ablers are the Internet, the World Wide Web (WWW), and electronic mail (e-mail). The
authors offer an extremely optimistic and bright forecast for the future of EC: “It is a
precocious infant seeking fluent Internet protocols (IP) and spreading its influence ev-
erywhere.” Their conservative prediction for global EC goods and services (G&S) by
2003 is $2 trillion and a total of approximately $5 trillion over the 1999-2003 time period.
The authors attribute a statement by Andy Grove, chairman of microprocessor giant In-
tel Corp., that projects, “In five years’ time there won't be any Internet companies. All
companies will be Internet companies or they will be dead.” See “Electronic Commerce:
Enablers and Implications,” IEEE Communications Magazine, September 1999, Vol.
37, No. 9, p. 47.

Engineers who test circuits and equipment depend on rules of thumb about equipment
such as oscilloscopes that are ubiquitous in the laboratory. For example, Cristoph Mit-
termayer and Andreas Steininger of the Department of Measurement Technology at the
Vienna University of Technology (Vienna, Austria) point out the most common is the
widely used relationship between bandwidth and rise time (the rise-time-bandwidth
product of 0.35). But this may not always hold true because the rise-time measurement
on the scope does not only depend only on the rise time of the input signal and the in-
strument’s frequency response, but also on the shape of the input. A commonly used er-
ror-estimation formula is not useful for error correction, and applying it can lead to a
greater error than otherwise. Rise-time error varies widely with signal shape, and the
best way to estimate it is to know the actual signal shape. The dynamic influence of the
scope can be understood only by digital-signal-processing (DSP) analysis. See “On the
Determination of Dynamic Errors for Rise Time Measurement with an Oscilloscope,”
IEEE Transactions on Instrumentation and Measurement, December 1999, Vol. 48,
No. 6, p. 1103.
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Our idea of GaAs PHEMT consistency:.

Agilent Technologies’ Second
Generation PHEMT process FETs
and amplifiers are so consistent,
you’d think we cloned them!

Introducing the first products in Agilent’s

]

Second Generation PHEMT process —a process
designed specifically for repeatability and high
performance. These new parts allow predictable
designs, better yields and fewer surprises in your base
station, handset or other wireless application.

In fact, we're so confident of their perfor-
mance that we include distribution charts of key
specifications right on the data sheets. An industry first.

Already designed into several major COMA
handsets, the MGA-72543 LNA's integral switch allows
you to bypass the amplifier, reducing system current
needs. The ATF-34143 FET with its low noise figure and
excellent linearity at 4V, is perfect for base station LNA

applications. The ATF-35143 FET offers economical low
noise performance for portable applications.

Add it all up and you'd have a hard time For more product information, technical literature,

finding a more consistent bunch of parts anywhere. samples, demo boards and participating
distributors, please visit our website.

www.agilent.com/view/consistent

Typical performance @ 2 GHz

Part Bias NF  Gain IP3
Number (dB) (dB) (dBm)

MGA-72543* 3V, 5-60mA 15 144 35-148
(input)

ATF-34143 4V 60mA 05 175 315
{output)

ATF-35143 2V, 15 mA 04 180 210
(output)

ATF-38143 2V,10mA 05
(output)
coming soomn

..o%,... Agilent Technologies
.. Innovating the HP Way

*as a switch (amp bypassed):
insertion loss = 2.5 dB, IP3 = 35 dBm
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= Application Profile 5=

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

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

Challenge:
Decreased Size and Cost,
Improved Performance for

Wireless Devices

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

OEM designers are now learning
that integrating 1C and package
design to take advantage of the

GREEN TAPE™  FODEL®

unique properties of Low

Temperature Co-fired Ceramic
(LTCC) technology can yield
decreased size and improved per-

formance in wireless devices.

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

National’s newest chipsets use
Green Tape™ packaging capabilities
to provide a chip scale package
that can accommodate the high 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®

CIRCLE NO. 235

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 al 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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EMI Measurements
™
Making EMI-
Radiated Emissions

M t Radiated emissions measuvements

easuremen s provide information on a prod-
uct’s ability to opevate effectively
in a veal-world envivonment.

REQUENCY management has two different meanings to cellular com-
munications equipment suppliers. Within a working cell site, it is the
sharing of a limited number of frequencies by a large number of users.
Perhaps more important, however, it is the need to prevent unwanted
signals emanating from one electronic product from interfering with the
operation of a second electronic device. Measurements of electromagnet-
ic-interference (EMI)-radiated emissions can gauge the levels of energy
“transmitted” by a device and prevent interference from ever occurring.

Dennis Handlon

Applications Engineer

Agilent Technologies, 1400 Fountain
Grove Pkwy., Santa Rosa, CA 94501 ;
(707) 577-1400, FAX: (707) 577-4527,
Internet: http:/fwww.agilent.com.

Precompliance radiated measurements

E7400A series EMI analyzer
=)

1, memsmmsores ==

E1799A
battery pack
(optional)
(no computer needed)
Built-in preamplifier

Limit line correction factors
(for direct data comparison)

Biconical

Automated measurements

(no external amplifier needed)

Measurements of radiated EM
emissions can take two forms—com-
pliance testing and precompliance
testing. Compliance testing is usual-
ly performed at the end of a product
design cycle, in a calibrated test lab-
oratory. The test time is expensive
and, when a product is found to
exceed government regulations for
radiated emissions, can be devastat-

antenna

ing to a sales and marketing team by
delaying the introduction and sales
“shelf” life of a product while
redesigns are performed to correct
the EM radiation problem.
Precompliance testing represents
amore practical approach to evaluate
a product for radiated EM emissions.
Precompliance testing of a product’s
radiated emissions offers a good first

1. A basic EMI precompliance measurement system for radiated emissions testing consists of an EMC analyzer or
spectrum analyzer, antennas, close-field probes, and measurement software.
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EMI Measurements

look at the EM radiation given off by
an electronic device and helps to iso-
late and control the individual
sources for the EM radiation within a
product. Unlike compliance testing,
which is performed in a carefully con-
trolled, calibrated environment, pre-
compliance testing is usually per-
formed within a manufacturer’s own
facility under less tightly controlled

conditions, although the measure-

ment equipment to perform the two
types of tests may be similar.

The traditional approach to EMI
testing is to perform a precompliance
test on a prototype unit, hoping that
its radiated emissions levels fall
below the regulatory limits. Compli-
ance testing can be expensive: every
day a product spends at an indepen-

Experienced RF Design Engineers
Specify POINT NINE Transistors

POINT NINE

Technologies,

Inc.

2697 Lavery Court #8 «

Newbury Park, CA 91320
(805) 375-6600 » Fax: (805) 375-6602
www.rfmosfet.com
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MICROWAVES & RF = APRIL 2000
50

dent test laboratory for compliance
testing can cost $2000 or more, not to
mention the lost time to market and
additional product-development
costs to correct an EM radiation
problem.

Compliance testing is performed
according to specifications estab-
lished by regulatory groups, such as

i the Federal Communications Com-

mission (FCC) in the US and CISPR
(Comite International Speciale des
Perturbations Radioelectriques) in
Geneva, Switzerland. Precompliance
testing can follow the same guide-
lines for radiated emissions in order
to isolate and correct problems that
are closer to the prototype stage, and
prior when a product is ready for the
production line. Especially as clock
frequencies increase in computers
and other microprocessor-driven
electronic devices, the potential for
undesirable emissions at higher fre-
quencies increases. For example, the
FCC now requires testing to 2 GHz if
the highest frequency generated or
used in the equipment under test
(EUT) is in the range of 108 to 500
MHz (the fifth harmonic). If the EUT
generates or uses signals in the range
of 500 to 1000 MHz, radiated emis-
sions testing must be performed to 5
GHz. Testing is based on analyzing
the levels of the fifth harmonic signal
of the highest fundamental operating
tone or 40 GHz, whichever is lower.

Since compliance testing begins at
the end of the traditional design pro-
cess, there is a high probability that
the final product design will fail to
meet the electromagnetic-compli-
ance (EMC) objectives during first-
time testing while requiring addi-
tional engineering resources and
components. Problems may be solved
easily, such as the addition of gasket
material, or with great difficulty,
such as the redesign of a printed-cir-
cuit board (PCB) to re-route circuit-
board traces that act similar to
antennas.

Precompliance testing is useful for
evaluating electronic equipment that
does not fall under the guidelines set
by regulatory agencies, and can be
performed at a fraction of the cost of
compliance testing. A goal of precom-
pliance testing is to achieve the high-
est accuracy possible in order to
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closely approximate the performance
of a compliance test system. A typical
precompliance test system (Fig. 1)
for evaluating radiated emissions
consists of an EMC receiver or spec-
trum analyzer, broadband antennas,
near-field probes, and measurement
software. Optionally, low-noise
amplifiers (LNAs) may be added to
increase receiver/analyzer sensitivi-
ty. In addition, a line-impedance sta-
bilization network (LISN) will be
required for conducted emissions
testing. The LISN filters incoming
power from the AC mains, prevents
line-conducted noise from reaching
the EUT, and routes conducted emis-
sions from the EUT to the measure-
ment receiver.

The measurement antenna con-
verts incident electric- or magnetic-
field strength into a voltage that can
be measured by the receiver. The
ratio of the field strength to the volt-
age at the antenna output terminal is
known as the antenna factor. By
adding the antenna factor (in dB/m)
to the receiver reading (in dBuV),
the result is electric-field strength (in
dB pn.V/m) as measured at the anten-
na elements.

Selection of antennas for EMI test-
ing involves a compromise between
antenna gain and bandwidth. High
antenna gain, which yields high mea-
surement sensitivity, is possible only
for limited bandwidths. As a result,
traditionally two antennas are used
for EMI measurements: a biconical
antenna for frequencies from 30 to
300 MHz and a log-periodic antenna
for frequencies from 200 to 1000
MHz. A single antenna can provide
coverage from 30 to 1000 MHz,
although these designs tend to be
more expensive than the combined
price of a biconical antenna and a log-
periodic antenna.

Since antenna movement relative
to the EUT is important for the
detection of worst-case emissions,
EMI test antennas that are used in a
shielded room must be mounted in a
way so that a certain degree of rota-
tion to change polarization (usually
90 deg.) is allowed. In a shielded
enclosure, the antenna should be
raised above the enclosure’s ground
plane. The height should be
adjustable from 1 to 4 m in order to

the FULL
SPECTRUM
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Select from the
widest array of
high-quality, high

performance
coaxial cables:
Semi-Rigid,
Conformable,
Flexible Cables
and Assemblies.

 Copper, aluminum,
stainless steel
¢ Impedances
10 fo 100 ohms
* Diameters
0.020" to 0.500"
* Military qualified

To learn more, call us or visit our website.

PRECISION TUBE

COAXITUBE DIVISION

A Mueller Industries Company

620 Naylor Mill Rd., Salisbury, MD 21801
Tel: (410) 546-3911 e Fax: (410) 546-3913
www.precisiontube.com ® coaxsale@voicenet.com
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first C/N generator
and Multi-Path Fading Simulator integrated

into a one-box solution

Simplified testing for CDMA.

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
equipment testing,
guassian noise gener-
ation and multi-path S5
fading, and integrates
them into one, easy-
to-use instrument.
Today, it tests CDMA
J-STD-018/019 for
base stations and
handsets, and it is
ready to accommo-
date future 3G stan-
dards. The CNG-FS

eliminates the hassle

Download our graphical

user interface by going to
AWGN generators, and it simplifies calibration, resulting www.micronetics.com.

in reduced test time and development/ manufac-

of setting amplitude levels between fading simulators and

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™

26 Hampshire Drive, Hudson, NH 03051
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comply with the requirements of
major EMI regulations such as those
from CISPR. The test antennas
should also operate with vertical and
horizontal polarizations in order to
facilitate detection of worst-case
EMI signals.

In addition to antennas, close-field
probes may be used for diagnostic
purposes when attempting to isolate
and identify EM radiation sources in
the EUT. As the name suggests,
close-field probes are used often
within inches of the EUT to detect
high field levels. Close-field probes
are calibrated in magnetic-field-
strength units of dBpA/m/pV at spe-
cific frequencies. They can also be
used to evaluate EMI immunity and
the screening effectiveness of pack-
aging and enclosures. Examples of
close-field probes include the 11941 A
from Agilent Technologies for use
from 9 kHz to 30 MHz and the 11940A
from Agilent Technologies for use
from 30 MHz to 1 GHz.

One of the most critical parts of an
EMI precompliance test system for
radiated emissions is the measure-
ment receiver or spectrum analyzer
(Fig. 2). EMI measurement receivers
display voltage as a function of fre-
quency. The measurements are nor-
mally provided in logarithmic values
in order to show a wide dynamiec
range, normalized to 1 wV, as dBuV.
An EMC analyzer is essentially a
radio receiver with filters and detec-
tors as required by appropriate EMC
regulatory bodies. An EMI receiver
is usually tuned to a fixed frequency
or adjusted in frequency steps,
where it is usually known as fixed-
tuned or stepping receiver. A spec-
trum analyzer with the proper filters
and detector can also perform EMC
measurements. Spectrum analyzers,
which are also known as swept-fre-
quency receivers, can produce fast
analog sweeps across wide spans of
frequencies.

Both EMI receivers and spectrum
analyzers employ a superheterodyne
architecture. In this type of configu-
ration, frequency translation—from
high-frequency input signals to lower
intermediate frequencies (IFs)—
oceurs by mixing input signals with
signals from a precision local oscilla-
tor (LO) within the receiver or ana-

lyzer. The fixed-tuned approach
lacks the speed of the swept receiver.

EMI receivers for compliance test-
ing in Europe must meet CISPR
Publication 16-1 requirements. The
receiver must have sufficient fre-
quency range, adequate sensitivity
for low-level testing, and enough
dynamic range to handle high-level
signals without distortion. Filter
bandwidths and detection methods
are specified so that measurements
made on a particular EUT under a
given set of conditions with one
CISPR-16 EMI receiver will con-
form with measurements made on
the same EUT with another CISPR-
16 EMI receiver under a similar set
of conditions.

A good spectrum analyzer can
have CISPR filters and detectors
added without a major increase in
cost. The filters must fit the masks
specified by CISPR 16. The required
filters are 9 to 150 kHz with a fit mask
bandwidth of 200 Hz for CISPR band
A, 150 kHz to 30 MHz with 6-dB
bandwidth of 9 kHz for CISPR band
B, and 30 MHz to 1 GHz with 6-dB
bandwidth of 120 kHz for CISPR
band C/D. Without EMC-based
firmware, however, the spectrum
analyzer must send measured data to
an external computer to properly
plot limit lines and account for anten-
na factors.

To prevent overload and to accu-
rately measure signals according to
CISPR requirements, an EMI
receiver should have some form of
preselector. A preselector is a series
of fixed or tunable filters prior to the
receiver’s front-end mixers. The
bandwidths of the preselector filters
are wide compared to the resolution-
bandwidth filters used in the EMI
receiver or spectrum analyzer.

As the receiver tunes across a fre-
quency range, the preselector tunes
to the same instantaneous frequency.
By tracking the receiver’s frequency,
the preselector suppresses that part
of the frequency spectrum that the
receiver is not measuring to reach
the mixer at any time. Preselection
increases broadband sensitivity by
reducing the total energy of the
pulsed signals present at the mixer
(bandlimiting the harmonics of these
signals), and supporting the use of

1et ion, founc
in 1978, manufactures and sells
microwave diodes and compo-
nents. Since 1979,the company
has supplied the microwave
industry with high-quality products
that are used in a wide variety of
commercial, industrial, and high-
reliability applications. Such appli-
cations include high-frequency
test instruments, mixers, detectors,
and sensors for wireless cornmuni-
cations. Metelics’ Product lines
include:
s Schofttky diodes
® Pin diode chips and beam
leads for switch and aftenuator
applications
m Step recovery diodes and
tuning varactors
m Chip capacitors
m RF/microwave components
and subassemblies
® Switches, limiters
¢ Detectors (Schottky, tunnel)
¢ Sampling phase detectors
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less input attenuation.
The 8546A/8542E series of instru-
ments from Agilent Technologies is
an example of EMI measurement
receivers. They operate at frequency
ranges to 2.9 and 6.5 GHz while meet-
ing CISPR 16-1 requirements, with
+2-dB absolute amplitude accuracy
t0 2.9 GHz. The analyzers feature low
noise levels of typically 4 dBuV in
CISPR band C/D for quasi-peak
measurements. A split-screen dis-
play allows broad scans and narrow
scans to be shown simultaneously.
Detectors are an integral part of a
CISPR-compliant receiver. Peak,
quasi-peak, and average detection
are used to perform radiated
and conducted emissions mea-
surements. Some require-
ments involve quasi-peak and
average measurement limits.
When peak detection is used,
the detector’s time constant §
allows it to follow the fastest g
changes of an IF sine wave’s
signal envelope, but not the
instantaneous value of the IF
sine wave. A peak detector
provides the best measure-
ment speed of the three types
of detection methods, and |

offers a worst-case readmg of 2. The EMI receiver or spectrum analyzer is a critical
part of an EMI precompliance test system.

the EUT’s radiated emis-
sions. If EUT emissions are
below a particular limit when mea-
sured with peak detection, the EUT
will certainly pass a given test when
measured with quasi-peak or aver-
age detection, where the measured
signals appear at lower levels.

The output levels of a quasi-peak
detector vary according to the
impulse rate of the measured signal.
Quasi-peak detectors are defined by
specific time constants. At low repe-
tition rates, a quasi-peak detector
has adequate time to discharge the
incident energy, resulting in a lower
output-voltage reading. At higher
repetition rates, the detector can no
longer discharge enough of the inci-
dent energy and the detector’s out-
put voltage reading is higher. Even-
tually, the reading from a quasi-peak
detector reading approaches that of a
peak detector, as the repetition rate
of an incident signal approaches that
of a continuous-wave (CW) signal.

While quasi-peak detectors appear

to offer more benefits than peak
detectors, their response time is con-
siderably slower than that of a peak
detector, and the use of quasi-peak
detection can increase measurement
times by two to three orders of mag-
nitude compared to the use of peak
detection.

Average-value detectors help to
measure narrowband EMI signals
that may be obscured by a broadband
disturbance. For average detection,
a peak-detected signal must pass
through a filter with bandwidth that
is much less than that of the analyz-
er’s resolution-bandwidth filter. The
filter integrates or averages the

higher-frequency signal components,
such as noise, at the output of the
envelope detector.

A CISPR receiver is essentially an
amplitude-modulation (AM) receiver
where input signals are weighted by
quasi-peak detection. The receiver
includes preselection to filter out
nonlinear signal effects. An EMI
receiver can be verified to meet
CISPR Publication 16 requirements
by performing quasi-peak measure-
ment using a pulse generator to cre-
ate test signals with CISPR-speci-
fied pulse widths, repetition
frequencies, and amplitude levels.

For example, in the CISPR band B
range from 150 kHz to 30 MHz, a
pulse with an amplitude level of +13
VDC and a pulse width of 12 ns pro-
vides the reference test signal at the
input of an EMI receiver. The pulse
repetition frequency (PRF) ranges
from an isolated pulse to 1000 pulses
per second (1000 Hz). Correct EMI-

receiver amplitude readings for this
test pulse can be seen. For example,
for CISPR band B requirements, a
100-Hz PRF pulse should result in a
displayed amplitude of 60 dBuV on
the EMC receiver. If a 1-Hz PRF is
used, a pulse amplitude of 22.5 dB
higher would be needed for the same
60-dBp.V reading.

Another critical part of the EMI
measurement system is the measure-
ment software. With the proper
instrument drivers, it can be used to
program and control the receiver,
perform automated tuning and data
capture, and even adjust the position
of the EUT (on a rotating table) and
the measurement antennas.
The software should provide
full automated data capture
and manipulation to simplify
| the tasks of logging problem
I signals and generating practi-
cal EMI reports that an engi-
neer can use to correct any
| radiated emissions problems.
' The E74156A EMI measure-
. ment software from Agilent
. Technologies, for example,
provides a wide range of fac-
tory-programmed test setups.
A user can also define custom
measurement routines.

Once an EMI measurement
system has been assembled,
the choice of test site must be estab-
lished. Precompliance measurements
of EMI can be performed in numer-
ous different locations, including
shielded enclosures, semi-shielded
enclosures, and an open-area test site
(OATS). A shielded enclosure is a
chamber made with conductive walls,
floors, and ceilings. Typically, shield-
ed rooms are made of welded or bolt-
ed sections of steel, although they can
also be made of wire mesh or even
conductive wallpaper. The EUT is
generally placed insider the enclo-
sure with the test antenna, while the
remaining test equipment is located
outside of the chamber, with access
points for test cables and power lines
well-shielded to minimize interfer-
ence.

Shielded enclosures provide an
ambient-free environment and pro-
tection from the weather for moder-
ate cost. Since the surfaces are con-
ductive, however, signals from a
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EUT can exhibit multiple reflections
within the chamber and set up stand-
ing waves. These reflections can
cause large variations in the ampli-
tude of the measured signals,
depending upon the size of the room
and the location of the EUT and test
antenna.

An OATS does not suffer from the
reflections of shielded enclosures. It
uses a metallic ground plane to emu-
late the EUT in normal use to ensure
that measurements will be repeat-
able from site to site. However, since
measurements are made outdoors,
ambient signals will be present and
picked up by the test antenna and the
EMI receiver. As a result, the test
operator must make decisions on
which signals should be measured
and those signals that can be ignored.
In an OATS, large ambient signal
sources, such as those emanating
from broadcast stations, may mask
the emissions from the EUT and
potentially cause overload of the
EMC receiver. For year-round test-

ing in an OATS, electromagnetically
transparent materials must be used
for protection from adverse weather
conditions.

Successful open-site testing
requires attention to many details.
The open site must meet the require-
ments of the applicable EMC stan-
dards. The ambient signal environ-
ment must be well-characterized to
efficiently identify the suspect sig-
nals from the EUT. After maximiz-
ing the signal amplitudes by locating
the worst-case EUT orientation,
they are compared to the test limit.

A semi-anechoic chamber is a type
of shielded enclosure that attempts
to emulate an OATS. To eliminate
the multiple reflections of a standard
anechoic chamber, electromagneti-
cally absorptive material is added to
the walls and ceiling, while the floor
is left as a conducting surface. In
some areas, such as low-frequency
performance, this type of chamber
will have difficulty matching the per-
formance of an OATS. For a semi-

anechoic chamber to approach the
good low-frequency performance of
an OATS, especially in the 30-t0-100-
MHz range, a large amount of
absorbing material, either in the
form of long absorbing cones or fer-
rite tiles, must be used.

What difference can absorbing
materials make on an EMI test site?
In tests performed on a chamber
with and without absorbing materi-
als, the unshielded room showed
variations as large as 30 dB, indicat-
ing standing waves and reflections.
When shielding material was added,
the room’s response behaves much
better, although some reflections still
exist in the range of 30 to 80 MHz.
This is because the small size of the
chamber limited the size of the
absorbing cones that could be used to
reduce these reflections. Cones of
approximately 3 m are needed to
reduce reflections at low frequencies.

The performance of an OATS can
be verified through a site attenuation
test, as outlined in ANSI C63.4. In
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this test, a signal source of known
amplitude drives a transmitting
antenna located 1 m above the
ground plane, positioned where the
EUT would normally be placed. The
receiving antenna varies in height
from 1 to 4 m until the position yield-
ing the maximum receiver reading is
found. The signal amplitudes are
recorded for each frequency and
compared to amplitude readings
when the transmit (Tx) and receive
(Rx) antenna cables are connected
together. For acceptable open-site
performance, the site attenuation
measurements should fall within +4
dB of the theoretical response.

If a test site is not an OATS, such
as a semi-anechoic chamber, multiple
normalized-site-attenuation (NSA)
tests must be performed over a test
volume that is traced out by the
largest equipment or system to be
tested. The Tx antenna is placed in
the center and the four orthogonal
edges of the test volume. Hence, five
measurements are performed for
vertical and horizontal antenna
polarizations.

The measured normalized site
attenuation (Ay) can be found from
the following equation:

Ax = Vpig = Vsire — Arx - Arg
-AAF or =the mutual impedance
correction factor,

where:

Vpir = the antenna factor of the
transmitting antenna,

Vsite = the maximized measure-
ment of the transmitted signal at the
receiving antenna,

Arx = the antenna factor of the
transmitting antenna,

Argr = the antenna factor of the
receiving antenna, and

wAFpop = the mutual impedance
correction factor.

NSA measurements must be per-
formed with the antennas in the hor-
izontal and vertical antenna polariza-
tions. In the vertical polarization, the
end of the antenna must be at least 25
cm above the ground plane.

For CISPR-based radiated emis-
sions testing, the equipment is placed
on an 80-cm-high nonconductive table
that can be rotated 360 deg. The
antenna is mounted on a mast so that

it can be raised and lowered 1to 4 m
above the ground plane. This antenna
mast is usually located 3 or 10 m away
from the EUT, depending on the reg-
ulation. The antenna mount must be
able to rotate 90 deg. so that measure-
ments can be made in horizontal and
vertical polarization. The EUT is
attached to peripherals normally used
with the product, and is exercised in a

EMI Measurements

way that is representative of its typi-
cal use. The frequency range is
scanned and signals must be identified
as either ambient or suspect signals
from the EUT. The worst-case config-
uration must be found for each sus-
pect signal by rotating the EUT, rais-
ing and lowering the antenna, and
changing the polarization until the
largest amplitude is found. ee
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PLAYS WELL WITH OTHERS

Xpedion has created a new breed of
EDA tools for use in designing wireless
communication systems and circuits.

The Xpedion GoldenGate™ family delivers
next generation wireless simulation and
modeling solutions for RF and microwave
design teams looking for a superior alternative,
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Windows EDA environments.
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precise design trade-offs during system simulation.

Contact us today to learn more about GoldenGate and our
special introductory packages for Unix and Windows.

www.xpedion.com
1-877-XPEDION
info@xpedion.com xpedion

GoldenGate is a trademark of Xpedion Design Systems, Inc. Al other trademarks are the property of their respective holders.

CIRCLE NO. 355



DESIGN FEATURE

Two-Point Modulation

Enhance GMSK Performance
With Two-Point

Two-point modulation can be used
to eliminate synthesizer problems in
communications systems employing
DC-coupled GMSK modulators.

Ron Hunter and

Fred Kostedt

MX-COM, Inc., 4800 Bethania Station
Rd., Winston-Salem, NC 27105; (336)
744-5050, FAX: (336) 744-5054, e-
mail: rhunter @mxcom.com and
fkostedt@mxcom.com, Internet:
http:/fwww.mxcom.com.

ATA-COMMUNICATIONS systems that employ modulation tech-

niques requiring good low-frequency response place unique

demands on system signal sources, usually a phase-locked-loop

(PLL) frequency synthesizer. For example, Gaussian minimum-shift-
keying (GMSK) and four-level frequency-shift-keying (FSK) modulation
schemes require modulation response extending to DC, an attribute that
is not easily accommodated by many modulators. This article will discuss
the problems encountered when designing GMSK modulators with respect
to the characteristics of PLL frequency synthesizers, and show how two-
point modulation can be used to solve these problems.

The PLL frequency synthesizer
presents a unique problem when
designing an effective GMSK modu-
lator. Data patterns consisting of
long strings of ones or zeros have a
spectral response that extends to
DC. Most frequency synthesizers do
not respond to this low-frequency
signal due to their inherent highpass-
filter characteristic when modulated
at the voltage-controlled oscillator
(VCO). The two-point modulation
technique circumvents this problem
by splitting the Gaussian filter signal,
sending one portion to the VCO mod-
ulation input, and the other to the

PLL master oscillator. Since the
master oscillator is not in the fre-
quency-control feedback loop, it can
be modulated by the low-frequency
portion of the signal. Modulation at
this point, combined with modulation
of the VCO, produces a composite
signal with a spectral response
extending down to DC.

This two-point modulation tech-
nique results in an essentially con-
stant modulation sensitivity without
regard to the loop bandwidth. The
loop bandwidth, which now has little
effect on the modulation, may be used
for other requirements, such as
a wide-loop band-

Loop Fiker

- width for in-
creased switching
Kin, » &ds)| speed.

-y

7 gl .

et LT PR .

In short, two-

point modulation
is an effective way
to serve the needs
of systems that

L3
N

Programmable
Divider

require a modula-
tion frequency re-
sponse extending

1. This block diagram shows a typical PLL used in

frequency synthesizers.

to DC. While it is
not the only tech-
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Two-Point Modulation

nique that can cir-
cumvent the prob-
lems inherent in
designing low-fre-
quency-response

Signal
Ve

systems, it has
been used suec-

cessfully in sever-
al types of commu-
nication systems
for many years.

Once understood,
two-point modula-
tion is reasonably

w
Divides

easy to translate
into highly effi-
cient modulators
that meet the requirements of data-
communications systems in applica-
tions ranging from telemetry to wire-
less local-area networks (WLANS).
The PLL, the typical platform for
frequency synthesizers, is depicted
in Fig. 1. Its purpose is to allow the
phase of one signal to precisely track
the phase of another signal. The
phase detector compares the phase
of the input signal to the phase of
a divided-down VCO output signal,
and converts any difference between
the phases into an error-voltage
signal. This signal is then applied to
the loop filter, and the filtered output
signal is used to modulate the VCO.
When the PLL is in “lock,” the out-
put of the VCO is phase-locked to the
input signal and changes in the input
signal phase will be developed at the
VCO output. A PLL can be designed
in many different ways depending on
system-design objectives. Phase-
detector gain, loop-filter response,
and VCO gain can all be set indepen-
dently for a particular application.
Many applications do not have strin-

2. In this diagram, modulation is achieved through
injection into the VCO.

gent requirements for modulator fre-
quency response. However, certain
data-oriented schemes, such as
GMSK and four-level FSK, require
high-quality, low-frequency re-
sponse. The frequency content of the
modulating signal is determined by
the pattern of the data string to be
transmitted. Due to the inherently
variable nature of the data signal,
good frequency response for high-
frequency and low-frequency content
is required for optimal data transmis-
sion [i.e., with very low bit-error
rates (BERs)].

Modulation can be applied to dif-
ferent points within the PLL, such as
at the VCO input and at the master
oscillator. When modulation is
applied to the input of the VCO, high-
frequency content above the loop-fil-
ter bandwidth of the modulating sig-
nal is developed at the VCO output.
Low-frequency content that falls
within the loop-filter bandwidth is
compensated by the PLL and is not
present at the output of the VCO.
This provides the PLL with a high-

Vo

—~f~

3. This signal-flow graph helps simplify the derivation of the closed-loop

transfer function.
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sults in a lowpass

response to the

modulating signal

(i.e., the modula-

tion sensitivity is

reduced at higher

frequencies).

A combination

of these two ap-

proaches yields

the desirable re-

—t sult of constant
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Nommatied fraquency, ——
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»| modulation sensi-
tivity without

4. This plot shows the highpass modulation response with
VCO injection for normalized frequency.

pass characteristic with respect to
the modulating signal, and modula-
tion sensitivity is reduced at lower
frequencies.”

The master oscillator is another
potential 1nJect10n point for the mod-
ulating signal.’ The oscillator must,
however, be capable of being modu—
lated by a voltage signal. When the
modulating signal is applied to the
master oscillator, only the frequency
content that is within the loop-filter

bandwidth is presented at the VCO

regard to loop
bandwidth. This is
readily achievable
by applying modu-
lation at two points within the PLL,
an approach known as “two-point
modulation.”

To demonstrate how two-point
modulation achieves the desired high
and low frequency response, it is
helpful to describe each modulation
injection point along with its fre-
quency response, and compare it to
two-point modulation. The use of
superposition simplifies the analysis
and is used in the discussion.

In this seenario, the modulation

Master Oscillator Phase Detector Loop Filter vCco
$o(s)
\L."_ﬂ_..., K¢ G(s) Kueo >
L]
s
1
N
le
Divider

5. In this system, modulation is achieved by injection at the master oscillator.

G(s)

VM oy Vpp

cho S

Zi A

6. This signal-flow graph helps simplify the derivation of the transfer function
for the system with modulation injection at the master oscillator.

output. This re-

input is summed with the loop-filter
output and the composite signal is
injected into the VCO. For the pur-
pose of analysis, the second input
(phase-detector input) representing
the master oscillator signal is pre-
sumed to be constant, which causes
its effect on the system to be zero. ®

In Fig. 2, Kpp is the gain of the
phase detector, Kvco is the VCO
gain (the 1/s integrator term repre-
sents the phase of the VCO output),
Vo is the modulating signal applied
to the VCO input, N is the divider
constant, ¢; is the phase of the input
signal, &, is the phase of the output
signal, and G(s) is the loop-filter
transfer function. The signal-flow
graph of this system (Fig. 3) simpli-
fies the derivation of the closed-loop
transfer function.

In the signal-flow graph, ¢ is the
phase of the error signal, Vpp is the
voltage signal at the output of the
phase detector, Vg is the voltage
input to the VCO, and wg is the VCO
output represented as a frequency.

The closed-loop transfer function
for this system is:

o ! Vyr =

Since second-order loops are the
most popular in common design prac-
tice,” a second-order, type-2 PLL is
used for analysis. Since active loop
filters are the norm today,” an active
filter will also be used for analytical
purposes.

Setting G(s)=(1 + sa)/sb, where a
and b represent resistive-capacitive
(RC) time constants, and simplifying
yields:

o/ Veyy =
SZKVCO /{SZ + [S(aKPDKVCO /bN)]
+(KppKyco / bN)} (2)

To determine the frequency
response of this system, the magni-
tude of the closed-loop transfer func-
tion must be found. This step is
simplified by parameterizing the
transfer function in terms of the
damping factor, {, and the natural
frequency, w,. Since the denominator
of the transfer function is of the form
2 + 2Lw,s + w,%, the transfer function

. can be parameterized once values of {
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tor and Kr is the
gain term of the
master oscillator
(the 1/s integrator
term represents
the master-oscil-

lator output in
terms of phase).
The signal-flow

N | graph for this sys-
tem is shown in

w | Fig.6, where wis
the master-oscil-
lator output ex-

7. This plot shows the lowpass modulation response for
the system with master-oscillator modulation injection.

and o, are known.
& =(as2) (KppKyco /bN)® =

(a/2)o, (3)

®, = (KppKyco /bN)™  (4)
Rewriting the transfer function in
terms of { and o, yields:

@o ! Vi =

Kveos® /(s* + 520w, +®7)  (5)

Substituting jo for s constitutes
the next step in determining the
magnitude of the transfer function.
Next, the numerator and denomina-
tor must be multiplied by their com-
plex conjugates (for any complex
number C, CC* = IC 21).° The transfer
function can then be simplified by
multiplying numerator and denomi-
nator by 1/w,".

The final answer is:

oo /VFMIKVC0|2 =/, /{0 o,
2wl w,)+4 (0 0,) +1}(6)

The highpass modulation response
of this system is shown in Fig. 4. In
this configuration, the modulation
input is applied to the master oscilla-
tor, and the modulation input to the
VCO has been set to zero (Fig. 5).
While there are a variety of oscilla-
tors to choose from, the master oscil-
lator that is used in this system must
be capable of being modulated by a
voltage signal. That is, the oscillator
must have some type of voltage-con-
trolled characteristic. In Fig. 5, Viys
is the modulation signal injected into

pressed as a fre-
quency.

The closed-loop
transfer function of this system is:

(05 / VFMZ = [(KT /S)KPDKVCOG(S)]/

{1+ [KppKycoG(s)]/sN} — (7)
Setting G(s) to (1 + sa)/(sb) and
simplifying yields:

wg / Vergz = [(Kp K ppKyco / bN)
(1+sa)] /{[s* + s(aK ppKycg) / N1+
(K ppKyco /bN)} (8)

This equation can be written in

the master oscilla- |

terms of { and w, as follows:
@ | Vingz = [KpN(wy + 528w, )] 1

(s + 52w, + ) (9)

The frequency response (ampli-
tude) of the system can be found as
before:

0 / Vi K N|* = 1+ 487 0/ 0,)° 1/
(oo, -2A0/w,)
+H 0l w,) +1] (10)

The lowpass modulation response
of the system is shown in Fig. 7. In
this case, the modulated signal is
injected simultaneously into the mas-
ter oscillator and the input of the
VCO. A diagram of the configuration
is shown in Fig. 8. The signal-flow
graph for this combination approach
is shown in Fig. 9.

Using superposition and the previ-
ously determined transfer functions
yields:

g/ Viy =
(o ! Vergy) + (@9 / Vi) (11)

This can be simplified in terms of {
and w, to:

Vaa
YOO

{ Kveo hags

8. In this synthesizer diagram, the modulated signal is injected simultaneously
into the master oscillator and the input of the VCO.

Vi
1 e 1
Kr 3 & Em G(s) Kyoo s
> i b0
Vo oy Vo Vo @ ?—’

-
i
N

9. This signal-flow graph helps to visualize and simplify the derivation of the
dual modulation-injection approach of Fig. 8.
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Two-Point Modulation

DESIGN FEATURE

Al
fAAf Ka(s) vCo
* K,(s) ;"f:)s l Kyeofs l
K (s)= Kar/(s+ar)
Ky(s) = K,s/(sta) +N
+N
Loop
Loop Filter
Filter 3
3
Phase
() = &=
Comp
Kyf(s) = Kui/(:
if K(5) = Keal(s+a) o
: i Pl K(s) » vCICXOo
Ka(s) "1 Kphase Keetfs
Modulation PLL
Modulation PLL 6 Cirenit
Circuit
11. This voltage-controlled-temperature-compensated-

10. This complementary filter modulation circuit employs

highpass and lowpass filters to realize a near-perfect

crystal-oscillator (VCTCXO0) modulation circuit achieves
the perfect integrator needed for the two-point modulation

integrator.

wo l’ VFM =
[s°Kyco + KrN(w;, +s26o,)1/
(s> +s2€w, +0]) (12)

Using the method described previ-
ously, the magnitude of the combined
transfer function can be expressed
as:

| / Vin|* =
[(@]®,) Ky - 20! 0,) Ky
KN +40% (/] w,) KiN? + KFN? ]/
[(@lw,)-20o,)+

Wi wlo,)+1] (13)

As o approaches 0 in this equation,

the value of the combined magnitude | this conversion, as i
function approaches K;N. As o shown in Fig. 10.
approaches infinity, the value of the = The resultant ef- i ——
combined magnitude function  fective modulation N7
approaches Kyco. Inorder toachieve | is free from the IN
a uniform frequency response that | highpass effect of |g - ; "-\
equals Kyco, Kr can be manipulated - the PLL and its |§ \
as follows: loop filter. It still | "% Vo o
has a highpass \
KN =Kyco (14) characteristicpdue 8% ' .
to the highpass fil- = s | |
Ky = Kyco /N (15) ter usegd in the | 2w sl
With proper selection of Ky, the VCO modulation : 2 s = o
modulation response will be flat  path. Grimmet*

across all frequencies.
As can be seen from the previous
discussion, modulation at two points

scheme.

improves the frequency response of a
synthesized modulator. Modulation at
either input of the phase comparator
requires not only amplitude matching
through its path to the phase com-
parator but also a conversion of the
frequency-modulating signal of the
VCO to a phase-modulating signal.

PERFECT INTEGRATOR

Two methods have been suggested
in the literature to realize the perfect
integrator required to convert the
frequency modulating signal to a
phase-modulating signal. The high-
pass/lowpass complementary filters
suggested by Underhill’ and
Brennan® nicely deliver a practical
implementation of

perfect integrator that is very inven-
tive and impressive.

There is another possible solution
for the frequency-to-phase-conver-
sion requirement of the proposed
two-point modulation scheme. For
quite some time, designs have been
using temperature-compensated
crystal oscillators (TCXOs) as the
reference signal for PLL synthesiz-
ers. The temperature compensation
of these references appears as a sig-
nal that is inversely proportional to
the change in frequency of the refer-
ence due to temperature. This tem-
perature-compensating signal is a
low-frequency modulation of the
master oscillator. The integration

shows an alter-

12. This plot shows the frequency response of a system
nate method of using the topology shown in Fig. 11, with less than 1-dB
implementing a ripple across the band.
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inherent in a VCO transforms fre-
quency modulation into phase modu-
lation. As such, the voltage-con-
trolled characteristic of the master
oscillator transforms the frequency
modulation of the temperature-com-
pensating signal to the phase modu-
lation required by the PLL at this
injection point.

Modulation through the master
oscillator, as shown in Fig. 11, has
supplied the perfect integrator need-
ed, and concern shifts from trying to
realize a perfect integrator to ensur-
ing that DC operating points, ampli-
tudes, and frequency responses of
the VCO are correct. Special atten-
tion should be paid to the damping
factor of the loop filter. The more
damped the loop is, the flatter the
resultant composite frequency re-
sponse will be.

FREQUENCY RESPONSE

Figure 12 shows the frequency
response of a system using the topol-
ogy shown in Fig. 11. The loop filter
was first order with a damping factor
of approximately 1 and a natural fre-
quency of about 1 kHz. The three fre-
quency responses that are shown
represent modulation at the VCO,
TCXO, and at both points together.
The ripple across the band is less
than 1 dB.

Many crystal manufacturers offer
voltage-controlled TCXOs (VCTCX-
Os) that are appropriate for many
systems. Of course, special system
requirements may require an in-
house design solution. This type of
two-point modulation is very effec-
tive and has been serving the needs
of low frequency response systems
for years. It is well worth considering
as a solution for near-DC modulation
requirements.ee
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Amplifier Serves
CDMA Needs

HBT technology and an InGaP
process have combined to provide high

efficiency and linearity at low cost
and low power consumption.

Erick Olsen, Bill Mitchell, and
Hai-Chan Chung

Alpha Industries, Inc., 20 Sylvan Rd.,
Woburn, MA 01801; (617) 824-4337,

ALLIUM-ARSENIDE (GaAs)-based power amplifiers (PAs),
whether for commercial, military, or space applications, have
almost always been designed with depletion-mode technologies,
such as metal-epitaxial-semiconductor field-effect-transistor (MES-

FAX: (617) 824-4587,
Internet: http://www.alphaind.com.

FET) or high-electron-mobility-transistor (HEMT) technologies. But het-
erojunction-bipolar-transistor (HBT) technology, especially when teamed
with an indium-gallium-phosphide (InGaP) on GaAs semiconductor pro-
cess, can provide outstanding linearity and efficiency with the power
requirements of advanced code-division-multiple-access (CDMA) systems.

Engineers at Alpha Industries,
pushed by handset designers’ needs
for decreasing cost targets, have
managed to cost-effectively inte-
grate high-performance depletion-
mode technologies with inexpensive
silicon (Si)-support circuitry.! They
have also continued to develop com-
ponents using technologies and tech-
niques that eliminate the need for
support circuitry altogether. In addi-
tion, the firm has also recently imple-

mented their first CDMA design, in
the form of the model AP126-89 PA
for personal-communications-ser-
vices (PCS) handsets. Not only was it
the company’s first series attempt at
a CDMA amplifier design, it was also
the company’s first attempt at imple-
menting HBT technology.

To reduce the time of the product-
design cycle, and significantly
increase the likelihood of success for
the first design pass, the design cycle

35 : .
30 j :
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o

Output power—dBm
Gain—dB
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input power.

1. The output power, gain, and PAE of the AP126-89 are plotted as functions of
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Every once in a while someone comes along with the
perfect combination. when you're testing 2G and 3G products, you can't afford to
choose between accuracy and speed. But most of the time, that's exactly what you're forced to do.

We've got the perfect solution. The Agilent Technologies E4406A Vector Signal Analyzer.
We designed the E4406A specifically for the manufacturing test needs of 2G and 3G base stations
and components. It has unmatched test speed—up to 5 times faster than the competition.
Amplitude accuracy of .5dB for critical measurements. And pre-configured measurements for
faster setup than traditional spectrum analyzers. So you get all the
speed you want. Along with all the accuracy you need. And that’s a

combination you don't see very often.

Agilent Technologies’ For mare information about our E4406A VSA, or to get a

E4406A Vector Signal Analyzer . .
¢ & FREE copy of Performing cdma2000 Measurements Today, visit our

web site. Or call us at one of the numbers listed below. Because whether it's today's formats

or formats of the future, you still have to be perfect.

www.agilent.com/find/vsa '"..-..'“_ Agilent Technologies
**®%. Innovating the HP Way

.

©2000 Agilent Technologies ADEP3468011/INTL

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 99-10-00 » Finland (3589) 8872 2100
France (01) 6929 41 14 » Germany (0180) 524-6330* + Greece (30/1) 7264045 « Hong Kong (852) 2599 7889 « Hungary (36) 1 4618111 « India (91 11) 630 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 1 800 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
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*Telephone Charge per Unit Time = 0.24 DM/Min
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Stanford Microdevices is the clear choice.

When clarity and power matter most,
Stanford Microdevices delivers.

Stanford Microdevices, Inc. (SMI) is a leading supplier of RF
integrated circuits for the wireless and wired telecommunications
markets and a supplier of choice of OEMs worldwide. Stanford
Microdevices continues to be on the industry’s leading edge
because of our superior quality, outstanding value and innovative
technological advances. SMI provides the tools to create wireless
communications equipment that is smaller, lighter, more powerful
at market leading prices.

Our SGA 6000 series of silicon germanium MMIC amplifiers
offers the high intercept point, high efficiency and high integration
level at high output power desired, while providing the low noise
figure and low power consumption needed for all wireless
applications.

SGA-6386 has 1dB compressed output power of +20dBm,
output third-order intercept point of +36dBm and 15.5dB

of gain at 900MHz. Pricing on the SGA-6386 is $1.21 in quantities
of 10,000 pieces with availability from stock to eight weeks.

www.stanfordmicro.com
Make us your home page!

SGA-6286 SGA-6386 SGA-6486

SGA-6289 SGA-6389 SGA-6489
Frequency (GHz) DC-3.5 DC -3.0 DC-1.8
Gain (dB) 13.8 154 19.7
TOIP (dBm) 34.0 36.0 34.0
P1dB (dBm) 20.0 20.0 20.0
N.F. (dB) 39 3.8 2.9
Supply Voltage (Vdc) 4.2 5.0 5.2
Supply Current (mA) 75 80 75

All data measured at 1GHz and is typical. MTTF @ 150CTi=1 million hrs. (R = 97CIW typ

SiGe HBT MMIC | t ) sor48 packae
features include: .~/

B Cascadable 50Q Wl+20dBm 1dB Compression Point

M Single voltage supply M Low current draw

H High output intercept B Low noise figure @ _—
i \“\w,y

[ Stanford

~'| Microdevices  1-800-764-6642 u.s. roi.free

We Deliver RF Innovation — 1-408-616-5400 outside u.s.

©2000 Stanford Microdevices. All company and/or product names are trademarks and/or

registered trademarks of their respective owners.
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CDMA HBT B> Stealth Microwave’

= The Linearized Amplifier Specialists

for the AP126-89 was approached dif-
ferently than for previous design
efforts. In order to minimize barriers
to entry for this product, it was
decided early in the design process to
collaborate with an external design
service with expertise in bipolar
applications. Even more important
was the choice of semiconductor pro-
cess. By not being tied to a particular
semiconductor process, and using an
outside service for processing, the
company had the freedom to use the
best process for the application. A
search of external capabilities led to
a relationship with Network Device,
Inc. (NDI) and the amplifier was
manufactured on their high-perfor-
mance AlGaAs HBT process. The NEED MULIICAIK!
NDI HBT process is well suited for .
PCS and cellular CDMA signals. ' ¥l

Considering the short design cycle, www.ssbtech.com
modeling was a very important part or COMA TN : SR 00 |
of the development process. Alpha’s ‘ B :
engineers worked closely with the =l e e
design partner to create models for TEL:1-888-55B-7791 = 609-538-8586 = Fax: 609-538-8587
the NDI devices, specific to the email: sales@ssbtech.com
device geometries and operating con- : i :
ditions. In addition to the modeling CIRCLE NO. 440 or visit www.mwrf.com
effort, Alpha measured a substantial
amount of empirical data, including
automated measurements of power,
efficiency, and linearity contours, to
address limitations in the models.

The model used for the design of
the amplifier was a simple Gummel-
Poon large-signal model created by
curve fitting to DC and RF charac- ‘
terization data of measured HBT 7220 SERIES
engineering devices. The subsequent
model was used to predict the large-
signal, unmodulated signal power
and efficiency. Empirical data were
used to find the optimum power loads
and operating points for linear per-
formance. New models are presently
under development, which will allow
designers to predict modulated
performance as a function of
temperature.

Based on the model and load con-
tours, and the need to meet the gain
requirements of the PCS band, a
three-stage design was chosen. To
simultaneously meet the gain, output
power, and linearity requirements, a
ratio of 1.0:4.5:3.6 was used for the
three transistors. These three ratios
provided the necessary gain and
drive from the first two stages to the

CIRCLE NO. 404 or visit www.mwrf.com
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The World of RF & Microwave
Design has Changed Forever!

Microwave Office 2000 is the revolutionary
high-frequency design solution that is changing
all the rules! This award winning design suite now
includes the ultimate microwave layout solution,
statistical design capabilities, yield optimization,
MMIC foundry library support, plus new EM
based discontinuity models for incredibly
accurate simulations up to millimeterwave
frequencies and beyond. New schematic data
translators will import Agilent EEsof Series IV or
ADS designs directly into Microwave Office.
Finally you can say good bye to the expensive and
Microwave Of cumbersome solutions of the past. For more
information call your AWR sales representative!

30 Day Trial Software Applied Wave Research, Inc.
Free Download from 1960 E. Grand Avenue, Suite 530, El Segundo, CA 90245

www.mwoffice.com Tel: (310) 726-3000 Fax: (310) 726-3005
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CDMA HBT

final stage, which was sized for a
peak-to-average output power ratio
of greater than 4:1.

After device sizes were chosen, the
next most important concern was the
transistor layout. Although the lay-
out of a MESFET or pseudomorphic
HEMT (PHEMT) device is impor-
tant and can affect its performance
and reliability, it is absolutely critical
for HBT thermal management. The
first issues addressed were specific
to meeting the output-power and
efficiency requirements. Careful
measurements were then made to
study the thermal performance of the
device and its impact on RF perfor-
mance. The fundamental HBT cell
dimension selection, unlike that of an
FET technology, needs to take the
impact of thermal effects into consid-
eration. The cell’s thermal resistance
as well as the thermal coupling
between device emitter fingers with-
in the cell impact the onset of current
“hogging” by one of the emitter fin-
gers. If, however, too large a cell is
used, a negative impact will take
place on cost and RF performance. In
this design, a 2 X 20-pm emitter-cell
design was used. An emitter-ballast
resistance was also used to delay cur-
rent hogging to higher-current den-
sities. The use of a dual-emitter fin-
ger per cell has the advantage of
reducing the dimensions of the out-
put stage while the relatively short
20-pm fingers minimize thermal
issues,

In its first design iteration, the
AP126-89 met the requirements for a
handset CDMA PA. The amplifier
delivers +28-dBm linear output
power at 1.85 GHz with power-added
efficiency (PAE) of 37 percent (Figs.
1and 2). The AP126-89 is packaged in
a high-power, exposed-pad SSOP-16
package with low electrical and ther-
mal paths to ground.

As previously noted, a large per-
centage of the matching elements are
fabricated on chip. However, the out-
put-matching circuitry, a portion of
the input-matching circuitry, and the
RF bypassing circuitry were kept off
chip to maximize the RF perfor-
mance. Flexibility is a fundamental
guideline of all PA designs at Alpha.
By keeping the output-matching cir-
cuitry external to the package, it was

erformance at _Mcz&é—aﬂz&&pﬁ/ée@.

Bias Passing
Attenuators

Model  Frequency Impedance |

Inmet's DC bias passing aftenuators attenuate RF signals and pass DC voltage and current, The maximum
DC voltage is 100 volts and DC current is rated at 2 amps maximum. Units handle up to 2 watts average
RF power. Several attenuation values are available up to 20dB.

*
IR g
A0
~5 °<>.
Koo A
*Wo CORPORATION

- An MCE Company
Manufacturer of Attenuators * Adapters*DC Blocks * Equalizers * Terminations
300 Dino Drive * Ann Arbor, MI 48103 USA * Phone 888-244-6638 or 734-426-5553 « FAX 734-426-5557
Visit us on the Web at www.inmetcorp.com
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CDMA HBT

possible to account for multiband

: L _ operation and differences in cus-

o | | tomers’ handset architectures. They

. - -20 | key to achieving the performance

g v 1™ | shownin Figs. 1 and 2 was a combi-

e i :._;_'.--';-_;_'_.:.'.-;_33-3' | | nation of optimizing the packaging,

| ' o I the bias ratio per stage, and finding a

Bl e M0 S balanced linear/power load. Figure 3

e A _:'__'____5"'. shows the external matching and

g | bypassing circuitry required for opti-
ieeiieieeo-i0 | malperformance.

. e One key advantage of HBT tech-
=1 | nology over MESFET or PHEMT is

> L

e St e

g:? fLsas
(2]

e e i

i = that high performance does not rely

s Input power—dBm on submilc)ron device geometries.

2. The linearity performance of the AP126-89 is shown here in terms of output Therefore, HBTs are easier to manu-
power and adjacent-channel power (ACP). facture for a particular high-frequen-
cy product, and more producible.

T‘lcn This does not alleviate the need for

circuitry enhancements, however.
CDMA transmitters, whether is
handsets or in base stations, require
precise control over the bias condi-
tions to deliver the necessary linear-
ity performance from part to part
and over the full range of tempera-
ture and battery conditions. To meet
these requirements, an on-chip
active bias controller was used to
consistently set proper bias condi-
tion. The first-generation bias con-
troller was based on a traditional cur-
rent mirror. The advantage of this
approach is simplicity and tempera-
ture stability.
The AP126-89 is a first-generation
: i : produet that met its intended perfor-
3. For optimal performance, external matching and bypassing circuitry mustbe = mance targets. The next-generation
added to the AP126-89 HBT ampilifier. . design will continue and design and
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Waveguide Gomponents

OFF-THE-SHELF OR CUSTOM DESIGNS
4

* Attentuators * Couplers * Switches * Loads * Terminations * Adapters * Assemblies * Horns * Ferrite Components

We're Ready When You Are... Next Day Delivery
0f Catalog Gomponents

' From The Largest Inventory Of Waveguide Components In The Industry
& RECTANGULAR, MM-WAVE, & DOUBLE-RIDGED COMPONENTS
CUSTOM DESIGNS CALL OR WRITE

L K
Custom designs are a Waveline specialty. If you
don't see the product or design in our catalog, we mv I

probably have your "special” in our design files.

Waveline now offers a complete line of Pin Diode P.O. Box 718, West Caldwell, NJ 07006
Switches, Attenuators & Phase Shifters. Waveline (973) 226-9100 Fax: 973-226-1565
has the expertise and capabilities to integrate E-mail: wavelineinc.com

waveguide and solid-state designs for subassemblies.
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a Wide Range of
Quality Attenuators

Step-Rotary / Continuously Variable / Fixed Coaxial

Designed by KMW for consistency and stability, these Attenuators will be your first choice for

building wireless communication system applications

M Step-Rotary Attenuators

Operatin Type Make-Before-Break .
Frequency Range DC ~ 3GHz DC ~ 3GHz |
Insertion Loss (Max.) 0.2dB 0.2dB
KAT2DO4SA000 VSWR (Max.) 11541 1.15:1
KA DOS AN Incremental Attenuation 0-1 0-~10
Range (dB)
Attenuation Step (dB) 0.2 1
Nominal Impedance 50 ohm
1/O Port Connector SMAC(F) / Right Angle SMA(F) |
l Average Power Handling 1W @ 2GHz I
I Temperature Range -30°C ~ +80°C I
I Dimension (inch) 1.925%1.567*2.224 I

m Continuously Variable Attenuators

Frequency Range

DC ~ 1GHz

1~ 2GHz

2 ~3GHz

Insertion Loss (Max.) 0.15dB 0.3dB 0.35dB
" VSWR (Max.) 1.25:1 1i25:4 1.25:1
KAT1304CA000 Attenuation Range (Min.) 13dB @ 2GHz
Nominal Impedance 50 ohm

KAT1304CA001

1/O Port Connector

SMA(F) / SMA(F)

Average Power Handling

2W @ 2GHz / 25°C, without Heat-Sink

Temperature Range

-55°C ~ +85°C

I Dimension (inch)

A type : 1.496*1.102*0.457
B type : 1.224*1.102*0.457

N-type, SMA-type Connectors

M Fixed Coaxial Attenuators are available

13131 East 166th Street, Cerritos, CA 90703-2202 ?. S
; = g‘“
1-800-8320-KMW = www.kmwinc.com 'I,. \

tel: 562-926-2033 « fax: 562-926-6133
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development philosophy applied to
the AL126-90 while taking advan-
tage of recent improvements in semi-
conductor and processing technology
as well as design and model enhance-
ments. In the redesign of the AP126-
89, the design is being transferred to
a more robust and significantly more
reliable InGaP HBT process and
simultaneously addressing issues
that will improve the amplifier's RF
and DC performance levels, thereby
improving its manufacturability.
The majority of CDMA PAs manu-
factured today use AlGaAs HBT
technology. The choice of technology
makes sense due to HBT’s excellent
linearity and low quiescent current.
Alpha, however, is looking at HBT
technology to support all of its ampli-
fier products. Recently published
articles have addressed the inherent-
ly higher reliability and better per-
formance of InGaP-based HBT
amplifiers over AlGaAs-based ampli-
fiers in higher-power applications.?
The three most important benefits of
InGaP HBTs are better thermal
properties, improved long-term per-
formance, and higher reliability. In
addition to better electrical perfor-
mance and higher reliability, InGaP-
based transistors are also more man-
ufacturable due to the higher etch

selectivity which results in more uni- |

form devices.”? Since NDI offers both
HBT technologies, and Alpha is not
tied to any one technology for HBTS,
the firm has chosen to move all HBT
developments to the InGaP process.
Selecting a single process for all HBT
amplifiers will also reduce modeling
efforts and design-cycle times.

As a proof of concept design for the
first InGaP GSM PA, the engineers
at Alpha recently breadboarded a
two-stage PA. Figure 4 shows the
characteristics of a single-stage
power transistor while Fig. 5 shows
the performance of the full two-stage
PA with feedback and base ballast-
ing. At +3.5 VDC, the single transis-
tor delivers more than +35-dBm out-
put power with associated PAE of 58
percent and collector efficiency
approaching 68 percent. The amplifi-
er also delivers +35-dBm output
power at 57-percent PAE. These fig-
ures include matching losses.

To demonstrate the linearity capa-
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4. The performance of a single-stage amplifier fabricated with the InGaP HBT
process is shown at 900 MHz in terms of output power, gain, and PAE.

bility of the InGaP process, several
single-stage power amplifiers were
also built. Figures 6 and 7 show the
power, gain, PAE, and linearity per-
formance of a 96-pm device tuned for
CDMA performance. The device
delivers +22-dBm linear output
power at 39-percent PAE and 15-dB
gain. To achieve the flat-gain curve
and minimize gain expansion (as
shown in Fig. 5), a 2-kA/em® quies-
cent current was chosen. Lower qui-
escent currents reduce gain and
increase gain expansion, while higher
currents reduce PAE.

Most recent cellular handsets use a
three-cell nickel-metal-hydride
(NiMH) battery or a single-cell lithi-
um-ion (Li-ion)battery, which gener-
ates a nominal voltage of +3.5 to +3.6
VDC. However, handset designers
are now requesting PAs that operate

with a +3.2-VDC nominal battery
voltage to increase talk times and to
account for temperature variations.
Some applications are also requiring
PAs to operate at temperatures
higher than the typical high end of
+85°C. Given these two design con-
straints, a redesign of the AP126-89
amplifier was initiated. The improve-
ments in the design include adding
backside via holes for improved ther-
mal performance and reduced emit-
ter parasitics, increased device area
for all three stages to target higher
output power levels and lower-volt-
age applications, and an enhanced
active bias circuit to desensitize the
variations in reference voltage and
for reduced voltage operation.

The addition of the via holes is an
approach that has been a very effec-
tive, highly manufacturable process
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5. The performance of a two-stage HBT amplifier was evaluated at 900 MHz in

terms of output power, gain, and PAE.
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WORLD’S ONLY FULLY INTEGRATED
2.5GHz DIRECT 1/Q TRANSMITTER

Ideal for Wideband CDMA Wireless Local Loop Systems

Reduce cost, component count, and board space and increase manufacturing yield with the
MAX2720/MAX2721 direct |/Q transmitters. By utilizing a direct conversion architecture and
expert RF integration, these transmitters reduce the number of RFIC components from 6 to 2,
saving 35% cost, 50% board space, and reducing costly production alignment time.

IF-BASED ARCHITECTURE DIRECT-CONVERSION ARCHITECTURE
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MAX2720/MAX2721 Features: Why Direct Conversion?
1.7GHz to 2.1GHz RF Output (MAX2720) « Eliminate IF SAW Filter, Upconverter,

<

¢ 2.1GHz to 2.5GHz RF Qutput (MAX2721) and VCO
¢ 35dB Gain Control Range + Reduce Number of ICs from 6 to 2
¢ Integrated PA Driver with +13dBm + Save 35% in IC Cost
Output P1dB + Save 50% in Board Space
¢ Full LO or 1/2 LO Frequency Input + Reduce Production Alignment Time
¢ 33dB Carrier Suppression + Increase Manufacturing Yield
¢ 40dB Sideband Suppression .
o +2.7V 10 +3.3V Single Supply Other Applications:
+ 1pA Shutdown Mode + PCS/DCS Base-Stations
+ MMDS, LMDS
¢ 2.4GHz ISM Band Radios
we g ) Subscribe to Maxim's EE-Mail™ today to receive automatic new AL IR DT EATALDG
S e product updates via e-mail. Go to www.maxim-ic.com for easy signup. ON CO-ROM

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

MAXI
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Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.
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6. The power, gain, and PAE of a PCS-band single-stage HBT amplifier was

evaluated at 1.88 GHz.

for Alpha. Although backside via
holes require extra processing steps,
the additional cost is more than
recovered by the much higher elec-
trical yields and reduced die area.
The electrical benefits of via holes
are obvious—the parasitic elements
of a via hole are much less than that
of bond wires and are nowhere near
as sensitive to assembly-line varia-
tions. Via holes are much better ther-
mal conductors than grounded bond
wires and aid considerably in reduc-
ing topside temperatures.

A bipolar transistor is a current-
controlled current source and, as
such, is best controlled with a current
source rather than a fixed voltage
source. The purpose of the current
mirror is to provide the necessary
constant current to the RF device,
thereby reducing the sensitivity of

the RF device to processing, temper-
ature, and power-supply variations.*
The most basic type of current mir-
ror consists of a device that is identi-
cal to the RF device, except in scale.
However, this simple architecture is
limited in its sensitivity to power-
supply variations. As V, varies due
to a change in the supply voltage, the
collector current (I.) changes due to
the early voltage effect.

To improve the bias circuitry, a
reference voltage is used to maintain
current variations within =5 percent
over temperature and battery-volt-
age variations. The next-generation
bias controller will be based on the
current-mirror approach, but will
include an emitter follower in the
mirror’s base-to-emitter path. This
circuit supports a larger scaling ratio
of the mirror transistor versus the
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7. The linearity performance of a PCS-band single-stage HBT amplifier was
evaluated at 1.88 GHz in terms of output power and ACP.

RF amplifier transistor, which
results in less die area being used for
the bias controller and decreased
sensitivity to voltage variations, due
to the beta squared effect between
the base supply (i.e., the mirror cir-
cuit) and the RF base. The one draw-
back of this circuit is the required
headroom, since there are two base-
to-emitter voltage (Vy.) drops plus
the voltage drop across the reference
resistor. Present-day operating volt-
ages support this approach, but as
mobile telephone manufacturers try
to lower the maximum supply refer-
ence voltage, this type of circuit will
eventually not be viable. More
sophisticated circuits which provide
even more insulation to variations
will be available, and operate at
lower reference voltages, are being
investigated.

DESIGN FLEXIBILITY

The requirements for handset
CDMA PAs are fairly standard when
it comes to output power, but there
are certain differences between
available amplifiers. The present
generation design meets the lower-
power requirements, but in order to
make this amplifier more easily
accepted by a wider audience, the
output-power capability of the ampli-
fier has been increased by scaling up
the area of each transistor. The ratio
that is used for the final two transis-
tors will be preserved, since this was
found to be an optimal combination
for simultaneously achieving the nec-
essary linearity and efficiency. Sev-
eral experiments will also be run to
reduce and/or eliminate external
impedance-matching requirements
where possible. The flexibility to
address unique customer require-
ments dictates that some level of
external matching and bypassing cir-
cuitry are maintained. ®®
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Fine-Tuning Test

Methods For CDMAOne

H an dSE's Methods of testing CDMAOne mobile-phone

components and assembly processes during
the manufacturing process can balance
production volume, quality, and profit.

Michael D. Barrick

Business Development Manager
Wavetek Wandel Goltermann, 990
North Bowser Rd., Richardson, TX
75081; (214) 763-6064, FAX: (972)
231-3671, e-mail: mike.barrick@
wwgsolutions.com.

ODE-DIVISION-MULTIPLE-ACCESS (CDMA) technology offers high
information capacity over relatively narrow communication chan-
nels. It is the technology driving fast-growth, current-day standards
and most next-generation designs. One of the key current standards,
CDMAOne, represents a challenge for handset manufacturers to balance
the needs of production-line testing for quantity, quality, and profitability.

CDMAOne technology was pio-
neered in the USA by Qualcomm, but
South Korea led the world with the
first nationwide network deployment
in 1996. The CDMAOne market has
grown since that time to be a truly
global one, with networks in various
stages of planning and deployment
across North America, Asia, and
Latin America.

In globally deployed digital tech-
nologies, CDMAOne is second only to
Global System for Mobile Communi-
cations (GSM) for number of sub-
scribers. At the end of 1998, there
were 137 million GSM subscribers
and 22 million
CDMAOne sub-
scribers.’ The
number of GSM
subsecribers is
forecast to con-
tinue to exceed
CDMAONne
through 2003, but
CDMAOne’s
rate of growth is
forecast to exceed
that of GSM in the
same period. Ap-
proximately 100
million CDMA-

million in 1998. This rapid growth
requires optimal testing concepts to
allow mobile-phone supply to keep up
with demand.

In mobile-phone manufacturing,
testing must be used as a tool to
check the components and assembly
process used. It would be a waste of
profits to conduct extensive para-
metric testing on every mobile phone
produced at the functional test stage
if failures are infrequent. On the
other hand, if the produet is shipped
with too little testing, the resulting
lack of quality would hurt the manu-
facturer’s reputation. In the latter

One phones will be 1. The WWG MMP-4400M is an example of the latest
required in 2003, generation of fast and accurate one-box testers using

i growing from 18 muiti-DSP technology.
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Test Methods

case, the effect on the bot-
tom line would be the same
as too much testing, since
profits would decline due to
a decrease in sales.

The “test concept” can be
defined as a placement of a
select group of tests at vari-
ous points in the manufac-
turing process so that fail-
ures in components and
assembly processes are
detected. Obviously, the
test concept is not the same
for every mobile phone—it

- .-

e m e e e e e

& Répéitln@" )

s www e owow owl

since balancing the one can
balance all three simultane-
ously.

The ANSI-98 minimum
performance standard pro-
vides a wealth of tests and
pass/fail limits that could
conceptually be used in
the test concept for a
CDMAOne mobile phone.
But manufacturers must
recognize the tests in this
standard for what they
are—a voluntary suite of
tests that can be used for

should be optimized to each
one. If the components and
processes were exactly the
same for each mobile phone
manufactured, no testing would be
needed. But this would require very
costly production equipment, and
component scrap would be enormous.
Conversely, inexpensive, low-quality
components could be used with slop-
py assembly processes if testing
were extensive. But the test station
required would be enormously
expensive, the manpower required
would be huge, and mobile-phone
serap would fill warehouses.

Tests selected for use in the test
concept should be fast and accurate.
Obviously, the one-box tester select-
ed for manufacturing should have the
highest measurement speed, which
requires the latest multi-DSP-mea-

surement technology. (An example of
this one-box tester is shown in Fig.
1.) High accuracy is also a require-
ment since this supports tighter
pass/fail limits and results in im-
proved manufacturing yield and
more-highly tuned mobile phones
(with longer battery life). High accu-
racy is necessary not only at the test-
equipment level, but at the test-sta-
tion level as well.

The manufacturer must strike a
balance between quality and expense
of the test concept, assembly process,
and components to achieve the goals
of production volume, quality, and
profit. Optimization of the test con-
cept is key to achieving this balance,

2. A typical CDMAOne test concept performs multiple
checks of the manufacturing process at optimal physical
locations.

System for Mobile Communi-

RF-level information transmitted

advertising and negotiation
purposes if the mobile phone
conforms. The tests (and
particularly pass/fail limits)
are not intended to be used for check-
ing the components or the assembly
process of a CDMAOne mobile
phone, although they are often used
for this purpose due to the lack of
other defined tests.

Manufacturers should restrict the
number of tests selected for a test
concept to a minimal set that tests
those components and assembly pro-
cesses that have the highest risk of
failure. Excess parametric tests
should be eliminated to reduce test
time to the absolute minimum. In the
manufacturing flow, the location of
test should be physically close to the
first point where the bad components
or faulty assembly processes can be

e interface bus; IEEE-488,

; blé 'and a one-box-tester input.

r g tests performed on an
e operabzhty and correct
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Test Methods

identified. For example, tests that
identify problems in component
assembly should be tested at the tun-
ing stage, not later in the functional
test stage. Figure 2 shows an exam-
ple of a typical test concept in a man-
ufacturing flow.

Tests that test only software func-
tions should be eliminated from con-
sideration for the test concept. Since
software is the same from mobile
phone to mobile phone, there is no
risk of bad-quality phones being
shipped if the software test is elimi-
nated. Tests in this category include
authentication, data (excluding
multi-traffic, channel-data tests), and
SMS.

Since there are a huge number of
tests available for a CDMAOne
phone, manufacturers should avoid
test concepts that add extra pieces of
test equipment to a test station. For
example, complex receiver tests
involving intermodulation, interfer-
ence, and fading should be avoided
since they primarily test the mobile
phone’s design (not the manufactur-
ing process) and would add extra sig-
nal generators and/or fading simula-
tors to every test station. Instead, a
simple frame-error-rate (FER) test
is appropriate for testing the risky
components and assembly processes.
A typical test-station configuration is
shown in Fig. 3.

RECEIVER TESTS

The core CDMAOne receiver tests
in the mobile-phone test concept
should consist of FER tests with or
without AWGN. Manufacturers
should select channels and for-
ward/reverse power levels that best
indicate the presence of an issue with
the components or assembly process.
Optimization of the receiver tests
involves use of statistical
methods to measure FER.
This, in turn, involves accu-
rate calibration, minimizing
noise on the forward link,
and simultaneous measure-
ment with transmitter tests.
FER tests can be the
most time-consuming part
of the test concept due to the
large number of frames

required to achieve the nec- 4. The WWG MMS-4300 will incorporate a CDMAOne codec

3. CDMAOne test stations should
incorporate minimum hardware to
support focused testing of only the
manufacturing process.

process should incorporate statistical
methods to accelerate the measure-
ment of FER through early algo-
rithm termination. Algorithms used
include “pass with confidence” and
“fail with confidence” as defined in
ANSI-98. Typically, these algo-
rithms are built into the one-box
tester used in the test station.

Use of confidence-based methods
passes good mobile phones more
quickly, but marginal phones (close
to the limit) still take an extended
amount of time. Noise on the forward
link can cause variation in the RF
level and cause a good phone to be
measured as marginally good, or
even fail—with longer test time. This
noise can come from various sources
including 60-Hz AC power and local
transmitters operating on the same
frequency. Coupling of the noise into
the forward link can be avoided with
shielded cables, isolation boxes, and
high-quality RF connectors.

Highly accurate level calibration of
the test station is necessary to
extrapolate RF levels from the one-

essary accuracy. The test inthe future to facilitate audio testing.

box tester to the phone and avoid fail-
ing marginal phones due to inordi-
nately wide pass/fail limits. Since the
match of the components in the for-
ward and reverse RF path (including
connectors, combiners, the one-box
tester, and the mobile phone) vary
with frequency, loss must be mea-
sured at several points over frequen-
cy. In addition, match of the one-
box tester may vary with level as at-
tenuators are switched in for low lev-
els. This necessitates additional loss
measurements at high and low levels.

To the extent possible, receiver
and transmitter measurements
should be made simultaneously, with
the goal of reducing total test time.
This may prove to be difficult due to
conflicting modes of operation (e.g.,
open-loop versus closed-loop power
control) within the mobile phone. But
selection of tests, sequence, and
active power control makes simulta-
neous testing possible.

TRANSMITTER TESTS

Compared to CDMAOne receiver
tests, there are a wide variety of
transmitter tests available to detect
issues in components and assembly
processes. As with CDMAOne re-
ceiver measurements, channel and
power levels that best reveal the
presence of a problem should be
selected. Optimization of the trans-
mitter tests involves accurate sys-
tem calibration in conjunction with
the usage of multi-DSP technology to
make several measurements at once.

Highly accurate level calibration of
the test station is as important for
transmitter tests as it is for receiver
tests. Since measurements of mobile-
transmitter power over an extreme-
ly wide dynamic range (80 dB) con-
stitute the majority of CDMAOne
transmitter tests, test-sta-
tion loss must be measured
over frequency and level to
compensate for loss varia-
tion due to matching. Accu-
rate knowledge of power
levels at the one-box tester
also allows the user to select
the tightest pass/fail limits
based on one-box-tester
accuracy specifications.

True audio tests are typi-
cally not used in the
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Test Methods

CDMAOne test process due to the :

lack of availability of a codec inte-
grated with a one-box tester and dif-
ficulties in implementing anechoic
environments on the manufacturing
line. Regardless of these facts,
CDMAOne codecs will become avail-
able in the future, and audio testing
will be used as an invaluable method
of isolating component and assembly

process issues. When it becomes
available, optimization will involve
various methods for generating and
measuring levels of multiple tones
simultaneously. The one-box tester
shown in Fig. 4 will be upgraded
in the future to incorporate a
CDMAOne codec.

In the past, standard audio testing
consisted of generating and/or ana-
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lyzing one audio tone at a time. Using
this method, frequency-response
testing was a lengthy process. With
modern DSP-based codecs, this
method is no longer possible due to
the nonlinear nature of the codec, and
audio level in is not linearly related to
audio level out. The solution to both
issues is to generate non-harmonical-
ly-related tones or artificial speech,
while at the same time, using more-
sophisticated audio-spectrum analy-
sis. Use of these methods supports
implementation of tests with minimal
test time using any modern codec.

AVOIDING DELAYS

In addition to optimization of
receiver, transmitter, and audio
tests, the overall test concept can be
optimized by avoiding delays inher-
ent in CDMAOne call processing and
by limiting time spent in communica-
tion between test subsystems.

Up to 20 s can pass from the time a
CDMAOne mobile phone sees the
pilot channel to when it registers
with the system. Additional time is
required to set up a call on a traffic
channel. If there is knowledge about
the components or assembly process
that is gained by making a call, a call
should be used where it makes sense
in the test process. Wherever possi-
ble, however, calls should be elimi-
nated from the test process to save
time. Instead, custom test modes
should be implemented in the mobile
phone to quickly get to the specific
mode to be tested.

In the typical test station, a one-
box tester makes individual mea-
surements or groups of measure-
ments under GPIB control of a
PC-based computer. The PC acts as
the test controller, containing the
test sequences and pass/fail limits.
Using a modern multi-DSP-based,
one-box tester, the measurements
being performed are often faster
than the communications required to
request the measurement and trans-
fer the results to the controller. In
this case, transfer of the controller
function to the one-box tester serves
to optimize the test process, with the
one-box tester controlling the phone

directly for custom test modes.ee
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T. Deliyannis, Yichuang Sun,
and J.K. Fidler

This book presents the design of
active filters operating in continuous
time. Topies include active filter fun-
damentals, realization of active fil-
ters using operational amplifiers
(opamps) and operational transcon-
ductance amplifiers (OTAs), cascade
realization of active filters, and active
filter realization with inductive-
capacitive (LC) ladder networks.

The book takes the reader through
the basics of continuous-time active
filter design while reviewing the
opamp approaches to active filter
solutions that were established in the
past, and then introduces the reader
to state-of-the-art approaches to
active filter design using OTA
devices with many design examples
and circuit implementation.

The book’s opening chapter re-
views filter topology, steps in filter
design, nodal analysis, and continu-
ous-time filter functions. The second
chapter reviews the first order of the

Continuous Time Active Filter Design

lowpass prototype function and
includes tables for the realization of
the Butterworth, Chebyshev, Pa-
poulis, or Cauer configurations.

Chapter 3 introduces the reader to
ideal elements and devices that have
one to three ports with properties
that make them useful in network
synthesis. Chapter 4 reviews the
realization of first and second order
using opamps. Chapter 5 reviews the
realization of high-order functions.
Cascaded second-order stages with-
out feedback, high-order ladder net-
works, and embedded operational
amplifiers in resistor and capacitor
(RC) networks are offered. Cascaded
connections of second-order sections,
pole-zero paring, gain distribution,
and multiple-loop feedback filters are
also presented.

Chapter 6 reviews the simulation
of LC ladder filters using OA includ-
ing lowpass, highpass, as well as
bandpass transforms. Chapter 7 dis-
cusses wave-active-filter (WAF)
design as an alternative approach to

the simulation of LC ladder filters in
an effort to obtain active RC filters of
low sensitivity. Chapters 8 presents
single OTA filters including lowpass,
highpass, and bandpass admittance
models with transfer functions,
design formulas, and sensitivity
results.

Chapter 9 reviews OTA filters
beginning with OTA building blocks
and OTA filters with design exam-
ples of lowpass, highpass, and band-
pass topologies. Chapters 10 and 11
introduce OTA filters based on lad-
der simulations and multiple integra-
tor loop-feedback filters. Chapter 12
presents current-mode filters with
first-order and second-order archi-
tectures as well as the design
methodology for the structures.
(1999, 443 pp., hardcover, $94.95
ISBN: 0-8493-2573-0, $94.95) CRC
Press, LLC, 2000 Corporate
Blvd. N.W., Boca Raton, FL
33431; (800) 272-7737, FAX: (800)
374-3401, Internet: http//www.
crepress.com/www/order.htm.
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DESIGN FEATURE

Bandpass Filters

Design Waveguide
Bandpass

Fi Il rs Despite move vecent technologies, waveguide
e bandpass filters that operate above 8 GHz

ave still used for precision designs and high
power levels.

AVEGUIDE bandpass filters are frequency-selective circuits or
devices that perform valuable functions in microwave equipment
used in communications, electronic warfare (EW), radar, and
automatic test equipment (ATE). They are most compatible with
waveguide antenna feeds. They are required for high-power applications,
and are preferred for precision performance. At low signal levels, they are
primarily used at frequencies from 8 to more than 100 GHz. The main func-
tion of a waveguide filter is to provide adequate stopband selectivity with-
out introducing unacceptable passband insertion losses and distortions.
For example, in microwave receivers, waveguide bandpass filters reject
unwanted out-of-band interference and establish sensitivity by defining the
front-end noise bandwidth. In microwave transmitters, they reduce
unwanted frequencies (spurii) and suppress transmitter noise at receive
frequencies. Waveguide bandpass filters are also used in various
microwave multiplexers. This article presents a discussion of key features
in waveguide bandpass filter design, development, and construction.

Richard M. Kurzrok
Professional Engineer

RMK Consultants, 82-34 210th St.,
Queens Village, NY 11427-1310;
(718)-776-6343, FAX: (718) 776-
6087, e-mail:

rmkconsulting @aol.com.

A waveguide is a microwave trans-
mission line that uses only a single
conductor. It has low attenuation and
excellent power-handling capability.
It is usable to frequencies in excess of
100 GHz and can provide precision
that is not ordinarily available in
coaxial lines or strip transmission

lines. A waveguide also has inherent
highpass filter characteristics such
as cutoff frequency and dispersive
transmission characteristics.

This article is primarily concerned
with waveguides that are in the
shape of non-square rectangular
tubes. These tubes are wider than

Table 1: Waveguide bandpass-filter typical
design and development cycle
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they are high, which means that they
have an aspect ratio of greater than
1:1. These waveguides propagate in
the dominant TE,, mode, and their
useful frequency range is limited to
approximately 40 percent of center
frequency. For waveguides with a 2:1
aspect ratio (two units wide for every
one unit high), the dominant-mode
propagation is unique up to two times
the dominant-mode cutoff frequency.

FILTER-DESIGN TECHNIQUES

Waveguide bandpass filters origi-
nated in Bell Telephone Laboratories
and the MIT Radiation Laboratory of
World War II. Early waveguide
bandpass filters used quarter-wave
coupled resonators.’ In 1957, a mile-
stone paper® introduced direct-cou-
pled waveguide bandpass filters that
quickly evolved into a preferred con-
figuration. Much of the prior art and
new original work on waveguide
bandpass filters can be found in a
1964 classic reference® among those
listed at the end of this article.

Bandpass Filters

The design equations for direct-
coupled waveguide bandpass filters®
start with the normalized circuit g’s
of a lowpass prototype. For Tcheby-
chev (equal-passband-ripple) re-
sponses normalized to the ripple
bandwidth, normalized susceptances
for the shunt-inductive couplings and
filter-corrected resonant lengths can
be readily computed. Normalization
to the 3-dB bandwidth or different
filter response shapes can also be
used.*® Some of the design equations
can be rewritten in terms of alternate
parameters such as normalized
singly loaded q’s and coefficients of
coupling.®

The total Q of a bandpass filter is
defined by equation 1:

Qr=F/BW (1)

where:
Qr = the total Q,
F' = the center frequency, and
BW-= the normalizing bandwidth.
For nominal half-wavelength

waveguide resonators, the effective
total Q, taking into account disper-
sion, is:

Q=2Qr[m (AGy/A))']  (2)

where:

AG ( = the guide wavelength at fil-
ter’s center frequency,

A o = Free-space wavelength at fil-
ter’s center frequency, and

7 = the transcendental number pi
(approximately 3.14).

Normalized values of singly loaded
q’s (for input and output couplings)
and coefficients of coupling (for inter-
stage couplings) are attainable from
published equations and handbook
tables.”

Letting:

q; = the normalized input singly
loaded q,

g, = the normalized output singly
loaded q, and

k;; = the normalized coefficient of
coupling between the ith and jth
resonators.
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Bandpass Filters

then:

Q,=Qq=absolute input
singly loaded Q (3)

Q,=Qg,=absolute output
singly loaded Q (4)

K=k /Q=absolute coefficient
of coupling between ith and
jth resonators (5)

now:

Xo=SQR[(1/Q)/(1-1/Q,)]=1/B, (6)

X,=SQR/[(1/Q,)/(1-1/@Qn)]=1/B,, (7)
X, =Kj/(1-K;{)=1/B;; (&)

where:

X, = the normalized input coupling
reactance,

X, = the normalized output cou-
pling reactance, and

X;; = the normalized interstage
coupling reactance for resonators i
and j.

These normalized inductive cou-
pling reactances can be used in the
design equations of reference 2 to
determine the lengths of the waveg-
uide bandpass filter resonators.
now:

B, = the normalized input coupling
susceptance,

B, = the normalized output cou-
pling susceptance, and

B;; = the normalized interstage
coupling susceptance for resonators i
and j.

Beyond calculating a ballpark 10-
percent bandwidth in guide wave-
length, the approximate design equa-
tions must be reformulated to take
into account the frequency sensitivi-
ty of distributed (transmission-line)
circuits. A viable method for devel-
oping broader-bandwidth filters
entails use of prototypes for multi-
quarter-wave transformers’ and
other techniques.?

Using electromagnetic (EM)-field
theory, designers can improve filter
accuracy and eliminate the additional
complexity and cost of using filter-
tuning screws. But despite this new
design technique, approximate
design and development methods®

have proven adequate for most
waveguide bandpass-filter design.
Use of tuning serews, with or without
coupling screws, has continued to be
acceptable.

Table 1 shows a typical design and
development cycle. Computer-aided
analysis and design and fabrication
liaison are important in achieving
technical suceess within schedule and
budget. Table 2 shows samples of
preliminary design computations.

TUNABILITY

Direct-coupled waveguide band-
pass filters are usually tuned with
capacitive screws centrally located
on the waveguide broad wall(s) and
at the high-impedance planes of the

Table 2: Sample preliminary design computations

waveguide resonators. These screws
compensate for design inaccuracies
and fabrication tolerances. Many
rectangular-waveguide filters can be
tuned over a 10-percent frequency
range. Filter couplings are frequency
sensitive, and designers can expect
to encounter variations in bandwidth
and response shape over the tuning
range.

Increased tuning-screw penetra-
tion depth degrades resonator
unloaded Q’s and causes increased fil-
ter passband insertion losses. Tun-
ing-screw penetration also degrades
a filter’s peak power-handling capac-
ity. A design decision not to use tun-
ing screws must consider filter trans-
mission and reflection specifications,

Table 3: Typical tuning screw sizes for
various waveguide bands
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fabrication tolerances, filter input
and output interfaces, as well as pro-
duction volume. As with other types
of filters, tunability becomes less of a
necessity as the percent bandwidth is
increased. Table 3 shows typical tun-
ing-screw sizes for some popular
rectangular-waveguide sizes. Brass
screws are preferable to stainless-
steel screws.

Environmental changes can have
discernible effects on the tuning of
waveguide bandpass filters.® Ther-
mal expansion in a waveguide’s metal
walls and the presence of humidity
can detune a waveguide bandpass fil-
ter. This can become an acute prob-
lem when the filter bandwidth is very
narrow. Altitude and corrosion also
can affect performance.

COUPLING

The design must also account for
normalized susceptances of the fil-
ter’s couplings. There are several dif-
ferent types of inductive-coupling
structures that can be used in waveg-
uide bandpass filters.’® The desired
normalized susceptances can be
obtained from handbook data'! or by
using developmental procedures.
1113 Alternatively, singly loaded Q’s
and coefficients of coupling can be
obtained developmentally.'*'?

When the waveguide bandpass fil-
ter must compensate for mismatches
at source and load interfaces,
adjustable input and output cou-
plings are desirable. When filter
bandwidth must be adjustable over a
specified tuning range, adjustable
interstage couplings are also desir-
able. Adjustable couplings also per-
mit precision design and alignment to

DESIGN FEATURE

Bandpass Filters

meet stringent performance specifi-
cations. Table 4 shows typical cou-
pling-post diameters. Coupling iris-
es, apertures, and vanes use
thin-precision shim stock. A 0.031-in.
(0.07874-cm)-thick stock is used in
WR-112 and WR-90, while 0.020-in.
(0.0508-cm)-thick stock is used in
WR-75, WR-51, WR-42, and WR-28.
Some waveguide bandpass filters use
both posts and irises.

Waveguide bandpass filters
designed in WR-430 waveguide were
tunable over the 1.7-to-2.3-GHz fre-
quency range, using three different
models, all with adjustable filter cou-
plings. These filters were five-pole,
0.001-dB ripple units designed for a
nominal 60-MHz, 3-dB bandwidth.
Over the central 20 MHz of the pass-
band, the filters had return losses in
excess of 30 dB. This was necessary
tomeet echo-distortion specifications
in a high-capacity, multihop, terres-
trial-communications system.
Mechanical parts for these filters are
summarized in Table 5.

INSERTION LOSS

Waveguide bandpass-filter inser-
tion losses are quite important in
microwave front-end applications.
Lossy filters can dissipate precious
power in transmitters, and degrade
noise figures in receivers. For a
waveguide bandpass filter with a
specified center frequency, band-
width, and responses shape, the pass-
band insertion loss is primarily
determined by the unloaded Q of the
filter resonators.' Practical unload-
ed Q data are available for real-world
waveguide bandpass filters.!” The
following five factors affect the res-

Table 4: Typical coupling post diameters
for various waveguide bands
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Bandpass Filters

Table 5: 2-GHz waveguide (WR-430)
bandpass-filter mechanical parts

onator unloaded Q’s:*®

1. Size and cross-sectional
geometry

2. Mode of wave propagation

3. Interior materials of construc-
tion

4. Interior surface finish

5. Interior surface contamination

Spurious couplings into unwanted
modes can result in dissipation that
further degrades resonator unloaded
q’s. Some filter-response shapes can
be helpful to reduce dissipative loss-

7 Elliptic-function filters often

exhlblt lower dissipation losses at the
expense of complexity and unit cost.

FABRICATION TECHNIQUES

Waveguide bandpass filters usual-
ly use extruded copper (Cu) or Cu
alloy tubing with typical surface fin-
ishes of approximately 16 win. Tub-
ing radii have a very small effect on
actual waveguide cutoff frequency.
Good metallic conduetivity should be
maintained to at least three skin
depths. Waveguide flanges are often
silver (Ag) soldered to the waveg-
uide housing. Other parts such as
tuning bushings, coupling screws,
coupling irises, and posts can be soft
soldered to the housing. Cu conduc-
tors must be protected against corro-
sion. Gold (Au) plating and varnish
work best.'® The best surface finish,
8 pin. or less, is attainable through
the electroforming process using
stainless-steel mandrels. Cu and
nickel (Ni) can be electroformed.

Invar waveguide is needed for
very-narrow bandwidth filters when
environmental detuning cannot be
tolerated. Pressurization is used to
combat the effects of humidity. For
tunable filters, sealing and evacua-
tion of the filter would require filter
tuning through bellows. This is
avoided with a dynamic dehydrator
system maintaining an ongoing pres-

sure of approximately 2 psi. For pres-
surized filters, pressure fittings and
waveguide windows are required.

A waveguide has two different
power-handling capabilities—aver-
age power and peak power. Average
power handling is defined as an
acceptable temperature rise due to
incidental dissipation, while peak
power handling is defined as a power
level where voltage breakdown
occurs. Average power handling is
enhanced by heat-flow techniques,
such as air and liquid cooling, radiat-
ing fins, and heat pipes. Peak power
handling is enhanced by evacuation,
sealing, and use of gases such as sul-
phur hexafluoride. High-power
waveguide bandpass filters are
designed with rounded corners and
no sharp discontinuities. Tuning and
coupling mechanisms must be
designed for high-power operation.

Waveguide bandpass filters can be
designed for coaxial interfaces using
adJustable input and output probe
couplings.'® Power handling is often
limited by the choice of coaxial
connectors.

ALTERNATE STRUCTURES

Waveguide cross-sections other
than non-square rectangular should
also be considered. Oversize waveg-
uides can have higher unloaded Q’s
than standard rectangular waveg-
uides. Cylindrical® and square®®
waveguides can support dual-mode
operation, which is useful for cross-
polarized antenna feeds. The TE01
circular electrlc mode in cylindrical
waveguldes has the highest unload-
ed Q but is not the dominant mode.
Ridged waveguides®! have degraded
unloaded-Q and power-handling
capabilities but are capable of single-
mode operation well beyond an
octave in frequency. Filter miniatur-
ization can be achieved using evanes-

' bui’ new generation of lo
~ power DC to 3.0 GHz swit
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Bandpass Filters

cent-mode resonators® or dielectric
resonators.”® In waveguides, higher-
order modes can propagate above
readily determinable cutoff frequen-
cies. For design purposes, mode
charts®® are useful to determine
waveguide cross-section. EM-field
configurations®!! are effective in
determining methods of excitation
and coupling.

Conventional waveguide bandpass
filters have frequency-sensitive cou-
plings, resulting in substantial varia-
tions in filter bandwidth over a tun-
ing range. A different waveguide
bandpass-filter structure has circum-
vented this difficulty. The filter uses
fixed resonator lengths, and each res-
onator is tuned by varying the
waveguide width.?* Input, output,
and interstage couplings use trans-
verse coupling apertures located for
minimum frequency sensitivity of fil-
ter bandwidth over a tuning range.

In conventional waveguide band-
pass filters, non-adjacent resonators
are not coupled. These filters are con-
sidered minimum phase-shift net-
works. Adding one or more bridge
couplings between non-adjacent res-
onators converts a general filter®2°
to a non-minimum phase-shift net-
work. This class of waveguide band-
pass filters can realize elliptic-func-
tion responses or provide enhanced
differential group delay within the
filter passband. Some of these filters
employ dual-mode resonators,?®27
which result in appreciable savings in
filter size, weight, and cost.

Corrugated waveguide bandpass
filters and waffle-iron filters use low-
pass structures in waveguides to pro-
vide high-frequency selectivity.
Low-frequency selectivity is provid-
ed by waveguide cutoff, Both of these
filters were created by Dr. S.B. Cohn
and are described in reference 2.

Waveguide bandpass filters are
also used in microwave multiplexers
that include directional filters. ® The
filters use inductive-coupling irises
with adjustable input- and output-
coupling screws. Further discussion
of microwave multiplexers is beyond
the scope of this article. Three survey
articles on microwave filters are list-
ed in references 30, 31, and 32.

Waveguides continue to thrive as

new applications open up in the mil-
limeter range of frequencies. Re-
searchers continue to investigate
waveguide theory and develop new
and improved structures and materi-
als to reduce bandpass-filter costs

and ease alignment.
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Power-Amplifier Design

Details Gount
In Power-Amplifier

To “cover all the bases” in CDMA power-amplifi-
ev design, critical aspects such as output match

and package parasitics must be considered.

Dr. Peter C. Walters

Manager, Application Development
Group

Agilent Technologies, Inc.,

Eesof EDA Product Group, 1400
Fountaingrove Pkwy.,

Santa Rosa, CA 95403,

(707) 577-5360, e-mail:
p_walters@agilent.com.

URNING an ideal RF power-amplifier (PA) design into something

that can be produced cost-effectively is a critical step in any devel-

opment effort. It is one thing to conceive an ideal PA design, yet it is

quite another to implement the desired results in a low-cost manu-
facturing process. Performance requirements, cost, and time constraints
often conspire to make design realization a difficult challenge. Unfortu-
nately, improving the design for manufacturability and process tolerances
usually comes at a time when the overall development is being pushed to
meet an “optimal” market window and critical amplifier specifications.
Knowing what aspects of the design are critical in the practical imple-
mentation of the amplifier and how to properly simulate them can save con-
siderable time and improve the probability of design success.

While the details of “closing the
loop” on a particular design may ulti-
mately determine overall success,
this more practical phase of the
development effort is frequently
given hasty consideration. Areas in
need of scrutiny are the following:

1. Overall design flow.

¢ Packaging factors and output
realization,

e Key product development
drivers.

2. Transistor-to-board variables.

* Packages.

® Qutput matching and grounds.
3. Package trade-offs.

® Ground and signal paths.

® Package models, first order.

® Ground isolation
4, Output-match simulation.

® Realization of output match.

¢ Simulation models.

¢ Electromagnetic (EM) analysis.

e Test-fixture effects.

It is critical for designers to work
with the final Printed-circuit-board
(PCB) design to understand what
effects it will have on output match-

ing. A good start to turn a PA design
into a workable product should begin
by looking at the overall design flow,

I Customer specifications

l Search for similar work ] .

1

Concept design ]

| Parts/materials selection l

| Detailed design
. l Production worthy

¥

L Finalize

1. The first step in RF PA design isto
develop a process flow chart that
describes the overall implementation
plan.
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which is typically based on a set of
specifications that explicitly define
one or more sets of operating condi-
tions, as well as any limitations on
package size (Fig. 1). Both cost and
risk are very important factors, but

are not always adequately consid-

ered. In addition, it is not uncommon
for specifications to resemble more of
a “wish list” than actual require-

DESIGN FEATURE
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! tions can yield
. important trade-

ments. Scrutiniz-
ing actual needs
versus specifica-

~— IC ground through vias or wirebonds
. RF board ground
/ through multilayer board

offs that will save

valuable time and

effort. Other con- 2. Three types of parasitics are present in a PA mounted
siderations onaPCB—inthe integrated circuit (IC) itself, the package,
include the sys- and the board elements.

Take the
guesswork out
of differential
circuit design

The ATN-4000 System
What is the conjugate match
of your differential 2-port device? How much
common mode rejection does it have? How much of the

differential input signal is being converted to common

mode? If the answers to these types of questions have
been eluding you, check out the new ATN-4000 Multiport
S-parameter Test System at www.atnmicrowave.com.

The answers have never been so easy to find.

atNmicrowave

Agilent Technologies

Tools for Advanced Products

101 Billeric
877-ATN-TOOLS
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tem form factor, manufacturing capa-
bility, standards, performance ver-
sus cost, volume versus cost, perfor-
mance versus manufacturing
technology, transition from design to
realization, risk versus time, and test
fixturing.

The value of design reuse can be
substantial. Why reinvent the wheel
when you do not have to? Leveraging
existing work, even if it requires
some modification, can significantly
reduce risk and time to market.

The first-concept design provides a
good hint at the difficulties that can
be encountered when bringing the
design to fruition. At the concept
stage, the designer may already be
investigating materials, parts, pack-
aging, and technologies for fabricat-
ing the active and passive compo-
nents. Eventually, the decision to
proceed must be made, necessitating
inevitable trade-offs between perfor-
mance, cost, and risk. For example, a
“no-frills” manufacturing process
reduces risk and minimizes cost, but
can severely limit performance. At
the same time, the innovative use or
modification of a standard manufac-
turing process with options can
result in improved performance,
while still arriving at desired cost
and risk thresholds.

CHECKING PARASITICS

A good design effort takes all sig-
nificant parasitics into account based
on the operating conditions of the
final design. For PAs, the output
match is normally achieved off-chip
so that higher Q-match structures
and lower losses may be achieved.
This greatly increases the value of |
acquiring a solid understanding of
the final PA matching configuration.

A wide range of specifications is
affected by package and output-
match configurations. All of the spec-
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Better Reliability under All Conditions
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ifications of a mobile PA that might
be employed in a code-division-multi-
ple-access (CDMA) system can be
altered by either the package or out-
put match. Knowing what their
effects are is critical. These include,
but are not limited to, the operating
frequency, small-signal gain, gain
variation over frequency, tempera-
ture, and supply voltage, gain linear-
ity, harmonies, adjacent-channel
power ratio (ACPR), noise figure
(NF) in band, supply voltage, and
case operating temperature.

At this point, choosing the proper
simulation tools is key. A good toolset
is Agilent Technologies Advanced
Design System (ADS), an integrated
simulation environment that includes

THE VALUE OF DESIGN
REUSE CAN BE
SUBSTANTIAL. WHY
REINVENT THE WHEEL
WHEN YOU DO NOT HAVE

T0? LEVERAGING EXISTING
WORK, EVEN IF IT REQUIRES
SOME MODIFICATION, CAN
SIGNIFICANTLY REDUCE
RISK AND TIME TO MARKET.

“back-end” tools required to com-
plete and analyze the layout.

As seen in Fig. 2, integrating a PA
into the design creates three primary
sources of paragitics that can affect
performance—the integrated circuit
(IC), the package, and the RF board.
All three levels impact relative
ground-plane and signal-path perfor-
mance, and need to be considered to
realize the target performance goals
for the system. The ADS easily han-
dles the inter-related complexities
inherent in this kind of simulation
challenge.

Of all the parasitic effects pro-
duced, ground inductance is of partic-
ular importance. The leadframe and
package must be designed to provide
for maximum ground isolation. Addi-
tionally, for optimum isolation, the
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We specialize in amplifiers.

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

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

| Kalmus builds the Widest Variety of RF Amplifiers

from a few watls Lo 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
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RF board should employ a split
ground structure.

At the IC level, the power transis-
tor is typically connected to a sub-
strate ground using via structures or
wirebonds. In applications that use
wirebonds, ground inductance can be
reduced by employing multiple
wirebonds.

At the package level, ground is
normally achieved through a ground
paddle attached to the bottom of the
package or a ground connection
through the package leadframe. The
leadframe can be modified in a num-
ber of ways to reduce inductance.

Finally, ground connections at the
RF board level are usually made
through vias to a dedicated ground
plane within the board. The quality of
this ground varies depending on its
physical features and how well it is
connected to the “system” ground. In
a typical multilayer board, the
ground plane may be buried several
layers down in the board, requiring
long via connections that increase
inductance. Signal paths can be con-
structed using a number of different
transmission-line arrangements,
including microstrip, stripline, and
coplanar waveguide (CPW). The final
design typically uses a hybrid strue-
ture that requires accurate models
for reliable simulation results.

PACKAGE TRADE-OFFS

At the package level, more para-
sitic inductance is added to signal and
ground paths. For instance, wire-
bonds may be longer than desired to
accommodate package construction
limitations (covered in more detail
later). At the RF board level—the
domain of system and layout design-
ers—ground is typically accessed
through vias in the board, adding
more inductance (Fig. 3).

Figure 4 shows a comparison of the
effects of ground and signal induc-
tance on a PA. In the sample circuit,
a 1-nH inductor is inserted in the
ground path (source) and the signal
path (drain). The results of simula-
tions with and without these induc-
tances are summarized. Notice the
large shift in optimum impedance
match (Sopt) for output power with
a relatively small change in
inductance.
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Package level: RF board level:
manufacturing domain system designer/
layout domain
Leadframe
o o] o o}
o o
o -0
O e o -0
o o) o
O— =) o -0
o el o o)
Package O B O )
ground o B 0 -0 I
\ Enclosed package | RF board 5y o -0 L
Leadframe interface | 9round O . o 2
Ground path: bottom of package \ RF board
Ground path: leadframe Pseudo microstrip
Ground path: multilayer
— =  Ground path: board

3. These first-order models at the package- and RF-board level show that inductance is
added in the signal and ground paths by the packaging and board materials.

using a paddle (ground but-
ton/slug) or a down-set lead-
frame for ground. Three gener-
al arrangements are available
for package ground and signal
paths.

The first option does not use
a backside ground contact and
is the lowest-cost approach.
More ground inductance is
added since the ground path is
through the leadframe, but
leads may be combined to min-
imize ground- and signal-path
inductance.

The most-expensive
approach is to make use of a
ground paddle, which is typi-
cally brazed onto the lead-
frame. Ground inductance is
extremely low and thermal
performance is also improved.
The leadframe can be modified
to reduce signal-path
inductance.

The last option is to employ a
down-set leadframe configura-

The myriad of package options | the package’s mechanical limitations. | tion. This is less costly than a paddle,

now available is beyond the scope o
this article, but a good example is t
look at the SSOP-16, a package com

There are usually a number of but additional overhead is required
ground options available within a | because signal-path wirebonds must
. particular package body, other than ; be longer. This is also the case for

monly used in mobile handsets. This the leadframe. For example, the | ground paths if the IC does not
approach provides a sound basis for | package might provide the option of ' include substrate vias.

exploring package

construction trade- _
offs as well as the Without inductance + L

ffects of si 1 and Zmax = 20.354 = v.nc DCFEED
citects ol signal and | gopt = -0,683 + j0.238 == SHEY L=100 uH Vgd $1P Ean
ground paths on active T “Tvde=vyy P R= & q
devices—knowledge |~ - - = 22| $(4,1) = Ioad tuner
that can be applied to — Z(1)=50
other packages. L—: 1_Probe

For this example, | - I H H I load . -
assume that cost is a g| HP_MOS Viead =
key driver, manufac- VY oe, etk HPMOS1 DC_biock 2

g ’ N / , DC,hIockZ Mode 1 = hpmo‘ DG_bloclﬂ

turing volumes will be \ Wiot = (7046 - 6) * cels =
large, and that time to N=8 * cells
market is critical. ) P 1Tone _J'_'
Clearly, using an exist- Port 2 L {q
ing package is a plus, Num =1 L3
and perhaps a necessi- = dbrzn::::’ s} ;-: 1.0nH HP—T‘::{:““'
ty, since redesign will Freq = RF freq File = "motorola_mosfet_h"
probably take too Rs=
much time. With this :g=
limitation, making e e = s
modifications to the w“gl::':x"ﬁa:%%.} o :::;
leadframe may be a | gopt=-0.551 +j0.026 Ld=
practical option. Simi- AllParams =
larly, a range of elec-

trical options is typi- 4. A small amount of inductance—only 1 nH—makes a significant difference in a PA’s
cally available despite impedance-match characteristic as shown in these ADS simulations.
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The output-match realization pro-
cess assumes that a particular “ideal”
output-match circuit exists which
accounts for microstrip and stripline
transmission structures with appro-
priate models. This process is an iter-
ative one that begins with a genera-
tion of an output-match circuit, then
proceeds with fundamental- and sec-
ond-order analysis, EM analysis,

DESIGN FEATURE
Power-Amplifier Design

updating the circuit, and then per-
forming analysis again. For this arti-
cle, three options are considered—
lumped, microstrip, and strip-
line—and an EM analysis is run on
the stripline structure.

Figure 5 shows the output-match
circuit and initial results for lumped,
microstrip, and stripline structures.
The derived output-match structure

versatile...

mainline capacity.

available.

combination.
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is designed to provide a match at 1.9
GHz, and then look similar to an open
circuit at 3.8 GHz.

Considering the stripline strue-
ture, there is a potential problem
with the circuit as depicted for two
reasons. First, the stripline has a
coplanar area surrounding it, which
could create a hybrid transmission
structure. Second, there are two
unaccounted vias that connect to the
stripline structure.

To investigate further, the board-
layout data are read in. This is com-

A “NO- FRILLS”
MANUFACTURING PROCESS
REDUCES RISK AND
MINIMIZES COST, BUT CAN |
SEVERELY LIMIT
PERFORMANCE. AT THE

SAME TIME, THE INNOVA- |
TIVE USE OF A STANDARD
MANUFACTURING PROCESS
CAN RESULT IN IMPROVED |

PERFORMANCE. J

monly available in GDS II format and
includes the RF board-level informa-
tion and total area. For a typical
mobile-phone application, board pro-
files generally contain 12 or more lay-
ers. FR4-type dielectric material is
commonly used to minimize cost.
Next, focus in on the RF subsections
that require simulation by deleting or
removing areas of the board that are
not part of the target area or layers.
In Fig. 6, the stripline layer that
requires analysis is identified, includ-
ing the profile around the stripline
and the via structures. In the subpro-
file, notice the close proximity of the
ground-plane area to the stripline.
Once the profile is defined and input
and output ports are added, the
structure can be simulated—in this
case using the Momentum package in
the Agilent ADS software (Fig. 7).
As seen in the figure, a mesh is creat-
ed to define the area over which to
perform the simulation. Simulation
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microstrip, and stripline structures Results at fundamental and second harmonics

5. EM simulation analyses of three different transmission-line output-match structures are
shown here—lumped, microstrip, and stripline. The stripline case must be analyzed by other
ADS software to deal with coplanar areas and vias.

produces an S-param-
eter file that is
read into the circuit
schematic page for a
repeat of the analysis
illustrated in Fig. 5.
Focusing on the
EM-analysis process,
in the first step, the
board layout is read.
The key here is to
choose a simulation
tool that is compatible
with common board-
layout formats, such as
GDS 11, EGS, HPGL,
HP IFF, and IGES. In
the next step, the
areas to be analyzed
are isolated. Since EM
simulation is computa-
tion intensive, a con-
certed effort should be
made to minimize sim-
ulation time, such as
deleting area and lay-
ers of nointerest. Once

BCP e We Deliver !

Bird Component Products

10950 72nd Street N. : : Atter.\uat,_ors
Suite 107 R Terminations

Power Divider/Combiners

Couplers

Plus application specific designs for your
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ACCURATELY MEASURE POWER LEVELS OF
COMPLEX WAVEFORMS TO 2.5 GHz.

Sine Wave

{

V rms

Instrument-grade performance from a $4 TruPwr™ Detection IC.

Introducing an analog IC breakthrough destined to change the industry. Our new AD8361 is a

true power detection RF IC, offering the world’s first rms-responding power measurement device
“It is a dream of an RF engineer !0 be

in a single IC. Leveraging Analog Devices’ patented rms-to-dc technology,
at

Innlk cinmie v pacrirament in
100K al a Single v leasurement In

order to gauge or read-off rms power. Analog  together with new circuit and process innovations, the AD8361 measures

Devices gives us just about that ideal witf

simple and complex signals up to 2.5 GHz, including CDMA. No more
AD8361...this is an extremely important,

breakthrough product...." struggling with inaccurate diode detectors or bulky thermal bridge detectors.

~-Paul McGoldrick . . . . .
hito.//www Cf,f”‘,b; {’.,’,/‘,J.;‘, ‘o ,:ﬁ Packaged in an 8-lead micro-SOIC, and priced at just $3.75% the AD8361 gives

you the accuracy of a $1,000 instrument while significantly reducing your cost and your

headaches. Please welcome a new era in power measurement possibilities.

For free samples and data sheets — plus a bonus copy of our
ANALOG High Speed Design Technigues book for online requests only:
DEVICES Visit www.analog.com/TruPwr or call 1-800-ANALOGD.

T‘] IE WORLD’S NUMBER ONE BRAND FOR HIGH-PERFORMANCE ANALOG ICs.
TruPwr is a trademark of Analog Devices, Inc. *USD 1,000s, FOB U.S.A. Ad Code 2020
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6. The stripline layer in Fig. 5 is shown here in fiat and profile views. When
defined with input and output ports, the structure can be simulated in ADS.

isolation is complete, the material
and thickness of all metals and
dielectrics used are specified.

In addition to the parasitic effects
of stripline structures, there are
many other factors that could be con-
sidered. Examples include the equiv-
alent circuit for a surface-mounted
capacitor or measuring actual values
of dielectric materials. If either of
these parameters is different than
expected, it could cause a significant
shift in the output-match response.

Another important factor to con-
sider is final testing of the PA. Test-
ing is typically carried out on high-
throughput test fixtures designed to
handle large volumes of parts. The
mechanical structure of the test fix-
ture may require moving and even
modification of the output-match
structure. Good information and an
accurate representative circuit

schematic of the test fixture can
make this process much easier. It is
critical that variable effects of the
test fixture will not cause instability
in the PA, and that resulting correla-
tions are meaningful.

Many testing strategies canreduce
or eliminate the need for test fix-
tures. One way to simplify the test
fixture is by limiting the testing to
DC tests only. Another approach is to
test the IC devices while still in
wafer form. Ultimately, the goal is to
minimize the amount and complexity
of testing wherever possible to
reduce costs.ee

For more information,
visit us at

www.mwrf.com
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7. EM simulations of the output-match structures of Fig. 5 are shown here using
the Momentum simulation software of ADS.
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High Performance and Low Cost Electromagnetic
Simulation and Optimization Tools

From: Zeland Software, Inc., 39120 Argonaut Way, Suite 499, Fremont, CA 94538, U.S.A..
Phone: 510-797-8109, Fax; 510-797-8241, E-mail: zeland@zeland.com, Web: http://www.zeland.com

Products:
IE3D Planar and 30 Electromagnetic Simulation and Optimization Package

FIDELITY Time-Domain FDTD Full 3D Electromagnetic Simulation Package
Applications:

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

Features:

* MS-Windows graphic interface for interactive construction of geometry
High efficiency and flexibility MOM and FDTD simulation engines
Non-uniform automatic meshing and de-embedding
Modeling 3D metallic and dielectric structures
Built-in robust and efficient electromagnetic optimization
Accurate modeling of metallic thickness, thin substrate and lossy dielectric materials
Mixed electromagnetic simulation and nodal analysis for large scale simulation
Cartesian and Smith Chart display of S-, Y- and Z-parameters, VSWR
RLC parameter extraction compatible with SPICE
2D and 3D display of current distribution, radiation patterns and near field
Calculation of antenna and scattering parameters including directivity, efficiency and RCS
Current and near field animation

¢ 0 & & 5 2 ° o 0 0 0

IE3D Simulation Examples and Display FIDELITY Examples
The current distribution on an AMKOR SuperBGA The current distribution and radiation pattern of . The near field and Poynting vector display on a
model at 1GHz created by the IE3D simulator a handset antenna modeled on IE3D packaged PCB structure with vias and connectors

IE3D modeling of a circular spiral inductor with IE3D modeling of an IC Packaging with Leads and FIDELITY modeling of a cylindrical dielectric
thick traces and vias Wire Bonds resonator and the Poynting vector display

Poyntng vector
and E-feld distribution
on & diedectric revonator

Zeland Software, Inc. provides excellent technical support and services.
Zeland Software, Inc. is also the north American exclusive representative for the LINMIC product from Jansen Microwave GmbH
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Site Surveys Bluetooth
Components And Applications

This site provides the browser with tutorials and
applications on Bluetooth radios, global
position receivers, keyless entry devices, and
fractional-N synthesizers.

ALAN (“PETE”) CONRAD

Special Projects Editor

luetooth is a wireless personal
connectivity standard based on
radio links at 2.4 GHz. With
more than 1300 electronics man-
ufacturers currently registered
in support of the Bluetooth standard,
it is a wireless application poised for
explosive growth in the next several
years. For those who wish to know
more about Bluetooth, one of the
leading integrated-circuit (IC) and
component developers for the stan-
dard, Philsar Semiconductor (Ne-
pean, Ontario, Canada) offers exten-
sive product and application
information on their website, at
http://www.philsar.com.

Philsar is a fabless developer of
semiconductor solutions for personal
wireless connectivity. Designs based
on the company’s technological inno-
vations in single-chip radio technol-
ogy enable wireless original-equip-
ment manufacturers (OEMs) to get
to market faster with low-power,
communications products that incor-
porate creative design approaches to
reduce the number of components
and lower the total system cost. The
company’s line of components for
personal wireless connectivity in-
cludes cellular handsets, accessories
such as headsets, as well as notebook
computers and personal digital assis-
tants (PDAs) geared toward Blue-
tooth control and applications. Other
products include devices for remote-
e keyless-entry (RKE) designs, re-

ceiver chips for Global Positioning
System (GPS) applications, and a
family of low-power fractional-N fre-
quency synthesizers.

Visitors to the site will find appli-
cation notes describing the use of sil-
icon germanium (SiGe) for Bluetooth
products, a background review of
Bluetooth applications, and a Power-
Point presentation on robustness
and autonomy in Bluetooth RF IC
designs. The site also features a de-
tailed article about GPS with fune-
tional circuit descriptions and a re-
view of two-way crypto systems.

The application note on SiGe re-
views this novel semiconductor
process and how it can be applied to
combine the functions of high-speed
bipolar and complementary-metal-
oxide-semiconductor (CMOS) de-
vices as well as bipolar-CMOS (BiC-
MOS) devices in a single chip with a
host of analog, linear, and digital
devices.

The Bluetooth application note ex-
plains the Bluetooth specification for
small-form-factor, low-cost, short-
range radio links between mobile
personal computers (PCs), mobile
telephones, and other portable de-
vices. The website also offers a Mi-
crosoft PowerPoint file that reviews
Bluetooth application requirements,
different Bluetooth transmit-power
classes and their performance limits,
an analysis of the Bluetooth environ-
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and transmitter architecture.

An RKE technical note reviews
the difference between one-way and
two-way RKE security systems with
appropriate product descriptions.
The technical note points out that
current one-way wireless RKE de-
vices, even with coded signals, offer
little security. But with the use of
two-way RKE technology and a sim-
ple ping-pong-ping coding process,
the security of these devices can be
greatly improved.

The GPS tutorial reviews the
functions and detailed operation of a
fully integrated GPS receiver chip.
The browser is guided from the an-
tenna input to the receiver output
with descriptions of each circuit’s
performance.

Browsers can also review a family
of fractional-N frequency synthe-
sizer components. They bring high
performance to personal wireless
connectivity applications through an
innovative architecture that delivers
fine step size (below 100 Hz) to sup-
port applications in need of low phase
noise, fast switching speeds, and low
power consumption. All of the data
sheets are thorough. ®

For more information, contact:

Philsar Semiconductor, Inc., 146
Colonnade Rd. S., Nepean, Ontario
K2E 7Y1, Canada; (613) 274-0922,
FAX: (613) 274-0915.

Internet:

» ment, and a review of the receiver 4

» http://www.philsar.com.
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DSP Tutorials Dominate
Informative Site

Engineers in need of information on digital-
signal-processing (DSP) techniques

and technologies will find all that they can
handle at this comprehensive site.

Special Projects Editor

igital signal processing (DSP) | vantages and disadvantages of both

is instrumental to the effec-

tive operation of many mod-

ern communications formats.

DSP is used, for example, to
provide the complex matched filters
required for spread-spectrum sys-
tems. For engineers needing to know
more about DSP design approaches
and applications, a visit to the DSP
Guru site at http://www.dspguru.com
can tell them what they need to know.
The site, which is liberally sprinkled
with links to other companies, pro-
vides tutorials for beginners with tips
and insights of interest to intermedi-
ate and advanced DSP designers.

The site’s many tutorial
articles (see figure) focus on
practical DSP implementa-
tion issues. Topics include fi- |
nite-impulse-response (FIR) &
filters, infinite-impulse-re- |
sponse (IIR) filters, Fast
Fourier transforms (FFTs),
multirate-sampling-rate :
techniques, and coordinate- [
rotation-digital-computer
(CORDIC) techniques for FS&
calculating trigonometric [
functions, such as sine, co- |
sine, cosecant, and tangent
functions. Articles on FIR [
basics cover the types of digi- |
tal filters used in DSP appli- E
cations, the differences be-
tween FIR and IIR filters,

filter types. FF'T basics cover an ex-
planation of an FF'T, a description of
how it works, and an explanation of
Discrete Fourier transform (DFT)
DSP techniques. Articles on mulitrate
techniques include the definition of
multiple rate-sampling systems, and
advantages and disadvantages of im-
plementation. The articles also de-
seribe decimation, interpolation, and
downsampling.

The CORDIC tutorial explains the
technique of rotating the phase of a
complex number, by multiplying it by
a succession of constant values. How-

» ever, the “multipliers” can all be pow-

“dspGury

Digital Signa| Processing Central

Dugtal Signal Processing (DSPY

ers of 2 so that, in binary arithmetic,
they can be performed using only
shifts and adds and no actual “multi-
plier” is needed. The article includes
an iterative algorithm for caleulating
trigonometric functions including
sine, cosine, as well as tangent
functions.

The DSP Guru site includes links to
tutorials on prime numbers, prime-
number theory, Artin’s constant,
Backhouse’s constant, Brun’s con-
stant, Hadamard-de la Vallée Poussin
constants, Hardy-Littlewood con-
stants, Linnik’s constant, and Mills’
constant. The site also includes
o Smarandache Notions Journal. This
online journal contains a va-
riety of results that are re-
lated to primes, such as
criteria of: primality, simul-
taneously primality, and co-
primality, and a formula for

4 conter e DSP nfocmation saachange, dopvr bas severad s
'+ To provids "how 1" infummaiion sbout DSP. We prowde not caly tutorals for begiomers, bot bps and maghis of imterest to
aremnian and DSPeny

« To provde ook refirence aformation. Tired of sering Srough a sack of boaks? Find the mswers o0 depOure
wel-ceganized, and vp-to-dave awt of DSP ks to belp you quckly locaie DSP rescirces o the

» To prowide & comprehansive,
ot

o To cosrdisase the development of ‘open source® roliware for wse i Dighal Sigaal Procesing This is our CpenliSP (m) intisiree

dapQun is & work i progress, but here are soma bighbghts s0 far.

+ QpeaDP - Tred o re-avening the wheo? Hore's an ides whose b has come: Cpea-source soltwars for Diges Sigpal
o Beosky - Sure, lete of DSP books are avadable, but which ones dhould you gpend your precions e nd maney o
- Hare we divulge the secrot "Tribal Knowledge® of DSP-- st that experienced DSPere know, but sy i the

Asswers
« e, dop - Thia i our “woolival comp dup bome page’, which provides & web pessence for Useoets ¢otp dsp naveigyoup.
+ Howbo Coarhots - No, we cac' do this by oursebves-—we realy nced your help! Here's how you caa get imvobeed. (Lowky

grvat on your resene...)
+ Feadback Have » ruggeshion or correction? We'd love to hear fiom you. webgasuriidsmsn som

f -~

pi (%)

The site links to several
low-cost filter-design pro-
grams and a free Matlab-
style analysis package.
Links to software sites in-
clude ScopeFIR and Scope-
DSP from http://www.iowe
gian.com, JCP Software at
http://www.jepsoftware.
com, Momentum Data Sys-
tems at http://www.mds.

isitors to the DSP Guru website at hitp://
www.dspguru.com can take advantage of many
design tips and applications based on DSP technology.
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com, and Scilab at http://
www-rocq.inria.fr/scilab/
scilab.html. @
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Get Your = T
Comm Designs

to Market Faster
Using SystemView

E Lo N

You’ve tried other software, but you simply haven’t found the digital
and analog design tools you need in a single integrated environ-
ment. Until now. SystemView by ELANIX bridges the gap between digi-
tal and analog design. SystemView provides the tools you need to
model your complete system, from RF to bits.

M Distortion-True

RF/Analog Design
Includes circuit components such as
distortion-true mixers, amplifiers, RLC
circuits, opamp circuits, etc. Allows
creation of complete TX/RX systems,
including propagated noise figure.

M Interface to MATLABG

Use the new SystemView M-linku
option to incorporate MATLAB,
Simulinke and third party libraries and

B End to End Comm Systems
Design and test digital/analog
communications systems such as
CDMA, GSM, DVB, QPSK, and
QAM. Includes your choice of error
correcting encoders/decoders and
modulators/demodulators.

M Bit-True DSP Design

Supports all major fixed and floating-
point processors. Simulates accurately
to the bit level. Generates overflow,
underflow and carry flags.

systems into your SystemView design.

B Attend a FREE SystemView Design Seminar in Your Area
Attend a FREE half-day seminar to see how SystemView can improve time to
market and reduce cost. Seminars cover the design flow from algorithm design
to implementation, using a QPSK system as the design example. Call Flanix or
browse our web site for dates and locations.

What They’re Saying About SystemView

“We use SystemView
very heavily, not only in
the brainstorming/proto-
typing stage, but also
throughout the develop-
ment process — right up
to the point where we're
actually building silicon.” used in my design.”
- Steven Hall, - Bisla Balvinder,
CommQuest Technologies - ftron -

“For digital filter design,
SystemView was in-
dispensable due to its
accurate simulation of
the fixed point arithmetic
mode employed on the
actual DSP processor

“No other program with so
much simulation power is
as easy to use. When you
finish a session with System-
View you realize that you've
spent all the time applying
engineering principles and
none of the time struggling
with the computer.”

- Richard Chick, MIT Lincoln Labs -
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5655 Lindero Canyon Road, Westlake Village, CA 91362, Phone: 818-597-1414, Fax: 818-597-1427, elanix@elanix.com, www.elanix.com
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Site Offers Free
Software Packages

Visitors to this welbsite will find more than 30
free ufility programs, including a package for
modeling and simulation of dynamic systems.

Special Projects Editor

ree software usually T Wi — e T o (] R |

provides value propor- o

tional to its price. Visi- o

tors to Inria’s website

at http://www.inria, |[information Software developed
fr/Information/logiciels-eng. st INRIA
html, however, will find T
more than 30 free utility pro- | ges T a— ;

. . Youuhﬁdhlﬂlﬁh(ﬁnmm'lwl&-m-whbmih

grams with various degrees | Pmtston verr vy nn I T i
Of quality and Value, in(:lud_ Aapenih There is also a @mm“hmdhmm-mnwmcbmu
ing Scilab, Whl'Ch l'S a power_ Partership coatamns some of the sotware listed below (names followed by an astensk) as well as other feewars

manipulate rational or poly-
nomial transfer matrices.
Scilab provides a variety of
powerful primitives for the
analysis of non-linear sys-
tems. Integration of explicit
and implicit dynamic sys-
tems can be accomplished
numerically. The program’s
toolbox supports the graphic
definition and simulation of

ful tool for modeling and sim-
ulation of dynamic systems.
The site is supported by The
French National Institute
for Research in Computer Science and
Control.

The Inria site (see figure), which
can be selected in either French or
English languages, offers a number of
free programs with features and func-
tions that emulate high-priced pro-
grams. Free software includes Ialloc,
a dynamic allocation library written in
C language; AlaDyn, a dynamic simu-
lator for virtual reality and robotics
applications; and ALIAS, a library for
solving and analyzing systems of
equations with a finite number of solu-
tions using interval analysis.

Scilab, which features a graphical
user interface (GUI) much like that of
the popular Matlab mathematical
modeling software from Math Works,
Inc. (Natick, MA), was developed for
system control and signal-processing
applications. It handles both continu-

L

» ous and discrete subsystems and has

he Inria website at hitp://www.inria.fr offers a host of free
software tools, including the powerful Scilab signal-
processing and analysis program.

anintuitive GUI and includes an inter-
active environment for modeling and
simulation of hybrid systems. Systems
are modeled by interconnecting blocks
and subsystems. Blocks can be defined
by the user or found in palettes.

Scilab features hundreds of built-in
math functions with two- and three-di-
mensional (2D and 3D) graphics ani-
mation. Among the built in libraries
are linear algebra, sparse matrices,
and signal processing.

The software tool is composed of
three distinct parts: an interpreter, li-
braries of functions and Scilab proce-
dures, and libraries of Fortran and C
routines. Key features of the Scilab
syntax are its abilities to handle matri-
ces and basic operations such as addi-
tion or multiplication. The software
can perform basic matrix manipula-
tions such as concatenation, extrac-
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complex interconnected hy-
brid systems.

Scilab has an open pro-
gramming environment
where the creation of functions and li-
braries of functions is completely in
the hands of the user. Functions are
recognized as data objects in Scilab
and can be manipulated or created as
other data objects. For example, func-
tions ean be defined within the pro-
gram and passed on as input or output
arguments of other functions. In addi-
tion Scilab supports character-string
data types, which support on-line cre-
ation of functions.

The program supports easy inter-
faces with Fortran or C subprograms.
This enables use of standardized pack-
ages and libraries in the interpreted
environment of Secilab. Scilab is avail-
able for most Unix workstations, per-
sonal computer (PC), and Linux ma-
chines. The program is freely
distributed in source-code format and
is available at http://www-rocq.

» tions, and transpositions. It can also «

» inria.fr/scilab/scilab.html. @
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Site Links Designers
To Suppliers

Designers in need of components
can select the parts they need from
this site’s generic wireless/RF

lock

diagram.

Special Projects Editor

isitors to Future Electronics’
website at http://www. |
future.ca will find novel solu-
tions to their transmitter and
receiver chip-set applications.
The site includes a fully integrated,
state-of-the-art worldwide online
communications system, 24-hour-a-
day product-marketing support and
expertise to effectively meet the
needs of design engineers for proto-
type component selection. In addi-
tion, the site offers market intelli-
gence regarding industry trends,
pricing, product availability, and

technology roadmaps to helpi

browsers navigate through
the wireless as well as RF [&
marketplace.

After a short registration
process, visitors can choose
from a series of viewing op-
tions. These include RF de-
sign solutions, new products,
application reference de-

signs, an online newsletter, D General Semicanductor
. . . Speed, strength, varsatility, rock-
and online technical assis- |ueme rage salid performance... there i$ nothing

tance. A unique block-dia-
gram worksheet (see figure)
allows visitors to select com-
ponents from the antenna in-
put to the digital-signal-pro-
cessing (DSP) output port.
Each component supplier in-

Events

Order Online
Prometions

Site map

Search for a part #:

Career Opportunities |
Contact Future |
Corporate Overview
e-Commerce (FIRST)

LCD Display Solutions

Technical Support
wireless & RF Design

Future Electronics
Group Of Companies:

Future Electronics

Component families listed on the
Future Electronics website include
RF filters, transmit and receive
(Tx/Rx) switches, low-noise ampli-
fiers (LNA), mixers, intermediate-
frequency (IF) bandpass filters, IF
amplifiers, demodulators and modu-
lators, analog-to-digital converters,
(ADCs) digital-to-analog converters
(DACs), and DSPs. Nearly all of the
suppliers’ sites contain numerous ap-
plication notes on the use of their
product line.

For example, clicking on the RF
amplifier block opens a window with
a choice of LNA suppliers, including

The lar,

Techoology | P

| Design Solut

Future Blectronics is th

Technology

sT

Avallable to sell Capacitors
Future Elsctronics is the world's
largest capacitor distributor. Our
speciality is Tantalum and Ceramic
capacitors. We have the world's
largest “available to sell" inventary,

You have the Power!

|

t available
tosall wanfaay

| Order Online
Largest Capacitor Distributor

else in the world like it, More...

Microelectronics
ST Microelectronics
designs and
manufactures almost
every type of
semiconductor,
offering more than
3,000 product types
Hore ranging from single transistors to
some of the world's most complex
integrated circuits, More,.

Agilent Technologies, Analog De-
vices, Intersil, Motorola, and Philips
Semiconductors. Clicking on the os-
cillator block opens a window where
users can select from a choice of sup-
pliers for voltage-controlled oscilla-
tors (VCOs), temperature-controlled
crystal oscillator (TCXOs), or oven-
controlled ecrystal oscillators
(OCXOs), such as Motorola, Murata,
Raltron, Fox, IQD, Exar, and AVX.
The site’s new-product section
features the latest product innova-
tions from partner suppliers. By se-
lecting a reference design, a visitor
gains access to a library of applica-
tion-specific reference dia-
grams. By clicking on the
Wireless & RF Newsletter,
visitors open an 18-page on-
line newsletter with links to
suppliers’ products and de-
sign updates. Design kits
are available from a wide
range of suppliers with a
simple click of the computer
mouse. Components se-
lected during the design
process are immediately
available for online purchas-
ing and viewing of other cat-
alog items. ®
Future Electronics, 41
Main St., Bolton, MA 01740;

cludes a link to their individ-
ual website, with additional
data sheets, selector guides,
and application notes.

The Future Electronics website at htip://www.future.ca
features information on a wide range of components,
including a generic block diagram to help engineers with
their specifying decisions.
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(978) 779-3000, FAX: (978)
779-3050.

Internet:
http://www.future.ca.



braced revolutionary thinking.
; rhnd!ogy that makes today’s
possible. For example, our space
d NASA shuttles and facilitated

our defense products have assured

unications.

ﬁe new millennium, we're still rebelling.
roviding cutting-edge wireless companies
tical components and subsystems they
need to build everything from handsets to base
stations. By creating custom products that
. ineet any commercial design specifications,

we are fueling the wireless revolution.

FOr mass customization of the wireless products
you need, call toll free 1-888-283-8444.

We'd be glad to sit-in and demonstrate our

abilities. TRAK Com. We are experienced.

TRAK Microwave Limited (Euro
TRAK Microwave Corporation
Tecom Industries Inc

IRAK Ceramics Inc. (TCI)
Advanced Filter Solutions [AF

National 813.901.7450
International 44.1382.833411
Toll free 888.283.8444
Web www.trak.com
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Plot Masks in Hours,

Not Days

Instead of waiting days for a mask,
plot your own in 2 - 10 hours.
And save hundreds of dollars on each mask.

_

I[[l 2

N52256 3
MICM - 3pm
= Save time and » Get much quicker  If only all our decisions
money turnarounds could be this easy...
m Keep production = Your savings will Call NEOS Technologies
in-house pay for the plotter  for details. 407-676-9020
m Easy to use in 2 years or less

4300-C Fortune Place ® Melbourne, Florida 32904
407-676-9020 » 407-722-4499 fax * www.neostech.com

READER SERVICE 421

HIGH PERFORMANCE Egmgm
C IRC[J ITRY AN 1) T TECHNOLOGY INC.
PACKAGING ( A

SOLUTIONS

FOR HIGH SPEED
CIRCUITRY
APPLICATIONS
TO 44 GHz+

CPT, a leading provider

of etched thick-film
circuitry, offers:

e Designs on ceramic utilizing

Stripline, Microstrip, and Co-
Planar Wave-Guide technology
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=
=
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e Integrated Capacitors, Resistors,
Lange Couplers
» Complex Multilayer Modules

A

Typical Applications:
» T/R Modules

* Optoelectronics

* Telecommunications

CIrcUITS PROCESSING TECHNOLOGY
1817 PEACOCK BLvD. ® OCEANSIDE, CA 92056
PHONE (760) 941-9811 = Fax (760) 941-9810

Email: lvalenzu@brushwellman.com m www.brushwellman.com
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Site Features Analog
And Digital Components

This comprehensive site contains a host
of military, commercial, and COTS
components for terrestrial and

space applications.

ALAN (“PETE”) CONRAD

Special Projects Editor

omponent specifiers will find a
wide selection of products at
the Intersil Corp. site at
http://www.intersil.com. With
15 categories of components,
designers can choose from among
commercial, military, and commer-
cial-off-the-shelf (COTS) grade com-
ponents. Among the products are
analog and linear integrated-circuit
(IC) components, data converters,
digital-signal-processing (DSP)
chips, a family of radiation hardened
components for military and space
applications, and a family of wireless-
local-area-network (WLAN) ICs.
The website (see figure) features a
generous blend of product data
sheets and application notes. Data

sion components, including high-
speed analog-to-digital converters
(ADCs), integrating ADCs, sigma-
delta ADCs, general-purpose digital-
to-analog converters (DACs), and
high-speed DACs.

Designers of military and space
systems will appreciate the wide va-
riety of radiation-hardened compo-
nents. They consist of analog and lin-
ear ICs, data-acquisition (DAQ)
components, and logic devices. Lin-
ear ICs include operational ampli-
fiers, buffers, comparators, and tran-
sistor arrays. Radiation-hardened
DAQ components include ADCs,
DACs, multiplexers, and switches.

Despite this wealth of component
data, Intersil may still be best known

sheets on analog and linear ICs, .
which can be downloaded

from the site, cover com- pm
parators, differential am- §
plifiers, operational ampli-
fiers, sample-and-hold
(S/H) devices, and transis-
tor arrays. Data sheets for
all components can be
downloaded from the site.
Among the many applica-
tion notes are opamp noise
prediction, applications for
operational transconduec-
tance amplifiers, and evalu-
ation programs for PSpice
opamp models. The site
also contains data sheets
» for a family of data conver-

PRISM chip set. Now in its second
generation, the PRISM chips pro-
vided improved operating times on
battery power with higher efficiency,
the direct result of a silicon-germa-
nium (SiGe) semiconductor process.
The original PRISM chip set sup-
ported data rates at 1 and 2 Mb/s for
IEEE 802.11 standard operation,
and to 4 Mb/s for nonstandard opera-
tion. The PRISM II chip set has a top
data rate of 11 Mb/s, and is compliant
to the high-data-rate draft extension
to the IEEE 802.11 WLAN stan-
dard. The WLAN ICs support com-
plementary-code-keying (CCK)
modulation for the high-rate (HR)
extension, as well as two other mod-
ulation schemes. Other PRISM II

» forits line of WLAN ICs, notably the «

» features provide advanced perfor-
mance features that include
an increase in effective
range at the same data

interg;l

integrated comi

ntersil’s website at hitp://www.intersil.com features a

broad range of data sheets and application notes on
analog, linear, and digital components for commercial
and military applications.
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4 rates. Another benefit is
that it can downshift to
slower data rates (5.5, 2.0, or
1.0 Mb/s) to maintain the in-
tegrity of the wireless link
should conditions deterio-
rate or as necessary to oper-
ate with legacy 802.11
equipment working at only
the 1- or 2-Mb/s speed. ®
Intersil Corp., 2401 Palm

Bay Rd. NE, Palm Bay, FL

32905-3398; (888) },68-377],.

Internet:

http//www.intersil.com.
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RF Connectors « Cable Assemblies ¢ Resistive Products

HAS YOUR RF CONNECTOR SUPPLIER...

a) Been swallowed up by a huge conglomerate?
b) Moved to a new location and lost the recipe?

c) Changed names and forgotten yours?

If so, SV Microwave can solve your problems by providing:

 An accessible engineering staff

« A supportive and helpful sales team
 Quick responses

» Short lead times

* Direct equivalents

« An array of Mil Qualified items

Tired of being treated like a number? Feeling misplaced in the
confusion? Being turned away on special design projects?
Give us a call. We haven't lost the personal touch!

3301 Electronics Way, West Palm Beach, Florida 33407
Tel: 561-840-1800 « Fax: 561-844-8551 « E-mail: sales@svmicro.com
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APPLICATION NOTES
e o e e e

Du'ect eozaversxon of radio signals can eliminate costly intermediate-frequency (IF)
stages in mobile radio designs. The “Othello” direct-conversion radio chip set from
Analog Devices (Norwood, MA) provides all of the main functions necessary for im-
. plementing dual- or triple-band radios for Global System for Mobile Communications
(GSM) cellular telephones. Comprehensive details on the chip set and its theory of op-
eration can be found in the latest edition of Analog Dialogue (Volume 33), a free tech-
nical magazine pubhshed by Analog Devices.
Direct-conversion techmques are of interest in commercial and consumer electron-
ics eqmpment since conversion stages add cost, size, and weight, Each conversion
; .;stage requires a local oscillator (1.O), a mixer, a filter, and often an amplifier.
In the Othello direct-conversion radio chip set, the component count is reduced by
 integrating a front-end GSM low-noise amplifier (LN A) with the radio. This eliminates
~ an RF filter used for image rejection from the mixer.
" The Othello dual-band radio employs a superhomodyne architecture. In receive
. mode, a signal enters through the antenna connector to a transmit/receive (Tx/Rx)
switch and travels along one of two paths for either GSM (925 to 960 MHz) or DCS

805 to 1880 MHz). The sxgnal then passes through an RF filter that attenuates out-
of-band signals while passing the desired signals. This filter is followed by the LNA,
and then the direct-conversion mixer that translates the incoming RF to an output
baseband signal. The output of the mixer stage is then sent in quadrature to a vari-
able—gam baseband amplifier stage, after which they are digitized by the receive- -stage
og-to-digital converters (ADCs).
1e article on Othello hlghhghts frequency-planmng strategies with the chip set,
hf;lques for reducing spurious emissions from the radio, and advice on the selection
ofav ltage-controlled oscillator (VCO) for use as the LO. Copies of Volume 33 of Ana-
log Dialogue are available upon request from: Analog Devices, One Technology
7, P.O. Box 9106, Norwood, MA 02062-9106; (800) 262-5643, (781) 329-
0 FAX. (7 81) 326-8703, Internet: http://www.analog.com.

. CIRCLE NO. 194 or visit www.mwrf.com

‘ 'Ai rnatmg—current (AC) power supplies are used in a wide range of applications
within power systems, including in digital-to-analog (DC-to-AC) inverters, in fre-
(quency changers, and in voltage converters. They are also frequently used to power
~ and back up critical onboard equipment in larger systems. In order to properly speci-
s [y these sources, it is essential to understand the guidelines and specifications for AC
~ Sources, and these are outlined in a useful application note from Transistor Devices,
~ Inc. (Cedar Knolls, NJ) entitled “A Guide to Specifying AC Power Sources.”
~ The AC power-source guide points out the optimum configurations for best cost and
- flexibility, reviews AC power-supply applications, and explains DC-to-AC inverters
in great detail (as well as derivatives of DC-to-AC inverters, such as AC-to-AC con-
verters, AC-to-AC frequency converters, AC voltage regulators, and AC line condi-
tioners). The guide also details AC uninteruptible power supplies (UPS) for power-
_ supply protection against sudden surges and line transients.

. The power-source guide reviews basic operating specifications for military and com-
£l mercxal systems, such as the output phase, the output voltage rating, the output fre-
. quency, the phase unbalance, and the total harmonic distortion (THD). The note also
~ describes how to specify output power, DC offset, output ripple and noise, power fac-
~ tor (which is the ratio of the real load power to the apparent load power), and crest fac-
tor, which is the ratio of the peak output voltage to the total root-mean-square (RMS)
value. Additional specifications are described for UPS systems, including hold-up

‘time, recharge time, and transfer time.
The note includes a useful table of specifications and power-source parameters, as
~ well as a blank template that can be used as a specification sheet when ordering a pow-
er source. Copies of the 19-page “A Guide to Specifying AC Power Sources” are free
‘upon request from: Transistor Devices, Inc., 85 Horsehill Rd., Cedar Knolls,
o Nd 07929; (973) 267-1900, FAX: (973) 267-2047, Internet: http://www.
~ tdipower.com.
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When everyone’'s counting on you for
a dependable 10Gb/s product—
count on us for your RF cables and connectors.

At 10Gb/s you've got
enough to worry about
without having to sweat
your cables and connec-
tors...so don't.

Instead, count on CDI.
We're uniquely qualitied to shown ar actual
give you everything vou
need with a minimum of guidance

We can provide totally objective appli-
cations engineering because we manu-
facture both “K" and SMP connectors

Our 30 years of experience has made
us high frequency experts. In fact, our
products often operate at 3 times the fre-
quencies they'll see in 10Gb/s laser mod-

ulators and detectors. So we can help cut

size. K anid SMP ("GPO compatible) connectors frequently used in O

return loss and group delay to the bone.

CDI's K connectors feature a solid
molded bead which makes them unusually
robust and immune to cleaning solvents.

As for subminiature push-on connec
tors, we've been m;mu[';ik‘[ul'm;{ our
superior and more affordable SMPs for 5
years.

Once we've helped determine precise
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ly what you need, we'll
promptly supply samples
for qualification

In short, we're bringing
RF [0 J’/’,Q/Jf,

But enough about us

Call today so we can dis-

192 equiit
cuss your current project’'s

specific requirements.

Connecting Devices, Inc.
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Fiber-Optic Link
Gonnects 10-GHz Signals

This self-contained, wide-bandwidth fiber-optic link actually

delivers signal gain while maintaining low system noise figurve.

David Krautheimer
Director of Marketing and Sales

Mustafa Syed and Daniel Sundberg

Engineering

MITEQ, Inc., 100 Davids Dr., Hauppauge, NY 11788-2086; (631) 436-7400,
FAX: (631) 436-7430, Internet: hitp://www.miteq.com.

IBER-OPTIC technology has improved steadily in recent years to
where optical links are now viable replacements for coaxial lines
even at bandwidths as wide as 10 GHz. The MDD series from MITEQ,
Inc. (Hauppauge, NY) is such a family of high-speed, high-bandwidth
links, offering a 3-dB bandwidth of 1 to 11 GHz with low noise figure and
generous link gain over single-mode fiber-optic cables. The links feature
50-() input (I) and output (0) interfaces for ease of connection to RF and

microwave systems.

System designers who need to
transmit RF and microwave signals
over a distance of more than a few
hundred meters will appreciate the
advantages that a fiber-optic link has
to offer versus a conventional cable
transmission. Typically, a single-mode
optical fiber has less than 0.5-dB at-
tenuation per kilometer and is capable
of carrying light signals that are direct
amplitude modulated (AM) to tens of
gigahertz. Translating this into a spe-
cific application means that a system

designer can capitalize on these at-
tractive features and transmit a very
large volume of data, voice, and video
signals over a long distance without
regeneration.

With the increased use of complex
electronic systems on aireraft and
ships where weight and space are at a
premium, an optical-fiber system with
its lightweight and small volume be-
comes even more attractive. An optical
link offers several other advantages:

1. It is virtually immune to electro-

© Laser bias loop
* Temperature-control loop
* Voltage regulation

RF
input

LNA Trans- % §\\ Trans-
(preamp- impedance ieal fi impedance
lifier)  MMIC Isolator | Optical fiber | oy o iiode MMIC

Transmitter Receiver

e Photodiode bias
« Voltage regulation

RF
output

LNA

1. The MDD fiber-optic links consist of direct-modulated receiver and
transmitter modules with simple 50-Q) input and output connections.

magnetic interference (EMI) and hu-
midity, which are of paramount impor-
tance especially in the confines of a
ship or an aireraft.

2. It is not very susceptible to inter-
ference from lightning.

3. It is a relatively secure transmis-
sion media.

A typical application for a fiber-optic
link, which emphasizes the various ad-
vantages of fiber-optic communica-
tions, is in the use of a remote antenna.
An antenna site may consist of several
receiver antennas spaced some dis-
tance from the central station. Due to
the relatively high loss of coaxial cop-
per (Cu) cable, it is often necessary to
construct an equipment bay station di-
rectly adjacent to an antenna, which is
impractical in the case of multiple an-
tennas. Low-noise amplifiers (LNAs),
frequency downconverters, and other
types of equipment in the bay station
are required in order to process the
signal so as to allow the user to operate
in the presence of a high-loss coaxial
cable. Assuming 3-dB attenuation per
30 m of cable for a polystyrene coaxial
cable at C-band frequencies, even a 50-
dB-gain LNA at the front end would
lose its effectiveness after a few hun-
dred meters. With optical fiber, the at-
tenuation and the attenuation slope
(not to mention shifts in phase and
group delay), which is quite evident in
coaxial cable, is almost nonexistent. By
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performing an electrical-to-optical con-
version close to the feed of the an-
tenna, the signal can be transmitted a
few kilometers over fiber without sig-
nificant attenuation. This technique al-
lows all signal-processing equipment
to be located in a single facility that is
virtually independent of its geographic
location. Fiber-optic links also simplify
the logistics of building a large earth
station, which have multiple antennas
that have to be well-separated in order
to avoid side-lobe interference. Fiber-
optic links are easy to install and are
less expensive to maintain than their
coaxial counterparts. Other typical ap-
plications may include phased-array
antennas, delay lines, conformal anten-
nas, and point-to-point links between
facilities.

The MDD series of self-contained
fiber-optic links from MITEQ is ideal

THE LOW-NOISE AND LOW-
TRANSMISSION-LOSS
CHARACTERISTICS OF THE
MDD SERIES OF FIBER-
OPTIC LINKS MAKES IT

WELL-SUITED FOR WIDE-
BAND POINT-TO-POINT
COMMUNICATIONS
SYSTEMS.

for many of these broadband applica-
tions. They provide for RF-to-RF con-
nections (Fig. 1) with a 3-dB band-
width from 1 to 11 GHz (Fig. 2), noise
figures as low as 15 dB (Fig. 3), and
overall link gain of typically 10 dB.
These features along with its small
size and ability to be easily inserted in-
to a system make this product an ideal
replacement for its coax counterpart.
The low-noise and low-transmission-
loss characteristics of the MDD series
make it well-suited for wideband
point-to-point communication (Fig. 4).

The MDD link operates at a wave-
length of 1550 nm with peak-to-peak
group delay of only 0.1 ns for a 1-km
link distance. The transmitter achieves
optical output power of 4 to 9 mW with
power-supply requirements of 270 mA
at +10 VDC, 12 mA at —10 VDC, and

COVER FEATURE

750 mA (maximum) at +4 VDC. The
receiver portion of the link requires
150-mA current at +10 VDC and 10-
mA current at —10 VDC. The link,
which is designed for operating tem-
peratures of —30 to +60°C, features a
nominal output third-order intercept
point (IP3) of +7 dBm at 4 GHz.

The link consists of a transmitter
and a receiver assembly that employ

direct AM. In this design, the bias cur-
rent of the laser is modulated by the
incoming microwave signal that, in
turn, modulates the amplitude of the
laser output. When compared to a sys-
tem using an external modulator, the
direct-modulation technique has lower
cost and lower optical insertion loss.

Integrating MITEQ’s wideband
LNA technology into the optical

THE
FUTURE
OF

IS

Adjustable target tuning area
*  High calibration accuracy

*  High power handling

*  High instantaneous bandwidth

TUNERS  sune 1315 Boon, s

PREMATCHING

PMT is a new family of programmable tuners, which
uses two independent RF probes to generate very high
VSWR (~200:1). PMT allows load pull testing of high power

T,

.

)

970 Montee-de-Liesse, Ville St-Laurent, Quebee, HAT 1W7
Tek: (584) 3356227 Fax: (514) 335-6287

E-mail: info@focus-microwaves.com

www.focus-microwaves.com
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to 11 GHz.

transmitter, the firm’s engineers have
been able to achieve a significant im-
provement in the noise figure (see
table) compared to similar types of
products. In addition, the MDD series
of transmitter/receiver modules can
be specially configured to match spe-

2. The 3-dB bandwidth of the MDD fiber-optic links is 1

at 4 GHz.

cific applications (i.e., with lower noise
figures, higher intercept points, ete.).
It should be noted that many direct-
modulation fiber-optic links suffer
from high insertion loss and limited
dynamic range. This is in part due to
the large impedance mismatch be-

3. The noise figure of the MDD fiber-optic links is 14 dB

tween the approximate 10-(} imped-
ance of a laser diode and the typical
50-Q impedance of a microwave sys-
tem. To improve the dynamic range of
the link, a gallium-arsenide (GaAs)
monolithic-microwave- integrated-

circuit (MMIC) transimpedance am-

NEW FROM |

» Excellent Repeatability/
Low VSWR

QT3.5mm™ Quick Test
Connectors & Adapters®

s

* Quick & Easy Push-On/
Pull-Off Design

* Guide Sleeve
Design For
Automated
Applications

* Designed
for L

. B

i b-'s.smnm

e | aEpEAfAsn.m

BO0GE1 | QT3 5m™ (m) wih 38 da.out_| 350 0 w | DC — 160, 105 mﬁm nc-‘;:ﬂu T v
8006E21 | QTa.5mm™ (m) with /16" dia.nul | 3.5mm (I} DC — 265 160 — 265 108 s )som :suaa

>
800601 | QT35mm™ (m) with guide sleeve | 3.5mm () m'“"‘“] 5@ S E

**Slightty reduced VSWR specifications 10 34 GHz.

Other available configurations include:
«7mm < TypeN (f&m) + NMD2.4mm(f) « NMD3.5mm (f)

*U«S‘ Patent Pending

MAURY MICROWAVE Visit us on the World Wide Web at
2900 Inland Empire Bivd.. Ontario, CA 91764, USA http:,/www-maurymW-com
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HUBER+SUHNER AG

RF-Cables & Assemblies Division
9100 Herisau, Switzerland
Phone +41 (0)71 353 41 11
Fax  +41 (0)71 353 45 90

www.hubersuhner.com

One Program - One Pariner

HUBER+SUHNER - for all applications in the field of

Test+Measurement

* Comprehensive line of accessories for a wide variety of applications
in test and measurement laboratories:
Measurement cables up to 50 GHz, precision adaptors and
terminations, attenuators, couplers, test kits

* New: SUCOTEST - the cost-effective test cable ensuring high phase
stability, low loss and very easy handling

* New: Quick Mate adaptor - safe and time-saving mating without
coupling nut

* New: Complete line of accessories for intermodulation measurements
with low-PIM measurement cables, adaptors, power terminations, IM
standards

Benefit from the know-how of the RF specialist.
Ask for our new Test+Measurement main catalogue today!
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Still searching for the right
amplifier for your latest design?

Successful searches end up at
www.stanfordmicro.com

Stanford Microdevices, Inc. (SMI) is a leading supplier

of RF integrated circuits for the wireless and wired telecom-
munications markets and a supplier of choice of OEMs
worldwide. Stanford Microdevices continues to be on the
industry’s leading edge because of our superior quality,
outstanding value and innovative technological advances.
SMI develops and markets the components needed to create
wireless communications equipment that is smaller, lighter,

more powerful and priced right.

SGA-2000 product family offers wideband operation of up
to 5 GHz, high output linearity, flat gain response and low
noise figure with very low power consumption. These
devices are available in industry standard SOT-363 and

85mil plastic packages from stock to eight weeks.

www.stanfordmicro.com
Make us your home page!

SPECIFICATION MATRIX

SGA-2163 SGA-2263 SGA-2363 SGA-2463

SGA-2186 SGA-2286 SGA-2386  SGA-2486
Frequency (GHz) DC-5.0 DC-3.5 DC-2.8 DC-2.0
Gain (dB) 10.5 15.0 17.4 19.6
TOIP (dBm) 20.0 20.0 20.0 20.0
P1dB (dBm) 7.0 7.0 7.0 7.0
N.F. (dB) 4.1 3.2 29 25
Supply Voltage (Vdc) 2.2 2.2 2.7 2.7
Supply Current (mA) 20 20 20 20
All data measured at 1GHz and is typical. MTTF @ 150C 7] = 1 million hrs. (Ryy = 97C/W typ)

A/(”’

SiGe HBT MMIC ;‘? ) 85 package
features include: \\ }/

M Cascadable 50Q
H Single voltage supply

8 High output intercept /’*\\
o @ SOT-363 package
Stanford

=1 Microdevices 1-800-764-6642 u.s. roiirree
We Deliver RF Innovation  1-408-616-5400 outside u.s.

©2000 Stanford Microdevices. All company and/or product names are trademarks and/or
registered trademarks of their respective owners.

M Low current draw
M Low noise figure
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plifier was developed by Thomson-
CSF Detexis (Paris, France) in order
to optimally match the RF system
with the laser diode.

The normally diverging optical out-
put of the laser diode is first collimated
to pass through an optical isolator and
then focused into the fiber core. The
optical alignment and connectoriza-
tion of the modules is performed by
Diamond S.A. using their E-2000 plug-
in optical connector.

To make the MDD link easy to use,
the modules have been designed to be
self-contained. The transmitter mod-
ule has built-in thermal stabilization
using a thermoelectric cooler (TEC).
This cooler maintains the laser diode
at a constant temperature by using
feedback from a thermistor that is on
the laser carrier. Laser-diode thermal
stabilization helps minimize laser
wavelength drifting. A good heat sink
is necessary for the transmitter mod-
ule to allow the TEC to shunt the heat
effectively.

In addition, a second feedback loop
in the control circuit senses the output
of a photodiode that is located at the
back facet of the laser to maintain the
laser optical power at a constant level
through the laser aging process. Both
of the modules are provided with
built-in regulators, reverse voltage
polarity protection, and they are avail-
able in a hermetically sealed package.

Fiber-optic links are often associ-
ated with digital communications and

COVER FEATURE

The MDD fiber-optic link at a glance

fast data rates, although they are also
powerful transmission media for ana-
log communications systems. Analog
fiber-optic links have traditionally
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4. The wide dynamic range of the MDD fiber-optic link derives from MITEQ’s

strong background in LNA design.

been used in cable-television (CATV)
systems to handle the transport of
complex multichannel signals. More
recently, these links are widely used
within buildings and office campus en-
vironments to distribute cellular sig-
nals without the deleterious effects of
phase distortion, signal loss, and EMI.
Due to the minimal group delay of
fiber-optic links (nominally 0.1 ns
peak-to-peak for the MDD series) and
low loss, in-building cellular signals
carried by optical cables do not re-
quire the additional equalization and
gain commonly used in coaxial lines.

The link is designed for analog ap-
plications to 11 GHz. It offers all of the
advantages of fiber-optic technology,
with simple 50-(} interfaces for ease of
interconnection with existing mi-
crowave systems. MITEQ, Inc., 100
Davids Dr., Hauppauge, NY
11788-2086; (631) 486-7400, FAX:
(631) 436-7430, Internet: http://
www.miteq.com.
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Crystal Oscillators

0GXO0s Shrink In Size
And Power Gonsumption

The trend to miniaturize telecommunications and data-
communications equipment is well-supported by these lines of
small, but stable oven-contvolled crystal oscillators.

JACK BROWNE
Publisher/Editor

INIATURIZATION and conservation of energy are key design
drivers in modern telecommunications and data-communications
systems. Since such systems rely on crystal oscillators for setting
precise timing and frequency, system-level designers should be in-

terested in the 220/221 series of oven-controlled crystal oscillators
(0CXO0s) from MTI-Milliren Technologies, Inc. (Newburyport, MA). These
tiny crystal oscillators measure only 0.975 X 0.800 X< 0.500 in. (24.8 X
20.3 X 12.7 mm), yet provide full-sized performance at fixed frequencies

from 5 to 100 MHz.

The 220 series OCXOs are sup-
plied in 16-pin dual-in-line-package
(DIP) hermetic housings for
through-hole printed-circuit-board
(PCB) mounting. The 221 series os-
cillators, which are available in the
same set of frequencies from 5 to 100
MHz, are housed in true surface-
mount hermetic packages. These

tiny erystal oscillators require a
warm-up time of less than 5 minutes
(Fig. 1), and consume less than 1-W
power.

The miniature oscillators are avail-
able with AT or stress-compensated
(SC)-type crystals, with the latter
type providing an order of magni-
tude better thermal stability for any

Warmup Time 2t 25C Stirred Air  5-6-98

£
-
Time ia Minules

1. The warmup time for a 10-MHz 220 series OCXO with
SC-cut crystal was measured at +25°C with stirred air
and a +12-VDC supply. These OCXOs consume less

than 1-W power.

by
|
|
4

o

&
54
1
i
<
[
%)
£
a
LT
{’3,.
o=
L
,.._

particular frequency.

For example, an AT-cut, 10-MHz
220 series of OCXOs features a ther-
mal stability of 2 X 1077 for a tem-
perature range of —30 to +70°C. For
the same temperature range, an SC-
cut 10-MHz 220 series OCXO ex-
hibits thermal stability of 2 x 108

 (Fig. 2). Both of the 10-MHz clocks

deliver a short-term aging rate of 1 X
10~ ?/day. The SC-cut model shows
some improvement in long-term ag-
ing, with 1 X 10~ "/year compared to
the 2 X 10~ "/year long-term aging
rate for the AT 220 series 10-MHz os-
cillator. For oscillators with higher
frequencies, however, the short- and
long-term aging rates are close if not
similar in performance, with the key
difference in AT and SC oscillators
being in thermal stability perfor-
mance and close-to-the-carrier phase

160
Miiuleg

Timé i1

2. The frequency-versus-temperature characteristics
of a 10-MHz 220 series OCXO with SC-cut crystal were
evaluated from —30 to +70°C in 10° steps. This OCXO

exhibits a thermal stability of 2 x 10 2.
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Crystal Oscillators

280 : : ] : rier, and —150 dBe/Hz at 10 kHz from

T fii el A i e { the carrier. For the 10-MHz 220 Se-

: : ' f ries OCXO0 with SC crystal, the

L e et e oo L S phase noise is —85 dBe/Hz at 1-Hz

£ 0 e o e Lol | offset from the carrier, —115 dBc_/Hz

2 ; Specification at 10-Hz offset from the carrier,

I¢-‘!20 r e N e Lhioe o —140 dBc¢/Hz at 100-Hz offset from

8 : ; the carrier, —150 dBe/Hz at 1-kHz
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e W e S e e e (Fig. 3).

SR e LT SRR T G e Both 220 and 221 series models can

‘ be supplied with a choice of output

M s T e ‘ signals: high-performance comple-

170 mentary metal-oxide semiconductor

0.001 0.010 0.1 1 10 100|  (HCMOS)-level, adiabatic CMOS

Dffset from carrier—kHz (ACMOS)-level, or sine-wave out-

puts with levels of 0 to +9 dBm. The

3. The phase noise of a 10-MHz SC-cut 220 series oscillator was evaluated with
a 3048A phase-noise test set from Agilent Technologies (Santa Rosa, CA).

OCXOs operate on supply voltages
of +5to +15 VDC and tuning voltages
of 0 to +10 VDC. MTI-Milliren
Technologies, Inc., Two New
Pastures Road, Newburyport,
MA 01950; (978) 465-6064,
FAX: (978) 465-6637, Internet:
http:/www.mti-milliren.com.
CIRCLE NO. 52 or visit www.mwrf.com
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Measurement Receiver

Measurement Receiver Speeds
Signal-Generator Galibration

A new measurement veceiver helps vesearch and
production labs make fast and accurate

calibrations.

DON KELLER

Senior Editor

EASUREMENT receivers are indispensable instruments for cali-
brating signal sources and attenuators. The increasingly low
power levels used in wireless systems demand increasingly sensi-
tive and accurate measurements. To meet this demand, Anritsu

Co. (Richardson, TX), has introduced a new measurement receiver—the
model ML2530A (see figure). The receiver measures signals at frequen-
cies from 0.1 to 3000 MHz at power levels ranging from +20 to — 140 dBm.
It is designed for use in calibration laboratories as well as research and
production environments to calibrate attenuator levels and signal-genera-
tor output levels. Measurements are displayed as units or subunits of deci-

bels, watts, or volts.

The ML2530A has two modes of op-
eration—manual-tuning mode and
monitor mode. In the manual-tuning
mode, the operator specifies the fre-
quency to be measured by manually
entering it through the numerical
keys on the receiver’s front panel. In
this mode, high-speed measurements
are available, and the receiver al-
phanumerically displays the signal’s
frequency and measured level. In the
monitor mode, the operator marks a
signal displayed on the receiver’s
spectrum monitor, and the receiver
measures the signal. In this mode, the
receiver alphanumerically displays
the signal’s level and graphically dis-
plays its spectrum.

Unlike some measurement re-
ceivers, the ML2530A does not ana-
lyze the modulation characteristics of
a signal. Rather, its main purpose is to
measure relative and absolute power
levels of a signal accurately over a
wide power range. To achieve this
wide dynamic range, the receiver em-
ploys Anritsu’s MA2540A thermal

The ML2530A measurement
receiver’s monitor mode displays
the level and the spectrum of the
measured signal.

power sensor. The power-level range
is divided into three subranges.
Range 1 covers —35 to +20 dBm and
has a resolution of 0.1 dB. Range 2
spans —80 to —25 dBm and provides
a resolution of 0.01 dB. Range 3 cov-
ers —140 to —70 dBm and offers a
resolution of 0.001 dB. The receiver
also uses digital-signal-processing

(DSP) technology in its level detector.

The ML2530A also differentiates it-
self from other measurement re-
ceivers by including a spectrum-moni-
tor function, which allows the user to
verify that he or she is measuring the
desired signal, and to observe the
spectral characteristics of the signal
being measured. Similar to a standard
spectrum analyzer, the spectrum
monitor sweeps through a span of fre-
quencies and displays the root-mean-
square (RMS) amplitude of any sig-
nals it encounters. The span is
operator adjustable from 10 kHz to 1
MHz, and the rate where it sweeps
through a span is adjustable from 100
ms to 1000 s. Resolution bandwidth—
the “chunk” of frequencies over which
each RMS measurement is taken—is
adjustable from 300 Hz to 100 kHz.
Frequency resolution—the ability to
discern two adjacent signals on the
display sereen—is 1 Hz. The spec-
trum monitor has marker functions
that the operator uses to mark and
measure a desired signal, and track it
should it drift.

The receiver features a general-
purpose interface bus (GPIB) for con-
nection to an automated test setup. It
can save and recall 100 measurement
setups and 300 measurement results.
The receiver also has a panel lock that
disables all key and encoder functions
except the power switch and the
panel-lock key. Anritsu Co., 1155
East Collins Blvd., Richardson,
TX 75081; (972) 644-1777, FAX:
(972) 644-3416, Internet: http://
www.anritsu.com.
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Power Amplifier

Multicarrier Power Amplifier
Boosts Gellular Signals

A new DSP-based power amplifier helps
cellular networks boost digital and

analog wiveless signals.

DON KELLER

Senior Editor

F power amplifiers (PAs) are integral components in the infras-
tructure of cellular networks. An RF PA must support current ana-
log and digital cellular standards. Ideally, it would also be adapt-
able to emerging third-generation (3G) standards. Wiseband

Communications Ltd. (Herzelia, Israel) has introduced a new RF ampli-
fier that meets both of these criteria. The Wise-800 is a multicarrier, 80-W
PA that supports today’s code-division-multiple-access (CDMA), time-divi-
sion-multiple-access (TDMA), and Advanced Mobile Phone Service
(AMPS) standards spanning the 869-to-894-MHz frequency band. It also
has an open and flexible architecture that can be adapted to support fu-
ture 3G standards. The multicarrier PA handles any number of input sig-
nals and it is ideally suited for micro and macrocell applications (see

figure).

There are two chassis available
for the Wise-800 modules—one
can hold three amplifier modules,
the other can hold four. Thus, the
amplifiers can be deployed singly
or combined with as many as three
others per chassis to create scal-
able, redundant configurations
that generate as much as 300-W
total RF output power.

The amplifier is based on a pro-
prietary digital-signal-processing
(DSP) technology known as adap-
tive digital linearized core
(ADLC). The company claims that
ADLC allows the Wise-800 to con-
tinually correct RF hardware pa-
rameters, thus minimizing labor-
intensive, costly tuning, and
ensuring optimal operation of the
amplifier throughout its life in the
field. The ADLC control algorithm
operates on the actual amplified
signals, rather than on injected pi-
lot tones. The company claims that

this allows the amplifier to deliver su-
perior linearity in dynamic signal envi-
ronments such as frequency hopping
and downlink power control.

The Wise-800 amplifier delivers a
nominal gain of 60 dB, with a gain vari-
ation of =0.5 dB. Typical intermodula-
tion distortion (IMD) is —70 dBec. The
amplifier offers —45-dBe maximum
harmonics, —60-dBe maximum out-of-
band spurious, as well as 1:1.5 maxi-
mum input/output (I/0) VSWR. The
amplifier can operate at +21 to +31
VDC. At +26 VDC, it draws 25 A. The
RF input connector is a female SMA
and the RF output connector is a fe-

male N type. Control and monitor-
| ing connectors are DB-9 dry con-
| tacts. Protections and alarms

| include output mismateh, overtem-

{| perature, input overdrive, loop fail,

& DC failure, and fan failure. The am-

| plifier also has forward- and re-
| verse-power monitors.

|  Each Wise-800 amplifier module
| measures 14.21 X 5.83 X 18.30 in.
| (36.09 X 14.81 X 46.48 cm) and

| weighs 32 Ib. (14.5 kg.). The three-

module chassis measures 15.75 X
17.64 X 21.73 in. (40.01 X 44.81 X
55.19 em) and weighs 129 1b. (58.5
kg.). The four-module chassis mea-
sures 15.75 X 21.64 X 21.73 in.
(40.01 X 54.97 X 55.19 em) and
weighs 161 Ib. (73 kg.). Wiseband
Communications Ltd., 103
Medinat Hayhudim St.,
P.0.B. 12189, Herzelia 46733,
Israel; +972 9 951 5572, FAX:
+972 9 951 5528, Internet:

The Wise-800 power-amplifier chassis can
hold up to four amplifier modules.

http://www.wiseband.com.
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Vector Signal Analyzers

Vector Signal Analyzers
Augment Test Bandwidths

These powerful signal analyzers can capture
complex modulation acvoss a 36-MHz bandwidth for
test signals up to 2.7 GHz.

JACK BROWNE
Publisher/Editor

ECTOR signal analyzers (VSAs) represent a new breed of test instru-
ment for a new generation of digitally modulated communications sig-
nals. Since they can capture the phase and amplitude of modulated sig-
nals, VSAs are invaluable for troubleshooting and designing
communications systems and their components. The new 89600 series of VXI-
based VSAs from Agilent Technologies (Santa Clara, CA) brings increased
measurement bandwidths to these systems, for carrier signals to 2.7 GHz.

The 89600 series of VSAs (see fig-
ure) is available with baseband in-
phase (I) and quadrature (Q) signal
bandwidths as wide as 39 MHz and in-
termediate-frequency (IF) analysis
bandwidths as wide as 36 MHz, for RF
carrier signals from DC to 2700 MHz.
For higher-frequency signals, a VXI
frequency downconverter card first
translates signals to a 70-MHz IF prior
to sampling and digitization

ments can be readily linked to the
firm’s Advanced Design System
(ADS) electronic-design-automation
(EDA) software. As a result, simulated
results can be evaluated in the ana-
lyzer, and measured data can be used
as the basis for model development in
the EDA software.

The VSAs feature several analysis
modes, including scalar, vector, digital

through a high-speed analog-
to-digital-converter (ADC) -
VXI card. The higher-fre- |
quency RF version of the
measurement system, model
89640A, includes the down-
converter for single-channel
measurements, while a base-
band version, model 896104,
is for analysis of baseband sig-
nals from DC to 40 MHz and
can be supplied in single- or
dual-channel versions.

The 89600 series of VSAs
combines VXI test hardware
with measurement software

residing on a Windows N'T The 89600 series of VSAs is available in high-frequency
personal computer (PC). By single-channel RF versions for measurements to 2.7
hosting the software on a PC, GHz and lower-frequency baseband models with one or
the 89600 series of instru- two channels for measurements from DC to 40 MHz.

demodulated measurements, and
gated measurements. Triggering can
be performed on baseband input sig-
nals or on IF signals, with adjustable
trigger levels and trigger delays.
Sweep modes include single sweeps or
continuous sweeps, and averaging is
included to support root-mean-square
(RMS), peak-hold, and exponential dis-
plays of data.

Center-frequency resolution is 0.001
Hz for baseband and IF measure-
ments. Initial frequency accuracy of
the internal 10-MHz timebase is 0.1
PPM with an aging rate of 0.1 PPM/
year. The phase noise for baseband
measurements is —97 dBe/Hz offset
100 Hz from the carrier, 122-dBc¢/Hz
offset 1 kHz from the carrier, and —137
dBc/Hz for offsets greater than 10
kHz. The amplitude measurement
range in RF measurement
mode (to 2.7 GHz) is —45 to
+20 dBm in 5-dB steps. In
baseband mode, the ampli-
tude measurement range is
—31 to +24 dBm in 5-dB
steps. Full-scale amplitude
measurement linearity is bet-
| ter than =2 dB from +20 to

| +30°C. In RF and baseband
measurement modes, the an-
alyzers feature third-order
intermodulation distortion
(IMD) of —70 dBe. Agilent
Technologies, Test and
Measurement Organiza-
tion, 5301 Stevens Creek
Blvd., MS 54LAK, Santa

Clara, CA 95052.
CIRCLE NO. 55 or visit
www.mwrf.com
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Test Set

Test System Evaluates
Broadband Distortion

This modular PC-based test set offers digital
communications signal genevation and analysis across
instantaneous channel bandwidths as wide as 45 MHz.

JACK BROWNE
Publisher/Editor

ISTORTION is an inevitable factor in nearly all communications sys-

tems. In modern, multichannel wired and wireless communications

systems, distortion can degrade the ultimate bit-error rate (BER) of

transmitted and received signals, resulting in lost data. And modern
communications systems employing wide channel bandwidths pose partic-
ularly difficult challenges during test and evaluation stages. Unless a de-
sign or production engineer is equipped with a model CS29010 distortion
test set from Celerity Systems (Cupertino, CA). This innovative, person-
computer-based, modular test system performs such complex distortion
measurements as magnitude and phase on adjacent-channel power ratio
(ACPR), noise power ratio, and third-order intermodulation distortion
(IMD3) over an instantaneous bandwidth of 45 MHz. When equipped with
plug-in frequency downconverters, the modular system can scale a fre-
quency range to 40 GHz.

The CS29010 distortion test set (see

(CS29010 distortion test set incorpo-

figure) is ideal for characterization of a
wide range of broadband components
and subsystems found in modern com-
munications systems, including ampli-
fiers, filters, traveling-wave tubes
(TWTs), switch/modems, and
switched filter assemblies. Based on a
personal-computer (PC) architecture
with a Pentium III microprocessor
running at 600 MHz, the CS29010 test
set digitizes input signals across a 45-
MHz instantaneous bandwidth, con-
verting these signals to 12-b data. The
system can be configured with a vari-
ety of frequency conversion options,
allowing the measurement bandwidth
to be centered on carrier frequencies
as high as 40 GHz with 1-MHz fre-
quency resolution. The CS29010 han-
dles input signals at levels from —60 to
0 dBm (and to +20 dBm with a high-
power option).

In addition to its analysis power, the

rates a high-performance arbitrary-
waveform generator, which can create
digitally modulated signals at band-
widths to 40 MHz. With its arbitrary-

e

The model CS$29010 distortion test
set provides broadband generation
and analysis of complex modulated
signals over instantaneous
bandwidths to 40 MHz.

waveform generator and digital ana-
lyzer, the test set can perform IMD3

. measurements to —55 dBe with two 0-

dBm test tones. The system can also
make noise-power-ratio (NPR) mea-
surements of 50 dB using noise band-
widths from 0.1 to 28 MHz.

In the CS29010 test set, data are
captured in 4 Gb of random-access
memory (RAM), enabling analysis of
fine-grained details. The test system
includes the company’s customized
LabVIEW-based (from National In-
struments, Austin, TX) measurement
and control software with intuitive
user interface. Captured data can be
plotted as the desired signal parame-
ter, such a third-order IM, as a func-
tion of frequency and/or input/output
(I/0) power. In addition, data files can
be stored and transported as ASCII
files for use in spreadsheet programs.

The CS29010 distortion test set is a
flexible platform for evaluating a wide
range of complex, digitally modulated
communications signals, including
quadrature-phase-shift-keying
(QPSK), quadrature-amplitude-mod-
ulation (QAM), time-divigion-multi-
ple-access (TDMA), and code-division-
multiple-access (CDMA) signals. This
single test platform can simplify and
enhance measurements on compo-
nents and subassemblies for modern
wireless and wired communications
systems. Celerity Systems, an L3
Communications Co., 10411
Bubb Rd., Cupertino, CA 95014;
(888) 274-5604, (408) 873-1001,
FAX: (408) 873-1397, Internet:
http:y//www.csidaq.com.
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I SXA-289 High Lmearlty

Power Ampllfler

\ /

Stanford Microdevices produces the
highest performance products utilizing
cutting edge technology at the lowest
possible cost. All of Stanford MMICs are
100% tested and qualified annually to
ensure reliable field performance even
under the harshest environments, making
Stanford Microdevices a favorite among
major OEMs worldwide. Over the past five
years Stanford Microdevices has become
the preeminent leader in the design and
manufacturing of GaAs, LDMOS and SiGe
amplifier and switch products.

The SXA-289 is a high efficiency GaAs
Heterojunction Bipolar Transistor power
amplifier, housed in a low cost surface-
mountable plastic package and uses
Darlington pair technology for broadband
performance from 50-2000 MHz. It's fabri-
cated using molecular beam epitaxial
growth technology which produces reliable
and consistent performance from wafer to
wafer and lot to lot. The SXA-289 amplifiers
were specifically designed for use as driver
stages for infrastructure equipment in the
50-2000 MHz cellular, ISM and narrow band
PCS bands. Its high linearity makes it an
ideal choice for multi-carrier as well as
digital applications.

Vi s . Hp e idtw E1d
800-900 200 151 201 240 &5 50 15

CIRCLE NO. 335

_
in quantity

For performance,
reliability and value,
turn to Stanford
Microdevices.

ALSO COMING SOON!
SXL/SXT CELLULAR & PCS BAND
POWER AMPLIFIERS.

Microdevices

t We Deliver RF Innovation
1-800-764-6642
www.stanfordmicro.com

All company and/or product names are trade-
marks and/or registered trademarks of their
respective owners.




PRODUCT TECHNOLOGY

Preselector Filter

Automated Preselector Filter
Streamlines GATV Testing

The use of an automated preselector filter can dramatically
improve the accuvacy of CATV performance testing
with a spectrum analyzer ov signal-level meter.

Ron Hollas
Director of Component Sales
TRILITHIC, 9202 East 33rd St., Indianapolis, IN 46236, (800) 344-2412, (317)
895-3600, FAX: (317) 895-3613, Internet: http://www.trilithic.com.

NFILTERED measurements of cable-television (CATV) perfor-
mance can be misleading. Whether a CATV system and its compo-
nents are evaluated with a spectrum analyzer or a signal-level meter
(SLM), unwanted and unfiltered spurious signals can easily over-
load the test equipment and provide false readings. One solution relies on
the use of an antomated preselector filter to prevent unwanted distortion
signals from leaving the SLM or spectrum analyzer to measure only the de-
sired signal.

Tunable automated preselector fil-

many third-order IMD products. It

ters in the DCVF-5 series from
TRILITHIC can assist the accurate
measurement of composite triple
beat (CTB), composite second order
(CS0), and other spurious signals in
CATYV systems, fiber-optic commu-
nications networks, and other broad-
cast systems (see figure). Measure-
ments made without a
preselector filter are prone to
error because spectrum ana-
lyzers and signal-level meters
overload easily in the presence §
of multiple carriers. Under nor-
mal loading levels, the remain-
ing carriers can produce second-
and third-order intermodulation
distortion (IMD) in the analyzer,
causing second- and third-order
IMD as well as inaccuracy in com-
ponent and system evaluations. By
eliminating unwanted signal compo-
nents, the DCVF'-5 automated prese-
lector can improve the effective mea-
surement range of a spectrum
analyzer by 30 dB.

CTB is actually a composite of

represents an extreme case of typical
two-tone third-order IMD, since
many IM produects land on top of
other video-carrier frequencies or
other distortion products. CSO, on
the other hand, is essentially the
composite of second-order distortion
prod-

The
DCVF-5 automated
preselector tuner can be used

manually or under computer control |

to improve the accuracy of CSO and
CTB measurements.

ucts. Depending on the type of fre-
quency plan used in a CATV system,
it is often possible to differentiate
CSO and CTB products. In fre-
quency plans where signals are har-
monically related, however, it may
be impossible to distinguish CSO
products from CTB products.

The DCVF-5 automated preselec-
tor filter is so critical to CATV mea-
surements because it allows the test
signal source for CTB and CSO mea-
surements to provide repeatable sig-
nals. Through the DCVF-5’s pro-
grammable filters, test signals are
clean and accurate, without exces-
sive distortion that can be erro-
neously read by the SLM as in-chan-
nel signals.

The DCVF'-5 automated preselec-
tor filter can be tuned automatically,
under GPIB control from an external
computer, or manually,
il from its front-panel key-
pad. The instrument-
grade filter is tunable by
CATYV channel, with con-
tinuous tuning from 55 to
§ 880 MHz. It includes an in-
tegrated preamplifier with
20-dB gain from 50 to 600
MHz and 16 dB at 1000 MHz
for flexibility in measuring
low-level signals. Standard
units are equipped with 75-() in-
put (I) and output (O) ports, al-
though units are also available
with 50-€) I and O connections
and frequency coverage of 50
MHz to 4 GHz for use with RF/mi-

. crowave test equipment.

Measurements of CTB and CSO
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Alien technology
or damn fine
engineering

You be the judge.

With new integration technology, our hard-working N
engineers can configure Trilithic's state-of-the-art fixed,
tunable and switching component products into
dependable and flexible systems, addressing a
number of communications and instrumentation
measurement needs. From offering interference
protection in VHF communications networks to
providing a preselected passband for test and
measurement instruments, as used in advanced hybrid-fiber
coax systems, Trilithic subsystems engineering has creative
solutions for “out-of-this-world” performance, not to mention agile
and automated software capabilities for quick and reliable set-ups. As for

whether or not our technology is extra-terrestrial, we have no comment. We will say,
however, that our engineers have submitted some unusual travel expenses lately.

Call 1-800-TRILITHIC for more information & don’t forget to ask for your free catalog.

' TF“I_ITHID CIRCLE NO. 238

Hard Working Engineers—Like You

EERE SRR

9202 East 33rd Street / Indianapolis, IN 46235
800TRILITHIC (800-874-5484) (317)895-3600 (317)895-3612 Fax
E-Mail: sales@trilithic.com / Internet:www .trilithic.com SCATARL WeC




Preselector Filter

characteristics in CATV systems re-
quire filters with optimum selectiv-
ity and shape factor. The DCVF-5 ac-
tually consists of fixed bandpass
filters for T-7 through T-13 channels
and four tunable filters covering oc-
tave bands of 55 to 110 MHz, 110 to
220 MHz, 220 to 440 MHz, and 440 to
880 MHz. The filters exhibit 30-dB-
to-3-dB shape factors of 2.2:1 with se-
lectivity equal to 1 percent of the
center frequency. The variable fil-
ters are tuned through a stepper mo-
tor with an optical encoder.

The DCVF-5 is designed to handle
input-power levels up to 0.5 W (+27
dBm, or 75.8 dBmV at 75 Q). Signal
routing is through an electromechan-
ical switch that is rated for better
than 1 million switching operations.
Low-level signals are boosted
through the integral post amplifier.
The amplifier, which covers a total
range of 50 to 1000 MHz, exhibits a
noise figure of 5 dB across its fre-
quency range. With the internal am-
plifier bypassed, the through-port

bandwidth of the DCVF-5 is DC to
1000 MHz with 16-dB minimum re-
turn loss and 11.5-dB maximum in-
sertion loss to 880 MHz.

Operation of the DCVF-5 is sim-
ple. The DCVF-5 is connected be-
tween a device under test (DUT) and
the analysis instrument, either a
spectrum analyzer or a SLM. Under
either manual or GPIB control, the
DCVF-5 is set to the bandwidth ap-
propriate for the channel under test,
allowing only the signal of interest to
pass to the spectrum analyzer or
SLM.

The DCVF-5 automated preselec-
tor filter is suitable for characteriz-
ing CATYV signals and for evaluating
the performance of fiber-optic net-
works and for checking IMD in
broadband communications systems.
It is software programmable for any
6-MHz channel. With modest modifi-
cations to the hardware, the filter
can be adapted for 8-MHz PAL chan-
nels. When used manually, three
front-panel light-emitting-diode

(LED) alphanumeric displays report
the status of various operating func-
tions. Under remote control, status
reporting occurs on the computer
monitor.

By integrating the highly selective
filter bank with a high-gain amplifier,
TRILITHIC has saved the CATV/
communications engineer and techni-
cian the task of adding and matching
an external amplifier to a tunable fil-
ter and measurement equipment.
The result is ease of use and a high
degree of accuracy when evaluating
broadband, multichannel communi-
cations equipment. The DCVF-5
measures 17 X 10.5 X 20 in. (43.18 X
26.67 x 50.8 cm) and is designed to fit
standard 19-in. (48.26-¢m) racks. It
weighs 45 1bs. (20.25 kg) and con-
sumes approximately 10-W power
from an AC line. TRILITHIC, 9202
East 33rd St., Indianapolis, IN
46236; (800) 344-2412, (317) 895-
3600, FAX: (317) 895-3613, Inter-
net: http://www.trilithic.com.

CIRCLE NO. 57 or visit www.mwrf.com
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Designed for Ultimate Quality

Your Complete Switching
Solution from KMW

B 6P7T switch is de51gned for IMT2000 (6-sector Redundancy)

Product Code No, KSW120125000 KSW6704AB001 KSW45048L000
Switch Type SPDT 6P7T 4P5T
Frequency Range DC -~ 18GHz DC ~ 3GHz DC - 3GHz
]nsg_rtlgn Loss (Max.) 0.2 ~ 0.5dB 0.2dB 0.2dB
VSWR (Max.) 1151 - 1.5:1 1154 1151
 Isolation (Min.) 80 ~ 60dB 80dB 80dB
Operéting M,bde TTL Latching with IND. Latching with IND. Latching
Actuating Voltage 12Vdc + 10% 20 -~ 30Vdc 24 ~ 30vdc
[Current (Max.) /240mA (@12Vdc, 25°C) | /95mA (@24Vdc, 25°C) | /85mA (@26Vdc, 25°C)
~ 1/0 Port Connector SMAC(F) / SMA(F) SMACF) / SMA(F) SMA(F) / SMA(F)
RF Power Handling |  100W CW (@1GHz) 200W CW (@1GH?) 250W CW (@1GHz)
Dimension (inch) |  1.339*1.575%0.528 2.441°2.0432.177 1.626*1.874*1.626

Higher Frequency available on Multi-Pole Multi-Throw, up to 18GHz
Power Handling capability of 4P5T Switch, up to 250W CW & 4Kw Peak @1GHz

Slim type 6P7T Switch, 2.409*1.417%2.216 (inch), also available.

B Available Options
Internal Termination, Indicator Circuitry, Suppression Diode, TTL Logic,
Self De-Energizing Circuitry, Various I/O Connector type, Other Operating Voltage

M 5 million life cycle SPDT switch is available now.

13131 East 166th Street, Cerritos, CA 90703-2202
1-800-8320-KMW » www.kmwinc.com

toZa W

RF & Microwave Products

tel: 562-926-2033 « fax: 562-926-6133
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New and Current
Products Presented
By The Manufacturer

DIRECT CONNECTION ADS

For futher information circle the
appropriate number on the Reader Service Card.

To Advertise Call Joanne Reppas (201) 666-6698

| Microwave
Test Fixture

Easily
Configurable
High
Thru-put

A compact, full featured, user configurable, manually operated test fixture

with rapid load unload capability. Useful for production measurements of
thin film and packaged microwave components with NIST fraceability.

 BenchtopSize(<11?) ® Vacuum chuck » X-Y-Z probe positioners ®
® Top Plate Z-ift » Locking Stage ® Integral Vacuum Accessory Manifold
= 7X-40X Stereo Zoom Microscope ® Adjustable Halogen lliuminator «
* Vacuum Accessories ® Compatible with 40GHz+ prabes ©

Standard and custom chuck plates for testing
MICROSTRIP PACKAGES
(603) 531-9325 [FAX]

@‘I = www. jmicrotechnolagy.com

The Standard for Test Correlation
CIRCLE §7§7

J microTecknology
3744 NW Bluegrass Pl
Portland, OR 97229
(503) 614-9509

J MICROTECHNOLOGY

BORON
NITRIDE

Lowest dielectric/highest ther-
mal conductivity combination
available in any material, for
hot, high-power requirements
and MW transparency. Easiliy
machinable into complex
waveguide shapes.

Carborundum Boron Nitride
Amherst, NY 14228
Phone: (716) 691-2052
URL: www.carbobn.com

CIRCLE 556

CARBORUNDUM CORP.

600 Series
Ultra-Low ESR
Microwave
Capacitors
American  Technical

describes their 600
Series Capacitors, which
offer the lowest ESR in
class; typically 80mQ.

0603-size 600 Series has a capacitance
range of 0.1 to 100 pF, and rated voltage
of 250 Volts.

Electrical test data is supplied for Series Res-
onance (FSR), Parallel Resonance (FPR) and
Typical ESR @ 1 GHz.

www.atceramics.com
american technical ceramics

1 Norden Lane, Huntington Station, NY 11746
Phone: 631-622-4700 + Fax 831-822-4748 + e-mail: sales@atceramics.com

Ceramics’ new catalog| |

at 1 GHz. Designed| |
around RF and Microwave applications, the| |

Fiters fo 50 Gz

® Waveguide

@ Stripline/Microstrip

® Transmission Line

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

NL

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 * B00-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http://www.microwavefilter.com

It's not Magic

DATA ACQUISITION
PDA12A PCl BOARD
250 MB/S SAB TRANSFER RATE
DUAL CHANNEL @ 62.5 MHz
UP TO 2M SAMPLE MEMORY
DC-50 MHz BANDWIDTH

/
(909) 734-3001
WWW. SIGNATEC.COM

IRCLE 565
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AMERICAN TECHNICAL CERAMICS CIRCLE 551

MICROWAVE FILTER CO.

RAMSEY ELECTRONICS

CIRCLE 553

- 1 Hz step size, 8 bit port programmable
'+ Analog AM/FM or direct digital FM modulation
Aftenuator, $284.00:
= 135 dB range, 1 dB steps, +/- 1 dB flatness
= +30 dBm power, 8 dB total insertion loss
« Single +5V supply, SP! port programmable
Exerciser board, $145.00, Stand alone, _LED display

Ramsey Electronics, Inc. e
793 Canning  Victor, NY 14564
www.Ramseytest.com

email: RFtest@Ramseytest.com

Tel: 716-924-4560 Fax: 716-924-4886

CIRCLE 596
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Personal
Prohe
Station

Very Low Cost
High Function

A compacl full featured, modestly priced, manually operated probe station
developed for engineers and scientists.
Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability .

* BenchtopSize(<1t?) ® Vacuum chuck ® X-Y-@ stage ©
* X-Y-Z probe positioners Top Plate Z-lift -Vacuum Accessory Manifold e
® 7X-40X Stereo Zoom Mi  Adjustable Halogen i .
*Vacuum Accessories ® Gnmpanbla with 40GHz+ probes e
 Accessories for Thermal Chucks and Probe Cards ®
(503) 614-9509

Test wafers, microsirip packages and surface mount componentse
(603) 531-9325 [FAX]

&W www jmicrotechnalogy.com

A Probe Station On Every Bench
J MICROTECHNOLOGY

o microTechnology
3744 NW Bluegrass Pl
Portland, OR 97229

CALL JOA

RF Signal Generator

fﬂma Bau, 0.1 ppm optloml

+ Level flatness of £ 0.5 db _

Ramsey Electronics, Inc.
793 Canning Pkwy Victor, NY 14564
Tel: 716-924-4560 Fax: 716-924-4886
email: RFtest@Ramseyelectronics.com
www.RamseyElectronics.com

CIRCLE 577 | RAMSEY ELECTRONICS

* RS-232 interface option
CIRCLE 597
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(201) 666-66938

RETURN LOSS BRIDGES

TYPES: Fixed and Variable Bridges
FREQUENCY RANGES:

Models available from .03 -
DIRECTIVITY:

1000 MHz
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 chm
system), DC blocking, Test Data, and connectors.

WIDE BAND ENGINEERING CO. INC.

P.O. Box 21652, Phoenix, AZ 85036
Phone & Fax (602) 253-1570

WIDE BAND ENGINEERING CIRCLE 550

SysCalc 4

HIGH-LEVEL SYSTEM b!S 16N

* New AGC block provides

dynamic power control

capability.

« New component parameters
include 1 dB compression point,
2nd order intercept point,
tolerance and temperature
coefficients. 8

« Specialized reports (standard,
linarity, graph, yield and link-
budget) can be attached to any
system page.

* SNR/BER support added for
PAM/ QAM signaling.

* User interface can be cus-
fomized on any system page.

* Build library models for
frequently used components.

@ Arden Technologies, Inc.

% PO Box 286 e Forest, VA 24551
Sales: 804/525-6837 or 888/535-6837 (US only)

VCO Designs\

\.

Fax: 804/525- 537:'» . Emull snles@nrdenleth com

* Use our designs royalty-free

* Reproducible, linear tuning

* Low noise (-120dBc/Hz at 10kHz)

» Standard SMD, suitable for
automated manufacture

« PCB layout and prototype supplied

« designs ready for immediate shipping

* Costs less than development
without the risk!

* 400MHz - 1100MHz

* Comprehensive datasheets

Full details at:
www.radiolab.com.au

Applied
Radio

Military
RF Transistors

1.5 -30MHz / 30 - 88MHz
225-400MHz / 30 - 512MHz

polyfet rf devices

Contact / View us on the WEB at

YOUR http:/Awww.polyfet.com

POWER
Q Labs MOSFET 1110 Avenida Acaso, Camariio, CA. 93012
PEOPLE  TEL(805M844210  FAX(B05)484-3398

APPLIED RADIO LABS CIRCLE 563 POLYFET RF DEVICES CIRCLE 564

New and Current Products Presented By The Manufacturer
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ALK Engineering

If trying to do it
with the big-name
brand filter design
software is driving
you to drink, check
out the serious

software: - Kk
DGS S FlLSYN
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

40-546-5573  Fax: 410-860-2062

To 40 GHz

Filters, Multiplexers & MIC’s

Suspended Substrate MIC
Switched Filter Banks
Image Reject Mixers
Quadrature IF Mixers
PIN Switches

Variable PIN Attenuators
Bias Tee’s

ES MICROWAVE, LLC.
8031 Cessna Ave.,
Gaithersburg, MD 20879
301-519-9407 = Fax: 301-519-9418
E-mail: esmllc@aol.com

ALK ENGINEERING CIRCLE 599

ES MICROWAVE, LLC. CIRCLE 583

Rb Standards & DDS Synthesizers
“Precision You Can Afford”

$395
+ Atomic Frequency Standards
1450A Rubidium+DDS Synthesizer (Rack)
2950AR Rubidium Standard (Bench)

* Modular and PC-based Synthesizers
DDS6m (shown) 40MHz RS5232 Controlled
DDS5m Locks to Standards RS232 & Switch
DDS3pc & DDS4pc PC ISA-bus to 34 MHz

* Bench Top Synthesizers
2910A Series 1pHz steps to 48MHz

Novatech Instruments, Inc.
206-301-8986 (v) , 206-363-4367 (fax)
Specs & prices: www.eskimo.com/~ntsales

PRECISE MEASUREMENT
AVCOM's MSA-90A
Microwave Spectrum Analyzer

AVCOM's newest addition to its impressive line of afford-
able Microwave Spectrum Analyzers, model MSA-S80A,
covers a frequency range of 50 KHz to over 1 GHz inone
sweep with a sensitivity fgreater than -110 dBm at narrow
spans and uses state-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 VIRGINIA INCORPORATED FAX: 804-794-8264
Web site: www.AVCOMofVA.com

NOVATECH INSTRUMENTS CIRCLE 559

AVCOM OF VA, INC. CIRCLE 560

ELEGT%QNlcs

"Where your dreams turn into reality."” ]

* Std. 5 and 10 MHz OCXO
* TCXO VCXO TC-VCXO
« WIDE BAND VCXO +/- 5000 ppm pull
¢ Customized crystal and L/C filters
o std. 10.7/21.4/45/70 MHz two pole arystal filters
¢ Phase noise measurement services
Call / fax for the quote.

Call or Fax your requirements.

16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Ph: (602) 971-3301 Fax: (602) 867-7250

Visit our website www.kselectronics.com

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

=] E3|

Cost: $390. For more information, contact:
Antenna Design Associates, Inc.
55 Teawaddle Hill Road, Leverett, MA 01002
Phone/Fax: 413-548-9919

K S MICROWAVE CIRCLE 588

ANTENNA DESIGN ASSOC. CIRCLE 558
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Like what
you see?
Need more
information?
Do you want
it now?

www.microwavesrf.com

Visit the
Microwaves & RF
website at:
www.microwavesrf.com and
click the instant inquiry button to
request information seen in this
issue or visit the manufacturers
links for direct access to all
Microwaves & RF advertisers.
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Feedthrough connectors
suit SMT

A line of 50~} feedthrough connec-
tors, which transfer signals through
chassis and housings at frequencies
to 115 GHz, is now available for sur-
face-mount applications. The connec-
tors are available in several package
configurations, including SMA, snap-
ins, RF, and bias pins. The hermetic,
surface-mount connectors exhibit a
VSWR of less than 1.5:1 at frequen-
cies to 15 GHz. The devices are avail-
able in aluminum (Al), copper (Cu),
AlSiC, titanium (Ti), and Kovar.
Thunderline Z, Inc., 11 Hazel
Dr., Hampstead, NH 03841; (603)
329-4050, FAX: (603) 329-4474,
Internet: http:/www.thunder
linez.com.

CIRCLE NO. 62 or visit www.mwrf.com

MMIC amplifier
boasts low noise

The model SGA-4486 silicon-ger-
manium (SiGe), monolithic-mi-
crowave-integrated-circuit (MMIC)
amplifier boasts a noise figure of 2.5
dB at 900 MHz. It is ideal for use in
such applications as HomeRF', wire-
less local-area network (WLAN), and
industrial-scientifie-medical (ISM)-
band spread spectrum. The amplifi-
er's 1-dB compression point is +15
dBm, its gain is 19 dB, and its third-
order intercept point (IP3) is +29
dBm. The device is offered in indus-
try-standard miniature SOT363 and
85-mil surface-mount plastic pack-
ages. Stanford Microdevices,
Inc., 522 Alanor Ave., Sunny-
vale, CA 94086; (800) 764-6642,
FAX: (408) 739-0970, Internet:
http//www.stanfordmicro.com.
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Compact diplexer screens
DCS and GSM signals

The model W9180DE cavity dual-
band diplexer filters distributed-
communication-system (DCS) and
Global System for Mobile Communi-
cations (GSM) signals at power levels
exceeding 50 W. The diplexer passes
signals in the DCS band from 1690 to
1920 MHz and the GSM band from
860 to 980 MHz with less than 130-
dBe intermodulation distortion
(IMD). Insertion loss is less than 0.3
dB, return loss is better than —18 dB,

NEW PRODUCTS

and isolation between receive (Rx)
and transmit (Tx) channels is better
than 65 dB. The diplexer measures
1.5 X 3.0 X 5.0in. (3.81 X 7.62 X 12.7
cm) and uses SMA or type-N connec-
tors. Wireless Technologies
Corp., 4000 Haile Lane, Spring-
dale, AR 72762; (501) 750-1046,
FAX: (501) 750-4657, Internet:
http://www.diplexers.com.
CIRCLE NO. 64 or visit www.mwrf.com

Non-toxic AIN termination
handles high power

The 81-7172TC aluminum-nitride
(AIN) termination handles 150 W at
frequencies ranging from DC to 2
GHz. The termination is designed for
high-power termination applications
where toxic beryllia-ceramic sub-
strates cannot be used. The termina-
tion has a DC resistance of 50 () *2
percent and a VSWR of 1.15:1. The
termination has a temperature coef-
ficient of less than 200 PPM and can
operate at temperatures from —55 to
+100°C. Florida RF Labs, Inc.,
P.O. Box 899, Stuart, FL 34995;
(800) 544-5594, FAX: (561) 283-
5286, Internet: http://www.
rflabs.com.
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Software models
toroid inductors

The Toroid v3.4 software package
simulates the behavior of toroid
inductors and helps engineers design
toroids for use in filters, resonators,
and other inductive circuits. The pro-
gram can model the behavior of iron-
powder-core toroids from DC to
microwave frequencies, with an
emphasis on frequencies from 1 to
200 MHz. The mouse- and arrow-key-
driven menus support quick scrolling
through core size, mix, and wire-gage
menus and they automatically
update information pertinent to the
pre-selected inductance. Calcula-
tions include number of turns, self-
resonance frequency (SRF'), peak-Q
frequency range, wire length and DC
resistance, maximum turns S/L and
45-percent fill/wire gage, Gauss and
Oersteds, true “AL” values, mean
core length, as well as weight and
volume of core + wire. Displays
include color codes, iron composition,
usable frequency range, permeabili-

ty, temperature coefficients, manu-
facturers’ cross references, core
dimensions and tolerances, and wire
diameter and circular mils. J. Bello-
ra & Assoc., 5347-B Colombia
Rd., Colombia, MD 21044; (410)
381-5700 ext. 16, Internet: http:/
members.aol.com/toroids/johni
ndx.htm.
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Single-balanced mixer
MMIC spans 1.7 to 3.0 GHz

The model HMC272M S8 miniature
single-balanced mixer monolithie
microwave integrated circuit
(MMIC) covers frequencies spanning
1.7 to 3.0 GHz. The passive mixer is
constructed of gallium-arsenide
(GaAs) Schottky diodes and a novel
planar transformer balun integrated
onto the chip. The RF port is bal-
anced through the MMIC while the
local-oscillator (LO) port is connect-
ed directly to the diodes. Hittite
Microwave Corp., 12 Elizabeth
Dr., Chelmsford, MA 01824;
(978) 250-3343, FAX: (978) 250-
3373, Internet: http://www.hit
tite.com.
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Phase shifters offer
high resolution

A series of phase shifters boasts
high resolution and high accuracy for
applications from DC to 18 GHz. The
units offer digital readout of phase
that is calibrated in 0.01-deg./GHz
increments accurate to 0.1 deg. One
member of the series operates from
DC to 18 GHz with an insertion delay
between 0.88 and 1.10 ns. It offers
minimum phase adjustment of 60
deg./GHz, or a total of 360-deg. phase
adjustment at 18 GHz. The maximum
insertion loss for all members of the
seriesis 0.5 dB from DC to 8 GHz and
1dB from 8 to 18 GHz. The maximum
VSWR is 1.3:1 from DC to 4 GHz and
1.6:1 from 4 to 18 GHz. The phase
shifters can handle 100-W average
power and 5-kW peak power. Stan-
dard units are supplied with SMA
connectors. ARRA, Inc., 15 Harold
Court, Bay Shore, NY 11706-
2296; (631) 231-8400, FAX: (631)
434-1116, Internet: http://www.
arra.com.
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*Look to the Leader in YIG-Technology"

NS

48041 Fremont Blvd. Fremont, CA 94538

Next Generation, Low Cost
YIG Components for Test and Measurement

MICRO
LAMBDA, INC.

Micro Lambda, Inc., the leader in YIG
technology offers the widest product
range of YIG-based devices for the Test
and Measurement Market. Designed
specifically for Spectrum Analyzers,
Signal Generators, Synthesized
Sources and a multitude of general
purpose Test and Measurement
equipment. Micro Lambda's YIG-based
components will put you ahead of the
competition in performance.

Whether your requirements are for low
noise, wide tuning bandwidth's, low
power consumption, miniature size or
low cost devices, Micro Lambda has

a solution for the most stringent
applications. Fast delivery of prototype
or evaluation units will help you meet
those impossible delivery schedules.

Covering the frequency spectrum of
500 MHz to 46 GHz, units are available

for 19" rack, VXI and VME configured
instruments.

(510) 770-9221

CIRCLE NO. 218

YIG-Tuned Fundamental

Oscillators 500 MHz to 30 GHz

* Double Frequency Outputs
to 44 GHz

* 1.75" Cylinders

* 1.0' & 1.25" Cube

* VXI & VME Miniature Format

* PC Board Interface

* Frequency Synthesizers

YIG-Tuned Bandpass Filters
500 MHz to 46 GHz
°1.7,1.4"&1.0" Cube

e VXI & VME Miniature Format
* PC Board Interface

YIG-Tuned Multipliers 1 GHz
to 20 GHz
* 1.7 & 1.4" Cube

Driver Controls

* Analog 0 - 10 Volts

* Digital 12 Bit Parallel
* Remote Location

¢ FM Coil Drivers

H.

mcrolambda@aol.com www.micro-lambda.com



GaAs amplifier boasts
high dynamic range

The model AH4 gallium-arsenide
(GaAs), metal-semiconductor-field-
effect-transistor (MESFET) amplifi-
er operates across the frequency
range of 0.1 to 6.0 GHz and can deliv-
er a third-order intercept point (IP3)
of +41 dBm. The MESFET amplifier
is suitable for wireless local-area-
network (WLAN), wireless-local-
loop (WLL), along with universal-
national-information-infrastructure
(UNII) receiver gain blocks and
transmit lineups where high dynam-
ic range is required. Its 1-dB com-
pression point is +21 dBm and its
small-signal gain is 13.5 dB. At 3.5
GHz, the GaAs MESFET amplifier
has a noise figure of 3.5 dB. The GaAs
amplifier has an input VSWR of 1.9:1
and an output VSWR of 1.4:1. The
device draws 150 mA from a single
+5-VDC power supply. It is housed in
an industry-standard, 3 X 3, ball-
grid-array (BGA) package. Wat-
kins-Johnson Co., 3333 Hillview
Ave., Palo Alto, CA 94304; (650)
493-4141, Internet: http://www.
wj.com.
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RF shields
prevent interference

A line of thin metal shields is
designed to cover circuit-board com-
ponents in order to prevent RF inter-
ference (RFI). The shields can be
custom designed in rectangles (both
square and non-square) as well as L
shapes, and they are available as flat,
hand-foldable plates or preformed,
three-dimensional (3D) shapes.
Shield materials include brass, cop-
per (Cu), nickel (Ni), silver (Ag), or
steel, and they are available with tin
(Sn) plating. Special features include
tuning holes and ventilation perfora-
tions. A collection of foldable square
and non-square rectangular shields
in any combination of 54 standard
sizes can be pressed onto a 12 X 18-
in. (30.48 X 45.72-¢cm) metal sheet. A
prototype kit containing an assort-
ment of more than two dozen foldable
rectangular shields is also available.
Fotofabrication Corp., 3758 W.
Belmont Ave., Chicago, IL
60618; (773) 463-6211, FAX: (773)
463-3387, Internet: http://www.

NEW PRODUCTS

fotofab.com.
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Software simulates
RF circuits

The Spicycle Version 2 software
package is a suite of application pro-
grams that allows analog, mixed-
mode, and RF engineers to simulate
circuits and design printed-circuit
boards (PCBs). The two-dimensional
(2D) drawing program has a range of
tools for drawing schematic dia-
grams of electronic and other engi-
neering schematies, and PCB lay-
outs. Underlying its drawings is a
data base that creates a net list in
real time ready for simulation. Data
flow to its data base is fully bidirec-
tional with the drawings. This allows
the user to import a SPICE netlist
and have the corresponding schemat-
ic symbols ready connected. It also
offers back annotation with simula-
tion settings. The software’s Active
X controls provide interaction with
other Windows programs and sup-
port standard OLE functions. Those
Engineers Ltd., 31 Birbeck Rd.,
London NW7 4BP, United King-
dom; +44 (208) 906-0155, FAX:
+44 (208) 906-0969, Internet:
http://www.spiceage.com.
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PIM analyzers
span wireless bands

A family of five passive intermodu-
lation analyzers (PIMs) spans the
major wireless bands to help wire-
less-equipment manufacturers main-
tain low intermodulation (IM). Model
SI-800A covers the 869-t0-894-MHz
transmit (Tx) band and the 825-to-
849-MHz receive (Rx) band. Model
SI-900A covers the 935-t0-960-MHz
Tx band and the 890-t0-915-MHz Rx
band. Model SI-1800 spans the 1805-
t0-1880-MHz Tx band and the 1710-
t0-1785-MHz Rx band. Model SI-
1900 spans the 1930-to-1990-MHz Tx
band and the 1850-t0-1910-MHz Rx
band. And model SI-2000 covers the
2100-t0-2170-MHz Tx band and the
1920-t0-1980-MHz Rx band. The ana-
lyzers allow engineers to observe
how PIM varies under mechanical
and environmental stress, and how it
changes as a function of frequency or
power. Summitek Instruments,

Inc., P.O. Box 64, Parker, CO
80134; (303) 768-8080, FAX: (303)
768-8181, Internet: http:/www.
summitekinstruments.com.
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BWOs cover
1100 GHz

By using permanent magnets,
electromagnets, and interchangeable
tubes, a line of backward-wave oscil-
lators (BWOs) generates frequencies
that range from 33 to 1110 GHz. Per-
manent magnets provide the mag-
netic field for overlapping frequen-
cies from 33 to 178 GHz. At these
frequencies, the BWO provides a
minimum of 6 mW. A solenoid elec-
tromagnet is used in conjunction
with one of seven tubes to cover fre-
quencies from 177 to 1100 GHz. Min-
imum RF output power is 1 mW
through 850 GHz, and 0.5 mW from
850 to 1100 GHz. Accessories include
separate power supplies for the
BWO tube and the electromagnet,
and a positioning device for the elec-
tromagnet. Istok Microwave,
8200 South Memorial Pky.,
Huntsville, AL 35802; (256) 882-
1344, FAX: (256) 880-8077, Inter-
net: http://www.istom.com.
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TWT amplifier
suits C-band

The model VZC-6967B4 traveling-
wave-tube (TWT) amplifier boosts
C-band signals up to 2.2 kW. It is
ideal for fixed-satellite-service appli-
cations such as video transmission as
well as high-volume international
data and telephony. The amplifier
employs a dual-depressed-collector
helix TWT that is said to be 20 per-
cent more efficient than conventional
single-collector TWTs. Integrated
microprocessor control allows users
to adjust and monitor all operating
parameters from one local or remote
panel by using menu-driven com-
mands. The amplifier is contained in
a 19-in. (48.26-cm), rack-mount, dual-
drawer housing. CPI, Inc., Satcom
Div., 811 Hanson Way, P.0O. Box
51625, Palo Alto, CA 94303; (650)
846-3700, FAX: (650) 424-1744,
Internet: http:/www.cpii.com/
satcom.
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* From Q@Hz to BO GHz

* Optimized for Low Power Dissipation

¢ Meeting MIL-PRF-38534 or MIL-STD-883

e Capable of Withstanding the Rigorous
.Demands of Long Mission Life

PRODUCT APPLICATIONS

e SATCOM LNAs Y

e Spaceborne Radar

* Transmitter Drivers

¢ Radiometric Sensors
e ELINT Receivers

L RLY
1S0 9001

REGISTERED COMPANY

A '
E% M IT A——— 100 Davids Drive, Hauppauge, NY 11788
ﬁé — TEL: (516) 436-7400 - FAX: (516) 436-7430
s www.miteq.com

For further information, ple contact David Krautheimer
at (516) 439-9413 or e-mallidkrautheimer@miteq.com
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When you need a

supplier, reach for
THE SOURCE!

Take a look at the new Directory
Issue of Microwaves & RF (formerly
the Product Data Directory)—the
high-frequency industry’s only
complete guide to products and
services. The 1999/2000 Directory
Issue features more than 1500
companies and showcases more than
400 product categories—all of which
offer vital information to speed the
specification process. All company
listings include addresses and
telephone numbers; many offer
comprehensive data sheets and
catalog pages. The Directory is also
available in an online format at
www.mwrf.com.

The high-frequency industry’s
only complete buyer’s guide works
hard all year round. It provides
instant access to information and so-
lutions to design problems. Many
specifiers begin and end their search
for a product or service with the
Microwaves & RF Directory Issue.

If you don’t have a copy of the
new 1999/2000 Microwaves & RF
Directory Issue, don’t waste time.
Simply send a check or money order
for $100 (plus $6.00 P&H) each (US
Canada, Mexico, and Central
America), or $125 (plus $7.50 P&H)
each (all other countries) to:

Microwaves & RF Directory Issue
Penton Media, Inc.
611 Route #46 West
Hasbrouck Heights, NJ 07604




Cable assemblies
boast low loss

The UFA series of coaxial-cable
assemblies exhibits insertion losses
ranging from 0.11 dB/ft. at 1 GHz to
1.21 dB/ft. at 50 GHz. The five
members of the series include
the UFA147B, UFA210A, and
UFAZ210B which operate at frequen-
cies from DC to 26.5 GHz, the
UFA147A which spans DC to 40
GHz, and the UFA125A which cov-
ers DC to 50 GHz. The assemblies
have a patented connector attach-
ment that claims high reliability as
well as resistance to stress. The con-
nector body, dielectric, and center
contact are completely captivated in
order to achieve a typical VSWR of
1.25:1 to 40 GHz. Applications include
microwave transmission in commer-
cial, military, and space-based envi-
ronments. Micro-Coax Corp., Box
993, 245 West 5th Ave., Col-
legeville, PA 19426-0993, (800)
223-2629, FAX: (610) 489-1103,
Internet: http://www.micro-

coax.com.
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BAW VCXO combines
stability and pullability

The model CFPV-2365 bulk-acous-
tie-wave (BAW), voltage-controlled
crystal oscillator (VCXO) operates at
622 MHz and combines frequency
stability of +20 PPM ranging from 0
to +70°C (or =30 PPM from —25 to
+85°C) with a frequency pullability
that is between =80 and +120 PPM.
Jitter is less than 2 ps between 12
kHz and 150 MHz from the output
frequency. The VCXO oscillator
operates from a +3.3-VDC power
supply in order to facilitate its inter-
face with emitter-coupled-logic
(ECL) devices. It is designed for
time-multiplexing applications in
synchronous-digital-hierarchy
(SDH) synchronous transmission
module, level four (STM-4) and Syn-
chronous Optical Network (SONET)
synchronous transport signal, level
12 (STS-12). C-MAC Frequency

NEW PRODUCTS

Products, 4222 Emperor Blvd.,
Suite 300, Durham, NC 27703-
8466; (919) 941-0430, FAX: (919)
941-0530, Internet: http://cfp
WWW.Com.
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Small crystal
suits handheld computers

The model ILCX-13 crystal mea-
sures 3.2 X 2.5 X 0.8 mm and is avail-
able in frequencies ranging from 20
to 556 MHz with a tolerance of +20
PPM at 25°C. The crystal’s stability
is 20 PPM at operating tempera-
tures spanning —40 to +86°C. The
ILCX-13 crystal is ideal for ultra-
small peripheral devices such as
Portable Computer Memory Card
International Association (PCMCIA)
and handheld computer systems.
ILSI America, Inc., 5458 Louie
Lane, Reno, NV 89511; (888) 355-
4574, FAX: (702) 851-8882, Inter-
net: http://www.ilsiamerica.
com.
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Innovative Design

Custom Applications

VVe are an innovative designer and manufacturer

of matrix switches and programmable test systems for
applications including cellular/PCS laboratory installations
and broadcast equipment production testing.

Features Include:

*» RS-232, GPIB,TTL or Parallel control

* 19" rack or bench top packaging

* Wide frequency ranges available

* Blocking and non-blocking configurations

CIRCLE NO. 449 or visit www.mwrf.com
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JFW Industries, Inc.

5134 Commerce Square Drive
Indianapolis, Indiana 46237
Tele. (317) 887-1340 Fax (317) 881-6790

Internet- http://www.jfwindustries.com
E-mail- sales@jfwindustries.com
ISO 9001 Certified
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Transceiver monitors
optical networks

The Snoop GBIC transceiver mod-
ule is an upgrade to the company’s
previous gigabit-interface-converter
(GBIC) transceiver for optical data
communication over Fiber Channel
and Gigabit Ethernet networks. In
addition to transmitting and receiv-
ing data, the Snoop GBIC has an
electrical test port in order to
monitor network connections with-
out interruption. Traditionally, engi-
neers would debug and monitor net-
work performance by shutting down
the network, inserting test instru-
mentation into a network link, and
restarting the network. The Snoop
GBIC is designed for permanent
installation on a link and it provides
uninterrupted access. It supports
data transmission rates to 1.25 Gb/s.
Finisar Corp., 1308 Moffett
Park Dr., Sunnyvale, CA 94089;
(408) 548-0857, FAX: (408) 543-
0083, Internet: http:/www.finis
ar.com.
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PIN and varactor
diodes reach 10 GHz

The MicroPak series of positive-
intrinsic-negative (PIN) and varac-
tor diodes achieves operational fre-
quencies to 10 GHz. The diodes are
fabricated using monolithic-mi-
crowave-surface-mount (MMSM)
package technology in order to elimi-
nate the parasitic inductances and
capacitances associated with wire-
bonds in conventional plastic or
ceramic packages. Since the diodes
cathode and anode connections are
made using photolithographic tech-
niques rather than wirebonds, the
diodes exhibit a typical series induc-
tance of less than 0.2 nH and a typical
parasitic capacitance of 0.07 pF.
Applications include high-speed
switching, amplifier-protection cir-
cuitry, and low-voltage, wideband,
voltage-controlled oscillators
(VCOs). Link Microtek Ltd.,
Intec 4.1, Wade Rd., Bas-
ingstoke, Hants RG24 8NE,
United Kingdom; +(125) 635-
5771, FAX: +(125) 635-5118,
Internet: http://www.linkmi
crotek.co.uk.
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Like what you see?

Need more information?

Do you want it now?

www.mwrf.com

Visit the Microwaves & RF website at:
www.mwrf.com
and click the instant inquiry button to
request information seen in this issue or visit the
manufacturers links
for direct access to all
Microwaves & RF advertisers.

Microwaves
&@RF

7A [Pnton

611 Rte. 46 West, Hasbrouck Heights, NJ 07604
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Innovative
technology-fro

il g e e X -
Stanford . Z &

Microdevices e

A new generation of HBT MMIC Amplifiers

Using Gallium Indium Phosphide/Gallium Arsenide Technology

NGA-489 DC-8 GHz SPECIFICATION MATRIX [Nt AN
Designed with InGaP process technology for High gain and high output make this heterojunction

greater reliability, this Darlington configured, NGA-489 NGA-589  bipolar transistor MMIC amplifier ideal for use in

high gain, heterojunction bipolar transistor Frequency (GHz) DC-8.0 DC -6.0 all wireless applications. InGaP HBT technology
N a5 e improves the reliability and performance and
gands . : : minimizes leakage current between junctions.

MMIC amplifier offers value and performance
for all wireless and broadband communication e
applications. Outstanding features are: TOIP (dBm) 38.5 38.0 Other features include:

Cascadable 50Q2: 1.5:1 VSWR N.F. (dB) 4.5 4.5 Cascadable 50Q2: 1.5:1 VSWR
Low positive voltage supply P1dB (dBm) 17.5 1.0 Low thermal resistance package

Low thermal resistance package Supply Voltage 4.2 5.0 High linearity

High gain

High linearity Supply Current 80 80 Hiah P1dB
19

All data measured at 900MHz and is typical.

MTTF @ 150C T; = 2 million hrs. (Rp, = 110 CW typ.) =3 S t f d

Stanford Microdevices is a world leader in meeting the need for high performance § 1 3

components at market leading prices. Fabless technology allows us to manufacture _w

over 200 different products covering the following applications: Cellular, PCS, Wireless

LAN, Wireless Internet, GSM and ISM. InGaP represents the latest in design and t 1-800-764-6642

innovation for swiftly growing wireless communication technologies. Founded in 1992, P?Pt- NGM R F1

Stanford Microdevices has grown to become the favorite of OEMs worldwide. Visit our web site at
http://www.stanfordmicro.com

©1999 Stanford Microdevices. All company and/or product names are trademarks and/or registered trademarks of their respective owners.
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farmaterlals and pracesslng

of antenna circuits!
Materials...

NorCLAD" rrovesed

laminate material. dK: 2.55. Dissipation:
.0011 @ 3 GHz. NorCLAD costs 10% to
50% less than materials of comparable
performance.

P OL YGU[DE " Low cost, low

loss substrate used in construction of high
performance commercial microwave
antenna products. dK: 2.32 ...similar to
other popular laminates. Dissipation: .0002...superior to
other comparable constructions. |deal for moderate

temperature commercial applications.
Antenna Design by Seavey Engineering. Material and process by Polyflon.

w

-

Services...

« Circuit Processing Expert fabrication of high
performance circuit boards and panels up to 24"x58",
from .003” to .125” thick. Plus, quick turn around of
your design.

+ Plating in-house capability to copper plate directly
to the surface of PTFE and other dielectrics.

+ Machining An array of CNC, custom machining or
forming. Our experience in molding, plating, and
machining PTFE and other high performance plastics is
unsurpassed in the industry.

OnIyPonﬂan candoitalll

CUFIOH " Pure PTFE substrate

electroplated with copper.
Dissipation: .00045 (measured from 1 GHz
to 18 GHz). dK: 2.1.

CRANE-®

POLYFLON
Polyflon Company,
One Willard Road, Norwalk, CT 08851
Tel: (203) 840-7555, Fax: (203) 840-7565
Modem: (203) 840-7564, Email: info@polyflon.com
Internet: http://www.polyflon.com

POLYFLON, NorCLAD, POLYGUIDE and CuFlon are registered trademarks of Polyflon Company.
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Power amplifiers

A brochure describes a line of power amplifiers (PAs).
Specifications that are listed include power, gain flatness,
linearity, and dimensions. Descriptions and features are
also provided. Lambda RF Systems; (408) 653-1675,
FAX: (408) 653-1660, e-mail: bruce_chinich@Lamb
daaa.com.
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Test equipment
A 400-page catalog features products for the telecom-
munications, local-area-network (LAN), fiber-optic, wire-
less, medical-electronic, and computer industries. Compo-
nent testers, digital multimeters (DMMs), frequency
counters, function generators, oscilloscopes, and power
supplies are presented. Analyzers, Category 5 testers,
and continuity testers are highlighted. Bit-error-rate
testers (BERTS), transmission test sets, optical time-
domain reflectometers (OTDRs), and power meters are
offered. Specialized Products Co.; (800) 866-5353,
FAX: (800) 234-8286, Internet: http://www.special
ized.net.
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Delay lines
An application note (number 19) explains how to select
coaxial delay lines for feedforward amplifiers. The main
concerns when selecting coaxial delay lines—electrical
length stability, tolerance, cost, configuration, and size—
are discussed. Among the design considerations outlined
include the benefits of circular coils, determining length
based on electrical characteristics rather than physicali-
ty, cable types, and packaging of the delay lines. The
application note also recommends system-design consid-
erations and the importance of considering delay lines
throughout the entire design process. MICRO-COAX;
(800) 223-2629, Internet: hitp:/fwww.micro-coax.com.
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Personal monitors
A data sheet overviews a family of RF personal moni-
tors. The data sheet features product descriptions and
specifications, as well as an alarm threshold versus fre-
quency graph. Narda Microwave-East; (631) 231-
1700, FAX: (631) 231-1711, e-mail: nardaeast@L-
3COM.com, Internet: hitp:/fwww.nardamicrowave.com.
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0OCXO0s/TCXOs
A 162-page data book focuses on oven-controlled crys-
tal oscillators (OCXO0s), temperature-compensated crys-
tal oscillators (TCXO0s), voltage-controlled crystal oscilla-
tors (VCXOs), clocks, mini ovens, as well as crystal filters
and crystal units. Application notes and general informa-
tion are included. Outline drawings, specifications, appli-
cations, as well as features are provided. Oak Frequen-
cy Control Group; (717) 486-3411, FAX: (717)
486-5920, e-mail: sales@ofe.com, Internet: http:/www.
ofc.com.
CIRCLE NO. 84 or visit www.mwrf.com
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Stellex and Space
Stellex solid state amplifier and mixer
components offer a 26 year history of reliable,
cost effective hardware, and responsive deliver-
ies—supporting the demanding delivery
schedules of today’s satellite programs, plus
continued excellence in customer service.
Stellex solid state amplifier and mixer compo-
nents have been the fundamental building
blocks for frequency conversions found in
telemetry, tracking, control and communication
applications worldwide.

In 26 years, we have:

* Participated in more than 75 programs.

* Provided hundreds of space qualified solid
state component models.

Stellex Customers Include:

* Hughes Space and Communications
* Motorola * Lockheed Martin

* Matra Marconi Space ¢ Alcatel

« NEC ¢ Alenia Spazio * Dassault » TRW

Talk to us about our integrated assembly
capabilities.

Discover Stellex’s legacy of excellence in space
sources. For more information,

call our 800 number, or fax

us at 650-813-2030.

- tellex

MICROWAVRLE SYSTEMS
www.stellexms.com
CALL 1-800-321-8075

Stellex Microwave Systems, Inc.
3333 Hillview Avenue, Palo Alto, CA 94304-1223
emalil: sales@stellexms.com

CIRCLE NO. 276




Antenna development

A guide is presented on antenna
systems for developers and manufac-
turers who are designing portable
computing devices using Bluetooth
technology. Selection of the right
antenna, antenna tuning and testing,
as well as antenna choices for Blue-
tooth products are offered. Location,
orientation, and attachment of the
antenna are also discussed. Centu-
rion International, Inc.; (402)
467-4491, FAX: (,02) 467-4528, e-
mail: sales@centurion.com, Inter-
net: hitp:/lwww.centurion.com.

CIRCLE NO. 85 or visit www.mwrf.com

Microwave components

A 34-page catalog highlights com-
plete repeater modules, upconvert-
ers, downconverters, dual downcon-
verters, low-noise amplifiers
(LNAs), power-amplifier (PA) mod-
ules, and cable-television (CATYV)
modem RF transceivers. Inquiry
sheets are included. Outline draw-
ings, specifications, and dimensions
are provided. Microwave Commu-
nications & Components Corp.;
+82-2-3,24-0800, FAX: +82-2-32}-
0808, e-mail: sales@mcck.com, Inter-
net: hitp:/fwww.meck.com.

CIRCLE NO. 86 or visit www.mwrf.com

Cable-modem technologies

A publication discusses cable-
modem technologies and applica-
tions. Information is provided on
today’s cable-modem market and
suggests how cable companies,
Internet service providers (ISPs),
RBOCs, vendors, and analysts can
capitalize on the opportunities of the
future. The publication thoroughly
examines all aspects of cable-modem
deployment, including the physical
layer, the network-routing layer, and
security issues. International
Engineering Consortium; (312)
559-3730, FAX: (312) 559-4111, e-
mail: publications@iec.org, Internet:
hitp:/fwww.iec.org/pubs.

CIRCLE NO. 87 or visit www.mwrf.com

Rubidium standard

A data sheet contains information
on a militarized rubidium (Rb) atom-
ic-frequency standard. The data
sheet includes technical characteris-
tics and an outline drawing. FEI

NEW LITERATURE

Communications, Inc.; (516) 79-
4500, FAX: (516) 794-4340, Internet:
hitp:/hwww. freqelec. com.

CIRCLE NO. 88 or visit www.mwrf.com

T1/E1 analysis

A data sheet describes personal-
computer (PC)-based T1/E1 analysis.
Basic software, scripted-control soft-
ware, optional software, and other
products are listed. Specifications
include physical interface, T1/E1 line
interface, PCM channel transmitter,
PCM channel receiver, facility data
link, insert, and pattern generation.
GL Communications, Inc.; (301)
670-4784, FAX: (301) 926-8234, e-
mail: gl-info@gl.com, Internet:
hittp:/fwww.gl.com.

CIRCLE NO. 89 or visit www.mwrf.com

Planar scanners

A brochure overviews the capabil-
ities of a family of planar scanners.
Areas covered in the brochure
include mechanical accuracy, electro-
magnetic (EM) performance, speed,
reliability, planarity, and require-
ments growth. Microwave Instru-
mentation Technologies LLC;
(800) 848-7921, (678) 475-8300, FAX:
(678) 475-8391, Internet: hitp://
www.mitechnologies.com.

CIRCLE NO. 90 or visit www.mwrf.com

Frequency mixers

A 196-page RF/intermediate-fre-
quency (IF) designer’s guide con-
tains information on frequency mix-
ers, high-power combiners/splitters,
power splitters/combiners, attenua-
tors, impedance matching pads, ter-
minations, and amplifiers. Direction-
al couplers, filters, frequency
doublers, phase detectors, phase
shifters, limiters, phase modulators,
and voltage-controlled oscillators
(VCOs) are also covered. Mini-Cir-
cuits; (718) 934-4500, FAX: (718)
332-4661, e-mail: sales@minicir
cuits.com, Internet: http:/fwww.mini
circuits.com.

CIRCLE NO. 91 or visit www.mwrf.com

Isolators and circulators

A 43-page product catalog
describes several product lines. Fea-
tures and specifications of multichan-
nel-multipoint-distribution-systems
(MMDS) fixed wireless transceivers,

base-station expansion-rack sys-
tems, as well as isolators and circula-
tors are highlighted. Renaissance
Electronics Corp.; (978) 263-4994,
Internet: hitp://www.rec-usa.com.
CIRCLE NO. 92 or visit www.mwrf.com

Precision sources

A 672-page catalog provides infor-
mation and specification for a range
of hardware- and software-measure-
ment products. Digital multimeters
(DMMs), electrometers, precision
sources, voltmeters, picoammeters,
ohmmeters, source-measure units,
power supplies, switching systems,
and semiconductor characterization
systems are offered. Keithley
Instruments, Inc.; (888) 534-8453,
(440) 248-0400, FAX: (440) 2,8-6168,
e-mail: product_info@keithley.com,
Internet: http:/fwww.keithley.com.

CIRCLE NO. 93 or visit www.mwrf.com

Fiber-optic cables

A 64-page fiber-optic-cable prod-
uct catalog features an introductory
section on indoor/outdoor tight-
buffer fiber-optic cables. The various
types of cable with complete fiber
and cable specifications, cross-sec-
tional drawings, and termination dia-
grams are outlined. Technical arti-
cles, covering topics such as
frequently asked fiber-optic-cable
questions, are included. Optical
Cable Corp.; (800) 622-7711, FAX:
(540) 563-9829, Internet: http:/lwww.
occfiber.com.

CIRCLE NO. 94 or visit www.mwrf.com

Test system

A magazine breaks down products
by application area, reflecting test
equipment for different sectors
including local loop, fiber optics,
transport networks, enterprise net-
works, and digital broadcast. A mod-
ular test system for the local loop, a
portable 10-Gb/s tester for syn-
chronous digital hierarchy (SDH)/
Synchronous Optical Network
(SONET), and systems for integrat-
ed-services-digital-network (ISDN)
installations are covered. Wavetek
Wandel Goltermann; +49 7121 86-
1616, FAX: +49 7121 86-1333, e-mail:
info@uwgsolutions.com, Internet:
http:/lwww.wwgsolutions.com.

CIRCLE NO. 95 or visit www.mwrf.com
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MTI-Milliren Technologies, Inc. is committed to research and development that
focuses on both product innovation and enhanced manufacturing techniques.
We are today on the dawn of a new era, with the launch of several exciting
products that will redefine the standard in Quartz Crystal Oscillator technology.
We continue to push the boundaries of technical performance, packaging
innovation and competitive pricing across our full OCXO, VCXO and TCXO
product range. Visit our Web site or contact us directly for detailed product

information or to discuss your frequency and timing application.

Two New Pasture Road, Newburyport, MA 01950 USA e Tel: 978.465.6064 Fax: 978.465.6637
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APPLICANTS

Job Electronics Engineering
O
Search Career Center
ey
Resume '0‘ Job Search
Posting "
E'i:'gé‘:gfy’s SEARCH, KEYWORDS, TITLE, COMPANY
EMPLOYERS
Job POST RESUME
Posting l
g:f,'t‘ge UPDATE YOUR RESUME

Careers for electronic, electrical, microwave and wireless design and
development engineers and engineering management in the computer
hardware, software, communication systems, industrial controls, medical,
avionics, automotive and consumer electronics Industries.

EMPLOYERS:
e Post your job openings
- Within 48 hours / update weekly
- Exposed to more than 1,000,000 job seekers per month
e Banners/Buttons promote direct candidate flow to your HR office
e Direct access to more than 200,000 resumes on-line
¢ Use our HR Center

JOB SEEKERS:

e FREE resume posting

e E-mail your resume

¢ Find jobs by company name, category or function

EmMPLOYERS: CALL FOR ON-LINE DEMO

Tim WacnNER: 216.931.9631

Put this powerful recruitment tool to work for your
company within a 48 hour period

www.eecareers.com

the on-line recruitment solution



& RF ENGINEERING CAREERS

RATES MATERIALS

Effective January 1, 2000 Ad material to:

$205 per column inch Penton Media, Inc., Classified Department
Commissionable to agencies Attn: Chet Zielinski

1100 Superior Ave., Cleveland, OH 44114

SALES STAFF

Chet Zielinski

(216) 931-9859

Fax: (216) 696-8206

Email: czielinski@penton.com

Semiconductor, industrial, research
and other applications—when they in-
volve thin film processing equipment, they're
often receiving reliable, solid-state power from
products and systems supplied by industry leader ENI. At
our world headquarters in Rochester, site of 450 EN| asso
ates, our radio frequency (RF) and DC high power conversion
products are developed and manufactured in 1SO 9001 certi-
fied facilities. Join a world-class company supplying world-
wide markets. We seek:

. RF Design Engineer

Engineering, design and implementation of appropriate technology for
the electrical subsystems of ENI products. Execution of prototype, beta
and test phases of the development cycle. Requires knowledge of solid-state
power amplifiers with a frequency range of 2 to 300 MHz and power range of
300W to 10kW. A BSEE and 5 years of relevant experience are required.

SEARCH, KEYWORDS, TITLE, COMPANY

POST RESUME

UPDATE YOUR RESUME

areers for electronic, electrical,
icrowave and wireless design
nd development engineers and
ngineering management in the
omputer hardware, software,
pmmunication systems, industri-
I controls, medical, avionics,
utomotive and consumer elec-

. ENI offers a competitive compensation package that includes a generous . tronics industries.
benefits plan with health, dental, life and company-matched 401(k). Please
mail, fax or email resume and salary requirements to: ENI, Human Resources,
100 Highpower Rd., Rochester, NY 14623. Fax: 716-292-7410. Email:

hr_staffing@enipower.com. EOE

A Subsidiary of Emerson Electric Co.

Post your job openings

- Within 48 hours/update weekly

- Exposed to more than1,000,000
job seekers per month

Banners/Buttons promote
direct candidate flow to your
HR office 4

¢ Direct access to more than ‘
. 200,000 resumes on-line
Use our HR Center

N(E,S/ A World of Possibilities

A Window of Opportunity

RF Job Network™

Jobs for RF/Wireless/Microwave Engineers

The number of opportunities in today’s market is overwhelming...
However, identifying the best and timing it right is the challenge. NES
has strategic alliances with the people who are creating technology,
not just using it. If you're looking for the inside track on tomorrow’s
best opportunities (not yesterday’s), then you should be talking to us!

.* FREE resume posting

* E-mail your resume
Find jobs by company .
name, category or function

www.rfjn.com

Free to Job-Seekers / $100 for Employers

National Engineering Search ¢ IMMEDIATE OPPORTUNITIES:

is the leading search firm placing  Communications (Data, PCS,
Engineers nationwide. Our clients  Cellular, Networks, Satcom,
range from the Fortune 500 to new = GPS), Digital Imaging, CATV,
emerging technology companies.  Medical, Computers, Defense,
Contact us today for tomorrow's  Consumer Electronics

best opportunities! Skills in any of the following:

800.248.7020 High Speed Digital & Analog

EMPLOYERS:
CALL FOR ON-LINE
Demo

Tim WAGNER
216-931-9631
Put this powerful
recruitment tool to work
or your company within a

Radio Frequency Engineer. B.S. or
' Wi . ASIC, equiv. in EE or electr. tech. 7 yrs.
gk FPGA, MMIC, AD/DA, Wik, exp. in radio freq. engin. Mail resume
See many of our opportunities on-line: :'"m:’;m':" WGD‘I’:#I&::A, to Ms. Sharon Mafks, Sharp
sbasiagenims? ' Technical Services, 875 Kings

nesnet.com Anennas, Embedded Software ’
What are you Worth? Highway, Woodbury, NJ 08096.
See our On-Line Salary Survey!

48 hour period
wWww.eecareers.com

In most cases, tained in &RF section
indicate that the companies are equal opportunity empioyers. The Federal Givil

Rights Act of 1964, and other laws, prohibit discrimination in employment based on
race, color, religion, national origin, sex or for any reason other than lack of pro-
fessional qualification for the position being offered. It should be neted that employ-
ment advertisements in Microwaves & RF are published for the readers conve-

nience and in no way, to the best of our knowledge, promote unlawful
discrimination.

the on-line
recruitment solution

MICROWAVES & RF = APRIL 2000
173




& BF
ENGINEERING CAREERS

RATES SALES STAFF

Effective January 1, 2000 Chet Zielinski
$205 per column inch (216) 931-9859

Commissionable to agencies Fax: (216) 696-8206
Email: czielinski@penton.com

NNovation.

A fancy word for change. A must in today’s evolving world.
The core of our business.

‘making the latest and
greatest even better.”

“ﬂ " Exactly what we do. Every day.

For the talented bunch of designers,

PROSCAN® programmers, accountants, assistants
and engineers who work here, innovation

brings an opportunity to improve upon
: the ultimate. To take creativity one...
) no, two steps further. And having the

freedom to do so.

DTV SOFTWARE DEVELOPER Successful candidates should possess a BSEE degree, MSEE preferred, and
a minimum of 3 years' experience in embedded software development and a good understanding of real-time OS concepts.
Experience with WinCE/Windows application and driver development and/or experience in box/network security would be a
strong plus. Job Number 0069

DTV SOFTWARE DEVELOPER Successful candidates should possess a BSEE, MSEE preferred, and a
minimum of 3 years' experience in embedded software development and a good understanding of real-time OS concepts.
Experience with WinCE/Windows application and driver development and/or database development and techniques would be
a strong plus. Job Number 0070

DTV SOFTWARE DEVELOPER Successful candidates should possess a BSEE degree, MSEE preferred, with
aminimum of 3 years’ experience in embedded real-time software development and a good understanding of real-time
kemel/OS concepts. Experience with WinCE/Windows application development and/or networking development would be

a very strong plus. Knowledge of 1394, TCP/UDP/IP, AV/C, HPNA would also be a plus. Job Number 0071

DTV SOFTWARE DEVELOPER Successful candidates should possess a BSEE degree, MSEE preferred, with
aminimum of 3 years’ experience in embedded real-time software development and a good understanding of real-time
kemel/0S concepts. Experience with WinCE/Windows interrupt and driver development would be a very strong plus. Knowledge
in driver and communication bus protocols development such as 1394, PCI, IDE, ATAP! is also a plus. Job Number 0072

ADVANCED DIGITAL ARCHITECTURE Successful candidates should possess a BSEE/BSCS degree;
MSEE preferred. Skills desired include working with real-time operating systems in embedded products (5 years), proficiency
with C/C++ and familiarity with Internet protocols and communication stacks. Candidates should be experienced with MPEG
audioAvideo, microprocessors and Board Support Packages. Must be able to communicate ideas and work with a small team.
Job Number 0074

30 S3NSS1X0v8 ONY LNealt) AJIA

WO PMUI'MMM

SBIII?MC).I)EIEP

THOMSON multimedia, manufacturer of RCA, PROSCAN, and GE consumer electronics, offers a competitive
salary and benefits package, as well as the opportunity to engage your talents in an environment of
cutting-edge technology and no-holds-barred thinking. For immediate consideration, please send your
resume and salary requirements, in confidence to: Staffing, Job # __ MRF, THOMSON multimedia,
INH110, P.0. Box 1976, Indianapolis, IN 46206-1976. Fax: (317) 587-6762.

E-mail: jobopps@tce.com, or visit thomson-multimedia.com EOE M/F/D/V.

E ).

Taking creativity two steps further.

THOMSON jeoi

www.thomson-multimedia.com
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Like what
you see?
Need more
information?
Do you want
it now?

www.mwrf.com

Visit the
Microwaves & RF
website at:
www.mwrf.com and click the
instant inquiry button to request
information seen in this issue or
visit the manufacturers links for
direct access to all Microwaves &
RF advertisers.

Microwaves
CIRF

A [enton

611 Rte. 46 West,
Hasbrouck Heights, NJ 07604

LOOKING BACK
T P A O A R A

Almost 16 years ago, the Spokane (WA)
Division of Hewlett-Packard Co. (now Agilent
Technologies) unveiled a signal generator with

spurious and phase-noise performance once

possible only with cavity-type signal generators.
The 8642A/B signal generators operated to 2115

MHz using surface-acoustic-wave (SAW)

resonators as part of the signal-generation process.

Microwaves & RF

May Editorial Preview

Issue Theme: Radar &
Antennas/MTT-S Preview

News

The May issue of Microwaves & RF
will offer several newsworthy fea-
tures, including a specifier’s guide to
antennas and a Special News report
on the current state of communica-
tions antenna technologies. In addi-
tion, May will cover the technical
presentations and expected new
products to be revealed at the MTT-S
Symposium & Exhibition, coming to
Boston, MA this June.

Design Features

May’s contributed technical articles
will examine design techniques for the
components of radar and communica-
tions systems. Two articles on ampli-
fier design will address techniques for

optimizing output power and linear- :

ity, as well as an approach for using
lossy matching networks in power
amplifiers (PAs). Two multiple-part
articles will continue in May: one on
the computer-aided design (CAD) of
phase-locked loops (PLLs), the other
on the use of computer software to op-
timize oscillator performance.
Product Technology

May’s Product Technology section
will launch a number of hot new com-
ponents and test instruments, includ-
ing a line of notch filters for communi-
cations applications, a line of
gallium-arsenide (GaAs) components
for optical transmissions exceeding 10
Gb/s, and a series of general-purpose
oscilloscopes that provides digital
power but analog appearance.
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Get a piece of the ARRA pie...

We’ve said a mouthful thh these
pie a la mode units . . . A truly
time-tested ARRA product. Mod-
ified along the way into a lightweight
rugged, dependable product. Prac-
tically shockproof (can stand up to
any environmentals). Broadband, lin-
ear phase slope, great specs!

® Three sized units for maximum, medium, or

trim-type phase adjustments

® Low insertion loss & excellent VSWR

e Completely enclosed sliding mechanism offers
maximum protection

Visit our website at www.arra.com

Phase Shifters
DC-18 GH?

® Available with micrometer or locked shaft
e Unique matching structure

¢ RF power, 100 W average

Some of the best darn component
recipes you can find are cooking at
ARRA right now! Send for your

copy today and get a piece of the
ARRA pie.

.. the last word in variable attenuators

I—l 1‘ ll ll 1 INC.
NTENNA & RADOME RESEARCH ASSOCIATES I

15 Harold Court, Bay Shore, N.Y. 11706 ¢ 631-231-8400

For complete info, write for literature. For instant info, see MicroWaves' Product Directory.
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Quality ! Reliability !Performance Engineering | - Service Support Price

Go To: i http:/Awww.rf-power.com

e —_—

== Power
Components, Inc. N\

N
-~

» ISO 9002 registered * Professional service and

* 48 Hour shipment for most competitive pricing
standard products ¢ Complete value added and

« Comprehensive custom design capabilities
technical support

Surface Mount 90°
Hybrid Couplers

MBurr-free manufacturing . i " :
WFull edge wrap - - are r r" R Fomr

M Via holes for optimum connectivity e hy  SOSSZIONE
Terminations g w -

mNon-Nichrome resistor for low IMD "l

Terminations

503B1870N2

° Hybrid Couplers
Attenuators an“ HYBRID COUPLERS s
i ivi odel Freq. Range Power Watts. Amp. Bal Phase Bal. Isolation VSWR Insertion
(_:Dmll!ller'ﬂn“ﬂllﬂl‘s Number (Mhz) (CW) Max Deg Max Min Loss Max.
Directional Couplers S03B700W1_ 400-1000Mhz  200W  +/0.65B  +-1.5  200B 1 0.25d8
e P ' SO3ABBBNT _ 815-960Mhz___ 100W +-1 2008 1. 0.25dB
Resistors ‘)\\J’ S03B888N2 815-060Mhz_ 200W 20dB 0.20dB_
PP—— ) SO03AT870N1 1750-1990Mhz__ 100W : 20dB 0.25dB
G e Jec coRxiey S03B1870N2  1750-1990Mhz __ 200W p 20dB 0.20dB
; S SO3A1960N1  1930-1990Mhz _ 100W  +/0.20dB  +/1.5  20dB
Attenuators )\9 S03B1960N2 1930-1990Mhz__ 200W _ +/0.10d8 _+/1.5 208
8-150 Watts, DC - 4 Ghz, SMD, flanged, coaxial %Z_UIL, _BW 100w +/-0.300B +-2 _L e
s WS i S03B2150N2 2000-2300Mhz __ 200W B +/-2 2008 1.
o i )‘4 S03A2250N1 2000-2500Mhz__ 100W  +/0.30dB  +2 _ 20dB
30° Hybrid Couplers \) SO3A2500NT  2000-3000Mhz__ 100W  +/0.350B  +-2  20dB
100-2000 Watts, 50 - 4200 Mhz, SMD, caseless, coaxial S03D3500NR _3000-4000Mhz  50W _ +/-0.300B  + __18dB_ 1.30:1
Directional Couplers ')\\;) TERMINATIONS (CASE STYLE Z)
oo pows o Reference Watts VSWR  Frequency
100-2000 ans,f-GDOGMhz, ,caﬁeless,cmx:a RFP-100200-4250-2 10 1.25:1 3 GHz
§ i RFP-250250-4Z50-2 16 0 2GHz =
<} Ll B ol i o RIS o Sl - B st
Combiners/Dividers )\) RFP-250250-6Z50-2 16 3GHz
50-1500 Watts , 25 - 2000 Mhz, SMD, caseless, resistive, coaxial RFP-250375-4Z50-2 25 g
T ; RFP-375375-6250-2 30
Gustom Devices )g \J)

Custom devices and assemblies

Call toll free 877-RFPC-INC (877-737-2462) for nearest representative.

={3 P 82200,
Catalog @ N ower/
s <~ Components, Inc. 45780

125 Wilbur Place » Bohemia, NY 11716 U.S.A. ¢ TEL: 516-563-5050 * FAX: 516-563-4747 » www.rf-power.com
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