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O Agilent Technologies, Inc. 2000

a/rerams made real.

To those who won't rest until wireless means
limitless. The vision is communications without
boundaries. And you're responsible for making
the vision real. But you're not alone. Whether
you're trying to be first to market, reduce costs, or
improve customer service, Agilent Technologies
has a range of products and services to help
yvou deliver the next generation of wireless

technology. Who knows how far you'll go.

Agilent Technologies
Innovating the HP Way

Agilent Technologies is a new company
comprised of the former Hewlett-Packard
test and measurement, chemical analysis,
semiconductor components and medical

CIRCLE NO. 231 products businesses.



FEATURES:

- Broadband operation

- Minimal variation in
conversion loss

« High IP3 and 1 dB
compression versus LO
power

CONVERSION LOSS/SPURIOUS

LO FREQUENCY:10 GHz

CL(1X1)

10

CL, SPURS (dB,-dBc)

RF/LO Input Frequency Range 6to 18 GHz
[F Output Frequency Rangg 0.05 to 5 GHz
Conversion Loss 6 dB Typical

éﬁﬁous ' -55 dBc
Third Order Intercept Point +23 dBm Typical
\ 1 dB Compression Point

+13dBm Typical 7—j

NOR
For further information, please contact Mary Becker 1S0 9001
at (631) 439-9423 or e-mail mbecker@miteq.com
100 Davids Drive - Hauppauge, NY 11788
M‘ lT—"'q TEL.: (631) 436-7400  FAX: (631) 436-7430

www.miteq.com
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LIFT.

— for every application

3

. L) DMINL
Model Freq.Range Gain NF  Gain 1dBComp. 3rdOrder VSWR DCCurent
GHz dBmin dBmax Flaté-dB pt.dBmmin ICPtyp InfOutmax mA

§ JCAD18-203 05180 20 50 2B 1 17 201 250
§ JCAD18-204 05180 25 40 28 10 20 20:1 300
B JCA218-506 20180 35 50 28 15 25 2011 400
JCA218-507 20-180 35 50 28 18 28 201 450

: 20-180 30 50 28 3 20:1 500

: ) \_]

Model Freq.Range Gain NF  Gain 1dBComp. 3rdOrder VSWR DC Curent

: GHz dB min dBmax Flat#-dB pt.dBmmin  ICPtyp In/Outmax  mA

8 JCA04-403  0.5-40 ; 15 2 20:1 550

8 JCAOB-417  05-80 ; 15 0: 550

§ JCA28-305  2.0-8.0 . 1.0 0. 550

JCA212-603  2.0-120 . 3.0 0: 550

i JCA618-406  6.0-18.0 | 20 ; 600

® JCA618-507 6.0-180 ! 20 800

| Model Freq.Range Gain NF  Gain  1dBComp. 3dOrder VSWR DO Current

. GHz dBmin dBmax Flat+-dB pt.dBmmin  ICPtyp In/Out max mA

§ JCAIZ2-PD1 135-185 35 40 10 33 4 2.0:1 1000
JCA4-P02 3135 40 45 il 31 201 2200

8 JCARG-POT 5964 30 50 10 34 201 1200

& JCA312-P03 80-120 40 50 15 3 201 1700

8 JCAI28-P02 120-180 22 40 20 25 Z01 700

. Model Freq.Range Gain MNE  Gain 1dBComp. 3rdOrder VSWR DCCure
| GHz dBmin dBmax Flat+-dB ptdBmmin  ICPtyp [n/Outmax  mA
§ JCA12:3001 10-20 40 08 10 10 2 201 200
B JCA24-3001 2040 32 12 ! 20 201 200
JCA48-3001 4.0-80 40 13 . 20 201 200
B JCAB12-3001 80-120 32 18 : 20 20:1 200
8 JCA1218-800 12.0-180 45 20 . 20 20:1 250

N

MANL LIV O
- Model freq.Range Gain NF  Gain  1dBComp. 3rdOrder VSWR DCCurre
g GHz dB min dBmax Flat+-dB pt.dBmmmn  [CPtyp In/Out max mA
A12-1000 1216 25 05 10 20 20:1 80
A23-302 2223 E 0b 10 20 20:1 80
A 3.7-4.2 05 10 20 2.0:1 90
05 13 23 1.5:1 150
0.5 13 23 1.5:1 150

TECHNOLOGY B oihe o
2 021-3001 20.2-21.2 20 05 L
DELIVERY IN 2-4 WEEKS ARO ~ Features: Options:
0

05 10 W I 10
0.5 13 a3 0 120

05 13 3 1.5:1 150
Jc A 5 B A W W
00 Via Re 'dor, Camarillo, CA 93012 + Removable SMA Connectors ¢ Alternate Gain, Noise, Power, VSWR levels if equired
(B05) 445-9888 Fax: (805) 987-6990 o Competitive Pricing + Temperature Compensation
ailf jc @jc 'qe h'ﬂom‘WWW.lCHtECh.COTﬂ . EumpnctSize « (Gain Control
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SPIRENT

Communications

Extend your product’s
performance with

3G CDMA test solutions
from Spirent

Communications

Wideband CDMA stretches old algorithms to new limits. Algorithms such as RAKE finger
tracking and wideband channel estimation. These key ingredients of wideband 3G designs

must perform over a broad range of environments. Environments that change...Quickly. SPIRENT
That's the reason the TAS 4500 FLEX5 RF Channel Emulator comes equipped with a has brought

powerful new dynamic channel emulation mode called 3GPDP (Power-Delay Profiles). together Adtech,
Use 3GPDP to test your receiver designs under the most y DLS, GSS, SmartBits,
challenging RF channel conditions. FLEX5 meets all ; and TAS to create

W-CDMA and cdma2000 test specifications. But why _ the world's leading
stop there? Program 3GPDP's Moving Propagation ' communication test and
and Birth-Death channel models to emulate any r measurement company
environment you can dream up. 4 1-800-927-2660

WWW.spirentcom.com
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Worth switching to...

® o ®a® ant to save more real estate in your cordless phone,

o act eoe® P8, and digital cellular handset designs? Our ultraminiature
low voltage
Leanasporswicnesare  (GaAs SPDT switches deliver wide bandwidth, low insertion loss

available now

in low cost 6-pin
2.0x1.25%x0.9 mm
“super minimold”

and high P,y plus the quality

package.  and consistency you've come 1 > ..o
to expect from NEC. U tramlmatur e
Best of all is the price. GaAS SWitCheS :
At less than 50 cents each in

production quantities, they're

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

our NEC switches directly from our website.

They can all be
FREQUENCY RANGE 100MHz to 2.5GHz | 100MHz to 2.5GHz :
INSERTION LOSS 0.4dB @ 2GHz 0.55dB @ 1GHz found in our
) 0.65dB @ 2GHz
dB to +35dB : ;
Pice +27d6m up 1o +35dEm RFIC Selection Guide
CONTROL VOLTAGE +3V to +5V +3Vto +5V Shown 3X
- actual size.
PACKAGE 6-pin super minimold 8 Pin SSOP .
price” e o under GaAs RFICs at:

*100K Piece Qty.

4590 Patrick Henry Drive

Ca]jfornja Eastern Laboratories

DISTRIBUTORS: Arrow (800) 525-6666

Mouser Electronics (800) 346-6873

= Santa Clara, CA 95054

www.cel.com/prod/prod_rfics.asp

www.cel.com

NEC

" 408 988-3500

Reptron Electronics (888) REPTRON
Electro Sonic (800) 567-6642 (CANADA)
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Aluminum Nitride Forges
High-Power Resistive Components
By refining thick-film pastes and
AIN ceramic substrates, vesistive
components can be an alternative
to BeO in bigh-power applications.
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@ 2000 Digi-Key Corporalion

#1 Web Site’

Rated #1 by...

= Purchasing 7/,
= Design Engineering (.
= Design Engineering Managemem
= Corporate Management 4 '

Best Web Site by all four a t nm.'s'

* Distribution Trends 2000, Cahners Electronics Group
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A lot Less
Headaches

When you use Noise Com’s UFX-NPR
to test Noise Power Ratio.

If you need to test Noise Power Ratio without a
complex, time consuming set up, look to Noise Com’s
UFX-NPR Noise Power Ratio Test Set. We offer
customers a trouble-free solution... NPR test capability
right out of the box!

Backed with 15 years of design experience the
UFX-NPR is loaded with unique features:

¢ High Frequency capability up to 40 GHz.
¢ Wide Noise bandwidths up to 10 GHz.
* Superior measurement speed and notch depth.

¢ Self contained test solution. Calibration,
configuration and set up not required.

¢ Automated measurement technique.
¢ Easy to use keypad or remote GPIB Control.

* Ongoing data storage within the Unit's
memory capacity.

¢ Test TWTA’s, Linearizers, Frequency converters,
Amplifiers, CATV applications, Fiber Optic systems.

It's simple and painless....... the Noise Com UFX-NPR.

Test Smarter!

Noise Com

E. 64 Midland Avenue
Paramus, NJ 07652

Phone: (201) 261-8797

Fax: (201) 261-8339
Email: info@noisecom.com
Web site: www.noisecom.com

NOISECq
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Waste Not. Want Not.

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

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

El Toro 68C/69B Microwave Synthesizer

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

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

/inritsu

One world. One name. Anritsu.

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

% :x e - - ;‘j .
Motorola \ N — e High power,
and " - il low cost and
Richardson small packages are
Electronics » just a few of the
offer the advantages of Motorola's

perfect balance of
exceptional products

and services.

Motorola's broadcast, PCN and

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

and engineering support.

5 RF components. When
combined with Richardson’s

global, technical and logistical
support, you get the perfect balance of
exceptional products and services.

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

CELLULAR

PCN PRODUCT Oper. Oper.
Device Frequency  Voltage Gain (Typ.) Output Power Device Frequency  Voltage Gain (Typ.) Output Power
MRF18060A/AS 1805-1880 MHz 26 Volts  13.0dB 60 WattsCW  MRF9180 880MHz  26Volts  17.0dB 180 Watts PEP
MRF18060B/BS 1805-1880 MHz 26 Volts  13.0dB 60 Watts CW  MRF9085/S 880MHz  26Volis  17.0dB 85 Watts PEP
MRF18090A/AS 1930-1990 MHz 26 Volts  13.5dB 90 WatisCW  MRF9045/S 945MHz  28Vols  18.0dB 45 Watts PEP
MRF18090B/BS 1930-1990 MHz 26 Volts  13.5dB 90 Watts CW  MRF9045M 945MHz  28Volts  16.0dB 45 Walts PEP
MRF19030/S  1930-1990 MHz 26 Volls 13.0dB 30 Watts PEP
MRF19045/S  1930-1990 MHz 26 Volts  14.0dB 45 Watts PEP g:g:DCAST e Gag‘p(gr; Sl
MRF19060/S  1930-1990 MHz 26 Volts  125dB 60 Watts PEP i St Vo—ﬂ——lts o T
MRF19085/S  1930-1990 MHz 26 Volts  125dB 90 Watts PEP
MRF373AIAS*  470-860MHz 28Volts  112dB 100 Watts PEP
MRF19125/S  1930-1990 MHz 26 Volts  125dB 125 Watts PEP it o St e B R
WIE a0 . s0A0NNe ols 120dd teSWemspER e S ETTE SR B e
MRF21180/S ~ 1930-1990 MHz 28Volts 11.3dB 160 Watts PEp  ~19er development.
f Richardson
@ MOTOROLA Electronics

Engineered Solutions

Visit Richardson's
online catalog at
catalog.rell.com

More than 60 locations worldwide to serve you. E-mail: ssc@rell.com, Internet: www rfpowernet.com/motorola.asp, Toll Free: 800-RF Power or 800-737-6937
(U.S. & Canada), Australia: Castle Hill, ACN 069 808 108 +61 (2) 9894-7288, Bayswater, ACN 069 808 108, +61 (3) 9738-0733, Brazil: Sdo Paulo, +55 (11) 820-
6199, China: Shanghai, +86 (21) 6440-0807, Colombia: Sanle Fe de Bogota, DC, (57-1) 636-1028, France: Colombes Cedex. +33 (1) 55.66.00.30, Germany:
Puchheim, +49 (89) 890 214-0, Hamburg, +49 (40) 555 88 410, Italy: Sesto Fiorentino (FI), +39 (055) 420831 Agrate Brianza (M), +39 (039) 653145, Roma, +39 (06)
41.73.37.51, Japan: Osaka, +81 (6) 6314-5557, Tokyo, +81 (3) 5215-1577, Korea: Seoul, +82 (2) 539-4731, Mexico: Mexico City, +52 (5) 674-2228, Guadalajara,
+52 (3) 645-4641, Netherlands: Amsterdam, +31 (20) 446 7070, Philippines: 63-2-633-9480, Singapore: +65 487-5995, Spain: Madrid, +34 (91) 528 3700
Barcelona, +34 (93) 415 8303, Sweden: Stockholm, +46 8 564 705 90, Taiwan: Taipei, +886 (2) 86915238, Thailand: Bangkok, +66 (2) 749-4402, Turkey: Iclevent
Istanbul, +90 212 264 3721, United Kingdom: Lincoln, +44 (1522) 542631 Slough, +44 (1753) 733010, Vietnam: Ho Chi Minh City, +84 8.811.1919. For other
inernational inquiries call Corporate Headquarters: LaFox, IL (630) 208-2200, Fax (630) 208-2550. MK0518 ©2000 Richardson Electronics, Ltd.

1-800-RF-POWER -

www.rfpowernet.com/motorola.asp °+ ssc@rell.com

Molorola s a registered trademark of Motorola. Ine
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These models
will get you simulated

For an exciting collection of models with great
curves, check out the Coilcraft web site.
You'll find equiva-
lent circuits for all of
our surface mount RF
inductors, LC filters and power magnetics.
Choose PSPICE models
that describe perfor-
mance from DC up to
weorequilent 1 8 GHz, models for
circuit models for
psriceandoter - non-PSPICE software
dlaoincs Simulation tools.
packages, or S-parameter

files with data from 30 kHz up to 6 GHz.
Unlike the “ideal” or theoretical models
published by most other

WWW.COilcraﬂ.Com/mode|s manufacturers, ours are

based on empirical mea-
surements. So they’re as close as you can get
to a component’s true performance without ac-
tually building the circuit.

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

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

We are ¢ Storm Products—RF/Microwave Group. ..a leading manufacturer
of high performance interconnect products for makers of telecom, wireless,

aerospace, military and test equipment systems.

We provide * Engineered interconnect solutions designed to

meet demanding applications through 50GHz.

\ Growth ¢ Storm Products—RF/Microwave Group has been supplying high
& St M' oy performance transmission line products to domestic and infernational markets
s M”‘::n-\‘ for more than 20 years. This year we increased our investment, expanding
‘. s ! gm"" our capacity and adding new capabilities to meet the evolving needs of the
iﬁ‘ —— rapidly growing wireless and telecom industries. e
).
e 9
Capabilities * Design and development of cables, connectors and assemblies are iR x
handled in-house to maintain full developmental control. A unique blend of RF/microwave ‘% e

and fiber optics engineering and manufacturing capabilities supports convergence of these [

technologies at the system level. Partnerships in the UK arid Switzerland provide a European

engineering and production base.

Facilities * Three facilities support our efforts to best meet our

customers’ needs. Our original Hinsdale, lllinois, location houses

cable manufacturing, assembly production and product development

activities. A new Willowbrook, Illinois, facility focuses on specialized

M cable assembly production and our facility in Mexico supports high '

volume manufacturing. %

Service  Storm Products—RF /Microwave Group is committed fo
total customer satisfaction based on quality products, backed by

the personalized service of our knowledgeable sales team.

RF/MICROWAVE GROUP
Hﬂﬁ nm 116 Shore Drive ® Hinsdale, IL 60521
pacaucts co. m oesiana wanvrscruanc s TEL 630.323.9121 » FAX 630.323.9398
TOLL FREE 888.347.8676

www.stormproducts.com :
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WIRELESS FILTER
AND DUPLEXERS

® cellular and PCS base
\ stations filters, duplexe
and assemblies

® delay assemblies for feec
forward amplifier applicat

With over 35 yeérs experience
designing and manufacturing
microwave components, Lorch

Microwave provides filtering

solutions to the commercial market

WAVEGUIDE DIPLEXER
E point-to-point microwave
radio links to 40GHz
m from less than 1MHz to 40GHz ® terrestrial communicatio

networks

& from base station to microwave
radio links

m from high volume to small
custom runs

Diverse engineering

and manufacturing

capabilities allow CERAMIC FILTERS

® filters and diplexers to 5.

Lorch Microwave to
W specialized cellular and

quickly respond to PCS applications

® diplexers and finite pole

customer needs and provide custom . .
placed topologies availal

tailored solutions, all with trademark

service and satisfaction. OTHER COMMERCIAL

MILITARY APPLICATIOI

B cavity filters

I 1725 North Salisbury Blvd. - PO Box 2828 m discrete filters
R H Salisbury, Nlalyland 21802 B tunable filters
Tel: 800.780.2169 - Fax: 410.860.1949

" | W other signal processing
m E-mail: lorchsales@lorch.com products
Web: http://www.lorch.com
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RADIATION EFFECTS
To the editor:

I have read Professor Bansal’s let-
ter that appeared in June’s Feedback
(p. 13). Professor Bansal must have
seen the report on mobile phones and
health by the Independent Expert
Group on Mobile Phones (IEGMP) of
the U.K. The report confirms that
there is now scientific evidence, how-
ever, that suggests there may be bio-
logical effects occurring at exposures
below the guidelines of the Interna-
tional Commission of Non-Ionizing
Radiation Protection (ICNIRP).
This does not necessarily mean that
these effects lead to disease or injury
but it is not possible to say that expo-
sure to RF radiation, even below na-
tional (ICNIRP) guidelines, is totally
without potential adverse health ef-
fects. In light of these findings, the
IEGMP recommends a precaution-
ary approach to the use of mobile-
phone technologies until more de-
tailed and scientifically robust
information on any health effects be-

comes available. The Group also rec-
ommends that radiation exposure
from different mobile phones be stat-
ed on the box in the U.K.

Readers can find my explanation
on Dr. J.M. Osepchuk’s statement
in the April 2000 issue of the IEEE
AP-S magazine (Vol. 42, No. 2, pp.
127-128). The Expert Group recom-
mends that the ICNIRP public expo-
sure guidelines (for example: power
density = f(MHz)/200 W/m? for the
frequency range of 400 to 2000 MHz)
are adopted for use in the U.K. For
the base-station emission, exposure
of the general population will be to
the whole body but normally at levels
of intensity many times less than
those from handsets.

A. Kumar
AK Electromagnetique, Irc.
Les Coteaux, Quebec, Canada

NF METERS
To the editor:

In July’s Feedback (p. 13), I read
about the noise-figure (NF) meters

FEEDBACK

and the role that Swedish companies
have had on them. I have a Sievers Lab
SL 5825. On the inside of the lid are
the instructions, dated February
1957. Maybe it qualifies as an early
NF meter?

The function is that of a thermally
limited diode. The filament current is
varied from the front panel and the
plate current is monitored with an
analog meter, calibrated in “dB
BRUSFAKTOR.” The current is set
so the output reading from the device
under test, as measured with an RMS
voltmeter, doubles compared to no
noise signal on the input. The meter
is good for 2 ~ 350 MHz. A 1-dB NF
is readable and there are two ranges—
0 to 10 and 0 to 20 dB. The plate is
grounded with 50 ( and the output is
taken from across this resistance.

With L.M. Ericsson as an impor-
tant maker of radar and AGA of com-
munication radios, there was proba-
bly a satisfying domestic market.

Carl Lodstrom
Carlsbad, CA

- FEATURED PRODUCT -

Lombline 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

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

CIRCLE NO. 421 or visit www.mwrf.com
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AFS SERIES. ..
IMIORE THAN

Frequency Gain Gain Noise VSWR VSWR Output Power Nom.
Model Range (Min./Max.) Flatness Figure Input  Output @ 1 dB Comp. DC Power
Number (GHz) (dB) (+dB, Max.) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15V, mA)
TEMPERATURE COMPENSATED AMPLIFIERS OPTIONS:

AFS3-01000200-15-TC-6 36-40 1.00 . .
AFS2-02000400-15-TC-6 22-26 1.00 : CRYOGENIC
AFS3-02000400-15-TC-6 22-26 1.00 . .0: .0
AFS2-04000800-20-TC-2 18-22 1.00 . 0: 0 * LIMITING
AFS3-04000800-18-TC-4 26-30 1.00 . 0: .0:
AFS2-02000800-40-TC-2 14-19 1.50 . .0: .0: * VARIABLE
AFS3-02000800-30-TC-4 22.27 1.50 . o 2: GAIN
AFS2-08001200-30-TC-2  8-12 12-16 1.00 X .0:
AFS3-08001200-22-TC-4  8-12 24-28 1.00 . o * LIMITER
AFS4-12001800-30-TC-8 12-18 22-26 1.00 ) 0 INPUT
AFS4-06001800-35-TC-6 618 22-26 1.00
AFS6-06001800-35-TC-8  6-18 30-34 1.00 . : : * TTL
AFS4-02001800-45-TC-5  2-18 18-24 1.50 . CONTROLLED
Note: All specifications guaranteed -54 to +85°C.

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

DYNAMIC
RANGE
Frequency Gain Gain Noise VSWR VSWR Output Power Nom.
Model Range (Min./Max.) Flatness Figure Input  Output @ 1 dB Comp. DC Power  EQUALIZED
Number (GHz) (dB) (+dB, Max.) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15V, mA) GAIN
HIGHER POWER AMPLIFIERS

* BUILT-IN TEST
AFS4-00050100-25-25P-6 1.50

priescheitici o, T S i1 s b S
AFS3-00100300-25-23P-6 : 1.50 ' OUTPUT
AFS3-00100400-26-20P-4 . 1.50 . o o 2
AFS4-00100600-25-20P-4 . 1.50 i \I\I’IE"ﬁgfl‘Jnl\‘I{S
AFS4-00100800-28-20P-4 . 1.50 )

AFS4-00101200-40-20P-4 . 1.50 ) o

AFS4-00501800-60-20P-6 . 2.75 : 5: 5: * SPACE
AFS5-00102000-60-18P-6 . 3.00 . 5: QUALIFIED
AFS3-01000200-20-27P-6 1.50

AFS3-02000400-30-25P-6 1.50

AFS3-04000800-40-20P-4 1.00

AFS4-08001200-50-20P-4 1.25

AFS6-12001800-40-20P-6 2.00

AFS6-06001800-50-20P-6 2.00

AFS4-02001800-60-20P-6 2-18 250

*Noise figure degrades below 100 MHz. Please consult factory for details.
Note: Noise figures increase below 500 MHz in bands wider than .1-10 GHz.



Frequency  Gain Gain Noise VSWR VSWR Output Power Nom.
Model Range (Min.) Flatness Figure Input Output @ 1 dB Comp. DC Power
Number (GHz) (dB) (xdB) (4B, Max.) (Max.) (Max.) (dBm, Min.) (+15V, mA)

MODERATE BAND AMPLIFIERS

AFS2-00700080-05-10P-4
AFS2-00800100-05-10P-4
AFS3-01200160-05-13P-6
AFS3-01400170-05-13P-6
AFS3-01500180-04-13P-6
AFS3-01500250-06-13P-6
AFS3-01700190-04-13P-6
AFS3-01800220-05-13P-6
AFS3-02200230-04-13P-6
AFS3-02300270-05-13P-6
AFS3-02700290-05-13P-6
AFS3-02900310-05-13P-6
AFS3-03100350-06-10P-4
AFS4-03400420-06-13P-6
AFS3-04400510-07-5P-4
AFS3-04500480-07-5P-4
AFS3-05200600-07-5P-4
AFS3-05400590-07-5P-4
AF§3-05800670-07-5P-4 .8-6.
AFS3-07250775-06-5P-4  7.25-7.75
AFS3-07900840-07-5P-4 7.9-84
AFS4-08500960-08-5P-4 8.5-9.6
AFS3-09001100-09-5P-4 911
AFS4-09001100-09-5P-4 911
AFS4-10951175-09-5P-4  10.95-11.75
AFS4-11701220-09-5P-4 1n.7-12.2
AFS2-12201280-10-8P-4  12.2-12.8
AFS4-12201280-10-12P-4 12.2-12.8
AFS84-12701330-13-10P-4 12.7-13.3
AFS4-13201400-14-10P-4  13.2-14
AFS84-14001450-14-10P-4 14-14.5
AFS84-20202120-20-8P-4  20.2-21.2
AFS4-21202400-22-10P-4  21.2-24
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AFS3-00120025-09-10P-4
AFS83-00250050-08-10P-4
AFS3-00500100-05-10P-6
AFS3-01000200-05-10P-6
AFS3-01200240-05-10P-6
AFS3-02000400-06-10P-4
AF83-02600520-10-10P-4
AFS3-04000800-07-10P-4
AFS3-08001200-09-10P-4
AF83-08001600-15-8P-4

AFS4-12002400-25-10P-4
AFS4-12001800-18-10P-4
AFS4-18002650-28-8P-4

AFS1-00040200-12-10P-4
AFS3-00300140-08-10P-4
AFS2-00400350-12-10P-4
AFS3-00500200-08-15P-4
AFS3-01000400-09-10P-4
AFS83-02000800-09-10P-4
AFS4-02001800-23-10P-4
AFS4-06001800-22-10P-4
AFS4-08001800-22-10P-4

ULTRA WIDEBAND AMPLIFIERS

AFS3-00100100-09-10P-4 . 38 1.00 . 2.0:1
AFS3-00100200-10-15P-4 . 38 1.00 . 2.0:1
AFS83-00100300-11-10P-4 . 32 1.00 . 2.01
AFS3-00100400-13-10P-4 . 28 1.00 . 2.0:1
AFS3-00100600-13-10P-4 . 28 1.25 . 2.0:1
AFS3-00100800-14-10P-4 . 25 1.50 . 2.0:1
AFS4-00101200-22-10P-4 . 28 1.50 i 2.0:1
AFS4-00101400-23-10P-4 . 24 2.00 . 25
AFS4-00101800-25-10P-4 . 25 2.00 . 2.5:1
AFS84-00102000-30-10P-4 . 20 2.50 : 2.5:1
AFS4-00102650-40-8P-4 ; : 18 2.50 : 2.5:1

Note: Noise figure increases below 500 MHz in bands greater than 0.1-10 GHz.




Shaping the
future of
wireless.

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

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

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

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

Today, Penton Media’s Electronics
Group is proud to announce PlanetEE,
your new website. Notice I didn’t say our
new website. When we conceived the idea
to build PlanetEE (www.PlanetEE.com),
we were determined to make it your site—
a site built specifically for electronics engi-
neers. And we think we have succeeded in
bringing to you a content- and feature-rich
portal site that will help you do your job
better—from concept to completion.

That’s our mission. And I, along with my
web staff, look forward to working with

you in the future. __.,/--/7
The site is supported by the dm/gf@

PlanetEE staff plus more than 50

technical editors from the Electronics — genron Electronics Group
Group’s stable of five leading technical

publications: Electronic Design, EE Product News, Microwaves & RF, Wire-
less Systems Design, and Embedded Systems Development. In addition,
we've partnered with a number of leading companies to bring you a wide va-
riety of resources that will assist you in your job and career. We've partnered
in areas of commerce, education, directories, and career services.

Moreover, we've constructed two exclusive directories that empower you
to intelligently and quickly search out the best products for your new designs.
Initially, you'll be able to locate products from some 63 categories of electronic
components. Once you've pinpointed the products you need, you can then
lateh onto data sheets, app notes, and other technical information quickly and
efficiently directly from the vendors’ websites. Our exclusive, vendor-neutral
directories will provide you with the most complete, accurate, and up-to-date
product information available from manufacturers.

And there’s more. We will deliver news and analysis from our worldwide
network of editors and correspondents. You will have searchable archives to
all of our magazines, an Ideas For Design library, discussion rooms, career in-
formation, and as much information and data from vendors that we can pull
together to serve you.

To make it easy for you to cut right to the chase, we've launched 10 spe-
cialized Communities within PlanetEE that aggregate content in a number of
key technologies: Analog/Mixed-Signal, Communications/Networking, Com-
ponents & Assemblies, Computing & Information Appliances, Digital ICs &
ASICs, Electronic Design Automation, Embedded Systems, Intercon-
nects/Packaging & Materials, Power Control & Supplies, and Test & Mea-
surement. Look for more Communities to roll out in the months ahead.

As the former Editor-In-Chief of Electronic Design magazine, I under-
stand your world, that’s why we named the site PlanetEE. OQur intention from
day one has been to build a site specifically to assist electronics engineers in
their professional careers. It’s your site. I welcome you to log-on, “kick the
tires,” and let me know what you think. I'll listen to you and we'll act on your
comments to make PlanetEE a better place to assist you in achieving your

_H
/N

Tom Halligan, Group Web Director
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Precision

RF-Microwave Components

Immediate Delivery
High Performance

Low Cost

Superior Selection. ...
0,00576.5 Ghigen

Power Dividers
Couplers

Switches

Hybrids
Isolators/Circulators
Attenuators
Terminations

Ossilators 150 ool
lters ant!
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ee Online Catalog at:
hitp://www.mcli.com
1-800-333-MCLI (6254)
Fax: (727) 381-6116
Microwave
Communications
Lahoratories Inc.
7255 30th Avenue North
St. Petersburg, FL 33710
hitp://www.mcli.com

¥629-£€€-008-1
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Group Production Director Mike McCabe
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For Microwave point to pnint radio, LMDS,
UMTS & Satellite Communications

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

@ Directional Couplers, Splitters and Combiners
@ Filters and Diplexers

@ Power Combiners

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

Quasar

Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,
Devon TQ12 6XU, England

Tel: +44 (0)1626 834222
Fax: +44 (0)1626 832994
Email: sales@gqmtl.com

See our NEW WE
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International editions are shipped via several entry points, including: Editeur Responsable
(Belgique), Vuurgatstraat 92, 3090 Qverijse, Belgique.

Microwaves & RF is sent free to individuals actively engaged in high-frequency elec-
tronics engineering. In addition, paid subscriptions are available by writing to: Penton
Media, Microwaves & RF, c/o Bank of America, Subscription Lockbox, P.O. Box 96732, Chi-
cago, IL 60693; Tel.: (216) 931-9188, FAX: (216) 696-6413. Prices for non-qualified sub-
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(Surface) (Air Mail) Issues Only
us. $ 75.00 — $10.00 $100.00
Canada $100.00 $135.00 $12.00 $125.00
Mexico $120.00 $174.00 $14.00 $125.00
All other countries $135.00 $243.00 $16.00 $125.00

Reprints can be ordered from Reprints Services at (651) 582-3800.

Back issues of MicroWaves and Mi & RF are available on micro-
film, microfiche, 16-mm, or 35-mm rall film They can be ordered from Xerox University
Microfilms, 300 North Zeeb Rd., Ann Arbor, MI'48108, For immediate information, call
(313) 761-4700. Copying: Permission is granted to users registered with the Copyright
Clearance Center, Inc. (CCC) to photocopy any article, with the exception of those for
which separate copyright ownership is indicated on the first page of the article, provided
that a base fee of &,25 per copy of the article plus 60 cents per page is paid directly to
the CCC, 222 Rosewood Dr., Danvers, MA 01923, (Code 0745-2993/00 $1.25+.60)
Copying done for other than personal or internal reference use without the expressed
permission of Penton Media, Inc., is prohibited. Requests for special permission or bulk
orders should be addressed in writing to the publisher

Copyright® 2000 by Penton Media, Inc. All rights reserved. Printed in the U.S.
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ALL NEW WITH
her Power, +50dsm i1p3

) . cowerower
~ High Performance

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

p Power Output (dB Ultra high IP3 is what our new AH11 is all about. Combined with
a very low noise figure, it's the perfect choice for today's multichan-
S e nel wireless systems. Drawing only 600mA, the AH11 delivers
- L 17dBm of linear output power with an IP3 of 50dBm. A great price
2 g5 i e e : combined with the outstanding linear efficiency makes this versatile
: = E,‘:ﬁ"ﬁ?ﬁw \\\,\ amplifier perfect for multiple sockets, reducing overall part count.

Need Lower Power? Both the AH1 and AM1 offer low noise
Power Output (dB figures which, together with their inherent high 1P3, deliver
superior performance at the best price in the industry.

Bias current For more details, call our toll free number or fax us at 650-813-2447.

Product Frequency P3 NF
(MHz) | (dBm, typ.) | (dBm,typ) | (dB, typ)

(mh ) Email us at wireless.info@wi c st data sheets and
e e % 2 | ‘mdﬁlu[s) a‘l ';M[I“GI(SS.H’I{O@V\J.L()IH to request data sheets and a
A (2503000 | 41 | o1 | 29 | 1% complete cataiog,
A [250300 | 3% | 18 | 26 | 75

] The Communications Edge”

Visi he web | -
‘S“m_rivﬁ.fo?ne at 1_800_WJ1.440‘| WATKINS-JOHNSON

Distributed In U.S.A. by Nu Horizons Electronics: 888-747-6846; Richardson Electronics: 800-348-5580
In Europe call WJ: +44-1252-661761 or your local Richardson Electronics Office: France: (01) 55 66 00 30; Germany: (089) 890 214 0; ltaly: (055) 420 10 30 UK: (01753) 733010
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rimary loop delay filter assemblies
integrate high power cavity delay filters,
couplers and isolators into a single comp'
module for performance improvement, space
savings and cost reduction.

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

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

USA EUROPE
Phone: 410-749-2424 Phone: 44-(0)-1262 605500 MICROWAVE INCORPORATED
FAX: 410-749-2788 FAX: 44-(0)-1262 605504 & ®

www.kimicrowave.com * E-mail: wireless@kimicrowave.com CHNOLOGIES COMPANY
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OYSTER BAY, NY—The continued growth of wireless users worldwide and the
increasing integration of Global Positioning Systems (GPS) applications into every
day life will raise the value of the antenna market substantially over the next five
years, according to a report from Allied Business Intelligence (ABI).

- Smart Antennas, which will help to satisfy a wireless operator’s capacity crunch,
will be one of the largest growth areas for antennas. Smart-antenna technology will
become especially important as actual and truncated Internet access and other data
w Applications continue to be deployed on mobile wireless systems worldwide. “Inter-
ference limits the amount of data that can be transmitted over a wireless system, so
many wireless operators are turning to smart-antenna systems to reduce interfer-
_ence, and to squeeze more capacity out of existing networks,” says ABI analyst Frank

Vigez, the report’s author. Smart-antenna manufacturers are boasting capacity gains
from 50 to 100 percent in digital networks, depending on the air interface. Shipments
 for smart-antenna base stations will rise at a compound-average-annual-growth

(CAAG) rate of 44 percent from 2000 to 2005.
The GPS antenna indus-

~ try is experiencing tre-
mendous growth as well,
driven by many factors
including sales of in-

Share of GPS antenna shipments by application
World market, 2000

. Other
- vehicle navigation systems applications
(IVNS), a synthesis of 96 percent
wireless and GPS technolo-

. gies. US telematics-ser-
- vices providers General
Motors (GM) and ATX
Technologies, which have
close to 300,000 sub-

L : Cargo/fleet
seribers collectively, are .,J.’cki,.g IVNS
i : Sher i lications applications
aggressively drawing in a ; : 27 percent
new subscribers with navi- it
gation and information ser- | g 4 Source: Allied Business Intelligence, Inc.

vices for one’s car. LoJack
Corp. and the Automobile
Club of America will offer
services in 2001, adding to
~ the market potential . Most
automobile manufacturers

Share of GPS antenna shipments by application
World market, 2005

- Other IVNS
will have telematics as a |  fplications applications
standard option in many . percent

models during the next few
years. GM already offers
- the option in over 30 vehi-

- cle models.
C leet
IVNS will account for 27 ?rrauglfiln?
percent of total worldwide a;glicatiuns
percent

~ GPS antenna shipments
- for this year—the highest
percentage of any catego-
ry. Between 2000 and 2005,
the rise in worldwide an-

Fig. 2

Source: Allied Business Intelligence, Inc.

tenna shipments for [IVNS will represent a CAAG of 35 percent. Cargo/fleet-tracking
‘applications will aceount for 17 percent of shipments in 2000 and 23 percent of ship-
ments by year-end 2005 (Figs. 1 and 2).

- “Antennas 2000, Global Technologies and Strategies for Cellular/PCS, GPS, and
Smart Base Station Antennas” covers the antenna market in detail for the US and the
rest of the world. ABI publishes strategic research on the broadband, wireless, elec-
tronies, automation, energy, and transportation industries.
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E.cnmmeme ~ CLEVELAND, OH—This year, technology and the Internet continue to drive
e : businesses across all industries, according to the fifth annual Hot & Not-So-Hot Ex-
Tﬂ Beﬂﬂme ecutive Jobs Report compiled by Christian & Timbers, a CEO executive search firm.
; A Maior The report shows that virtually every job on the list is related not only to technology
RN cls 2 i or the Web, but specifically to e-commerce. “Industry experts agree that any compa-
: Mﬂl’kﬂf FOI'GE ny not doing business over the Web in the next two years will be out of business,” says

Jeffery E. Christian, chairman and CEO of Christian & Timbers. “The race is on
for survival in an e-commerce world and the winners are assembling executive teams
that focus on Web-enabling companies and creating brands to establish market
leadership.”

According to Christian, the intensity in securing top talent increased throughout
1999 as more of the firm’s executive searches centered around e-commerce. “The
forces characterizing the executive market include demand, compensation, quality of
the talent pool, timing issues, and industry pressures. Therefore, we tracked demand
across all of our industry practices through personal telephone interviews, client and
website surveys, and new search requests,” Christian says.

“In our analysis of the data collected and our own industry expertise, we are seeing
the e-commerce fever drive the pace of business change with increasing urgency. In-
terestingly, we see not only some new positions emerging, like ‘entrepreneur in resi-
dence’ and ‘non-executive chairman’ but also some significant changes in traditional
roles, including the CEO and chairman of the board,” Christian continues.

Adversely, e-commerce is also turning traditional roles into not-so-hot jobs for 2000.
With most of the top talent flocking to e-commerce, the demand for traditional posi-
tions, such as a vice president of retail operations and a CEO of a traditional distribu-
tion company, has significantly declined.

, Agreement Aims PHOENIX, AZ and SAN JOSE, CA—The Semiconductor Products Sector of
-l.  RAaad Li ' Motorola and Atmel have announced a licensing agreement that will enable the com-
' a Mee‘ High panies to provide a reliable supply of a popular technology for wireless applications,
Wireless chin RF bipolar complementary metal-oxide semiconductor (BiCMOS). The agreement
nem and provides for Motorola to share its BICMOS technology with Atmel. This will enable

RRE L Atmel to immediately provide wireless original equipment manufacturers (OEMs)

— with products designed in a process that is fully mask-compatible with Motorola’s
advanced 0.35-um RF BiCMOS technology. The result will help to meet demand for
high integration RF integrated circuits (RF ICs), for low-voltage portable wireless
applications.

“As a major supplier of RF/IF BiCMOS integrated circuits to the wireless market,
Motorola is committed to a strategy that provides its customers with a viable alter-
nate source. this licensing agreement allows our customers to source Motorola’s 0.35-
pm Advanced RF BiCMOS technology directly from Atmel,” says Behrooz Abdi, gen-
eral manager of Motorola’s RF/IF Division. “We’ll continue to pursue both foundry
and second-source arrangements to our customers in this accelerating market.”

This is the third generation (3G) of Motorola’s BICMOS technology to be manufac-
tured by Atmel, including the 0.5-pm RF BiCMOS process.

The licensed technology has a 0.35-um feature size and a negative-positive-negative
(NPN) transition frequency (ft) of 28 GHz. BICMOS technology enables high levels of
integration, so that a single device can contain RF mixers, low-noise amplifiers
(LNAs), voltage-controlled oscillators (VCOs), gain-controlled amplifiers, and fre-
quency synthesizers, as well as baseband analog functions (signal-strength detectors
and filters), and significant digital circuitry. It is suitable for portable wireless appli-
cations such as cellular phones, cordless phones, Global Positioning System (GPS) re-
ceivers, wireless local-area networks (WLANSs), and transceivers for the unlicensed
industrial-scientific-medical (ISM) bands up to 2400 GHz.

As a producer of embedded processors, Motorola’s Semiconductor Products Sector
offers multiple DigitaDNA®™ technologies which enable its customers to create
“smart” products and new business opportunities in the networking and computing,
wireless communications, transportation, and imaging and entertainment markets.
Motorola’s worldwide semiconducter sales were $7.4 billion in 1999.
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[ Buy, sell, rent or lease.
it works for me.]

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

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

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

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

www.testmart.com

toll free 1-888-665-2765
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NOW AVAILABLE FOR RF/MICROWAVE

Atlanta
Baltimore
Boston

Chicago

Dallas

Long Island
Irvine (CA)

Los Angeles
Orlando

Pine Brook (NJ)
Philadelphia
Phoenix
Raleigh

San Diego
Rochester
Santa Clara (CA)
Seattle

Tampa

Toronto

AND

FIBER-OPTIC DESIGNS.

Creating breakthrough designs sometimes
involves taking risks. That's why you need
the expertise of RF Vision. We are the
nationwide distributor of RF/Microwave and
fiber-optic components. With an average of
over 10 years of "real world" engineering
experience and an impressive list of world
class suppliers, our North America-wide
team of professionals are there to help you
eliminate those design risks. So whether
your design challenge is RF, Microwave or
High Speed Fiber Optics, our sales engi-
neers will ensure you get your product to
market ahead of the competition. And
when you're ready to ramp up production,
our fulfillment and logistics support is
backed by the network of our multi-billion
dollar parent. Just don’t wait until you're in
the middle of nowhere to call us. Do it now
s0 you can focus on more important things,

like looking out for sharks.

A SUBSIDIARY OF WYLE

EBRFVISION -

TECHNICAL DISTRIBUTION OF RF/MICROWAVE AND FIBER-OPTIC TECHNOLOGY.
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www.rfvision.com ¢ 1-877-450-4441
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BOULDER, CO—Lightning strikes can incinerate trees, ignite fires, and knock
out power and communications lines. Each year, lightning causes massive damage to
business facilities across the US. The destructive power of lightning is so great that
even structures equipped with traditional lightning rods can suffer extensive damage.

The danger of a lightning strike is often exacerbated by so-called “prevention” de-
vices such as lightning rods and early-streamer emitters, which are designed to collect
and channel the force of a strike to the ground. This 200-year-old technology was nev-
er intended for protection of modern high-tech automated facilities, but rather barns
and other wood structures of the early 1800s.

One technology, the Dissipation Array System (DAS), is being touted as the ulti-
mate solution for lightning protection. DAS is based on a natural phenomenon known
_ to scientists for centuries as the “point-discharge” principle, or charge transfer. A
~ sharp point in a strong electrostatic field will leak off electrons by ionizing the adja-
cent air molecules, providing that the point’s potential is raised by +10,000 VDC above
that of its surroundings. This principle is demonstrated by what scientists call natural

~ dissipation. The ionization produced by trees, grass, towers, fences, and other struc-

_ tures can naturally dissipate up to 90 percent of the total energy generated by a storm,
_ thereby preventing the formation of lightning.

 The DAS employs the point-discharge principle by providing thousands of points

with specific point separation which simultaneously produce ions over a large area,
thus preventing the formation of a streamer, which is the precursor of a lightning
ghrike. - o
~ This ionization process creates a flow of current from the point(s) into the sur-
_ rounding air. Under storm conditions, this ionization current increases exponentially
with the storm’s electronic field, which can reach levels up to +30,000 VDC per meter
~ of elevation above earth during a mature storm.

 The charge induced on the site by the storm is removed from the protected area and

transferred to the air molecules. These charged molecules then move away from the

site.

Thus, DAS prevents strikes by continually lowering the voltage differential be-

tween the ground and the charged crowd to well-below the lightning potential, even

~ in the midst of a worst-case storm. This differential has been measured at up to 6000
. percent.

One company, Lightning Eliminators and Consultants, Inc. (LEC), based in Boul-

~ der, CO, has long been involved in DAS development. In the three decades since LEC

introduced DAS into the US marketplace, it has been the only lightning-protection

system proven to prevent lightning strikes to any protected facility. The system has

accumulated over 20,000 system-years of history with a 99.7-percent reliability.

REDONDO BEACH, CA—TRW has produced a highly miniaturized radio com-
_ ponent which improves the messaging capability of TRW communications-satellite
- payloads, while dramatically decreasing size and weight. Its first use will be in the pay-
loads that TRW is building for the Astrolink global broadband-telecommunications
system, slated to begin service in 2003.

The TRW low-noise-amplifier (LNA) downconverter detects and converts signals
received by the satellite’s antennas at frequencies of 30 billion cycles per second (30
' GHz) to lower frequencies that are easier to process electronically. Astrolink’s satel-
lites receive signals from Earth at 30 GHz and transmit to Earth at 20 GHz, in a fre-
quency range known as the K, band.

The LNA downconverter is packaged as an integrated microwave assembly, hous-
ing a number of TRW gallium-arsenide (GaAs) integrated circuits (ICs) designed for
K,-band operation. Devices contained in the unit include low-noise amplifiers (LNAs),
filters, voltage regulators, frequency converters, low-loss redundancy switches, and
frequency multipliers.

“Qur miniature package shows the advantages of TRW’s advanced microelectron-
ics for spacecraft use, where weight and size are always at a premium,” says Paul
Borzcik, vice president and program manager of the TRW Astrolink program. “Our
unit is about the size of a matchbook and weighs little more than an ounce.”
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Inside The NRL

The Naval Research Labovatory’s impressive efforts in modeling
and simulation, as well as their close ties within the industry, are
pushing vacunm electronics to new levels of performance.

Vacuum Electronics
Are Alive And Well At The NRL

JACK BROWNE
Publisher/Editor

RADITION is strong at the Naval Research Laboratory (Washington,
DC). Commissioned in 1923 by Congress to provide research for the
Department of the Navy, the NRL is now an impressive intellectual
group of more than 3000 personnel, with more than 1900 of these re-
search staff, and nearly one-half of these researchers having achieved
Ph.D. educational status. Known as the Navy's “corporate laboratory,” the
NRL is actually much more, providing leading-edge technology and engi-
neering across a wide range of disciplines, including high-frequency vac-

uum electronics.

The NRL is headed jointly by
Commanding Officer, Captain Doug-
las H. Rau of the US Navy, and
Director of Research, Dr. Timothy
Coffey. Five Associate Directors of
Research work under the authority
of the joint heads. The NRL’s parent
organization is the Office of Naval
Research (Arlington, VA), which
coordinates, executes, and promotes
the science and technology programs
of the US Navy and Marine Corps
through universities, government
laboratories, and non-profit and for-
profit organizations. The NRL oper-
ates as a Navy Working Capital
Fund (NWCF). Costs are charged to
various research projects, with fund-
ing coming from such organizations
as the Chief of Naval Research, the
Naval Systems Commands, the US
Air Force, the Defense Advanced
Research  Projects  Agency
(DARPA), and the National Aero-
nautics and Space Administration
(NASA).

The Vacuum Electronics Branch of
the Electronic Science and Technolo-

gy Division is a relatively small part
of the NRL, but a major contributor
to the advancement of high-power
vacuum devices. Headed by Robert
Parker, the Vacuum Electronies
Branch is involved in a wide range of
vacuum electronics research and
development (R&D), in such areas as
microwave and millimeter-wave
power amplifiers (PAs), field-emis-
sion arrays, enhanced cathodes, and
thermionic energy conversion. Park-
er notes that current research con-
cerns devices far removed from sim-
ple glags-encased vacuum tubes:
“The microwave power module
(MPM) is a good example of the
advances that are still possible in
vacuum electronics.” In addition to
MPMs, the Vacuum Electronies
Branch has been involved in signifi-
cant advances in multistage
depressed collectors and improve-
ments in traveling-wave-tube (TWT)
helix structures in efforts to increase
the operating bandwidths of vacuum
electronic devices.

Parker credits the development of

sophisticated computer-modeling
codes with many of the NRL’s recent
advances in vacuum electronic
devices. He also cites the NRL’s
close working relationships within
the industry and individuals such as
Carter Armstrong of Litton Indus-
tries (San Carlos, CA), formerly of
Northrop Grumman (Baltimore,
MD), for making the advances possi-
ble. “Carter Armstrong was one of
the people who recognized the impor-
tance of simulation code for vacuum
electronics,” notes Parker.

A number of different vacuum
electronic devices are used in high-
frequency applications. They share
the same basic features, including a
source of accelerated electrons, an
interaction circuit where electron
energy is converted to radiation, a
collector to absorb the spent elec-
trons, an output coupler to couple the
radiation out of the device, and struc-
tures to mechanically support the
device and to help dissipate heat.
Vacuum electronic devices are diffi-
cult to model due to the distributed
nature of the interaction between the
beam electrons and the device’s elec-
tromagnetic (EM) fields, as well as
the large number of charged parti-
cles present in the device.

A variety of computational codes is
used in the analysis and simulation of
vacuum electronic devices, including
steady-state beam trajectory codes,
computational EM codes, beam-wave
interaction codes, and particle-in-cell
(PIC) codes. Steady-state beam tra-
jectory codes are also known as gun
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codes. This special class of iterative
particle-simulation code converges to
mutually consistent steady particle-
flow fields and static electric and
magnetic fields for time-independent
problems.

Parker acknowledges the work of
Baruch Levush, head of the Theory
and Design Section of the Vacuum

Electronics Branch, who came to the

NEWS
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NRL from the University of Mary-
land (College Park, MD). Levush,
who has co-authored numerous tech-
nical papers on modeling vacuum
electronic devices, agrees that codes
are critical to achieving advance-
ments in vacuum electronics, but that
“you must know the limitations of
your models and their predictive
capabilities, which can be verified

through extensive testing.”

Levush mentions the development
of a 94-GHz gyro-klystron when cit-
ing the diversity of code needed for
modeling. Involving a team com-
prised of Litton Electron Devices
(San Carlos, CA), CPI (Palo Alto,
CA), and the University of Maryland
working with the NRL under the
leadership of Bruce Danly, head of

he US Naval Research Laboratory (NRL) deserves

‘B credit for many advances in electronics, such as the
excimer laser, which is now commonly used for shap-

ing the cornea in corrective eye surgery. The NRL has
enjoyed a rich history of technological achievements in
many different fields of science and engineering, includ-
ing the development of the first modern radar system in
the US. Based on observations of phase distortions in
radio waves reflected from a steam ship in the Potomac
River in 1922, the NRL’s Robert Page was able to
-assemble and demonstrate the world’s first pulsed radar
system in 1934. In 1939, NR L installed
the first operational radar aboard the
battleship USS New York in time to
. _contribute to victories at the battles of
the Coral Sea, Midway, and Guadal-
In 1939, as a complement to the
radar system, the NRL also developed
the plan-position indicator (PPI), a
round display and plot which could be
used to show the range and bearing of
all targets detected by a radar. The
PPI is now used throughout the world
for target detection, navigation, air-
traffic control, and object-identification radar systems.
In addition, the NRL’s discovery of the principles
behind the “skip distance effect” formed the basis for
modern high-frequency (HF) wave propagation theory.
This effect describes the reappearance of radio signals at

day, and season. Investigation of this phenomenon led to
NRL’s later invention of the magnetic-drum-radar
equipment (MADRE) over-the-horizon radar system in
1961. This first HF' over-the-horizon radar system was
able to detect targets at distances and altitudes beyond
the line of sight, and improved radar detection range by
an order of magnitude compared to higher-frequency
radar systems, The over-the-horizon radar formed the
. basis for the Air Force’s continental air-defense radar
and the Navy’s relocatable over-the-horizon radar
(ROTHR). .
NRL’s TIMe/navigATION (TIMATION) program
was the progenitor of the NAVSTART Global Position-
ing System (GPS). The TIMATION concept led to

a considerable distance varying with frequency, time of

IN THE 1970s, THE NRL
DEVELOPED A METHOD FOR
GROWING HIGH-PURITY
SINGLE-CRYSTAL GALLIUM-

ARSENIDE (GaAs)
MATERIALS. THIS SPARKED
THE GROWTH OF GaAs
SEMICONDUCTORS.

CITING THE NRL'S HISTORICAL AGHIEVEMENTS

NRL'’s invention and development of the first satellite
prototypes of the proof-of-concept for a revolutionary
navigation system which would use passive ranging tech-
niques and highly accurate clocks to provide three-
dimensional (3D) [longitude, latitude, and altitude] cov-
erage throughout the world.

Inamajor advance in electronic intelligence gathering,
NRL scientists discovered how to uniquely identify spe-
cific radar transmitters (Tx) by their particular signal fin-
gerprint, catalog the radar’s host platform, and handoff
information about these emitters for tracking by other
systems. The US National Security
Agency (NSA) recognized NRL’s con-
cept and equipment in 1993 as the spe-
cific-emitter-identification (SEI)
national standard. SEI systems are
currently deployed on ships, aircraft,
submarines, and ground sites
throughout the armed forces.

In the 1970s, the NRL developed a
method of growing high-purity single-
crystal gallium-arsenide (GaAs) mate-
rials, thus sparking growth in the
production and use of GaAs semi-
conductors. The high purity of the sin-
gle-crystal materials enabled the ion
implantation of the crystals to produce micrometer- and
millimeter-wave devices and integrated circuits (ICs).
NRL was also instrumental in transferring the technolo-
gy to industry.

From 1988 to 1992, NRL developed the Navy Opera-
tional Global Atmospheric Prediction System
(NOGAPS), a unified global weather analysis/forecast
system which predicts the weather in areas of Depart-
ment of Defense (DoD) operations worldwide. The sys-
tem provides global atmospheric and oceanographic sup-
port, including cloud-cover prediction, estimation of
weather effects on weapon systems, tropical cyclone for-
mation and movement, and high seas warnings. The sys-
tem is also used by the US Coast Guard, Department of
Energy (DoE), and National Oceanic and Atmospheric
Administration (NOAA). Recent work in NOGAPS has
included the modeling and parameterization of mountain
waves—oscillations in the wind passing over mountain
ranges—to predict the resulting stratospheric effects.
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the High Power Devices section of
the Vacuum Electronics Branch, the
device-development program was
performed with three design tools.
“The idea is to develop code for a par-
ticular device based on our knowl-
edge of physics. By using optimized
code, processing and computations
can be greatly accelerated,” says
Levush. “In developing the circuitry
for the W-band gyro-klystron, we
needed to use three-dimensional
codes to refine our designs for high
peak-power levels,” adds Levush.
The fast-wave device employs
ceramic loading to help dissipate
heat, and a diamond waveguide win-
dow to handle the high output power.
Modeling was instrumental in pre-
dicting the effects of the ceramic
loading on the resonant cavity.

“For this 94-GHz gyro-klystron

THE FAST-WAVE DEVICE
EMPLOYS CERAMIC
LOADING TO HELP
DISSIPATE HEAT, AND A

DIAMOND WAVEGUIDE
WINDOW TO HANDLE THE
HIGH OUTPUT POWER.

design,” notes Levush, “we used the
best technology available. We start-
ed with a four-cavity design but dis-
covered that we needed more gain, so
we developed a five-cavity device.”
For their efforts on the 94-GHz
device, all members of the develop-
ment team, including Litton Electron
Devices, CPI, and the University of
Maryland received the Department
of Defense’s (DoD’s) prestigious
Robert Wood award. Development of
the high-power 94-GHz devices is
critical to the success of the WAR-
LOC program, a high-power W-band
radar system.

An area of great pride within the
Vacuum Electronics Branch is the
MPM. The device essentially com-
bines a low-noise solid-state mono-
lithic-microwave-integrated-circuit
(MMIC) driver amplifier with a high-
efficiency miniature traveling-wave

NEWS
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tube (TWT) and an integrated power
conditioner. The NRL has worked
extensively within the industry,
including Northrop Grumman, Lit-
ton Electron Devices, and CPI, to
miniaturize these high-power ampli-
fiers through painstaking modeling
and measurements. The devices have
proven to be extremely reliable, and
are counted upon by the Air Force in

such critical applications as towed
decoys.

According to Dick Abrams, who
heads the NRL’s MPM efforts, the
devices are very durable: “The tubes
themselves are very rugged; the
high-voltage interfaces can be more
of a problem than the tube itself,”
says Abrams. He notes that the NRL
is working with the industry to
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increase the bandwidths of their
MPMs: “We now have a family of
MPMs capable of producing 100-W
output power from 2 to 18 GHz, and
we are looking to expand that to 100
W from 2 to 40 GHz.”

Many of the advances in MPM
technology can be traced back to the
codes developed by Levush and his
team. Codes, such as the “Christine”
code (named after the daughter of
Thomas Antonsen, the team’s chief
theoretician) for analyzing the
behavior of a TWT helix, and the
“Michelle” gun-collector code (named
after Levush’s daughter), will help to
solve complex problems in the devel-
opment of vacuum devices. The codes
must predict not only first-order EM
field effects, using finite-element-
analysis (FEA) techniques, but also
the effects of secondary electron
emissions, which are difficult to pre-
dict and can greatly alter the perfor-
mance of a vacuum electronics
device. Levush notes that these
codes are developed in stages: “The

first version of Christine was one-
dimensional; to make it more power-
ful, we needed to add an optimizer.”
The code was useful in optimizing
helix efficiency by varying the helix
pitch, using 11 points along the helix
as optimization points. A three-
dimensional (3D) version of the code
is being developed to describe what
happens to the beam and to achieve
further refinement in the vacuum
device. Levush adds that the code
was validated through measure-
ments at Northrop Grumman.

The NRL is also using the codes,
combined with mathematical pro-
grams such as MATLAB, to model
the performance of different modula-
tion approaches in high-data-rate
communications links. “Software
codes are the key to advances in vac-
uum electronics in the next five
years,” states Levush, pointing to
the NRL’s many development pro-
grams for gyro-klystrons, gyro-
TWTs, and free-electron lasers
(FELs), which are useful at millime-

ter-wave through submillimeter-
wave frequencies.

‘What has been reported here is a
mere sampling of the work being per-
formed at the NRL’s Vacuum Elec-
tronics Branch, and of the NRL in
general (see sidebar). It is hoped that
future articles will explore some of
the activity in various other branch-
es of the NRL's Electronic Science
and Technology Division. For more
information on the NRL, contact:
Naval Research Laboratory, 4555
Overlook Ave. SW, Washington, DC
20375-5320; Internet: http://www.

nrl.navy.mil, ®®
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Reverse-path amp serves CATV

characteristics that are compatible with DOCSIS and

he model RF3320 reverse-path, programmable-
'ﬂ gain, integrated-circuit (IC) amplifier is designed  proprietary cable-modem standards, sleep and shutdown

for use in cable modems, set-top boxes, and pay-

per-view systems. Its 5-to-100-MHz op-
erating range of covers current and |
proposed US and European cable
television (CATV) systems. The ampli-
fier has a maximum output power of 63
dBmV and its programmable voltage
gain spans a 50-dB range from —22 to |
+28 dB. The amplifier is serially pro- |
grammable, and output control is se-
lectable in 1-dB steps via a three-wire
digital bus for compatibility with exist-
ing standard baseband chip sets. Other
features include transient-switching

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

Mini 0XCOs cover
4.9 to 90 MHz
[ 5 » Bhe 270 series oven-controlled
wcwstal oscillators (OCXOs) drop
into a standard European CO-08
footprint and are available at frequencies
from 4.9 to 90 MHz. Using a full-size TO-
8 quartz resonator, the oscillators per-
form to the stability required for applica-
tions such as Stratum IT and I11e, Global
Positioning System (GPS), and time-divi-
sion-multiple-access
(TDMA) personal
communication
services (PCS).
The oscillators
have a thermal-
stability range of
2%¢0 5 over an
ambient-temperature
range of -30 to +70°C. Warm-up power
consumption is typically 5.5 W, and
steady-state power consumption is1.TW.
After 1 second, stability is 272, Aftera 10-
minute warmup period, stablhty is typi-
cally 5, Typical RF output is +9 dbm +2-
dB sinewave into a 50-Q load with
—30-dBe harmonics and —80-dBc spurious
levels. Each oscillator operates from a
+12-VDC power supply and is housed in a
hermetically sealed package measuring
1.423 X 1.071 X 0.765 in. (3.614 X 2.720 X
1.943 c¢m). Milliren Technologies,
Inc., Two New Pasture Rd., New-
buryport, MA 01950; (978) 465-6064,
FAX: (978) 465-6637, Internet:
http://www.mti-milliren.com.
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modes and differential input and output The amplifier
. operates from a single +5-VDC power
supply and it typically draws 130-mA
current at high gain, 90-mA current at
low gain, 31 mA in transmit-disable
mode, 3 mA in sleep mode, along with
0.05 mA in shut-down mode. It is
housed in an SSOP16-EPP package.
RF Micro Devices, Inc., 7625
Thorndike Rd., Greensboro, NC
27409; (336) 664-1233, FAX: (336)
664-0454, Internet: http://www.
rfmd.com.
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Software augments
system analyzers

he Guided Scalar Measurement
ﬂ] software allows unskilled oper-

ators to perform complex or
repetitive measurements on the com-
pany’s 6800-series scalar and system mi-
crowave analyzers. The software allows
the instruments to be customized for
specific applications, including short-run
production measurements on compo-
nents, assemblies, and subsystems, cable
and waveguide installation measurements in ships and aircraft, and ra-
dio-link feeder testing. The software uses a series of screens to guide
the operator through several tasks, including selecting pre-defined
measurements or tests such as insertion loss, return loss, or fault loca-
tion, setting relevant measurement options for accessories, calibrating
the instrument, connecting the device under test, and carrying out the
desired measurement(s). IFR Systems, Inc., 10200 West York St.,
Wichita, KS 67215-8999; (316) 522-4981, FAX: (316) 524 2623,
Internet: http://www.ifrsys.com.
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| version has a narrower test frequency range (DC to 5 GHz), but also
| is less costly, smaller, and requires less cabling. Schaffner EMC,

| (732) 225-4789, Internet: http://www.schaffner.com.

Test chamber boasts small size, low cost

he GTEM line of test cells for electromagnetic-compliance
@ (EMC) testing claims to be an affordable alternative to larger,

more expensive test chambers for testing pagers, mobile
phones, and other commerecial electronic
products. The standard GTEM test cells
can perform radiated (emissions) and
immunity testing in a single, fixed,
shielded environment at frequencies
from DC to 18 GHz. The GTEM “Lite”

Inc., 52 Mayfield Ave., Edison, NJ 08837; (732) 225-9533, FAX:

CIRCLE NO. 116 or visit www.mwrf.com.
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Less is more. Especially when it comes to 3G design
iterations.

www.agilent.com/find/36



FINANCIAL NEWS

Ericsson Stumbles In Wireless

icsson (Stockholm, Sweden) re-

ported a mixed bag of business
activity for the second quarter end-
ing June 30. The upside was a quad-
rupling of net income to $1.1 billion
(10.2 billion kroner) on sales of $7.4
billion, an increase of 28 percent over
a year earlier. This was due mostly

Telecommunications giant LM Er-

to rising sales in its wireless equip-
ment group. But the good news was
offset by disappointing performance
in the consumer products division—
20 percent of the business—which
produces the company’s handsets.
While sales climbed to $1.5 billion, an
increase of 29 percent, and 40 percent
over the same period last year, the

Does your companv’s

:P/Er/zeZ@ 7

Peritonr Electronics Group

Coming September 2000

MICROWAVES & RF = SEPTEMBER 2000

division posted an operating loss of
more than $250 million. As the
world’s third-largest mobile-phone
manufacturer, Ericsson is a major
factor in this rapidly growing market.

According to company officials, the
immediate problem in handsets
stems from a parts shortage that re-
sulted from a fire in a New Mexico
factory run by Royal Philips Elec-
tronics, a major parts supplier to Er-
icsson. That factory supplies applica-
tion-specific integrated circuits
(ASICs), an important component of
the wireless phone. The company
also stated that they expect the
shortfall to persist into the fourth
quarter, continuing to affect deliver-
ies, inventories, and profits. In the in-
terim, the company will manufacture
the ASICs in its own Ericsson Micro-
electronics facility.

A deeper problem for the con-
sumer-products group is the chang-
ing product mix in the handset mar-
ket. Currently, consumer sentiment
is shifting toward less-expensive (en-
try-level) mobile phones as it moves
away from more-sophisticated mod-
els. This has left Ericsson with an un-
competitive mix that will force it to
close unprofitable product lines, fo-
cus on fewer products, and stream-
line manufacturing. News of the diffi-
culties in the handset business
rippled through the stock market
where Ericsson shares fell by $2.75 to
close at $19.813 on July 21.

Trying to regroup, the company
has set up a special unit to develop
cheaper mobile phones. An organiza-
tion dedicated to entry-level phones
has been established in Asia. Appar-
ently the strategy is to produce
higher volumes of less-expensive
phones. Ericsson also wants to cut
costs by moving production to low la-
bor-cost countries. It has taken this
step by opening new facilities in Mex-
ico, Estonia, and Hungary.

The good news for the world’s
biggest supplier of mobile networks
is that its second-quarter sales to
network operators and service
providers rose 29 percent to $5.1 bil-
lion. This is being driven by strong
demand for new technology that al-
lows mobile phones to access the
Internet. ®®
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PERFORMANCE AND RELIABILITY
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ESR CAPACITORS, DESIGNED AROUND RF
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FINANCIAL NEWS

Contracts

Granada Media—Formed a joint venture company,
Liverpool FC Broadband, with English soccer club Liv-
erpool FC. Under terms of the agreement, Granada will
acquire a 50-percent stake in the joint venture for 20 mil-
lion pounds (approximately $30 million US) and will de-
velop entertainment, e-commerce, education, and person-
alized services for the new company. The services will be
delivered to home and personal devices such as wireless-
application-protocol (WAP) phones, personal digital as-
sistants (PDAs), digital set-top boxes, and personal com-
puters (PCs).

RIFOCS Corp.—Was awarded a $14.1 million con-
tract by the Space and Naval Warfare Systems
(SPAWAR) Center in San Diego, CA (SSC San Diego).
As prime contractor, RIFOCS will manufacture, test, and
ship up to 270 units plus spares of the Global Positioning
Fiber Optic Antenna Link (GPS FOAL) subsystem over
a five-year period.

Harris Corp.—Has been awarded an $11 million con-
tract from the Singapore Ministry of Defense (MOD) for
its Falcon™ II family of tactical radio equipment. The
Falcon IT family will provide Singapore with a communi-
cations system that allows soldiers to communicate over
greater range with optional frequency extensions down
to the very-high-frequency (VHF) band which reduces
the number of radios that a soldier is required to carry.

Sanders—Has received a $5.7 million firm fixed-price
contract from the US Navy for five AIMS antenna-group
systems and associated spares. Designated the OE-
120/UPX, the AIMS antenna group is a part of the AIMS—
an acronym for Air Traffic Control Radar Beacon System;
Identification-friend or foe (IFF); MKXII; System.

Motorola, Inc.’s Network Solutions Sector
(NSS)—Was awarded a $27 million expansion contract
by Telkomsel, an Indonesian cellular network operator,
to upgrade Indonesia’s nationwide GSM-900 cellular net-
work. The deal includes hardware, software, and services
that are to be awarded in stages.

COMSAT Mobile Communications (CMC)—
Signed a four-year agreement with Silversea Cruises
Ltd. to provide global voice and data communications for
Silversea’s fleet of cruise ships.

EMS Technologies, Inc.—Announced that AS-
TRUM (formerly Matra Marconi Space) has selected
EMS through its Space & Technology Group in Montreal,
Quebec, Canada, for a contract valued at approximately
$25 million US to supply three combined transmit/receive
antenna feeds for the INMARSAT Broadband Global
Area Network (B-GAN) program.

Fresh Starts

Interad Ltd.—Has moved from Gaithersburg, MD to
its new facility in Melfa, VA. Interad manufactures RF
antennas and receivers.

G.A.L.ILM. Wireless—Has launched its new website.,
The website’s address is http:/www.galimwireless.com.
G.A.L.ILM. manufactures millimeter and microwave fil-
ter components.

Universal Microwave Corp.—Has named three
firms to represent its voltage-controlled oscillators
(VCOs) and synthesizers in the US. Trionic Associates
will cover Long Island, Metro New York, and New Jer-
sey. Youngewirth & Olenick will cover Arizona and New
Mexico while dBm Technical Sales will cover Mas-
sachusetts, New Hampshire, Maine, Vermont, Connecti-
cut, and Rhode Island.

Monitor Products Co., Inc.—Has been acquired by
Zimmerman Holdings, Inc. (ZHI) of Pasadena, CA. ZHI
is a private investment firm specializing in the acquisi-
tion, management, and growth of middle-market manu-
facturing companies.

RF Micro Devices, Inc.—Announced the opening of
a new 6000-sq.-ft. engineering design center in the
Phoenix, AZ area.

Harmonic, Inc.—Has completed its acquisition of the
DiviCom business of C-Cube Microsystems, Inc. Har-
monic, including the DiviCom business, will provide
open-systems solutions for delivering video, voice, and
data over cable, satellite, telco, and wireless networks.

Fujitsu Compound Semiconductor, Inc.
(FCSI)—Has named S&S Technology, Inc. of
Northridge, CA as its new sales representative to sell Fu-
Jitsu’s microwave products in its southern California ter-
ritory, which is south of and includes San Luis Obispo,
Kern, and San Bernadino counties.

Tropian, Inc.—Has closed $25 million in third-round
financing from two leading semiconductor companies and
three venture-capital firms. Tropian received a $10 mil-
lion strategic investment from two wireless industry
semiconductor-system companies—Infineon Technolo-
gies AG and TriQuint Semiconductor, Inc. In addition,
$15 million in financing was received from Tropian’s Sili-
con Valley-based VC investor group.

Telcordia Technologies, Inc. and SignalSoft
Corp.—Announced an agreement to integrate select
software applications and platforms to enable wireless
network operators worldwide to offer their subscribers
personalized new m-commerce services that help capital-
ize on the revenue-generating potential of mobile loca-
tion. The agreement will also help operators in the US
meet Federal Communications Commission (FCC) man-
dates for 911 Phase I and II compliance.

Atmel Corp.—Announced that it is collaborating with
RF Micro Devices, Inc. to provide reference designs
based on the IEEE802.11b, 11-Mb/s wireless local-area-
network (WLAN) standard. The reference designs use
RF Micro Devices’ 2.4-GHz chip set and Atmel’s family of
fast-Virtualnet®™ ARM®-based media-access controllers
(MACs), which run the network protocol and provide a
variety of interfaces to the host platform.

Broadcom Corp.—Has signed a definitive agree-
ment to acquire Innovent Systems, Inc., a firm involved
in the development and commercial integration of RF in-
tegrated circuits (RF ICs) for short-range wireless data
communications, including the world’s first fully inte-
grated RF transceiver in pure digital complementary
metal-oxide semiconductor (CMOS).

MICROWAVES & RF =« SEPTEMBER 2000

42




Fastest

FN3000 series
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FN4000 Series

FJPLL/FJPLH Series

For additional information,
contact Synergy's Sales and Application te
201 McLean Blvd., Paterson, New jersey:OT 04
Phone:(973) 881-8800  Fax:(973) 881-836

E-mail: sales@synergymwave.com =
Visit our web site at http://www.synergymWave com
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MID-ATLANTIC
RF SYSTEMS...
SPECIALIZES
IN SMALL
QUANTITY
ORDERS.

DESIGN &
MANUFACTURING

Custom &

STANDARD
APPLICATIONS

QuALITY
SERVICE <

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

Mid-Atlantic
Products
Amplifiers

Switches

Power Dividers
Hybrid Couplers
Directional Couplers

N MID-ATLANIIC
s RF SYSTEMS, INC.

PO Box 745,
Forest Hill, MD 21050

Tel.: 410/893-2430
Fax: 410/638-5193

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

Cidera, Inc.—Richard J. Hanna to
chief executive officer (CEO); former-
ly president of Telligent International.

Calibre, Inc.—Dan McKay to di-
rector of system architecture; former-
ly software and wireless protocol ar-
chitect and software-development
manager for IBM’s Wireless Commu-
nications Group (WCG).

Mc COMERFORD

Alpha Industries—Mark Comer-
ford to general manager of the Dis-
crete Semiconductor and Passive In-
tegrated Circuit Division; formerly
business unit director for Discrete
Products.

Tropian, Inc.—Michael A. Kinser
to vice president of sales and market-
ing; formerly senior vice president of
marketing for Telular Corp.

Davidson Optronics—Tollis
Deslis to vice president and chief op-
erating officer (COOQ); formerly senior
optical designer engineer at JPL.

SmartLynx, Inc.—Eugene (Skip)
Vish to executive vice president of
sales and marketing; formerly the di-
rector of worldwide sales for the alter-
nate channel for selling hardware-de-
scription-language (HDL) tools. Also,
Joe Gamache to vice president of engi-
neering; formerly worked as an inde-
pendent software-systems consultant.

BMI, Inc.—Jim Sturm to director
of marketing for BMI and its two divi-
sions—Metronic Shields and Metronic
Contacts; formerly director of market-
ing at Essilor Lenses.

Monitor Products Co., Inc.—
Dave Abrams to president and chief
executive officer (CEO); formerly ex-
ecutive vice president of Zimmerman
Holdings, Inc. (ZHI).

Sanders—Dr. Glenn Thoren to di-
rector of intellectual-property ex-
ploitation; formerly director of tech-
nology licensing.

Circuits Processing Technolo-

gy (CPT)—Dr. Terry Brog to vice
president of operations; formerly di-
rector of manufacturing at Coherent
Technologies.

Paragon Innovations—Michael
P. Caranfa to vice president of sales;
formerly director of sales Digital
Speech Systems, Inc.

Andrew Corp.—Alan Haase to
group president for Communication
Products; formerly vice president
of Terrestrial Microwave (TMW)
Products.

Richco, Inc.—Rick Streicher to
president; formerly vice president of
Sealing Systems, Visibility, and Sys-
tems Protection Products at Federal-
Mogul.

appli-tee, Inc.—Thomas W.
Campbell to sales representative for
Northern California; formerly chief
executive officer (CEQO) and senior ac-
count manager at BC Marketing.

ShareWave, Inc.—Kevin Daroca
to vice president of worldwide sales;
formerly employed in executive posi-
tions with Allayer Technologies.

Microwave Instrumentation
Technologies, LLLC—Isaac A. (Ike)
Prather to director of human re-
sources; formerly worked as a human
resources consultant.

PRATHER

PETRINI

Communications & Power In-
dustries (CPI)—Bart F. Petrini to
president and chief executive officer
(CEQ); formerly employed as the ex-
ecutive vice president and general
manager of the Electronic Device
Group of Richardson Electronics.

ETL SEMKO, Americas Divi-
sion of Intertek Testing Services
(ITS)—Carl E. Felts to technical di-
rector for the West region; formerly
employed as the director of compli-
ance engineering and general manag-
er for EMC Technology Services
(EMC/TS).
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14 DMOS

Move Up to the
Next Generation
with Motorola

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

to develop and improve its patented
RF LDMOS

. I\
designand ot al DNA

has recently from Motorola
extended
performance on new 4th generation
Advantages” of Motorola’s RF LDMOS pI‘OdUCtS. The newest
HiV4x4 RF LDMOS Transistors: product introductions incorporate the
« Higher Gain latest process improvements and the most
« Higher Efficiency advanced technology. With a dedicated
* Higher Impedances business group for RF & Microwave
¢ Improved Thermal Ratings products and services, local market
* Increased Power resources for support, plus one of the
* Higher Reliability largest RF inventories in the world,

» Smaller Package Size Per Watt
* Internally Matched
= ESD Protection

Avnet Electronics Marketing is uniquely
positioned to be your source for
RF LDMOS products from Motorola.

For a copy of
Motorola’s

RF LDMOS
Selector Guide,
visit our

Web site at
www.em.avnet.com/rfm/motldmos.html
or call 1-800-261-9602 ext. 302.

S

2.1 GHz 3G Applications

um.zm% _ MAF210308 0
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* Compared to previous generations of Motorola RF LDMOS = electronics marketing

Avnet and the AV logo are registered trademarks of Avnet, Inc. Motorola is a registered trademark
and DigitalDNA and the DigitalDNA logo are trademarks of Motorola, Inc.
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Do your
latest
design ideas
seem like
science
fiction?

Penton Flectronics Group

Coming September 2000

Short Courses

Fundamentals of Data
Communication

October 2-4 (Madison, WI)

University of Wisconsin-Madison

Department of Engineering Professional
Development

Madison, WI 53706

Katie Peterson

(800) 462-0876, FAX: (608) 263-3160

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

Internet: http://epd.engr.wisc.edu/

Software Radio Design

October 9-11 (Los Angeles, CA)

UCLA Extension Department of
Engineering, Information Systems and
Technical Management—Short Courses

Los Angeles, CA 90024-2883

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

e-mail: mhenness@unex.ucla.edu.

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

Fiber Optic Training

October 10-12 (Pittsburgh, PA)

National Technology Training, Inc.

P.0. Box 4558

Englewood, CO 80155-4558

Alex Black

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

Internet: http://www.nttinc.com

Mobile Communications and
Wireless Networks

October 10-13 (Washington, DC)

Learning Tree International

Reston, VA 20190-5630

(800) 843-8733

Internet: http://www.learningtree.com

Network Fundamentals

October 10-19 (Lisle, IL)

Teleordia Technologies

Lisle, IL 60532-3198

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

e-mail: www.800teachme.com

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

Principles of Modern Radar

October 30-November 3 (Atlanta, GA)

Georgia Institute of Technology-Continuing
Education

Atlanta, GA 30332

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

e-mail: conted@gatech.edu

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

Fundamentals of Cellular and PCS
Wireless Communications

November 13-15 (Madison, W)

Department of Engineering Professional
Development

University of Wisconsin-Madison

Madison, WI 53706

Katie Peterson

(800) 462-0876, FAX: (608) 263-3160

e-mail: custserv@epd.engr.wisc.edw/

Internet: http:/epd.wisc.edw/

Meetings
Wireless/Portable Engineering
Technology Conference &
Showcase at PCIA GlobalXChange
September 26-29 (McCormick Place,
Chicago, IL)
Penton Media, Inc.
611 Route 46 West
Hasbrouck Heights, NJ 07604

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

e-mail: wirelessreg@penton.com

Internet: http://www.WirelessPortable.com

IEEE Broadcast Technology Society
50th Annual Broadcast Symposium
(Broadcasting for the New
Millennium)

September 27-29 (Sheraton Premiere at
Tyson’s Corner, Vienna, VA)

IEEE Broadcast Technology Society

445 Hoes Lane

Piscataway, NJ 08855-1331

Mary Clemente

(732) 562-5350, FAX: (732) 981-1203

e-mail: m.e.clemente@ieee.org.

CTIA Wireless L.T. 20000

October 16-18 (Santa Clara Convention
Center, Santa Clara, CA)

The Cellular Telecommunications Industry
Association (CTIA) and the Wireless
Data Forum

Internet: http://www.wirelessIT.com

ICSPAT 2000 (International
Conference on Signal Processing
Applications and Technology)

October 16-19 (Adam’s Mark Hotel, Dallas,
TX)

CMP Media, Inc.

Joan Watkins

(800) 789-2223

e-mail: dspworld@cmp.com

Internet: http://www.icspat.com

AMTA 2000—Antenna Measurement
Techniques Association

October 16-19 (Philadelphia, PA)

AMTA c/o ORBIT/FR

Horsham, PA 19046

Irene Honeycutt

(215) 674-5100, FAX: (215) 674-1102

e-mail: irene@orbitfr.comn

Internet: http://www.amta.org.

Access Technologies 2000

October 24-26 (Hotel Fira Palace,
Barcelona, Spain)

Vision in Business Ltd.

London WC2H 7BT, England

+44 (0)20 7839 8391, FAX: +44 (0)20 7839
3777

e-mail: booking 1@visionbusiness.com

Internet: http://www.visionbusiness.com

CDMA Americas Congress 2000

October 26-27 (Sheraton Harbor Island, San
Diego, CA)

CDMA Development Group

575 Anton Blvd., Suite 560

Costa Mesa, CA 92626

(888) 888-CDMA, (714) 545-4601

e-mail: cdg@cdg.org

Internet: http://www.cdg.org

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

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

transistors.

pips & PHILIPS
offers you

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

Ratings Characteristics, typical much more. A
Type | Case (Voo | Ic |Pror | ¢ | bk | F [Gun | @ | F | Gun | @ | dedicated business
(V) | (mA) | (mW) | (GHz)| (mA) | (dB) | (dB) |(MHz)| (dB) | (dB) |(MHz) group for RF and

PMBTH10 50723 25 40 | 400 | 06 | 120 .
PMBTH81 50723 20 | 40 | 400 | 06 | 120 Microwave
BFS17W 507323 15 50 300 1.6 2-20 | 45 500 technology and
BFRO2AT SC-75* 15 25 | 300 5 3-30 2 14 | 1000 | 3 8 | 2000
BFT92W 507323 15 35 | 300 4 330 | 25 17 | 500 3 11| 1000 products, the largest
BFRO3AT SC-75* 12 35 | 300 5 540 | 15 13 | 1000 | 21 8 | 2000 RF inventory in the
BFQG7T SC-75 10 50 | 300 8 330 | 13 13| 1000 | 22 8 | 2000 .
PBR941 50723 10 50 360 8 330 | 1.4 15 | 1000 | 2 95 | 2000 world, and hybrid and
PRFO47 S0T323 10 50 | 250 8 330 | 15 16 | 1000 | 2.1 10 | 2000 custom component
PRF949 SC-75" 10 50 150 8 330 | 15 16 | 1000 | 2.1 10 | 2000 .
PRF957 507323 10 100 270 8 550 | 13 15 1000 1.8 9.2 | 2000 manufactunng
BFR505T SC-75° 15 18 150 9 110 | 1.2 17 | 900 | 19 10 | 2000 e :
BFR620T SC-75 15 70 | 300 9 330 | 14 15 | 900 | 19 9 | 2000 capabilities are just
BFC520 S0T353 8 70 | 1000 9 330 | 13 31 900 | 15 19 | 2000 a few reasons that
BFE520 SOT353 8 70 | 100 9 330 | 1.2 17 | 900 | 19 10 | 2000
BFM520 S0T363 8 70 100 9 3-30 | 1.1 15 | 900 | 19 9 2000 make Avnet the
BFG520W/X | SOT343 15 70 | 500 9 330 | 16 17 | 900 | 18 11| 2000 perfect partner.
BFG540W/X |  S0T343 15 120 | 500 9 [1060 | 19 16 | 900 | 24 10 | 2000 Shouldn't you have a
BFGT1W/X S0T343 8 500 | 760 9 |50-150 7 1900
BFGA03W SOT343R | 45 36 16 17 5-5 1 20 | 900 | 16 22 | 2000 perfect partner too?
BFGA10W SOT343R | 45 12 54 22 | 215 | 9 900 | 1.2 22 | 2000
BFG425W SOT343R | 45 30 135 | 22 | 330 | =8 900 | 1.2 20 | 2000
BFGABOW SOT343R | 45 | 250 | 360 18 [30-150| 1.2 900 | 18 16 | 2000
BFG21W SOT343R | 4.5 18 12 | 1900

— =AVNET

=== electronics marketing
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R & D ROUNDUP

GaAs attenuator
processes
microwave
signals

Fundamental
grounding and
shielding
principles
revisited

Moore’s Law
rides again—
this time in
communications

Direct-
conversion
receiver aims at
3G CDMA
systems

A direct-analog method of processing microwave signals offers a simpler, faster, and
lower-cost alternative to downconversion and digital-signal processing (DSP). To im-
prove the analog method, Xu Tao, Sun Xiaowei, et al. of the Shanghai Institute of Met-
allurgy (Shanghai, People’s Republic of China) have developed a new type of gallium-
arsenide (GaAs) voltage-controlled vector attenuator and a vector attenuator, in
monolithic-microwave-integrated-circuit (MMIC) form. The novel aspect of the volt-
age-controlled attenuator design is its ring structure, using metal-semiconductor-
field-effect transistors (MESFETSs) in place of the traditional PIN diodes. DC voltage
levels are used to control the two pairs of opposing MESFETSs in the ring (a bridge cir-
cuit), effectively determining the phase (in or out) of the output signal. The voltage-
controlled attenuator (a biphase device) changes only the amplitude of a signal, so the
authors have developed the vector-attenuator MMIC for applications which have a
complex component in the signal. See “A Novel GaAs MMIC Vector Attenuator,” M:-
crowave and Optical Technology Letters, July 20, 2000, Vol. 26, No. 2, p. 96.

As most engineers know, one of the most difficult aspects of completing a design is
getting it to work in a noisy environment (i.e., every environment) and building in fea-
tures that ensure human safety. Solving these two problems is more often art than sci-
ence, but they are based on sound engineering principles. A review of grounding and
shielding techniques is offered by Kim Fowler of Stimsoft, Inc., (Baltimore, MD) in a
two-part article which covers these subjects in straightforward, on-the-job language.
Fowler will complete the series with a third article on electrostatic discharge (ESD),
and a final article summarizing the series and providing basic design tips and tech-
niques. The first article highlights the overall problem of electromagnetic interference
(EMI) and the coupling mechanisms by which it disrupts circuit operation (conductive,
capacitive, etc.). The second article examines grounding, including the problem of
ground loops, which introduce noise into the signal circuit. See “Grounding and Shield-
ing, Part 1—Noise,” and “Grounding and Shielding, Part 2—Grounding and Return,”
IEEE Instrumentation & Measurement Magazine, June 2000, Vol. 3, No. 2, p. 41.

Every engineer who designs with digital integrated circuits (ICs) has probably
heard of Moore’s Law, first proposed by Gordon Moore, co-founder and former CEO
of Intel. In 1965, Moore predicted that the number of transistors in an IC doubles ev-
ery 12 months, and later revised this number to between 18 and 24 months. The Law
has been remarkably accurate for semiconductor technology over the past 35 years,
and it may have found a new application, according to Charles A. Eldering and
Mouhamadou Lamine Sylla of Telecom Partners Ltd. (Washington, DC) and Jeffrey
A. Eisenbach of the Progress and Freedom Foundation (Washington, DC). They be-
lieve that Moore’s Law can be applied to communications bandwidth—the historical
rate at which the bandwidth available to residential subscribers has grown. Using
Moore’s Law, they hypothesize that analog modem technology has exhibited a regu-
lar pattern of doubling throughput approximately every two years. Then they ex-
trapolate, as Moore did, to estimate the rate at which digital-subscriber-line (DSL) and
cable-modem will evolve and be deployed. See “Is There a Moore’s Law for Band-
width?,” IEEE Communications Magazine, October 1999, Vol. 37, No. 10, p. 117.

A prototype chip set for the third-generation (3G) wideband-code-division-multiple-
access (WCDMA) wireless scheme to be used in Europe and Japan has been developed
by Aarno Pirssinen, Jarrko Jussila, et al. at the Electronic Circuit Design Laboratory,
Helsinki University of Technology (Helsinki, Finland). Architecturally, the design
(four chips) is a direct-conversion receiver consisting of signal-processing circuitry [in-
cluding analog-to-digital converters (ADCs)] which suppresses the adjacent channel
and other interferers passing through the preselection filter before digital-signal pro-
cessing. The receiver (Rx) achieves —114-dBm sensitivity for 128-kb/s data at a 4.096-
Me/s spreading rate. It is intended for use in mobile terminals and base stations. See
“A 2-GHz Wide-Band Direct Conversion Receiver for WCDMA Applications,” IEEE
Journal of Solid-State Circuits, December 1999, Vol. 34, No. 12, p. 1893.
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Dipole Responses

Mathematical Recipe Galculates
The Response Of Dipole

Antennas

A simplified method is presented for
calculating the impulse pevformance

of electrically long dipole antennas.

Dr. Dieter R. Lohrmann

Naval Research Laboratory, 4555
Overlook Ave. S.W., Washington, DC
20375-5339; (202) 767-0241, FAX:
(202) 404-7690, e-mail:
Lohrmann@nrl.navy.mil.

HERE has been recent interest in the pulse performance of dipole
antennas. Traditionally, this problem is treated theoretically by using
known steady-state periodic solutions in the frequency domain and
calculating the real-time pulse response of the dipole by Laplace
Transform. While this method provides technically useful solutions, it falls
short in explaining certain effects observed in experiments. The reason for
this is that the solutions in the frequency domain do not include the fre-
quencies at zero and infinity. An example of this is a battery connected to
a long dipole. “Long” in this context means that the rise time of the bat-
tery current is short compared to the time it takes the wave to travel to the

The work by O. Einarsson' and
T.T. Wu? gives the exact solution,
using Maxwell’s Equations, for the
current on a long cylinder-type
dipole antenna resulting from a volt-
age step at the input.

Several features of these solutions
are remarkable in that they are not
intuitively obvious:

1. At the first moment after appli-
cation of the voltage step, the anten-
na exhibits a zero-input impedance

0.08
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I(t,2) as a function of 1/a V¢212 - 22,

1. This graph is a plot of current into a dipole versus normalized time following
a +2-VDC step input to the dipole.

end of the antenna, get reflected, and return to the source.

(i.e., the current is infinite).

2. The current decays with a time
constant which depends only on the
radius, a, of the antenna cylinder and,
of course, not on the length of the
antenna. The decay time decreases
with decreasing diameter.

3. After a time which is large com-
pared to a/c, where c is the speed of
light, the current at the input decays
proportional to 1/log(t).

4. The current waveform created
at the input travels down the anten-
na with the speed of light, without
any change of shape. This is remark-
able because it might be expected
that the current waveform would be
attenuated due to radiation loss
while traveling along the dipole, but
this is not the case. Figure 1 depicts
the current at the input of the anten-
na following the application of a +2-
VDC step at the input 1. In Ref. 1, a
detailed table of the current versus
normalized time is also provided. The
ordinate in Fiig. 1 depicts the current
at the input in Amperes’, the abscis-
sa depicts the normalized time,

v=(1/a)*(c*1)? - 72

where:

(1
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The exact solu-
tion for the cur-
rent is very com-
plicated and
therefore not
well-suited to
- solving practical
S problems, such
as accounting for
the impedance of
the source. For
this reason, an
attempt was
made to model
the input
impedance of the
antenna, simu-
lating the accu-
rate performance
as closely as
possible.

The antenna

101 Step-voltage current response of monopole

102

Current—A

~—— Solid = exact solution: (Reference 1)
--- Dashed = approximation (Eq. 9)
10-3
100 101
v=1/a* sqrii(c * 1)2 - 22]

102

2. An input step of +1 VDC to a monopole antenna produces
the current response illustrated here. The solid line is the
exact solution according to Ref. 1, while the dashed line is
an approximation according to Eq. 9.

Imaginary

Path of
integration

w

o

a = radius of the dipole eylinder, ¢ |
= speed of light , and z = length coor-
dinate on the dipole, starting at the
feed point. Note that at the feed |

point,z =0 and v = ¢/a* t.

acts as a transmission line. However, |
since for a voltage-step input with
zero rise time the current is infinite
at time t=0, the input impedance of
. the antenna must be zero for infinite |

3. To calculate the currentto a
monopole, the integration path moves
parallel to the imaginary axis at a
distance p from the axis with jo as the
parameter.

frequency. A transmission line with
distributed series R and L and shunt
G and C has this property only if the
distributed inductance is zero.
Therefore, the input impedance is
modeled :

Z(jo) =R/ (G + joC) (2)

In the following, instead of a
dipole, consider a monopole over a
conducting plane.
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Therefore, the input voltage is now
a +1-VDC step instead of +2 VDC as
in Ref. 1. The current is the same, and
7 is the input impedance of the
monopole. For a dipole, the input
impedance is then 2Z.

The next step to investigate is how
accurately the current resulting from
a voltage step applied to Z will
approximate the exact solution. For
this purpose, the current versus time
response is calculated by Inverse
Laplace Transform and compared to
the exact solution shown in Fig. 1,
using the model of Eq. 2.

I(s)=V(s)/ Z{s) (3)

V(s) = Vz/s is the voltage step in
the frequency domain and Vz is the
amplitude of the step. Then:

I(s)=Vz/s/2Z(s) =

Vz/(s*|R/(G+s*C)) (4)
And
I(t) =
5= joo
1/(2*mj) JI(S)exp(s*z)ds (5)
§=—joo

The solution of this integral is:
I{it)=~JC/R{I/Nm*t
*exp(—b *t)+x/5 *erf(\Nb *t)] (6)

Here, b =G/C, and erfis the Gaus-
sian error funection:

DESIGN FEATURE
Dipole Responses

erf (x)= 2/ * Iexp(—fz)dé (7a)

=0
Replacing t by v and setting the
length coordinate z = 0:
v =c/a*t,t = v¥a/c.
Letting:

Lerting p = \/(C *c)/ (T*R*a),

g=a*b/c: (7b)
Iv)=p *{1/\/; *exp(—q *v)+
T *q *erflyg*v)} (8)

The coefficients p and q are chosen
so that I(v) resembles the exact func-
tion of the current shown in Fig. 1 as
closely as possible. However, for prac-
tical purposes, it is sufficient to limit
this range to 1<v < 100. Where v > 1,
consider only values of t which are
greater than or equal to the time it
takes an electromagnetic (EM) wave
to travel the radius of the antenna
tube. This appears to be a reasonable
restriction because in practice, leads
connecting the source to the antenna
will not be shorter than the radius, a, of
the antenna cylinder. Further, v< 100
means that only those times are con-
sidered which are less than or equal to
the time it takes light to travel 100
radii. Depending on the particular
application, the values of p and q can be
chosen to emulate the curve for differ-
ent regions of v. For the range chosen
here it is found for 1< v <100 that:

p =0.01799

q =0.01094 .

With these values, the approxi-

Function under integral Eq. 11a to be integrated

\

E 0.005
: \
i

ik
~0.005 \J
-0.010
10-1 100 101 102 108

4. Integrating the real part of Eq. 11a with respect to w over the limits v =0 to »

= wmax yields this curve.

mated curve and the exact curve are
shown in Fig. 2. The error of the
approximation is less than 10 per-
cent.

Now Z(jw) can be expressed using
the parameters of the dipole:

Z(jw)=1/p*Jc/(a*x)
J1/(g*c/a+ jo)

This can be re-written:

(9a)

Z(jw) = 31.4Q
*J1/(0.01094+a/c*jw) (9b)

for the Monopole and

Z(jow) = 62.8Q
*J1/(0.01094+a/c* jo)

(9c)
for the Dipole.

This is the approximated pulse
input impedance of the dipole and the
monopole, where 2a = diameter of the
antenna cylinder and ¢ = the speed of
light. This is valid for the time a/e< t<
100a/c,

and until the wave is reflected at
the end of the antenna reaches the
feed point.

Now the current to the monopole
can be caleulated for any particular
source impedance. However, since
the source impedance can be a com-
plicated function, the Inverse
Laplace Transform correspondence
may not be provided in any table, and
therefore, numerical integration will
be necessary. In order to show the
procedure and the problems associat-
ed with that, I(t) will now be calcu-
lated by numerical integration of Eq.
5, using Eqgs. 3 and 9b. The result
must be the same as shown in Fig, 2,
if everything goes according to plan.

Since it is not possible to numeri-
cally integrate to infinity, s = p+jw
must be terminated at some value,
but at which value?

First, choose the path of integra-
tion in the right half of the complex
plane, leaving all poles to the left of
the integration path, (Fig. 3). The
path is chosen to go parallel to the
imaginary axis at distance ., with jo
the parameter.

It is a good idea to observe how the
function of being integrated appears.
It can be illustrated that the true
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Dipole Responses

part of the function of o under the
integral is odd in regard to the inte-
gration parameter w, and therefore,
by integration from —w to +w, the
imaginary portion of Eq. 5 is zero.
This makes sense because the solu-
tion of the real-time current cannot
be complex. Therefore, consider only
the real portion of Eq. 5. Further-
more, because the real portion of the
function under the integral is an even
function of w, integrate only from w =
0 to w = wmax and multiply the result
by a factor of two.

Replacing sin Eq. 4 and 5 by w +jo,
ds by jdw p is constant on the path),
and t by v*a/e,

I(t)=4*-\/5/p*exp(,u*v)
w=mmax
J((,Lt+q)2+a)2))”4/(,u‘2+w2)”2*
=0
cos(w*v+1/2*arctg(w/(1L+q))
(10)

The function under the integral of w

—arctg(w/ u)) do

is plotted in Fig. 4 with p=1/v.
For large w, the function oscil-
lates with a period close to 2,
but the amplitude decays very
slowly. Therefore, integration
to very high values of  would
be required, which in turn
would require excessive com-

Va/s C) Z(s)

I(s)

putation time. However, for
large w, the function is nearly
periodic in:

5. The circuit for determining the voltage
response resulting from a current step depends
upon the source impedance R(s)and the

impedance of the monopole, Z(s).

w*v =k *2m, with k being an
integer.

A simple method of obtaining a
good approximation is to evaluate
the integral first to a multiple of k,
then to (k+1) 7, add both values and
divide the result by two.

With w=1/v, a value of k =50....100
renders values which are accurate to
a few percent.

Theoretically, . can be chosen to be
any real value greater than zero.
However, because the factor
exp(w*v) appears in front of the inte-

gral in Eq. 10, that factor can become
excessively large, which may cause
problems in the numerical integra-
tion. Good values are obtained choos-
ing p so that 1/(p*v) exp(p*v)
becomes a minimum , which is the case
for p*v=1,or u = 1/v.

In practice, the integral need not be
programmed for integration by
machine in the form of Eq. 10, but can
be processed rather in the simpler form
of Eq. 11a, provided that the machine
can process complex arithmetic:

Trouble getting
ucts.taunched?
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Dipole Responses

Inpul current to mﬂnopnle, Gaused by 17.5-kV Vultage siep vcnage respnnse of 1.A current slap o mnnoﬂa'e
| 300
[\ Source imp‘edance =50-nH inductor
250 250 o
200 200 -
=
| . pd
3 \ S 150
= =)
< 100 = 00—
\~/—"“ /
50 50/
0 Voltage step = 17.5 kV Diameter of monopole = 20.3 cm c/att
. o = > a9 “0 70 = w0 40 50 0 70 @ % 10
Time—s X107 Time (Normalized)
6. This curve illustrates the input current to a monopole 7. The voltage as a function of time (normalized) for a
when excited with a 17.5-kV voltage step having a source monople for a 1-A input current step is depicted by this
impedance of 50 nH. curve.
I(1) = real{1/7 _[1(u+ja;)*exp L withl(u+ jo)= Vel (u+ jw) ! . Aptjo)=1/p*yci(a*m)*
0=0 Z(u+ jo), (116) JIl(g*cla+u+jo) (llc)
(U+jw)*t dw ) (lla) |
with . and " Letting p.= 1/t , and
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wmax =
k*m/t, withk=50..100 (11d)

provides a satisfactory solution.

Taking the source impedance
into account, Fig. 5 shows the
arrangement.

I(s)=Vz/s/(R(s)+ Z(s)), (12)

where:

R(s) = the impedance of the source,
and Z(s) = the impedance of the
monopole, as given in Egs. 9a, 9b, and
9c.

Again, s is replaced in Eq. 12 by s
= p+jw and inserted into Eq. 11.

Figure 6 shows the calculated
input current of a “long” monopole
having a diameter of 20 em, to which
a source was connected which pro-
vided a 17-kV voltage step with 50-
nH source impedance.

Next calculate the voltage
response at the input to the monopole
resulting from a current step. Let the
current step Iz be: I(s) = 1z/ s

Then,

DESIGN
Dipole

V(s)=1Iz/s *Z(s), and

@=amax

Vit)=realfl/m* Iz * Z(u+ jw)*
=0

exp((u+jw)*ny/ (u+ jo)doj (14)

(13)

The solution of this integral is
given in closed form in Laplace
Transform correspondence tables:

Vi)=1Iz/(p*ym*q)*erf (g *v),
withv=c/a*t (15)

Figure 7 is a plot of V as function of
the normalized time v=c/a *t for a cur-
rent step of 1 A. Numerical integration
(Eqg. 11) provides the same result. The
input impedance V/I at the first
moment is 0 (the monopole is a short
circuit at the beginning). The voltage
then rises with a tangent perpendicu-
lar to the abscissa similar to the ,/£. The
rise time is proportional to the diame-
ter of the monopole cylinder. Going to
infinity, the voltage also tends toward
infinity (i.e., no finite asymptote).

It has been suggested that the cur-

FEATURE

Responses

rent pole at t = 0 for a step voltage
input results from capacitive effects at
the feed point of the antenna. That is
not the case, because calculation of the
input voltage following a current step
from Maxwell’s Equations given in
Ref. 3 yielded the same result as that of
Ref. 4. There, it was assumed, a priori,
that the current wave moves along the
dipole unabated, with the speed of
light. Since only the current appeared
in the equations and not the electric
fields between the dipole, it follows
that this is not an effect caused by
capacity at the feed point, but is inher-
ent to the propagating magnetic field.
Additional comments on this prob-
lem were published in Ref. 5. e
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S0...is performance getting pretty ugly with your filter applications?

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

United S : 813.901.7450
4 1382 833411

\We are experienced.

CIRCLE NO. 420 or visit www.mwrf.com
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New Materials Make
Microwave GComponents

Safer For Users

Concerns over toxic substance
effects have spawned materials

that offer pervformance benefits
and envivonmental friendliness.

Joseph Mazzochette

EMC Technology, Inc., 1971 Old
Culbert Rd., Cherry Hill, NJ 08034;
(856) 429-7800, FAX: (856) 429-6814,
e-mail: jbm@emct.com.

ESIGNING and manufacturing high-power microwave components
such as transistors, terminations, and attenuators present challeng-
ing materials problems. They are fabricated on substrates which
must be temperature and frequency stable, well-matched with other
materials used in the construction, have high thermal conductivity (TC),
and low parasitic reactance. For many years, beryllium-oxide (BeQ) sub-
strates have been used for applications that require such characteristics.
While the electrical and thermal properties of BeO are attractive, the prob-
lem of the material toxicity has caused many users to search for alterna-
tives. According to the Center for Disease Control, there are chronic and
acute reactions which can result from exposure to Be, the base metal in BeO.'

Inhaling fine Be dust into the
lungs causes both effects. Less is
understood about the effects of
ingesting Be because it is not pre-
sent in large amounts in the food or
water supply. For most people, the
exposure to Be in the air results
from the burning of coal and oil, or
from tobacco smoke. The acute
effects from the inhalation of large
amounts of Be dust are lung damage

150 and a disease
1.45 that resembles
1.40 — 5307 pneumonia.”
1.35 ---- 5307 AIN The acute effects
i o | may diminish if
= 74 =" | the exposure to
>1 2 i Be ceases. Some
: e people are hy-
1.15 e persensitive to
1.10 1= Be and may have
:.og e an allergic reac-
05"="Fw 0 7500 2000 2600 3ogo| tion to the inhal-
Frequency—MHz ation of low lev-

els of dust.” It is

1. A graph of VSWR as a function of frequency
comparing BeO and AIN shows the materials have
similar VSWRs up to 1.5 GHz. Above 2 GHz, AIN has

slightly better characteristics.

estimated that be-
tween 5 and 15 percent
of the population is
allergic to Be.® People

who are hypersensitive to Be may
develop a condition known as chronic
beryllium disease. The chronic and
acute reactions to inhaling Be dust
may cause death. Be is also a likely
human carcinogen.

Although the effects of Be disease
are severe, the risk of illness from Be
appears to be quite low. In the US, 60
cases of Be disease were reported
from 1973 to 1978. Over the past five
years 10 to 12 new cases were report-
ed annually. These cases are divided
approximately 80 percent chronic
and 20 percent acute.* In 90 percent
of the cases, workers are employed in
ore smelting, metal production, and
metal reclaiming.*® As a solid ceram-
ic of the size used in most electronic
applications there is no risk of inhala-
tion. Be does not make the Environ-
mental Protection Agency’s (EPA’s)
list of Top 20 hazardous substances.®
Infact, Be is number 39 on the EPA’s
complete list of priority hazardous
substances after materials such as
lead (Pb), mercurg (Hg), chromium
(Cr), and creosote.

An important issue with the use of
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For the first time two of the world’s leading technology
magazines, Telecommunications® and Microwave Journaly join
together to bring you a comprehensive industry conference
covering three vital communication technologies. The conference
cycles are designed to provide engineers charged with implementing
such technologies in communications applications with the most
up-to-date industry information and analysis.

The Conference tracks will cover:

I. RF and Microwave Technology as

it applies to telecommunications, commercial
applications, and military applications. The track will
focus on devices, sub-systems, and systems from the
perspective of the design engineer.

2. Wireless Applications for communications
techniques from antenna assemblies, base station
architecture, microwave links and wireless broadband
access up to 3G,

3. Optical Technologies covering components
such as transmission, switching, IC componentry, wide
area network and long-haul applications, and IP
requirements.

international experts will present over 50
papers from the communications community. Al
papers will be presented in English and preprints

of the presentations will be available.

Who should attend?

¢ Sub-system/system engineers

¢ Engineering managers

* Project managers

* R&D directors

* Business development executives

The conference will open with a plenary session at
13:30 hrs. on Tuesday 16, January 2001. Presentations
will run from 08:30 to 18:00 on Wednesday 17, January
and close on Thursday 18, January at 13:30 hrs.

For more information contact:

hhEvents or Microwave Journal®
phone 1-800-966-6326
Telecommunications® Magazine
phone + 44 207 596 8700,

fax + 44 207 596 8749

email adv-tci@horizonhouse.com
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Table 1: BeO properties

Be and Be compounds is the end-use
responsibility. Increasingly, govern-
ments are requiring companies to be
responsible for the entire “life” of the
products that they produce. This
includes the use of the product as it is
intended and its proper disposal after
the end product is obsolete. The con-
cern over product responsibility has
led many consumers of high-power
RF and microwave components to
search for alternative materials.

The TC of BeO is roughly half that
of pure copper (Cu). TC is the prop-
erty which makes BeO useful for
electronic applications. Devices that
are required to convert electrical

energy into heat must be fabricated
or mounted on a substrate that will
carry the heat away in order to keep
the device at a safe operating tem-
perature. Electrical properties such
as low dielectric constant €, low loss-
tangent, and high breakdown voltage
are required for high-frequency
applications. Fortunately, the elec-
trical and thermal properties of BeO
make it a good choice for high-power
RF and microwave circuits and com-
ponents (Table 1).°

ALTERNATIVES TO Be0

Some potential alternatives to BeO
are boron nitride (BN), silicon car-

bide (SiC), and diamond. Each of
these materials falls short in replac-
ing BeO due to TC, relative permi-
tivity €, and price, respectively. One
material which comes close to match-
ing BeO performance is aluminum
nitride (AIN). Table 2 lists some rele-
vant AIN properties.”

The TC for AIN ceramics is clearly
lower than BeO. Depending on the
application, the lower TC for AIN
may or may not be acceptable. Con-
structing film-type high-power resis-
tors on a ceramic substrate demands
some of the most comprehensive per-
formance standards from a ceramic,
The metal-resistive film requires

l«—— 0.245 in. —>|
l«— 0.875 in. > sq.
:ll :6: _In +0.010/-0.005
m i 0.035in> |
—> 0.25 [« 0.170in. max»’ - typical P |}~ Protective coating
in. : | <
[} i 1 * i
’ D F 0.3750n. T i
T ' T * ,
Marking i 0.25 in. mi
onthis | | 8. 1l . < 0.010 n. ref
0.120 in. 0.003 £0.001 in. >}« Ao
0.128 £0.010in. =>| |« L f
i v |0 “-“:4 "
: : typical
| L ! | 0.078 in. reference 0.120 in
v
2. This 5307AIN package is a two-hole flange-mounted part —>j|<— 0,030 in

for attachment to a large metal heatsink for ground and
thermal connections with a center tab that is soldered to

microstrip for the input power.

3. The SMT2525AIN is an SMT package designed to be

soldered directly to a PCB.
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'The Maury line of manual slide-screw tuners provides wide matching
~ranges over multi-octave bands in several connector styles. One model
_ series provides 25:1 equivalent VSWR from 0.8 to 2.5 GHz, making it
ideal for wireless applications. Repeatable performance in device
characterization and matching applications is ensured through the use
of high resolution micrometer drives on the probes, which determine
reflection magnitude, and a LCD readout on the the slide, which sets

reflection angle.

Call or Fax our Sales Staff for Information!
Tel: (909) 987-4715 » Fax: (909) 987-1112  Email: maury @maurymw.com

MAURY MICROWAVE

C O RPORATION
2900 Inland Empire Blvd., Ontario, CA 91764, USA

Visit our homepage on the World Wide Web at:

http://www.maurymw.com
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Safer Materials

Metal conductor

Component Thermal/ shown in Fig. 4. ground connection. Despite the
p ‘—\ eleclor;t':r;?vla . Eare m:;ttlﬁe Kal(li\}lgtiondin power iapabifllilty, _the
Solder . aken wi e -based components are function-

s e SMT part that al for many applications. While the
laminent

Epoxy/glass PCB adequate ground = power margin on the part may be
L Metal heat sink | vias are added to = reduced, this is often justified by the
: / \ the PCB layout to = benefit of using AIN to eliminate the
Solder fram SMT T“f"““' path insure proper toxic BeO from the circuit. The
TN Drosens o e heat sinking anda = 5307AIN device was first developed

component > : .
low-inductance | in 1995. After the production of hun-

4. Surface mounting requires that the
PCB layout provides vias to ensure
proper heatsinking and a low-
inductance ground connection.

excellent adhesion and closely
matched temperature-coefficient-of-
expansion (TCE) specifications in
order to meet minimum reliability
needs. Under normal operating con-
ditions, the heat generated by the
resistor creates a considerable tem-
perature gradient through and along
the surface of the ceramic. In other
applications, such as packaged high-
power transistors, where the devices
are mounted on the ceramie, a mount-
ing medium may be used to buffer
any TCE mismatch. The buffer
may be further optimized for good
adhesion. The analysis and results
presented in this article will focus on
the more stressful power-resistor
fabrications.

In side-by-side power-capability
tests on high-power microwave ter-
minations, parts built with BeO sub-
strates outperformed similar AIN
parts as detailed in Table 3. In the
tests, the parts in each “family” are
identical in size and have similar
VSWR specifications. The higher e,
of AIN, when compared to BeO,
makes it difficult to achieve identical
S-Parameters for the two parts. Fig-
ure 1 shows VSWR as a function of
frequency for the 5307 and the 5307
AIN. Package drawings of the 5307
and SMT 2525 parts are illustrated in
Figs. 2 and 3, respectively.

The 5307 is a two-hole flange-
mounted part. It is normally mount-
ed on a large metal heatsink for
ground and thermal connections,
while the center tab is soldered to a
microstrip circuit for the input-
power connection. The surface-
mount (SMT) part is connected to a
circuit by soldering it directly to a

See us at the PCIA Show - Booth #4435 - Chicago, Sept. 27-29th
printed-circuit board (PCB), as CIRCLE NO. 416 or visit www.mwrf.com
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0.50 in. 80 - - Be0 6-12 rod
—! 0.180 |« 5q. 70 I ——AIN 6-12 rod [
in - .
: : 0.340 in. : 60 -
—>l <= 0.050 in. r 5. —" Aulllig;‘!;d i L /-'\
] Insert projection : - 6in. @ B / \
—/  0.003 in. max /69 @\_L E40 -
-T_ 0.005 30 / \
0303111 1 +0.001 in. | / \
in. -‘f 20 7 *
PRIy 2 /. AN
__J ] " -—Qj “"“4-.
i : 2 4 6 8 10 12 14
0.053 in. 0.108 in. Breakage force—Ibs.
4 holes

5. The 8475AIN package is a standard four-hole, 0.5-in.
(1.27-cm) high-power termination that relies on the flexural
strength of the internal rod resistor to survive normal

mounting stress.

dreds of thousands of devices over
the past four years, it has proven
to be as reliable as its BeO sister
product.

MECHANICAL FEATURES

An important advantage of AIN
ceramic over BeO is increased
mechanical strength. The AIN
ceramic provides 30-percent greater
flexural strength than the BeO
ceramic. Standard, four-hole, 0.5-in.
(1.27-cm) high-power terminations,
such as the type illustrated in Fig. 5,
rely on the flexural strength of the
internal-rod resistor to survive nor-
mal mounting stress.

In most applications, the center
conductor of the load is soldered to
the conductor of a stripline or micro-
strip circuit. The load case is then
attached to the circuit housing with
screws. Stress on the load is created
during the soldering and screw-
mounting operations. Since the rod
resistor is supported on the load-
housing end, much of the stress is
placed on the rod resistor. Further-

Table 3: Power capability of BeO versus AIN substrates

6. AIN has greater breaking force than BeO as illustrated
by the curve comparing the materials when fabricated in
0.06-in. (1.52-cm) diameter rods. This characteristic of AIN

gives it higher reliability than BeO.

more, the stress causes the rod resis-
tor to flex. Since it is a ceramic, the
rod resistor performs well in com-
pression. However, cracks may prop-
agate from small notches in the sur-
face when the part is flexed. Figure 6
shows the distribution of flexural
force required to break AIN and BeO,
0.06-in. (0.15-¢m) diameter ceramic
rods. This test was conducted on 200
specimens which were mounted in
the same configuration as the device
featured in Fig. 4. The resulting 60-
percent improvement in breaking
force adds considerably to the overall
reliability of the product.

In the case of flat ceramic devices,
such as the types featured in Figs. 2
and 3, the greater flexural strength
helps the AIN parts to survive the
stresses that result from the TCE
mismatches between the ceramic and
mounting surfaces. The most com-
mon mounting surfaces are Cu
(TCE = 18 PPM/°C) for the device in
Fig. 2 and epoxy-based PCBs (TCE =
12 PPM/°C) for the device in Fig. 3.
Some of the TCE mismatch stress is

absorbed by the solder connections
between the ceramic and the mount-
ing surface. However, AIN ceramics,

- with a higher flexural strength, pro-

vide additional insurance against fail-
ures due to thermal stress when com-
pared to BeO.

Manufacturers of AIN substrates
have struggled for years to produce
consistent material. Variations in the
AIN fabrication process such as tem-
perature, grain size, and firing atmo-
sphere can affect the properties of
the finished product. Materials such
as yttrium oxide, which melts at a
lower temperature than AIN, are
used as flux to aid in bonding the AIN
grains during the sintering process.
The TC of the material is significant-
ly affected by the grain size, the
integrity of the connection at the
grain boundaries, and N vacancies
which may form when the ceramic is
sintered. The variation in the forma-
tion of the ceramic is demonstrated
by the variation in color from part to
part and from lot to lot.

The condition of the surface of the
substrate is also quite
critical to the perfor-
mance of components
produced using AIN.

Surface contamina-
tion and physical

defects can affect the
adhesion of materials

such as conductors,

dielectrics, and even
(continued on p. 170)
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Reach the Pinnacle
of High Linearity ;

EC1 089 '

With EiC’s NE ( 15l
Broadband Amj

EiC’s new InGaP HBT broadband
amplifier takes you to the top
with up-to-the-minute
technology in affordable
packages. Perfect for today’s high
performance applications, such
as wireless and infrastructure, the
EC-1089 delivers high linearity,
high reliability and an SOT-89
plastic package. The low cost
broadband amplifier has cutting
edge specifications and optimal
performance, as well as superior
linearity.

Our newest amplifier features:

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

A high OIP3 of >42dBm

A high MTTF value

A low thermal resistance

Optimal performance for
wireless applications

Call us for information and prices
on our InGaP HBT Gain Block
series: EC-1019, EC-1078 and
EC-1119 — reliable, highly linear
broadband amplifiers.

[ 3

L
In 1997 we established our own Bl h's.
GaAs HBT fab in Fremont, CA.

e European
We specialize in high frequency SPECIFICATION MATRIX Microgvave
circuits suitable for use in awide ~ P/N Gain o;lt(l”;t 0';;2"‘ 39f ATj BW CNIT, La Defense
range of applications such as went Paris, France
Wirelesst handset’ base stations, EC-1089 15dB 23.5dBm  >42dBm ~85C/W ~65'C DC-2.5 GHz October 2 - 6, 2000
WLL, CATV and satellite EC-1019 18.5dB 19dBm  34dBm  120°C/W 40°C  DC-3GHz Booth 184

communications in the RF and EC-1078 19.5dB 21dBm  37dBm  120C/W 60°C  DC-3 GHz Corp
microwave frequency range. : - ¢
EC-1119 14.8dB 18.6dBm  36dBm  150C/W 60°C DC-3GHz  Excellence in Communications

EiC is fast becoming a leader in

affordable RFIC production. 45738 Northpoint Loop West

") Fremont, CA 94538, USA
. e . ] . Tel: 510.979.8999
Visit us on the web at: Call for pricing: s Exes 510,079 3607
www.eiccorp.com 510-979-8999 s E-mal: sales@eiccorp.com
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market for LMDS, PT-PT, & e 329 mmz
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systems, Hittite Microwave # SINGLE +V BlAs
introduces a family millimeterwave
MMICs.

Production qualified PHEMT and

| PART NUMBER  FREQUENCY FuncTion NF P1dB Our

MESFET processes are utilized. | (GHz) (dB) (dBm)
We offer commercial level die | LMC283 17 - 40 Med. PA 21 10 +18
products, 100% RF tested & HMC261 20-40 Driver AMP 13 7 +12

visually inspected, as well as . HMC262 15-24 LNA 25 2.0 +5
military and space level screening. FRVeX} 18-32 LNA 22 25 +10
. HMC263 24 -36 LNA 25 2.3 +6

Millimeterwave products are HMC282 36 - 40 LNA 27 35
available now in sample or | @ MILUMETERWAVE FUNDAMENTAL / SUB-HARMONIC MIXERS AND FREQUENCY
production quantities from our | MULTIPLIERS ARE AVAILABLE.

stock! & WE ALso SuppLy Low Cost DC - 6 GHz COMPONENTS FOR IF

REQUIREMENTS

: o o Request Our
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www. hittite.com
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FBAR Technology

Shrinks CDMA Handset

Refinements to film-bulk-acoustic-
resonator (FBAR) technology have made

Duplexers

tiny filters with pevformance rivaling
much lavger cevamic vesonator designs.

Dan McNamara

CDMA Product Manager

Agilent Technologies, Semiconductor
Products Group, 39201 Cherry St.,
Newark, CA 94560; (510) 505-5600,
FAX: (510) 505-5730, e-mail:
daniel_mcnamara@agilent.com,
Internet: http://www.agilent.com.

1. The first production FBAR duplexer
for PCS-band CDMA handsets
occupies a volume of only 126 mm?,
versus 674 mm?® for current coaxial
ceramic-filter-based duplexers.

UPLEXERS are used in cellular telephones to separate transmit- and
receive-frequency bands, enabling simultaneous transmission and recep-
tion. Duplexers for code-division-multiple-access (CDMA) systems at
personal-communications-services (PCS) frequencies must meet
demanding requirements, providing a 50-dB attenuation rolloff from a low-loss
passband within a 20-MHz bandwidth (including variations with temperature),
while handling transmit-power levels of approximately 1 W. The key parameters
for the filter include quality factor (Q), which is roughly proportional to filter
rolloff, temperature coefficient, power handling, and insertion loss. What fol-
lows is an examination of a technology—film bulk-acoustic resonator
(FBAR)—well-suited for cellular/PCS handset duplexers.

Until now, the only filters suitable
for duplexer applications in the PCS
band have been relatively bulky ceram-
ic coaxial dielectric-resonator filters.
However, FBAR technology can yield
extremely compact filters with a com-
bination of high @, moderate tempera-
ture coefficients, and excellent power-
handling capacity, to provide the first
“semiconductor-sized” duplexer/filter
solution. The long-term promise of
FBAR technology includes the inte-
gration of filters with active circuits,
supporting new high-performance
radios ranging from

Vin

Si Si
substrate

AIN piezoelectric film /

substrate

small personal communi-
cators, person-level net-
works, and any type of
device which can operate
on a wireless data link
(Fig. 1).

When compared to
ceramic filters, FBAR-
based solutions offer sig-
nificant advances in

Electrodes

2. The basic FBAR structure consists of an AIN
piezoelectric membrane with thin-film metallic
electrodes. The “active” portion of the membrane is
unsupported.

miniaturization. Ceramic
duplexer products avail-
able from 1997 through
1998 were typically 1309

mm? in volume, having been reduced to
approximately 674 mm?® by 1999. The
first FBAR duplexer product can be
realized in less than 20 percent of the
volume of these smaller ceramic filters,
with a volume of only 126 mm?®. Since
FBAR duplexer filters can be made
with a height of only 2 mm (compared
to 5 mm for ceramic duplexers), the
same handset housings can be used for
CDMA units as for Global System for
Mobile Communications/time-divi-
sion-multiple-access (GSM/TDMA)
units, which is not possible with bulky
ceramic PCS duplexers.

The table summarizes important
performance parameters for ceramic,
surface-acoustic-wave (SAW), and
FBAR filters. From the data, one dif-
ference is the high-Q value for the
FBAR filter. The consequent steep
rolloff compensates for variations in
the filter’s response curves over tem-
perature, creating a structure compa-
rable in electrical performance to the
less steep, but temperature-stable
results seen with ceramic filters.

When compared to SAW devices,
the higher Q and lower temperature
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coefficient of FBAR resonators equips
them with the potential for lower
insertion loss and steeper filter “side-!
walls.” These advantages are derived:
from the lower parasitic-circuit ele-
ments associated with a bulk device, as
well as the elimination of Bragg reflec-
tors from the topology. Some of this
performance margin can be traded for
improvements in bandwidth, eliminat-
ing the need for split-band filters. The
use of vibrating membranes, rather
than fine-pitched interdigitated strue-
tures, provides intrinsically better
power-handling capacity, and enables
operation to higher frequencies.
FBAR technology can readily handle
continuous-wave (CW) signals in
excess of 1 W with minimal added dis-
tortion. The technology readily
extends to PCS frequencies and, in
fact, can be used to create resonators
which operate at frequencies above
10 GHz.

FBAR resonators are created using
a thin-film semiconductor process to
build a AIN-metal sandwich in air (Fig.

Comparing filter performance at
PCS frequencies

DESIGN FEATURE

FBAR Technology

2). When an al-
ternating elec-
trical potential
is applied across [
the metal AIN
metal sandwich,
the entire AIN
layer expands
and contracts,
creating a vibra-
tion. This reso-

e

E

© Aluminum
@ Nitrogen

a —
E

nance is in the
body (bulk) of
the material, as
opposed to being
confined to the sur-
face, which is the case for SAW devices
(Fig. 3). One advantage of bulk res-
onators is the intrinsically better
power-handling characteristics,
opposed to the interdigitated struc-
tures which are used in SAW devices,
especially at higher frequencies where
the pitch of the interdigitated strue-
tures must be reduced.

The vibrating membrane creates a
high-Q mechanical (acoustic) reso-
nance. The dimensions
for an acoustic res-
onator at a particular
frequency are several
orders of magnitude

smaller than those of
a coaxial resonator,

rature

enabling acoustic de-

vices to fit easily on a

semiconductor chip.
As alternating volt-

age is applied across
the AIN stack, the
polarization vector

P of the stack will
change in phase. At

some voltage, V(f,), P
will be in phase with
the vector E created

by the applied poten-
tial, creating a series
resonance (Fig. 4). At

some voltage, V(f,), P

3. In operation, the entire AIN layer expands and contracts,
creating an acoustic vibration. The resonance is in the
bulk of the material, as opposed to being confined to the
surface, which is the case with SAW devices.

will be 180-deg. out of phase with E,
creating a parallel resonance (F'ig. 5).
These resonances can be characterized
(Fig. 6) by the following equations:

For series resonance:

£, = (LpCr) ™"

Rs = Rser’ies + Rm

For parallel resonance:

fp — (mem)705

1+ Cm/Cp)”‘5

Rp = ZZplate/(Rm + 1/Gshunt) -1
where:

V(£,) = the voltage for conditions of
series resonance,

V(fp) = the voltage for conditions of
parallel resonance,

L., = the equivalent-circuit induc-
tance,

C,, = the equivalent-circuit capaci-
tance,

R,, = the equivalent-circuit resis-
tance,

Zopiate = the plate capacitance of the
AIN stack, and

Ggpunt = the shunt transconductance
of the AIN stack.

Piezoelectric coupling is used to
access these acoustic resonances. Res-
onators can, in turn, be built into net-
works which provide signal shaping
(filtering). Resonators could also be
used to construct devices such as volt-
age-controlled oscillators (VCOs), or
used to perform impedance matching.

4. The series resonance in the bulk of the FBAR membrane

is obtained from the equation: f, =
+R,,.

(LmCrm

— 0.5; Ry =Rgeries

5. The parallel resonance in the bulk of the FBAR
membrane is obtained from the equation: f, = (L,C, —

0.5(1 + C,/Cp,) — 0.5; R = Zopjate/(Rm + 1/Gshunt)-
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RF & Microwave Products

State-of-the-Art

Thin Film Technology

With innovative foundry service for today and beyond, KMW can satisfy the
most critical performance and reliability requirements for your products with
complete technical support.

We offer foundry services for thin film microwave circuits,
which include mask processing, thin film patterned
substrate fabrication and assembly services.

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

KMW accepts orders that range from sample to
production quantities.

Contact us today.
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N Rp

layers that serve as
electrical terminals.
The crystalline quali-
ty of the AIN film
determines the qual-
ity of the resonator,
which determines
how efficiently the

Cm electrical energy

applied to the termi-
nals is converted into
mechanical energy
(and vice versa)—

6. This equivalent circuit represents a BAW resonator.

To achieve practical success, bulk-
acoustic-wave (BAW) devices must
overcome several fundamental difficul-
ties, including extreme demands in
thin-film stack uniformity (for frequen-
cy control), acoustic-coupling constant,
Q (electrical and mechanical), and rela-
tively low thin-film stress to meet
device-reliability requirements.!

As previously mentioned, the piezo-
electric stack is comprised of an AIN
film sandwiched between two metal

this is referred to as
the acoustic-coupling
constant for the resonator. The basic
electrical model for the resonator is
represented by the classical Butter-
worth-Van Dyke circuit illustrated in
Fig. 7, where C, is the equivalent par-
allel-plate capacitance of the piezoelec-
tric sandwich and C,, L;, and R, repre-
sent the elements of the equivalent
electrical circuit of the piezoelectric
element.

A two-step modeling process was
used for optimizing FBAR resonator

o—p— ICu
e
C1 L1 R1

O

7. The FBAR device can be
represented by the Butterworth-Van
Dyke model, where C, is the
equivalent capacitance of the
piezoelectric sandwich and C,, L,, and
R, represent the piezoelectric element.

and filter performance. First, a physical
simulator based on the Mason® model
was used to determine the resonator-
layer thickness. Optimization for
FBAR filters and more “integrated”
structures (such as a duplexer), includ-
ing printed-circuit-board (PCB) and
passive elements, have been performed
using the EEsof Advanced Design Sys-
tem (ADS) simulation software from
Agilent Technologies (Palo Alto, CA).
The physical (Mason) and electrical
(Butterworth-Van Dyke) models are
relatively simple. Thus, good agree-
ment between measured and predicted

testing requirements are unique,

E-mail- sales@jfwindustries.com
ISO 9001 Certified
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8. This simulation of the transmit filter was performed with 1
kt? of approximately 5 percent and mass loading of (a) 4 20
percent, (b) 3 percent, and (c) 2 percent. - -_30.
performance can be achieved. together with the |  _gp
Two additional variables are used in . acoustic-coupling o
the design of filters and resonators. = constant and the Q M
The mass loading determines the offset = factor, are impor- |  -60 -
frequency between resonators and the | tant for designing 1600 1700
effective acoustic constant (kt?). The | product applica- ' i
effects of these parameters on the per- | tions where excel-

formance of a typical PCS transmit fil-
ter are depicted in Fig. 8.

As a general rule, increasing the
acoustic-coupling constant and mass
loading (_f) will increase the filter
bandwidth while the number of res-
onator stages and the Q will determine
the rolloff characteristics (at the cost of
insertion loss).

Figure 9 illustrates the measured
and simulated performance of a
1900-MHz FBAR PCS duplexer.
Small size, together with excellent
electrical performance, are the key
value propositions for this solution.
The effects of the passives and the
PCB are also included in the results
depicted. This particular solution is
a chip-on-board device (no filter
package).

Environmental-chamber measure-
ments have been used to determine an
average temperature coefficient of 25
to —30 PPM/°C, which compares
favorably to the —35to —40 PPM/°C of
lithium-tantalum-oxide (LiTaOg) SAW
duplexers. These numbers, taken

2000 2100 2200

Tx-to-Rx fisolation

/N
A

1800 1900 2000 2100 2200
Freguency—MHz

lent performance
over a wide tem-
perature range is
required.

Further details
of FBAR duplexer performance (mea-
sured and simulated) have been pub-
lished recently.**

The high Q and coupling coefficients
achieved by FBAR technology allow
structures to be created which rival

9. The measured (dotted line) and modeled (solid line)
performances of an FBAR duplexer were plotted for (a) the
Tx to antenna-filter response, (b) the receiver (Rx) to
antenna-filter response, and (c) the Tx to receiver isolation.

10. This Q circle was plotted for a
representative FBAR filter

present state-of-the-art ceramic and
SAW resonators. Qs in excess of 1000
have been realized (Fig. 10). This
translates into steep filter rolloff. More
than 40-dB rejection in 8 MHz or 50-dB
rejection in 12 MHz has been achieved.

REACHING RELIABILITY

Rigorous testing has been per-
formed to verify the ruggedness of the
FBAR duplexer. Devices have been
tested through thermal shock, high-
temperature storage, autoclave, and
thermal cycling without any observed
failures. Mechanical shock tests have
also been performed without failures.

In addition to the duplexer, FBAR-
point filters designed for transmitter
(Tx) applications have been subjected
to various CW RF input-power levels.
Input-power stresses of approximate-
ly +34 dBm for up to 200 hours show no
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(Si) and gallium-arsenide
(GaAs) wafer processing,
opening the door for inte-
grated radio solutions that
include active elements and
filtering in the same semicon-
ductor package, and eventu-

ally on the same chip. ee
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these tests, the temperature of the
PCB that holds the ceramic filter carri-
er as well as the return and insertion
losses of the filter are monitored to
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While FBAR is not a new technolo-
gy, it is only now being prepared for
use in large-volume applications. The
development of acoustic resonators
has been ongoing for approximately 30
years and patents exist for this tech-
nology dating back to 1976. In the past,
there had always been some substan-
tial hurdle which limited the use of this
technology to niche applications. It is
only now that a robust process has
been developed which can support the
demands of a large-volume market.

The initial FBAR product for the
mass market will be a PCS duplexer
used in CDMA applications. Logically,
this technology could be adopted for
duplexers at the other CDMA fre-
quencies, 800 MHz, and wideband-
CDMA (WCDMA) applications.

Although the focus of this paper has
been primarily on 1900-MHz PCS
applications, filters and resonators
covering frequencies from 800 MHz to
more than 7.5 GHz have also been
demonstrated. In addition to this,
information on a multichip amplifier
and filter module was published last
year.® The concept of combining filters
and active circuits could take many
forms. One example of this is a low-
noise amplifier (LNA) with a bypass
switch followed by a bandpass filter, in
a single small package.

There is also the potential for reduec-
tion in overall circuit size by integrat-
ing the various pieces of aradio. FBAR
technology is compatible with silicon
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This tutorial discusses the problems
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curvent stabilization in n-channel
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HIS article discusses the basic problem of DC-current stabilization in

n-channel, metal-semiconductor field-effect transistors (MESFETSs)

due to device-threshold variations. It introduces basic methods of Vy;,

compensation through gate- and source-voltage control, analyzes sev-
eral methods of compensation, and discusses their relative merits.

There are two basic methods of
biasing n-channel, gallium-arsenide
(GaAs) MESFETs for threshold-
voltage (V) compensation. The first
requires that the gate-source voltage
tracks Vo changes directly. This can
be accomplished by making the gate
voltage, source voltage, or both, a
function of V. Current feedback is
the most straightforward method of
doing this, but it has the disadvan-
tage of placing the current-sense
resistor in the bias and signal paths.

VDo o
Ip

R
Rr=Rq+R2

Ry

1. This schematic shows the
reference bias circuit.

The second method involves using
a current mirror to cancel Vy varia-
tions. This method is only as accurate
as the current source for the mirror.
And since this current source is con-
structed from another n-channel
device, the mirror is affected by Vy
variations.

An alternative is to combine both
methods by placing the current-
sense resistors in a much-lower-cur-
rent “dummy” path and then mirror-
ing this current to the device to be
biased. The disadvantage is that cur-
rent errors in the dummy device are
multiplied by the beta ratio. Still, cer-
tain “dummy” methods offer
improved control. And some imple-
mentations can achieve a compensa-
tion that is greater than one to one,
which can be advantageous in certain
applications.

Equation 1 shows the simple DC
Curtice model for a GaAs MESFET.

v=(1/a)*y(c*1)? =z%

(1)

Equation 1 does not have the accu-
racy required for general analysis,
but it is suitable for gaining a basie
understanding of the operation of
MESFET, metal-oxide-semiconduc-
tor-FET (MOSFET), and junction-
FET (JFET) bias circuits. More-
complex models offer greater
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DESIGN

accuracy for general analysis, but
they do not offer much insight into
basic FET operation. They are also
too unwieldy for pencil-and-paper
analysis and require simulators.
When complex models and simulator
are available, they should be
reserved for fine-tuning.

If one assumes that the device is
operating in the saturation region,
Eq. 1 can be simplified further by
omitting the o parameter. But if bias-
ing must occur in the linear or triode
region, say for a dual-gate mixer, this
assumption obviously fails and Eq. 1
must be employed. The channel-
length-modulation parameter is gen-
erally retained because its impact on
bias point can be significant. If V,qis
constant or has negligible change, or
if X is very small, the effect can be
lumped into B. The Aterm describes
the apparent increase in B due to
increasing Vpg. The channel length is
effectively shortened by the increas-
ing electric field between drain and
source, raising the apparent g,... This
effect is more pronounced with short-
er-gate-length devices. The simpli-
fied formulation appears in Eq. 2.

Ip = B(Vgs — Vi )2 (1+ Apg) (2)

The Q parameter is required
because the exponent is generally
not exactly 2. Most of the analyses
that follow assume a Q value of
2 because it is easier to deal with
when performing pencil-and-paper
analysis.

The first-order-biasing problem in
GaAs MESFETSs is related to V¢
variations due to process and tem-
perature. If Vg is fixed, the sensi-
tivity of Ip to changes in V 1 is given
by Eq. 3.

al -
—aVD =-BO(Vys - VT)Q 1(1 + AVpg)
T
Ofp
=—- =t (3)
Vos = Vr

Equation 4 includes the sensitivity
of Ip to changes in Vg (transconduc-
tance).

al _

BVD = 8 = PO(Vgs — V:)Q !
Gs

(1+ AVpg)

N FEATURE
Biasing MESFETs

Vbp
Rt
lmvl {
Ip
Ro )
Rr=Rq +R2 v
D
Vo
Rq

2. In this schematic, the gate voltage
depends on the current.

Q1p

2o _ 4
Vos = Vr

Em =

It is interesting to note that the
sensitivity to Vis equal but opposite
in sign to the transconductance
parameter g, and thus counters the
effect of Vg, Some other things
should also be noted:

1. To maintain a constant bias cur-
rent in Eq. 2, any changes in Vmust
be countered by an equal change in
VGS-

2. At a constant Iy in Eq. 3,
increasing Vg will reduce sensitivi-
ty to V. This may not seem possible
at first, since increasing Vag also
increases Ip. In integrated-circuit
(IC) work, the device size can be con-
trolled continuously. A smaller-
device periphery in the same process
will require more Vg for the same
current and thus will have lower sen-
sitivity. Obviously, there are other
considerations for device sizing, so
the device selected should be the
smallest possible while meeting the
requirements.

3. Operating Vg near Vi results in
huge sensitivities in g,, and Ip. This
condition occurs in large devices
operated at low currents, such as
low-noise amplifiers (LN As) operat-

ing at lower frequencies. In these
cases, large devices are chosen to
lower the impedance and reduce the
gate resistance, but the operating
current is usually fixed at some low
value.

If Vgg can be made to track
changes in Vyin Eqgs. 2 and 4, then I
and g, will be constant. In reality,
there may be some higher-order
effects that need to be taken
into account for more precise
compensation.

The circuit in Fig. 1 shows an
uncompensated bias circuit consist-
ing of a simple resistive divider. The
supply voltage Vpp is assumed to be
invariant in this case, so Vg is fixed
and determined by the divider. The
source voltage Vg is fixed at 0 VDC,
One may not be able to track Vi per-
fectly, but anything that reduces
variation is an improvement. A qual-
ity factor for improvement relative
to this uncompensated reference is
thus established. Another quality
factor is the sensitivity to changes in
Vpp. Equation 5a evaluates the sen-
sitivity to V- and V.

P 0

Ip = ﬁ(VDDR—’ - VT) (I+AVyp)
T

Q_{Q__ Olp

V(R )
(VDDR_J - VT]

il

Vpp
o

Rr=Rq1+Rg

Rq Rp

3. This schematic depicts the drain-
current feedback to the source
voltage.
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=1
Wpp

L 0 _*
Ry [v R, ] 1+ AVpp
DDR7_ T

(Sa)

If the supply voltage does not
change, the gate voltage is constant
and there is no compensation. It is
possible, but not reasonable, to mod-
ulate the supply voltage.

If V5 in Fig. 1 could somehow be
fixed and not referenced to Vyp, the
sensitivity to Vpp would simplify to
that of Eq. 5b.

al, A

= 5b
WVpp DI+ AV, (50

The drain voltage can be made a
function of drain current (and, there-
fore, V1) by using a current-sensing
resistor in the drain path, as shown in
Fig. 2.

To make the analysis manageable,
Qis set to 2 and Vg is assumed to be
constant (although this is not quite
true). This will introduce a small
error, but the salient features will
remain. The drain current is derived
in Eq. 6, which is rather complex,
despite the assumed simplifications.
Iprv can be made negligible by using
alarge V.

Ip = B(Vg = Vi) (14 AVps) =

2
" Vpp—=Vp -1
ﬁ( DDRT T D R‘[‘

Vpop
o

Vs

Vo

Ry Rt

4. This schematic shows the drain-
current feedback to the source
voltage for depletion-mode devices.

2
2 R¢R,
2 _
Ry
R¢R R 1
S ]
Ip| 2 v, —-Vp |+ — |+
.D|i RT (DDRT TJ ;:|
R 2
Vop———Vo | =0
(DDRT T}
[Dz RT
R
VDD%_VTUR; ’
T f 1,3

4R R B’
j— ]+_f].ﬁ_ VDD&_VT
Ry Ry

R .. .
set —= = divider ratio = D

T
1
" %D
F

2R, DB’

(1 — J1+4DRB(VypD - VT))

(6)

The sensitivity to threshold and
supply voltage is given in Eq. 7a.

a, 1

W, b

-1+ !
J1+4DR B/ (VpD — Vy)

o, I

Vop Ry

I
i 1_
; V1 +4DR B (VppD— V)

In Egs. 6 and 7a, it appears that
there should be an improvement due
to the division by the feedback resis-
tor. As in the uncompensated case,
the slope depends on the actual value
of V.

It is difficult to tell by inspection
how much improvement drain feed-
back really offers. It is probably best
in this case to set up a specific design
example with the reference circuit
and then compare the two.

Example 1

Since the circuits of interest are

(7a)

low-voltage, low-current circuits, a

Vpp ]
o
IREF ilu
Vo B4
B2

5. This schematic illustrates a basic
current mirror.

supply voltage of +2.8 VDC and a
drain current of 2 mA are selected. A
relatively large device is generally
required for reasonable matching, so
the size is chosen to be 400 pm. This
also places the Vg closer to thresh-
old, which is a more challenging oper-
ating point.

The device characteristics, B=
0.075 V/A?, Vi = +0.225 VDC, and Q
= 2, are based on extracted model
data from a 400-pm, E-mode device.
Channel-length modulation is
ignored, since it will not be a constant
in all of the derivations that follow. It
also results in third-order polynomi-
als, which are more difficult to deal
with. The uncompensated design of
Fig. 1 serves as a reference, and the
results appear below.

aID 0-1
—£L = _Bo(v,,D- V.
v, BO(Vip T)
=— 24.5W%ﬂ,
Iy _ DOB(VppD - V;)?
aVDD DD T
Voo
l'HEF
Vs
Vbp

Q
il Rt JID

I__
; ‘ : I_m

6. This schematic shows a current
mirror that has a depletion-mode
source.
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= 340%%1‘,

For the drain-feedback design of
Fig. 2, a 250-Q feedback resistor is
chosen. Note that this will reduce the
drain voltage.

Vp=Vpp—IpR; =23V
Vs = 388.3mV

D =0.1688

a, 1

(7b)

-1+ !
J1+4DR B/ (VppD - Vy)

=-12.044/ .,
o, 1

Voo Ry

I
=
J1+4DR B/ (VppD - Vy)

= 2-03”%v-

With a +0.5-VDC penalty, there is
approximately a 200-percent
improvement in both parameters.
Further improvement could be made
at the expense of voltage headroom
by increasing the value of the feed-
back resistor.

In most cases, the voltage drop in
the drain path is not tolerable
because it wastes power and may
prevent device stacking. One alter-
native is to scale down the circuit of
Fig. 2 and use it as a reference for a
larger device (Fig. 7). Although some
power is used in this biasing
approach, it supports more headroom
in the biased device. Due to scaling,
the added power may be minimal.
The series resistor in Example 1 con-
sumes 1 mW. For an equivalent
power consumption at Vpp = +2.8
VDC, current flow can reach 357 pA.
If a compensated reference for >357
pA is used, then more power can be
conserved as well. The general
approach to this technique is
described in the Dummy Bias Circuit
section. In that section, one needs to
know the compensation characteris-
tics of various candidates. For the
circuit of Fig. 2, the change in V; ver-
sus Vi is derived in Eq. 8.

(7c)

Vpp
Rt
lmvl
IREF ¢
Rg I
D
Rr=R1+R2 v l
Vo
Ry

7. This schematic illustrates mirroring
to a dummy device.

Vos = D(Vop — IpRy)

2R, DP’
(1—\/]+4DRf,B’(VDDD— V-,-))
Ve _

1

(8)
J1+4DR B/ (Vpp D~ Vy)

The ideal result in Eq. 8 would be
+1. This would imply that Vg tracks
changes in Vy perfectly. For the ref-
erence case, the result is zero
because Vg is fixed. The result in
Eq. 8 can be made closer to the ideal
by increasing the value of the feed-
back resistor. Using the circuit as a
Vg reference permits operating the
device at lower drain voltages
because there is no varying signal
voltage.

Just as the gate voltage can be
made Vi dependent, so can the
source voltage. If the gate voltage is
held fixed, then Vg follows the
source. Figure 3 shows the circuit
employing current feedback in the

%%HECE'(VDDD —IpRy - Vr)z

]D =L

i

VppD— Vi +——

DD T 2RFﬁp
(1—\/1+4Rfﬁ'(vDDD-vr))
adp _ 1
vy R
1+ /

J1+ 4R, B (Vop D~ Vy)

oAy D
WVop R

!
]_
J1+4R; B (VppD—Vy)

Equation 9a would appear to have
an advantage over that for the previ-
ous circuit because, for the same
voltage drop in the current path,
there is more feedback. This is
because the voltage divider ratio, D,
does not reduce the effectiveness of
R;. Voltage sensitivity should be
reduced also since D appears in the
numerator. Remember that D < 1.

Example 2 (using the same values
as in Example 1)

(9a)

D =03173

M—D =-3.44uA | mV

I _ 1.10uA | mV (9b)
dVpp

For the same voltage drop in the
device path, the circuit of Fig. 3 per-
forms much better. As in Example 1,
the sensitivity to Vpp is worse than
predicted in Example 2 due to chan-
nel-length modulation. The decrease
in Vp sensitivity is directly
attributable to the fact that the cur-
rent-sense (feedback) voltage is not
divided. This is not a linear relation-
ship, however.

i
R

(1 — 1+ 4R, B (Vpp D~ VT))

aVGS

vy
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i
1_
J1+ 4R, B (VopD - Vi)

Source feedback should also
improve the tracking of V.. Equa-
tion 10a shows this, but the problem
with using this as a separate refer-
ence is that Vg is not referenced to 0
VDC, and Vg and Vg must be
extracted. Perhaps a bigger problem
is the fact that considerable current
must be sourced into the low-
impedance source of the controlled
device.

Example 3

The reference circuit in Fig. 1 has
fixed source and gate voltages. It
therefore has no Vi tracking capabil-
ity with which to compare other cir-
cuits. However, the circuits shown in
Figs. 2 and 3 can be compared in this
respect. As expected, source feed-

(10a)

that can be used for depletion-mode
devices is shown in Fig. 4. This cir-
cuit has the advantage of referencing
the gate voltage to 0 VDC. It also is
not influenced by the supply voltage,
if channel-length modulation is ig-
nored. The circuit in Fig. 4 works
well in stabilizing current but is still
difficult to use as a reference circuit.
The feedback resistor in the source is
also not independently controllable
because it determines drain current
and the amount of feedback.

Vos =—IpRp

Ip=B(IpR, +V;)

-

[va + W(J + [I=4RB'V; )}

not as good as that in Fig. 3. Equation
11 shows that the terms in the paren-
thesis have the same sign, so there is
no partial cancellation. Remember
that Vi is actually negative. This is
because depletion-mode devices are
normally on. A source voltage has to
be developed to turn the device off.

An alternative to the previously
mentioned methods is the current
mirror shown in Fig. 5. The relation-
ship between I, and Iy is rather
simple and is derived in equation 12.
The function of the circuit relies on
the fact that B2 and B1 have the same
Vi and that they track. If they are
not equal or they do not track, the
mirror will not work correctly. Note
that the greater the difference
between V; and Vr, the less the sen-
sitivity to V.; mismatch.

Ip=PBi(Ves — VT)Z

back produces Vy tracking thatis = df, 1 ; 1 2
closer to the ideal of one. v —}7 + 4R BV, IR BV, Ippr = ﬁz(VG —(Vp + AVT))
2
For drain feedback, alp In ,BJ(VGS - VT)
E?\/fs =0.3914 WVpp Trer B, (Ve = (Vr +AVy))
T Vass = —IpRy B AV, ?
For source feedback 3V 7 Pl =20
v =0.8596 (10b) Vr \/] - 4Rfﬁ Vr if there is no mismatch, AVy = 0 and
T . .
According to Eq. 11, the V1 sensi- B, )
A variant of the circuit in Fig. 3 ! tivity of the circuit shown in Fig. 4 is Ip=1 REF_2 = current mirror  (12)
VoD
Vop
Rp o llns +Iref
llna + Rref B
Vp
Vgn
B 1
3 - . l'“ D3
Rt
Vv
’ By B3
llna Bz

8. This schematic depicts threshold-voltage feedback

through drain voltage.

9. This schematic
threshold-voltage

shows an alternative method of
feedback through drain voltage.
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The problem with the circuit of
Fig. 5 is that it depends on a stable
current source to make it work. Since
the difficulty in stabilizing the cur-
rent has been shown already, the
mirror really does not accomplish
much here. In fact, variations in Iz gp
are multiplied by the B ratio. This
ratio is usually made rather high in
order to limit the current consump-
tion in the bias circuit.

Toillustrate this problem, consider
the circuit shown in Fig. 6. Here, the
ideal current source of Fig. 5 has
been replaced by the depletion-mode
circuit of Fig. 4.

The following analysis shows what
happens. The sensitivity of the cur-
rent source to V., variations was
given in Eq. 11.

1
Tppr =——
Ry
1
-V + 1+ ./1-4R: B,V
[ T+ fﬂ”)}
ID=1REF_1
B>
dp __ 1 B
Vr Rfﬁz

I+*;— (13)

As clearly shown in Eq. 13, the
ratio reduces the beneficial effect of
R in the current source. The device
is also tracking depletion-mode-
threshold changes, which tend to be
wider than enhancement-mode vari-
ations. Finally, due to the depletion-
mode current source there is no par-
tial cancellation (Eq. 11).

The circuits shown in Figs. 2 and 3
have reasonable performance, but
they require the use of a resistor in
the current path. There are several
basic ways these circuits can be used.
The simplest way is using the gate
voltage of the circuit of Fig. 2 direct-
ly to control a larger device. This is
shown in Fig. 8. The required control
equations are given in Egs. 6, 7, and
8. The “dummy” bias circuit is set to
operate at a much-lower current than
the biased device. This effectively
establishes a current mirror. Varia-
tions in the reference current are
multiplied by the B ratio (Eq. 14).

using (7)
dp B 1
oVy B, RyD

1

1+ (14)
J1+4DR B (VoD - Vy)

The type of current source in this
circuit offers some cancellation, and
therefore has an advantage over that
of Fig. 6.

The circuit shown in Fig. 3 has the
best current control and would there-
fore seem to be a better reference.
Since neither the source nor the gate
is referenced to ground, extracting
Vs is a problem. One way to circum-
vent this problem is to use the circuit
shown in Fig. 8. An analysis of this
circuit becomes somewhat complex
unless some simplifications are made.
One would like to assume that
Igrgr<Ips. This is unlikely, since B3
and B2 are small and approximately
equal in size to minimize current.
Since the goal is to keep Igxgp con-
stant, a good approximation is that
the voltage change at Vp is due
almost entirely to changes in the cur-
rent Ips.

In Eq. 15, the drain voltage of B3 is
a positive function of V. This now
offers the potential for compensation.
from (9)

1
Ips =—
f

1
2R, B;

(1 - \jl + 4Rfﬁj(VD1)D- VT))

Vp =Vpp —IpRp

VopD = Vr +

R
Vp = vm{l— @}i
Ry ) Rf
I
Vy -
2R, 5;

(15)

(I - \/ﬁ‘»‘Rfﬁs(VDDD‘ VT))

The current Igzgy is given in Eq.
16. The goal is to keep this current
constant so that it is mirrored prop-
erly to Ip. In the current mirror, Vg
is not constant and should track Vo
precisely. If Vi tracks Vo, then Igpp

. should be constant.

Vpp

10. This schematic illustrates active
feedback of drain-sense voltage

L Vo=V
REF —
RA
WVp _Rp
Ve R,
I- ! =1
J1+4R;B5(VopD - Vr)
R _
Rp
! (16)

=
J1+ 4R Bs(VopD - Vy)

Equation 16 shows that it is possi-
ble to stabilize the current with
respect to Vi changes, at least about
V. Not all variables are ratios, how-
ever, so there will be some drift. Sen-
sitivity is reduced by increasing R,
and Vp,. In the absence of perfect can-
cellation, the change in I, versus Vi
is derived in Eq. 17.

O g _L[%_%J -

vy R 0Vp Vg

REKLZ

dIp _ B

oVr  ByR,

Ry

Ry

i- ! -1

JI+ 4R Bs(VopD - Vy)
(17)
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Biasing MESFETs

The sensitivity to supply varia-
tions of the circuit shown in Fig. 8 is
given in Eq. 18.

While it appears that sensitivity to
supply variations can he minimized,
it cannot be controlled independently
of Vp sensitivity.

IV =1+ DEQ
1 —_—
J1+ 4R Bs(Vop D~ Vi)
for condition of (16)
i‘iD_ =]-D
aVpp
olger _ 1 0V}

= 18
Vpp  BaRy Vpp 1o
If one replaces the portion of the
circuit that is shown in Fig. 8 rep-
resented by Fig. 3 with that of Fig. 2,
some interesting results can be
obtained. The new circuit is illustrat-
ed in Fig. 9. For practical values, the
circuit will overcompensate for Vi
changes. This is the result of the “V
multiplier” effect at Vp,, and it is seen
directly in Eq. 19 where the 1/D term
is in front. Supply sensitivity is less
with this circuit than that of Fig. 8.

from (6)
1
Ip; =——
R:D
VopD — Vi + !
ppt = Vp T ————

(1 —~ 1+ 4DR By (Vpp D~ Vr))

1
Vo==
Vp -
(1—\/1+4DR)¢135(VDDD—VT))
; 1

JI+4DRBy(VppD = Vy)
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(19)
J1+4DRBo(VipD - Vy)

When reflected to the drain cur-
rent of the biased device, the sensi-
tivity is given in Eq. 20.

By (BL,J

WVr PRy vy
dp __B
oV BaRy
z
D
- ! -1
VI+4DRBy(VipD = Vr)
alp _ B,
WVpp By
! (20)

J1+4DRBy(VopD - Vy)

In the circuit shown in Fig. 2, a
resistive divider was used to feed
drain-voltage changes back to the
gate for V compensation. A varia-
tion of this circuit uses active feed-
back and is shown in Fig. 10. It elim-
inates the divider current and the
divider ratio, but it introduces anoth-
er Vy component. Still, under certain
circumstances, it can deliver slightly
better performance than the circuit
of Fig. 2. The diodes in Fig. 10 are
used for level shifting. The number
required depends on the implemen-
tation. To understand the require-
ment for the diodes, consider Vp,.
This voltage is set by Vpp and the
voltage drop across R V. The drain-
gate voltage of B is then V — V.
This is also the Vg of By if no steps
are taken to raise the source voltage
of Bs.

By equating Izgr and Ip, and by
using Eq. 12, the analysis in Eq. 20
proceeds to Eq. 21.
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(21)

Equation 21 simplifies somewhat if
B; and B, have the same beta, as
shown in Eq. 22.

for B, = B;
el
Ry
2
(VDD —l’t* VX - ZVT)+
1Ry

(1—\/1+B,Rf(VDD —n*Vy - 2VT))
(22)

The sensitivity to Vo now has a fac-
tor of 2, as shown in Eq. 23a.

dap _ 2

-1+ !

dp _ 1

I 1
\/1+:B]Rf(VDD -n* VX —ZVT)

op _ n

aVX Rf

-1+
I

‘J1+ﬁ1Rf(VDD —R*VX _’2VT)

(23a)

Example 4

Consider what would happen if one
decided to use active feedback
instead of a divider for the circuit in
Fig. 1. For the same Vpg of +2.3
VDC, three diodes would be required
in order to shift the level. This
assumes Br, and B; are sized equally
and that the voltage Vyx is approxi-
mately 550 mV.

Mp __587uA
vy Vv

This is a 200-percent improvement,
in Vg sensitivity over the circuit in
Example 1. The sensitivity to Vpp, is
slightly worse.

(23b)

oy _ 1
WVpp 250
=

I
J1+0.075%250(2.8— 3*0.55 - 2%0.225)

= 2.90uAA1 v

A new sensitivity is introduced in
terms of the level-shifting diodes.
While the absolute value of the drops
are not too critical, temperature vari-
ation could be significant.

(23c)

ap _ 3
aVy 250
-1+

i
J1+0.075 %250 (2.8 - 3%0.55 - 2 #0.225)

= ~8.81u/%nv

(23d)

The sensitivity to diode voltageis a
direct function of the number of
diodes.

None of these circuits is designed
to be independent of the power
supply. The sensitivity of each circuit
to power-supply variations is given
on the assumption that channel-
length modulation can be ignored.
This is not realistic, but long-gate-
length devices in the non-RF compo-
nents can be used to reduce these
effects. ®®
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Goupled Lines

Coupled Lines

Design Regular-
And Irregular-Print

This article exploves the basics
of coupled lines and offers

practical designs for lowpass
filters and phase shiftevs.

Leo Maloratsky

Principal Engineer

Rockwell Collins, 2100 Hibiscus Blvd.,
elbourne, FL 32901 ; (407) 953-
1729, FAX: (407) 953-1646, e-mail:
Tamalora@mbnotes.collins.rockwell.
com.

OUPLED lines are useful and widely applied structures that provide
the basis for many types of components, including directional cou-
plers, power splitters and combiners, duplexers, filters, phase
shifters, transformers, baluns, ete.!?

Coupled lines can be classified by
several different characteristics:

¢ The strength of the coupling.

® The characteristic impedances of
the coupled lines [i.e., whether they
are equal (symmetrical lines) or non-
equal (asymmetrical lines)].

e The type of transmission lines®
[i.e., striplines, microstrip lines, etc.
(Table 1 on p. 100)].

® The structure of the coupled lines
(i.e., whether they are homogeneous
or inhomogeneous).

® The type of output ports (i.e.,
whether they are

Sh=0.05 | =96 [ | terminated, open
140 AN g 0.1 —— 1208 circuited, short
\/ ' 0.3 — 700 circuited, or if
120 0.5 they are other-

L %Z /‘% 1 é('[ wise loaded).
: ’ e The regulari-
. 100 \\\“-U ty or irregularity
? % \B of the lines [i.e.,
™ 8 L\ E\ “}TlhEthei' or not
} N the coupling mec-
%kﬁ:\§§\§\ hanism is domi-
60 SN NN N nated by the
\ \\\\\ESS time-varying
40 P \\\\\\: electromagnetic
] " (EM) fields or

\\\::\\\% magnetic fields].

- This article
A 0.1 5 s vgn‘: 0.6 08 1.0 considers regular
i as well as irregu-
' lar coupled lines

1. This graph illustrates the even- and odd-mode
impedances for regular microstrip coupled lines.

that are due to
their interesting

applications.

Figures 1 and 2 of Table 1 (on p.
100) illustrate the general configura-
tion of coupled pairs of regular
striplines and microstrip lines. The
two views of this configuration illus-
trate some general properties of the
electric field under two different
modes of excitation—the so-called
even and odd modes. All combina-
tions of excitation of the two lines can
be expressed as a combination of the
even and odd modes.

In the even mode, fundamentally,
both transmission lines are identical-
ly excited by EM fields that are equal
in amplitude and phase. In the odd
mode, fundamentally, both transmis-
sion lines are identically excited by |
EM fields which are equal in ampli-
tude but are 180 deg. out of phase.
The characteristic impedances and
the wave velocities are different for
the even and odd modes. The charac-
teristic impedances for the even and
odd modes are denoted by Z,. and
Zoo, respectively.

Since coupled striplines contain a
homogeneous dielectric between con-
ductors, the dominant mode of prop-
agation is a pure transverse-electro-
magnetic (TEM) mode. The even and
odd modes are both TEM, and the
effective dielectric constant is equal
to the material’s dielectric constant.
Thus, the wave velocities associated
with the even and odd modes are
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Coupled Lines

equal to each other and to that in the uncoupled, individ-
ual lines.

Conceptually and pictorially, the even and odd modes
in the microstrip coupled lines (Fig. 1 of Table 1) exhibit
the same general field distributions as there are in the
coupled striplines. But the similarities end there. The
dielectric does not fill the microstrip structure homoge-
neously, so there is instead an effective dielectric con-
stant that is equivalent to a weighted average of the
dielectric constants of the material and the air space that
is above the center conductors. With different field dis-
tributions associated with the even and odd modes, not
only is there an effective dielectric constant, there are
also considerably different effective dielectric constants
and phase velocities associated with the even and odd
modes.

The large imbalance that is between the effective
dielectric constants and the related phase velocities can
lead to some limitations in the application of microstrip
lines. Some of these relationships between the even- and
odd-mode impedances and physical dimensions of the
microstrip-coupled lines are shown in Fig. 1.* ‘

The plots of effective dielectriec constant versus physi [
cal dimensions for microstrip coupled lines are shown i1 !
Fig. 2.* As S/h approaches infinity, these characteristics
become identical to the characteristics of a single
microstrip line.

Table 2 (p. 106) shows different regular coupled-lines
networks, scattering matrix elements, and possible appli-
cations, where: |

2l
0=—o 1
A (&)

is the electrical length of the coupled lines; | is the physi-
cal length,

A= A (2)
VEesi
is the coupled-lines guide wavelength,
Eof =
[€r0 + | Eurr
eff e eff o
R R L (3)

are even- and odd-mode effective dielectric constants,
and
_ ZO£’+ZOU, = Z()('_Z()r) (4)
2 2

The term “irregular coupled lines” refers to coupled
lines with strong magnetic coupling and minimal influ-
ence of the RF ground plane on the parameters of the line
(ideally, the absence of ground plane in the coupling area).
The strong magnetlc coupling is realized without mag-
nets or ferrites.”” Since an irregular line is almost unaf-
fected by the RF ground plane, capacitances between
each line and the ground plane are negligible compared to
the capacitances between coupled lines.

Strong magnetic coupling between lines supports
miniature dimensions and an increased bandwidth. This

P
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Coupled Lines

2.6
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3. These diagrams describe irregular coupled lines in four

2. This graph depicts the relationship between the effective
dielectric constant and the physical dimensions of regular

configurations: vertical configuration (a), diagonal
connection with one DC-grounded port (b), one port

microstrip coupled lines.

coupling is characterized by the coef-

ficient of magnetic coupling, k. In

many cases, iron (Fe) or ferrite cores

with large permeabilities are used to |
maximize k,, (k,,1). However, this |

approach has some disadvantages,

isolated (c), and diagonal connection (d).

¢ including diminished temperature
stability, high cost, and larger com-
. ponent dimensions. Additionally, the = lengths, and parasitic elements
permeability (i) and dielectric con- | which become dominant above
stant (e) of ferrites may vary dramat- = 1 GHz.®

- ically with frequency. The high-fre- = In irregular lines, magnetic-cou-

quency limitations of these devices
arise from core losses, winding
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Coupled Lines

pling activation can be achieved
without any cores by bringing the
lines close to each other. The induc-
tance per unit length of irregular cou-
pled lines is given by:°

where:

Lo = self-inductance per unit
length of one conductor (which can be
determined by isolating this line
from all other parts, including the

L=2(Ly-M)=2L, second line)

(1 - ﬂ} =2L,(1- km ), (5) and
Ly

M = the mutual inductance per
unit length of the two conductors,
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ko = A%‘o )

is the coefficient of magnetic coupling
between the lines

(0<k, <1) (7)

Irregular coupled lines are used in
transformers, filters, phase shifters,
and matching networks. Figure 3
illustrates various methods of irregu-
lar-line connections.

The vertical irregular-coupled-
lines network depicted in Fig. 3a can
be used for transformers, baluns, and
other applications. In this case, the
broadside coupled-lines length is less
than the guide wavelength. A clear-
ance is made between the ground
plane and the coupled lines to
increase self-inductance and to mini-
mize parasitic capacitance to
ground.® These irregular lines con-
tribute the most to the magnetic-cou-
pling factor ki,

The circuit depicted in Fig. 3b is
the well-known Ruthroff 1:4 trans-
former.® This circuit has a high-fre-
quency limitation due to transmis-
sion-line lengths and parasitic
inductance. A transformer with short
irregular-coupled lines:

) e

and an optimum characteristic
impedance provides low loss (less
than 0.1 dB) and a wide operating
bandwidth. With this type of trans-
former, it is possible to get good per-
formance to 2 or 4 GHz.” Compared
to a conventional transformer, a
transmission-line transformer with
broadside irregular-coupled lines
offers higher efficiency, greater
bandwidth, and simpler construc-
tion.”

In ultra-high-frequency (UHF)
and L frequency ranges, lowpass fil-
ters with irregular lines (Fig. 3c¢)
have small physical dimensions and
low cost. One cascade of this filter is
illustrated in Fig. 4a. The electrical
length © of this cascade is small,
therefore:

tan(%) = 92 (9)
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pled lines—one of
them (3) is located on
top of the relatively
thin dielectric sub-
strate (5), and the
other (4) is located on
the underside of the
substrate. Strong mag-

ports the small length

Coupled Lines

of the irregular lines. This effect is
intensified by the elimination of the
ground plane from the area (6) direct-
ly below the coupled lines.

The coupled lines have a short-cir-
cuit connection that is between the
end of line (3) and the end of line (4),
which is located at (7) and (8), respec-
tively. The connection that completes
this short circuit (19) is also DC con-

coupling sup-

4. These diagrams show two lowpass
filters using irregular coupled lines:
isolation of one port (a) and lowpass-
filter ladder network (b) .

(when k,,, > 0.8).

The relationships between filter
parameters are:’

Z0 = wLl = 20L,I(1-k,,),

(S]

—=wdl, 10
Z (10)

where:

C and L = the capacitance and
inductance per unit length, and

7 = the impedance of the irregular-
coupled lines.

A lowpass filter based on irregular
lines can be realized by a cascade con-
nection (Fig. 4b), with parameters
chosen to meet the required charac-
teristies of the prototype.?

Figure ba illustrates a 180-deg.
phase shifter'” that uses diagonally
connected irregular lines. Each part
of the phase shifter is indicated by a
number or letter. The phase shifter
includes a single transmission line
(1), and irregular-coupled lines (2),
and is represented in the structure
shown in Fig. 3d.

In Fig. 3d, the output port of the
first coupled line, 1-3, is electrically
connected with the diagonal end of
the second coupled line, 2-4, and DC
coupled to ground. The segment pro-
viding the diagonal connection
should be as short as possible. This
can be accomplished by bending the
line into a ring or a rectangular
frame. The RF ground must be dis-
tant from the irregular lines and
close to the appropriate input/output
(I/0) lines.

In Fig. ba, the irregular lines (2)
contain two parallel broadside-cou-
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5. This is an isometric view of a printed 180-deg. differential phase shifter with irregular coupled lines (left). This graph
depicts the phase shift (in degrees) and the loss (in decibels) depending on relative tuning (in percent) [right].

nected to ground plane (9) of the sin-
gle line (1). The ground plane (9) is
located on the base (10) of the dielec-
tric substrate.

The input (11) and output (12) of
the coupled lines are electrically
interconnected by a corresponding
input (13) and output (14) on the base
dielectric substrate. The single-line
(1) input (15) and output (16) are elec-
trically interconnected by a corre-
sponding input (17) and output (18).

The electrical length ©; of the
irregular lines is equal to the electri-

cal length Og of the single line:

0,=0, (11)
where:
2rl,
e, =— 12
Sy (12)
and

#|Regular coupled-line schematic Scattering matrix parameters Application
< | —>| ]
S13=84=83;=8p="— Directional
1 —->1 3> B sl R O tipsin@ GlJIlpl?%l’,
§.-9. -5 ¢ ir sin® Power ddivider
St il £ Bl 0 T e S R A an
<« 42E] - cos® +ip sin 6 combiner
(7} 1-risin’ © Bandpass
-> 3 Open =g ndpas
2 19--% o S11 =522 cos@ +ip sin © filter,
Pt —i2r 5in © Tr%rgmrm:r,
=N e 0c
Open Zg_—z4" S12 = Sau cos@ +ip sin ©
-1 3 g:l g v = m
’ 7 s 7} 7 2 050 +ip 5in © Bandpass
Short (P55 Short - 2rsin©® filter
[gzz--——g'l_’ 272 T 05 +ip 5in ©
o % e (r? —p? +1) sin 20
1 B PecsdO 4 7)+isindO(l- 1 +p°) Scll’lgigg;an
2 g 2(rcos 20 + p) shifter
- 2 2 peos 20+ r)+isin 20(1-r" + p?)

o, - 2rl
A

(13)

§

A;and A are wavelengths in the
irregular and single lines. The physi-
cal length of the irregular line (cdef)
1; = (0.02—0.08) A; depends on the
coefficient of magnetic coupling k,,.
For example, for k,, = 0.9, the physi-
cal length of the irregular coupled
lines is 0.027 A,,.

Figure 5b shows that phase shift
(in degreeg) and loss (in decibels)
depend on the relative detuning (in
percent) for the 180-deg. differential
phase (with the length of the irregu-
lar coupled lines 1; = 0.055A;). The
lines were designed on a Kapton™di-
electrie 0.003-in. (0.008-cm)-thick
(center frequency = 120 MHz). ee
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Create Transmission-Line

Matching Circuits For Power

AMDIIS . s i
analytical equations to calculate the civcuits
elements for L, 7, and T transformers.

Andrei V. Grebennikov

Institute of Microelectronics, 11

ATCHING circuits allow power amplifiers (PAs) to attain high
gain, high linearity, high efficiency, and high stability over a nar-
Science Park Rd., Singapore Science row or wide frequency band. The techniques for designing PA-
Park 11, Singapore 117685; (65) 770 matching circuits are especially important for circuits that use
5494, FAX: (65) 773 1915, e-mail: transmission lines, where determining circuit parameters is more compli-
andrei@ime.org.sg. cated than for lumped-element matching circuits. An effective approach is
to use a theoretical analysis to define the appropriate matching circuit,
then calculate the matching-circuit parameters to minimize final tuning
and attain a stable operation mode. This article presents a transmission-
line matching-circuit design based on analytical equations to calculate the
circuits elements for L, w, and T transformers. The introduction of a prin-
ciple of equal quality factors for multisection L transformers simplifies the
calculation procedure and requires only one Q circle on the Smith chart.
The article demonstrates these matching principles—analytically and by
Smith chart—using two examples: a narrowband, microwave, bipolar PA
and a broadband, ultra-high-frequency (UHF), laterally-diffused-metal-
oxide-semiconductor-field-effect-transistor (LDMOSFET), high-power

amplifier.

Figure 1 shows an impedance- | with arbitrary load impedance:
matchir{g §ircu@t in the form of a Z, + jZytan®
transmission-line transformer Zy = (1a)

0 5
between source impedance Zg and Zy + jZptan®

load impedance Z;,. Equation 1a pro- | where:
vides the input impedance as a func- Zo = the characteristic impedance
tion of a length of transmission line

29,0 g1, M8 g2, MA Zp3, \/8

O 0O
Lr 8%

ot
U

Q

1. This schematic shows a matching circuit in the formof a 2. This schematic illustrates a matching circuit using two
transmission-line transformer. \/8 transformers and one \/4 transformer.
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O
L

3. These are the lumped elements and transmission line

for single-frequency equivalence.

0 = Bl (1b)
= the electrical length of transmis-
sion line

0]
B = 7 \jurgr (I(')

= the phase constant,

¢ = the speed of light in free space,

g = the substrate permeability,

€1 = the substrate permittivity,

w = the operating frequency, and

1 = the length of the transmission
line.!

It follows directly from Eq. 1a that,
for a quarter-wavelength transmis-
sion line with:

0 =rn/2 (1d)

the expression for Z;, simplifies to:
Zw = Z3/Z) (2)

Usually, this quarter-wavelength
impedance transformer is used for
impedance matching in a narrow
bandwidth of 10 to 20 percent, and its
length is chosen at the band’s center
frequency. However, using a multi-
section quarter-wave transformer
widens the bandwidth and expands
the choice of the substrate to include
materials with high dielectric per-
mittivity, which reduces the trans-
former’s size. For example, consider
the case of a 15-W, gallium-arsenide
(GaAs), metal-semiconductor-field-
effect-transistor (MESFET) PA? It
uses a transformer composed of
seven quarter-wavelength transmis-
sion lines of different characteristic
impedances whose lengths are
selected for the highest bandwidth.
This design achieved a gain flatness
of +1 dB over 5 to 10 GHz.

To provide a conjugate matching of
input transmission-line impedance
7, with a source impedance Zg = Rg

4. This schematic shows a basic L transformer with a

series transmission line.

+ jXg when Rg = R Zjand Xg = —
1,.Z;., Eq. 1a can be rewritten as:
Ry - jXg=
R, + j(X, + ZytanB)
Zy — Xptan® + jR;tan®

0 (3)

For a quarter-wavelength trans-
former, Eq. 3 can be divided easily
into two equations representing the
real and imaginary parts of source
impedance Zg:

R
R =ZZ—L_
s "RZ + x?
X
X = - Zi——L— (4
S YR+ X}

It follows from Eq. 4 that, for a
purely active load with Xy, =0, a
quarter-wavelength transmission
line with characteristic impedance Z,
can provide impedance matching for
a purely active source in accordance
with Eq. 5

For any values of load and source
impedance, Eq. 3 can be divided in
two equations representing the real
and imaginary parts as follows:
RS(ZO - XLIaf’IB) -

R (2, - Xstan®) = 0,

Xs(X, tan6 - Z,) —

Zy(X, + Zgtan®) +

RSRL[ang = 0

Solving the two parts of Eq. 6 for

the two independent variables Z, and
6 provides:

(6)

z, =

Rs (R; + X7) — R.(R + X3)
R, - Ry

(7)

0 = tanI(ZU Mm} (8)
RsX; — XgRy

As a result, the transmission line
with characteristic impedance Z, and
electrical length 6, determined by
Eqs. 7 and 8, respectively, can match
any source and load impedance when
the impedance ratio provides a posi-
tive value under the square-root
expression in Eq. 7.

For a purely active source when
Zs = Rg, the ratio between the par-
ameters of load and transmission line
derived from Eq. 6 can be expressed
by:

XLZO(I - tanZG) +

(25 - X7 - Rijano = 0 (9a)

Then, for the electrical length of a
transmission line having:

0 = ml4 (9b)

Zy = |Z,| =

Consequently, any load impedance
can be transformed to areal source im-
pedance by a M8 transformer whose
characteristic impedance equals the
load imedance magnitude.?

By applying the same approach to
match a purely active load with a
source impedance, the total matching
circuit, including two A/8 transform-
ers and a N4 transformer (as in Fig.
2) can provide impedance matching
between any source impedance Zg
and load impedance Z..

R+ X} (10)
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We specialize in amplifiers.

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

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

| " Kalmus builds the Widest Variety of RF Amplifiers
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or call us toll free (US) direct.

The RF Amplifier Company
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In some simple cases, the input
impedance of a transmission line at a
particular frequency can be ex-
pressed as that of a lumped element,
as shown in Fig. 3. So, when Z;, = 0, it
follows directly from Eq. 1a that:

Z (11a)

m

= jZytanB
which corresponds to the inductive
input impedance for:

0 < n/2 (11b)

The equivalent inductance at the
operating frequency o is:
Z Zytan@

L= (12)
(0]
Similarly, when Z;, = o,
Z, = - jZycotl (13a)

which corresponds to the capacitive
input impedance for:

0 < n/2 (13b)
The equivalent capacitance at the
operating frequency o is:
1 tan@

C= - = (14a)
wZy, wZ,

To calculate the parameters of par-
allel open-circuited or short-circuited
stubs, it is therefore advisable to use
the matching-circuit technique with
lumped elements. The Smith chart is

CAE Matching

can be used to calculate the parame-
ters of parallel open-circuited or
short-circuited stubs, the character-
istic impedance Z, and the electrical
length 6.

Microwave PA design often em-
ploys a simple matching circuit in the
form of an L transformer with a series
transmission line as the basic match-
ing section. It is convenient to ana-
lyze the transforming properties of
this circuit by substituting the equiv-
alent transformation of the parallel
Rx circuit into the series one. R, and

X, = - 1/oC (14b)

are the real and imaginary compo-
nents of the impedance,

is for parallel capacitive circuits, and
R, = ReZ, (14d)

T
and
X. =

in ImZ,, (14e)

are the real and imaginary parts of
the impedance

Zy = Ry, + jX;p (14f)
for the series circuit presented in
Fig. 4. As aresult, these two circuits
are equivalent at some frequency
where:

Rin +inn =

2 2
R X; . RX; (15)
R} + X7 R} + X7

The solution for Eq. 15 can be writ-
ten as two expressions:

szRin(I + Qz)

X1=Xm(1 + Q_Z)

(16)

(17a)
where:
Q = R/|X)| = X, /Ry, (17b)

is a quality factor equal for paral-
lel-capacitive and series-transmis-
sion-line circuits. From Eq. 1a, the
real and imaginary parts of the input
impedance Z;, can be written as:

1 + tan’e
R, = ZjRy— > (18)
Zn + (szane)
Xin =
2 2
Z, tanB Z R > (19a)

Zg + (Rytanb)

From Eq. 19a, it follows that an
inductive input impedance, which is
necessary to compensate for the
capacitive-parallel component, is
realized when:

particularly useful for graphical z,=2, (14g) Zo > Ry (19)
admittance solutions.” When the for
appropriate parallel capacitance or = that is, where: 0< /2 (19¢)
inductance is determined analytically
or by Smith chart, Eqs. 12 and 14a and
R1/R2 Zg/Rp =10 R1/Rz
100 T 1.00
— 80 —
T 7.0 -~
A [ — Ro/2p=1.5 Py
VP 60 —
) se n— 5
//7 /// / 4.0 P 7/
10 W/ ] 3.0 0.10
1 7= 3.0
LLLL L i Z
JHIAT e — 4.0 =
1//980 &4
Wy A | 20 5.0
S L 5.0
v/ =l 18 7.0
1 8.0 1
1 | " 0.01
(@) 0 10 20 30 40 50 60 70 80 o,qgrad ®) 90 100 110 120 130 140 150 160 170 o, grad

5. These two nomographs can be used to calculate L transformer parameters (a) for Z,/R, > 0 and (b) for Z/R, < 0.
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Zg, 0 Zp, 64 A Zp, 62
Ry I Cq CzI Rz > Ry Cq T C2 R2
(a) o 1— 1_ 0O o 1_ 2 I —0
Zp1.61 Zg2, 62 2p1, 61 A Zgz, 62
R1 T C3 fls > W 031_1_ Fio T C32 R2
(b) © ® o) o ® s & o)

6. These schematics represent the equivalent representation of (a) a  transformer and (b) a T transformer.

Z, < R, (19d)

for

Tt/l2 < 8 < 1 (19¢)

As a result, to transform resis-
tance R, into another resistance R,
at the given frequency, one must con-
nect a two-port L transformer
(including a parallel capacitance and
a series transmission line) between
them. When one parameter (usually
the characteristic impedance Z,), is
decided beforehand, the matching-
circuit parameters can be calculated
from the following two equations:

C = Q/oR, (20)
sin20 = 20/ Zo o R (21)
where:

Q = a function of resistances R, and
R, as well as the parameters of the
transmission line, the characteristic
impedance Z, and electrical length 0,
by the following equation:

Q:

\/&[mxze +(Ry /2, sin®0] -1 (22)

R,

It follows from Egs. 21 and 22 that
the calculation of 0 is a result of the
numerical solution of a transcenden-
tal equation with one unknown
parameter. However, it is more con-
venient to combine these two equa-
tions and to rewrite them in the form:

R
R,

I + Zo R
R, Zy

cos’6 + (R; /Zo)zsinzﬂ

2
J sin’0 cos’0

(23)

Figure 5 shows the resistance ratio
R,/R; as a function of the parameter
Zo/Rs and electrical length 6 in the
form of two nomographs—one for the
case of Zy/R, > 0, and another for the
case of Zy/Ry <0. Thus, when input
resistance R, and output resistance
R, are known in advance and when
the value of transmission-line charac-
teristic impedance Zj is chosen, eval-
uating the required value of 6 is easy
using these nomographs. These
graphical results show that, in con-
trast to a lumped L transformer, a
simple L. transformer with a trans-
mission line can match a purely resis-
tive source and load impedance with
any values of the ratio R,/R.

One can realize a matching circuit
in the form of a 7 transformer by the
appropriate connection of two L
transformers when, through each L
transformer, the resistances R, and
R, are transformed to some interme-
diate resistance R, as shown in Fig.
6a. In this case, to minimize the
length of the transmission line, the
value of RO should be smaller than
that of R; and R, (i.e., Ry <R, Ry).
The same procedure for the T trans-
former shown in Fig. 6b provides a
value of R, that is larger than that of
Rl and R2 (i.e., RO > (Rl: Rz) Then, in
the case of a T transformer, two par-
allel adjacent capacitances are com-
bined. For a w transformer, two adja-

cent series transmission lines
are combined into one transmission
line.

For a w transformer, the lengths of
each part of the combined transmis-
sion line can be calculated by equaliz-
ing the imaginary parts of the
impedances from both sides at the
reference plane A-A’ to zero, which
means that the intermediate
impedance, R, is real. This leads to
two quadratic equations for each
electrical length of the combined
series transmission lines:

tan29] -
R zY
—L|7 - ]+Q2(—0) tan, —
ZOQ,[ (1= o) % ’
I =0 (24)
1an’6, -
R Z, ’
2|1 - 1+Q2[—0] tanf, —
ZOQZ[ o) :
1 =0 (25a)
where:
Q] = a)ClR] (25b)
QZ = WC2R2 (25C)

One can simplify this analytical cal-
culation procedure by using the no-
mographs in Fig. 5. So, if the values
of R, and R, are selected in advance
to set the intermediate resistance,
Ry, and the characteristic impedance
of the transmission line, Z,, the val-
ues of 6; and 6, can be easily deter-
mined from one of these nomographs.
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More power equals
more freedom.

Iintroducing the SXT-289. A new
wideband GaAsHBT power amplifier.
Stanford Microdevices introduces the SXT-289 — the
perfect driver amplifier for today’s and tomorrow’s
advanced communication infrastructure equipment.

With power to spare, giving you freedom from
design constraints, this amplifier was designed and
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Figure 7 shows the most-common
two-port m-transformer design,
along with its formulas. This type of
transformer is widely used in the out-
put-matching circuits of high-power
amplifiers in Class B operation,
where it is necessary to isolate the
fundamental drain or collector wave-
form by suppressing the appropriate
harmonic(s). Additionally, it is conve-
nient to use this transformer as an
input-matching circuit in high-power
balanced amplifiers where capaci-
tances can be connected between
series transmission lines. And finally,
the use of w transformers can be very
important for high-efficiency, Class
E operation where a capacitive out-
put load provides the appropriate
transistor impedance.

Figure 8 shows some of the match-
ing-circuit configurations of two-port
T transformers, along with the analyt-
ical formulas to calculate the parame-
ters of each transformer. Here, it is
assumed that the electrical lengths of
the transmission lines are smaller than
a quarter wavelength. That is:

(6,, 65, 05) < ml/2 (25d)

T transformers are usually used in
the high-power amplifiers as input-,
interstage-, and output-matching cir-
cuits, especially in matching circuits
with two capacitances and a series
transmission line. By using this type
of circuit as an output matching circuit
foraPA, itis possible torealize a high-
efficiency, Class F' operation. This is
possible because the series transmis-
sion line that is adjacent to the active
device’s drain or collector creates the
appropriate impedance through open-
or short-cireuit harmonic conditions.?

The first of two practical illustra-
tions of transmission-line matching-
circuit techniques can be seen in the
design of an output matching circuit
for a 5-W, 1.6-GHz bipolar amplifier
that operates from a 24-VDC supply
voltage and provides a gain of approx-
imately 10 dB. The mentioned
requirements can be provided with an
NPN silicon transistor in Class AB
operation that is intended for
microwave-transmitter applications
over the frequency range of 1.5 to 1.7
GHz. The manufacturer usually states
the values of the complex input and
output impedances or admittances at

‘ DESIGN FEATURE |
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the nominal operation point on the
data sheet for the device. At the oper-
ating frequency of 1.5 GHz, let
Zpu = (5.5 —j6.5)Q  (25¢)
correspond to a series combination of
transistor output resistance and
capacitance. To match this capacitive
impedance to the standard 50-() load
resistance, it is advisable to use a
matching circuit in the form of a T
transformer shown in Figure 8b. Fig-
ure 9 shows the complete network,
including output-device impedance
and matching circuit.

First, the circuit should compen-
sate for the series capacitance inher-
ent in output impedance. For a small
electrical length where:

tan = 6 (25f)

and characteristic impedance 7, >
R,ut, one can deduce from Egs. 18
and 19a that:

.-

where:

6, = a part of the total transmission
line required to compensate for the
output capacitance reactance. If one
selects the value Z; to be 50 (), then
8, = 6.5/560 = 0.13 radian, which is
equal to approximately 7.5 deg. of
electrical length. Then, the value of
quality factor Q,, which one must
choose to calculate the parameters of
the matching circuit, is defined by:

Q,> R, /R, — 1=2.84 (27)

Consequently, the value of Qo must
be larger than 2.84. For example, a
value of Q5 = 3 can be chosen to yield
a 3-dB bandwidth of 1.6 GHz/3 = 533
MHz. As a result, the values of the
output-matching-circuit parameters
are as follows:

Rout = RZ
X/ Zog=11wC

out

z, (26)

91 =
L i 20,/ Zo _Rollogpe (28)

Q}=

Ry 1+ Q3
Rl COSZQJ +(R2 /ZO)ZSinzel
=05

-1

(29)

C, = 1/(wQR;) = 4pF (30)

Cy =
(Q:- @)/ wR(1 + ©f) =

4 pF (31a)
Figure 10 shows the function of
each element traced on the Smith
chart. The easiest and most conve-
nient way to plot the traces of the
matching-circuit elements is to first
plot the traces of @, and Q. Then plot
the trace of the series transmission
line as far as the intersection point
with the Q; circle, and plot the trace
of capacitance C, as far as the inter-
section point with the Q, circle.

The second practical illustration of
transmission-line matching-circuit
techniques can be seen in the design
of a 150-W amplifier that operates
over a frequency band of 470 to 860
MHz, uses a +28-VDC supply volt-
age, and provides a gain of more than
10 dB. A typical application for this
type of circuit is a high-power bal-
anced LDMOS transistor in an ultra-
high-frequency (UHF) TV transmit-
ter. The center bandwidth frequency
f. is determined as:

f. =~N470-860 = 635 MHz (31b)

For this operating frequency,
assume that the manufacturer’s stat-
ed value of input impedance for each
transistor is:

Zy=(1.7 +j1.3)Q  (3lc)

In this case, Z;, is expressed as a
series combination of input resis-
tance and inductive reactance. To
realize the required bandwidth, low-
Q matching circuits should be used to
reduce in-band amplitude ripple and
to improve input VSWR. To achieve
a 3-dB bandwidth, the value of the
quality factor must be less than Q =
635/(860—470) = 1.63. Since the
device input quality factor is smaller
(i.e., Q;, = 1.3/1.7 = 0.76), it is possible
to cover the entire frequency range
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using a multistage matching circuit.
It is very convenient to design the
input matching circuit as well as the
output-matching circuit by using
simple L transformers in the form of
series transmission lines and parallel
capacitances with a constant value of
Q for the balanced portion of each
device. Then, the two matching cir-
cuits are combined by inserting
capacitances whose values are
reduced two times between the two
series transmission lines. Although
the requirement of a constant Q is not
strictly necessary, it provides a con-
venient guide for the analytical cal-
culation of the matching circuit
parameters and the Smith chart.

To match the series-input induc-
tive impedance to the standard 50-(}
input source impedance, it is neces-
sary to use three Li transformers, as
shown in Fig. 11. At the center fre-
quency of 635 MHz, the input induc-
tance is equal to approximately 0.3
nH. To take this inductance into
account, it is necessary to subtract
the appropriate value of electrical
length 6;, from total electrical length
05. Due to the short size of this trans-
mission line, a value of 0, can be eas-
ily calculated in accordance with:

0, = X, /Zy = 0L, /Z, (32)

In this case, the input resistance
R;, can be assumed to be constant.

According to Eq. 22, there are two
simple ways to provide matching
using equal quality factors of L trans-
formers. One way is to use the same
characteristic impedance values for
all transmission lines. The other is to
use the same electrical lengths for all
transmission lines. Consider the first
approach, which also allows direct
use of the Smith chart, and choose
the value of the characteristic im-
pedance ZO = ZOl = Z()z = Zog =50 (.
It is convenient to express the ratio
of input and output resistances by:

R _ R _ R0

RZ R3 in

This provides the values of R, =
16.2Q and Ry =5.25 O for Rouree = Ry
=50 Q and R;, = 1.7 Q. Then, the val-
ues of electrical lengths are deter-
mined from Fig. ba as:

0, =30°, 0, = 7.5% 0, = 2.4°.

Actually, it is enough to determine
an electrical length 6, of the first L
transformer and to calculate the
quality factor Q from Eq. 22. In this
case, the remaining two electrical
lengths can be directly obtained from
Eq. 21. As aresult, the quality factor
of each L transformer is equal to a
value of Q = 1.2. The values of the
parallel capacitances are as follows:

C1=6pF,02=19pF,CS=57pF

In the case of a constant Q, one can
simplify the design of the matching
circuit significantly by using a stan-
dard Smith chart. After calculating
the value of Q, one must plot a con-
stant-Q circle on the Smith chart.
Figure 12 shows an input-matching-
circuit design using a standard Smith
chart with a constant-Q circle.

Another approach assumes the
same values of electrical lengths

and calculates the characteristic
impedances of transmission lines
from Eq. 22 at equal ratios of the
input and output resistances accord-
ing to Eq. 33a. This approach is more
convenient in practical designs,
because, when using the transmis-
sion lines with standard characteris-
tic-impedance Z; = 50 (Q, the electri-
cal length of the transmission line
adjacent to the active device’s input
terminal is too short. In this case, it is
advisable to set the characteristic
impedance of the first series-trans-
mission line to Zy; = 50 . Then, a
value of 6 should be evaluated direct-
ly from the nomograph shown in Fig.
5a. Subsequent calculation of Q from
Eq. 22 provides 6 = 30° and Q = 1.2.
The characteristic impedances of the
remaining two transmission lines are
calculated easily from Eqs. 21 or 22:

Z02 = 15.7 Q, Z03 = 5.1 Q
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DESIGN FEATURE

Control Circuit

Control Circuit Compensates

Error Loop In Feedforward
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Ung Hee Park
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161 Kajong-Dong, Yusong-Gu,
Taejon, 305-350 Korea,; 82-42-860-
6987, FAX: 82-42-860-5199, e-mail:
uhpark@etri.re.kr.

ORLDWIDE progress in wireless communication systems has
created requirements for high-power amplifiers (HPAs) with
high efficiency and linearity. To obtain maximum efficiency in an
HPA, its operating point must be located near the saturation
region where the highly nonlinear characteristic occurs. When multiple
carriers are injected simultaneously into an HPA, it generates intermodu-
lation (IM) signals. Since IM signals represent noise for adjacent chan-
nels, a linearizer is needed to reduce IM signals in an HPA system. The
most popular and effective scheme is known as a feedforward linearizer.
Even though several linearizing schemes have been used in practical linear

In this article, a novel control cir-
cuit that can be easily adapted to the
error-sensor loop of a feedforward
linearizer is proposed. It can compen-
sate the nonlinear characteristies of
an HPA/ canceling the main carrier
very effectively. For a power range
of 11 dB, the main carrier is rejected
by more than 40 dB, which implies an
amplitude error between 0.05 and
0.12 dB, while the phase error is less
¢ than 0.016 deg.

A S O

ﬂhP e

loop e
1. A basic feedforward linearizer has an error sensor loop and an error injection

I Auxiliary
loop.

Error sensor
loop
Delay line

amplifier

PAs, their effectiveness and compactness need to be improved.'*

The error sensor loop consists of a
linear and nonlinear path. The linear
path contains only power dividers,
while the nonlinear path has an HPA,
a phase shifter, and an attenuator.
The power dividers in both paths
operate as amplitude controls and as
phase-control elements with detec-
tors. Therefore, the characteristics in
the nonlinear path can be controlled
more efficiently. The effective con-
trol mechanism is discussed theoreti-
cally and experimental results are
also presented.

COMBINE AND CANCEL

The typical feedforward linearizer
is shown in Fig. 1. The error sensor
loop extracts only IM signals from
the HPA output, which are amplified
in the injection loop and coupled back
to the main path to remove IM
signals.

Consider the case where a signal is
added through a Wilkinson combiner
to another signal that has arbitrary
amplitude (magnitude of RF power)
and phase. The output power from
the combiner is changed depending
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on the phase as well as amplitude dif-
ferences between two combining sig-
nals. Let two signal voltages—V,
and V,—whose frequencies are the
same, but with different amplitudes
and phases, be represented as:

V, = A, cos(@.t)

(1a)

V, = A, cos(w,t+6) (1b)

R e

Control Civcuit

to 8P(decibels) and 86(deg.). This can-
cellation power (CP) is derived from
Eq.5 as:

CP(8P,56) = 10 log[ 1 + 10%°/1° _
2% ]05P/29 X Cos(ﬁg)]— 3(dB) (7)

Figure 2 represents the power
cancellation versus the amplitude
and the phase errors for the power

combiner based on Eq. 7. In Eq. 7, the
last term is introduced by the charac-
teristics of the Wilkinson combiner.

CONTROL CIRCUITS

Figure 3 shows the block diagram
of the error sensor loop block which
includes the amplitude- and phase-
control circuits. Path 1in the figure—
the main path—consists of an HPA

The power of each signal in deci-
bels is expressed by:

P, =10 lo A—IZ (2a)
1708 2z, AN N e -
WE SOLVE MATERIAL PROBLEMS —
) OUR MICROWAVE
A
Py =10 tog[;;o—] ) | | AND RF CIRCUIT
respectively. The combined output PROCESSING
voltage V3 is g'iven as: WEHENCE PROBLEMNM-
Vs =V, +V, = A, cos(w,t) + SHOWS. Find the lowest loss
A, cos(w,t+6) (3) - microwave material
o YOU CAN SEE THE | ..less than 5 mil thick?
The power of Vg in dB is derived as:
P = DIFFERENCE.
2 POLYFLON Company is the
10 log{ Ai +4j + 24,4 Cm(e)] (4) recognized leader in pure PTFE SOLUTION:
22 microwave substrates, and now 1O -

Using Eqs. 2a and b, Eq. 4 is mod-
ified as follows:
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..very low dissipation factor
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dielectric constant of 2.1.
Polyflon’s unique prop-
rietary electroplating
process allows for clad-
dings as thin as 1/16 oz./ft?
on virgin PTFE materials
ranging from 0.00025” to
0.125”. You are assured of
extremely accurate circuit-
ry, even up to 100 GHz.

Py = 10 log[ 107710 + 107210 4
2x 10120 s cos(0)]  (5)

It is obvious in Eq. 5 that two sig-
nals are canceled completely when P,
and P, have the same amplitudes and
the phase difference, 6 between them
is m(180 deg.). Due to the amplitude
imbalance and the phase offset from
180-deg. difference between two sig-
nals, the limit of the cancellation
would exist. Let 8P(decibels) be the
amplitude difference of two signals
and 86(deg.) be the phase difference of

Ask us about other POLYFLON
materials and services...

< Microwave Substrates

< Circuit Processing

< Electroplated PTFE
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In the Wilkinson combiner, the dif-
ference between the output power Py
and the input power P, determines the
amount of the cancellation according

POLYFLON
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Control Civcuit

Power error

2. This three-dimensional (3D) graph shows the cancellation
power (CP) with respect to the amplitude and phase errors of

the power combiner.

and a variable attenuator as well as a
phase shifter located in front of the
HPA for compensation of the ampli-
tude and phase errors. The other
path (Path 2) works as the reference
for the amplitude control as well as
the phase control in the main path.
The amplitude and the phase of Path
1 are changed so that the amplitudes
are equal and the phase difference is
180 deg. when compared with Path 2.
The Wilkinson combiner C is used
only for obtaining the TM signals.
Therefore, the IM signals are
obtained efficiently as an error signal
output of the cancellation circuit.
The amplitude-control circuit oper-
ates as follows: The reference power
P, is eoupled from Path 2 which is con-
verted to the reference voltage V,
through the amplitude detection cir-
cuit. Py is coupled from the output of
the HPA and converted to voltage V,
representing the level of the power P,
at Path 3. If Schottky-diode detectors
are employed in each path, the detec-
tor output voltages could be different
from each other for the same applied
power due to the unequal nonlinear
characteristics of the diodes. To over-
come this problem, a single detector is
switched to P, and P, (Fig. 3). There-
fore, when the same powers P, and P,
are applied to the detector, the same
voltages V; and V, are generated. The
auto-level-control (ALC) circuit is
composed of several operational am-
plifiers, which adjust V, to be equal to

V, by increasing or
decreasing the output
voltage V5 which con-
trols the variable
attenuator. > °

The phase-control circuit operates | and dividers, detects the phase dif-
as follows. The circuit is implemented = ference between the signals through
in two blocks. One block is the ampli- = Path 2 and Path 3 in Fig. 3. To obtain
tude-control circuit that was the phase difference asa power level,
described, while the other block, = the latter block is designed so that
composed of Wilkinson combiners ' the electrical length of each path to

Path 1 HPA
HPA )
“ ﬂ output
Inputo— Va Vo
Path 3
Amplitude ALC ALC Phase &
control control

Py Latch| | Latch

a
u.l% Latch| P EC§A

H P
:] RF 'D;T be l D¢ |PET[RF g" g Error
switch switch| [switch switch signal
5 hd ¥ Pa output
= Clock = b Ia

Delay line
Path 2 0

3. The block diagram of the error sensor loop includes amplitude- and phase-
control circuits. Path 1 is the main path while path 2 is the reference for the
amplitude and phase controls in the main path.
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Control Cirvcuit

the power combiners A, B,
and C are different from
each other. In power com-
biner A and B, the electrical
length of ‘b’ is longer than
that of ‘a’ by 2 deg. Howev-
er, the paths to power com-
biner C have the same elec-
trical lengths as ‘c.’ Figure 4
represents output power Py,
P,, and P from each power
combiner versus the signal-
phase delays.

The main signals through
the two paths ‘¢’ in Fig. 3 are
canceled at the output of the
power combiner C, when the
phase difference between
them is 180 deg. Since the
electrical lengths of path ‘a’
and ‘b’ are different from
each other by 2 deg., the out-
put power P, of combiner A
has minimal value at a phase
difference of 178 deg., while
the output power P, of com-
biner B reaches its minimum
value at a phase difference of
182 deg. The power Py and

Average power

Pmax -

Pi=P4 -

Pmin -

Pmax -

Prmin -|

as a power level. That per-
mits precise control of the
phase delay. For example,
when 0.1-dB amplitude-con-
trol error is introduced in
the ALC of the phase con-
trol, the practical phase
error resulting from the 0.1-
dB amplitude control error
is only 0.0127 deg. by Eq. 9,
which will be discussed in
detail.

0 178' 1;10 '182
Phase delay—deg.

Average power

The main carrier signal is
canceled by the amplitude
and the phase control, where
the operating condition is
determined at P, = Py and Py
= P4,. The IM signal is
obtained from the output of
the combiner C as in Fig. 3.
Since the amplitude and
phase are controlled by
amplitude detection and
ALCs, the amplitude error
between two signals at path

0 180
Phase delay—deg.

2 and path 3 primarily deter-
mines the limit of cancella-
tion. Since the phase-error
80 is converted to the ampli-

P, are applied to the input of
the amplitude-control cir-
cuit. Therefore, the ALC
maintains the level of P5 and
P, equally by controlling the
phase delay of the variable phase
shifter as shown in Fig. 3. Under this
condition, the phase difference of
combiner C is 180 deg. For the 360-
deg. range of the phase delay, there
are two points where Py is equal to
P,. One is the power-cancellation

4. Output power levels P3, P,, and Ps versus the phase
delays of the signals illustrate the minimum values of each
power level caused by the different electrical lengths of
their paths.

ous schemes because nonlinear ele-
ments, such as mixers, are not
involved in the phase-control circuit.
Instead, power combiners that have
linear characteris-

The proposed phase-control circuit :
in this article is superior to the previ- |

tude-error 8P as seen in Eq.
7, the cancellation of the
main signals is determined
only by the amplitude-con-
trol errors. The cancellation
outputs CP 5 and CP, of combiners A
and B oceur with amplitude-control

. error 3P in the phase-control circuit.
- Assume that the phase error in
- power combiner C is 36, the following
. equation is derived:

point, the other is the power-combin- | tics are employed | REF +50.7 dBm Attenuation 50 dB  A_write B_blank
ing point, which is usually out of con- | to derive the | 10dB/ T T T
trol range of the phase shifter.” phase information Marker i 1 2 'MKR
e o 21 1.85401 GHz
-20 ; | i %’ 35.92 dBm
-30 | 1 ] ;
-40 : i 1
- REF OFST v
. 10.7 dB 5 [
i 60 i 8
(x] T~ 3 r
-10 RBW i
100 kHz
-80
vew ||| | 1 ]
-a0t 100 khz| {| |
-100 ) 1 1 1 SWP H |
0 0.1 0.2 0.3 04 05 30 ms | L/
Power error Center 1.85500 GHz Span 15 MHz

5. This curve shows the cancellation of the main carrier
versus the power error in power combiner C.

dBm/tone output.

6. The spectrum of the 10-W HPA is shown here at +37-
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7. The output response of the error sensor loop with the
HPA operating at +37-dBm/tone output is shown in Fig. 6.

CP; 4, 4(6P,2) = 6P = CP; 4
(6P,2—260) (8)

The phase error is derived by solv-
ing Eq. 8 as:

60(deg) = 1 - écos“l

— 10 CPrare (8P, 2)=8P+3)/10 %P/10

+1+1

2% 1051’/20

9)

The cancellation of the output of
the power combiner C is finally
expressed as follows:

CP; = 10log{1+ 10°7/1Y — 2% 10%F/%°

xcos[/— icox'j
2

—10(CPsors (8P.2)=8P+3)/10 4 | 1 8P/10
2% 10%P/20 I

=3 (10)

In Fig. 5, CPj is plotted as a func-
tion of amplitude error using Eq. 10.

It is important to reduce the ampli-
tude-control error in the proposed
control circuit, because the limit of
the cancellation is affected more
strongly by the amplitude error than
by the phase offset.

The proposed control circuit and the
error sensor loop block are imple-
mented and tested at the frequency
range of the Korea personal-communi-
cations-services (PCS) band (f, = 1855
MHz). A reflection-type variable
attenuator is used for controlling the
amplitude of the main carrier.? Tts

attenuation range varies from 1.64 to
9.05 dB with a control voltage between
0 and approximately +10 VDC, where-
as the phase variation is less than 1
deg. The reflection-type variable
phase shifter provides approximately
0to 35.8 deg. of phase shift for the con-
trol voltage from 0 to +10 VDC,
whereas the amﬁplitude variation is
less than 0.2 dB.” The control circuits
are combined with an HPA, providing
10-W output power at the center fre-
quency of 1855 MHz. The implement-
ed circuits are tested with two-tone
signals at 1854 and 1856 MHz.

The table shows the performance
of the control circuit. Without control,
the gain and phase of an HPA vary
with changes of input power. With

8. This spectrum of the HPA is similar to the one in Fig. 6,
except at +27-dBm/tone output.

control, the main carrier is canceled
by more than 40 dB from the output
P; of the error sensor loop. For the
cancellation range of approximately
40 to 47 dB, the circuits operate with
an amplitude error of approximately
0.05 to 0.12 dB, which can be predict-
ed from Eq. 10. Under this condition,
the phase-control error is calculated
at less than 0.016 deg. from Eq. 9. Fig-
ure 6 shows the output spectra of the
10-W HPA at +37-dBm/tone output,
and Fig. 7 shows the output spectra
from the error sensor loop when the
HPA is operating at +37-dBm/tone
output. Figures 8 and 9 show the out-
put spectra of the HPA and the error-
sensor loop, respectively, at 27-
dBm/tone output. e®
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FUJITSU

Mublle Communication
GaAs FETs

The solutions for your base station design begins and ends with Fujitsu.
Fujitsu's series of push-pull power amplifier and driver FETs covers the Cellular, PCS,
PCN, WLL, MMDS, and W-CDMA (3G) frequency bands. The very low thermal resistance
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ION NOTES

watmn (RFID) refers to a wide range of data-carrying technologies by which
of data from a carrier to a reader is accomplished through radio waves. An ar-
issue of the Low Power Radio Association’s LPRA News, “RFID For
e,” details how the technology can be used for rapid response in growing
ommerce (e-commerce) and mobile-commerce (m-commerce) markets.
p-based and chlp-less RFID technologles are in common use, although the for-

or_" in’r.eﬂ'()gatbr, and a programming device to accommodate the
e devices (in some cases, the interrogator may support read and write
ags are distinguished by their frequencies and modes of operation: using
-at the lower (125-kHz and 13.56-MHz) frequencies and propagation cou-
equencies. The tags may be passive (relying on power from the in-
ve (employing a battery).
ews some of the additional advantages of RFID systems for e-commerce
appllcatlons, and provides a breakdown of expected prices for different
the US and in the UK. Copies of the July issue of LPRA News are avail-
v Power Radio Association, Brearley Hall, Luddenden Foot,
X2 6HS, United Kingdom; (44) 0-1422-886463, FAX: (44) 0-1422-
e-mail: mfo@lpra.org, Internet: http//www.lpra.org.
CIRCLE NO. 194 or visit www.mwrf.com

for _inﬁ)rmatmn and data is driving communications systems designers and op-

ok more bandwidth. And while fiber-optic communications systems offer
tential bandwidth, designers are realizing that bandwidth poses practical
d systems. Dense-wavelength-division multiplexing (DWDM), how-
 promise for fulfilling present and future needs for information
page application note from Tektronix (Beaverton, OR), “Testing
Systems,” provides a clear introduction to DWDM technology, re-
bestlzxg these sys’oems, and provides practical solutions in terms

lw.lly performed with oscilloscopes, optical spectrum analyzers
ers (Rxs), wavelength meters, and optical power meters, provide the
terface specifications, and comply with industry standards. Typical mea-
clude analysis of mean optical-launch power, laser chirp (variations in the
| of the optical laser), extinction ratio, gain tilt, attenuation, and dispersion.
ysis tools include eye diagrams.

ynchronization measurements are performed with the help of specialized
ch as Synchronous Optical Network (SONET) testers, while BER testing is
stable clock sources and BER testers. A trend in BER testing is to per-
BER testing. That is, rather than check systems for less than one error
ne-consuming, the system is evaluated at higher error rates to pro-
t‘s The }ow BERs are then extrapolated from the results of these

n, _-Howanl Vollum Industrial Park, P.0. Box 500, M/S 50216,
| _077-0001, (800) 426-2200, FAX: (503) 222-1542, Internet:

CIRCLE NO. 195 or visit www.mwrf.com
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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 2.9 2.5
Supply Voltage (Vdc) 2.2 2.2 2.7 2.7
Supply Current (mA) 20 20 20 20

All data measured at 1GHz and is typical. MTTF @ 150C T; = 1 million hrs. (Ryy = 97C/W typ)

$iGe HBT MMIC
features include:

B Cascadable 50Q
M Single voltage supply
M High output intercept

86 package

M Low current draw
B Low noise figure

SOT-363 package

* STANFOURDO
MICRODEVICES

We Deliver RF Innovation

1-800-764-6642 u.s. oil-ree
1-408-616-5400 outsice u.s.
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Aluminum Nitride Forges High-
Power Resistive Gomponents

By refining the use of special thick-film pastes and AIN cevamic

substrates, a line of vesistive passive components has been
developed as an altevnative to BeO in high-power applications.

Thomas J. Dowling
Director of Engineering
RF Power Components, Inc., 125 Wilbur PI., Bohemia, NY 11716, (516) 563-5050, FAX: (516) 563-4747,
e-mail: info@rf-power.com, Internet: http://www.rf-power.com.

ESISTORS and terminations for high-power applications have traditional-
ly used beryllium oxide (BeO) as the ceramic substrate material. While
BeO has proven to be a reliable performer in terms of power dissipation
per unit volume, alternatives are often sought in many international mar-
kets. Fortunately, RF Power Components (Bohemia, NY), a subsidiary of Anaren
Microwave (East Syracuse, NY), has developed a line of high-power resistive
components based on aluminum nitride (AIN), a more ecologically “friendly”
substrate material for sensitive overseas markets. The resistive components
include resistors and terminations for applications through 150 W at cellular
and personal-communications-services (PCS) frequencies.
Any fear of BeO is related to its handling rather | part. When using AIN, careful layout and film design
than its use. Although BeO is harmless in solid form, | must be employed to mltlgate this difference.
it can be harmful in dust or powder forms if inhaled in  As part of a year-long development program, AIN
sufficient quantities. The US Occupational Safety and | resistors and terminations were designed at the RF
Health Administration (OSHA) lists BeO dust as a | Power Components subsidiary as drop-in alterna-
hazardous substance and a proba- tives to existing BeO product lines. This
ble carcinogen in humans. OSHA s, defines a general class of non-BeO RF
states legal permissible expo- ” resistive power products which can be
sure limits (PEL) for airborne . used in a wide range of applications,
particles in the work environ- including in absorptive filters,
ment as 0.002 mg/m® averaged antenna feeds, isolators, power
over an eight-hour shift. Ceramic combiners, and RF power ampli-
AIN material has emerged as a leading fiers (PAs).
alternative to BeO due to its lack of toxici- AIN ceramic has been used in the
ty and its high power-handling capabilities RF industry for many years as a gener-
for resistive components. al-purpose electrically insulating heat
When compared to BeO ceramic, AIN spreader and thin-film substrate. Tradi-
comes close in many aspects (Table 1), with tionally, AIN resistive devices have
the primary parameter of interest being thermal con- been constructed using thin-film technolo-

ductivity due to the high-power
nature of the applications where
the materials are used. Electrical-
ly, AIN has a higher dielectric con-
stant than BeO, which leads to a
somewhat higher-capacitance

1. Representative samples of the
thin- and thick-film AIN and BeO
resistive components were tested
to compare electrical and
mechanical characteristics.

gy, although the high cost of this
approach has limited the use of
these devices in some applica-
tions. With the continuing growth
of the wireless industry and the
subsequent need for a cost-effec-
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Table 1: Comparing BeO and AIN Temperature—°C Pulsed
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industry, thick-film 0
paste manufacturers
have recently devel-
oped thick-film AIN
paste systems. Using
these paste systems

tive and safe BeO alternative, it was
thought that lower-cost thick-film fab-
rication processes could be applied to
AIN materials in order to produce an
inexpensive line of resistive high-
power passive components.

2. These temperature-cycling curves were applied to
the thin- and thick-film BeO and AIN resistive
components for accelerated life testing.

Thick-film systems for alumina
(AL;O5 or aluminum oxide) and BeO
were developed years ago and have
been the workhorse of the RF power-
resistive industry. Al,O5 is well-suited
and often used for power levels to
approximately 5 W. For higher power
levels to approximately 800 W, BeO
resistive components are used. How-
ever, the transfer of thick-film tech-
nology to AIN ceramic substrates is
not a simple matter. Thick-
film resistor and con-
ductor systems that
were developed
for Al,O5 and
BeO do not
work on AIN
ceramic materi-
als. This is because
the lead-oxide (PbO,)
glass-bonding system
that takes place between
the thick-film pastes and the %
Al,O; or BeO ceramic material, "8
when fired, is reducible by AIN

ceramic. Applying thick-film pastes h

designed for Al;O; or
BeO on AIN ceramic
materials will achieve
inconsistent adhesion
of the resistor and
metal films to the AIN ceramic; this
erratic adhesion has often been attrib-
uted to inconsistencies in the AIN
ceramic material.

Adhesion of the thick films to the
ceramic is key to the long-term relia-
bility of the component. Due to the
recent demand for a cost-effective and
safe BeO alternative by the wireless

<
_QS‘{,O
‘19.‘?0

3. Model RFP-20N50TPC is a
flange-mount component
designed for 50-() systems.

along with properly

prepared AIN ceramic substrates has
resulted in a new product offering of
thick-film resistive components on
AIN ceramic substrates. Another key
to adhesion of the thick film is the
proper preparation of the AIN ceram-
ic material. During the AIN sintering
process, Al;05 + Y505 is driven to the
surface of the ceramic. This unwanted
material layer, which impedes adhe-
sion of the thick film, must be removed

by lapping of the substrate.
As a baseline for comparison, thick-
film AIN was tested against indus-
try-standard thick-film BeO
and thin-film AIN products.
With film adhesion being
of main concern, testing
focused on experi-
ments which would
exacerbate film-
adhesion weak-
nesses or nonunifor-
mities.For
consistency, tests
for all three sys-
¥ tems were con-
ducted on the
same type of device, a
150-W, flange-mount-

ed, 50-() termination. The device is a
0.250 x 0.375-in. (0.64 X 0.95-cm)
ceramic chip mounted onto a nickel
(Ni)-plated copper (Cu) flange with 96-
percent-tin (SN96) solder. (Figure 1
illustrates the test parts.) Multiple
parts of each system type were tested
for lead pull, shear test, thermal
cycling, film temperature, and resistor
satiability.

Silver (Ag) ribbon leads measuring
0.050 % 0.006 in. (0.13 X 0.15 em) were
soldered to the same-sized conductor
pad on the three types of devices and
then pulled to destruction. The aver-
aged results are listed in Table 2. The
horizontal pull strength of all three
systems was excellent, while the ver-
tical pull tests appeared to show more
robustness for the thin-film AIN and
thick-film BeO devices.

Each type of part was soldered to a
Ni-plated flange with SN96 solder and
destructively sheared off the flange.
The averaged results are listed in
Table 3. Shear testing showed excel-
lent initial adhesion for all systems
with the BeO force being expectantly

better and the thick-film AIN slightly
better than the thin-film AIN system.

Table 2: Comparing thin- and thick-film
systems during pull tests

i
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Table 3: Comparing thin- and thick-film
systems during sheer-force testing

SN96 solder
has a tensile
strength close
to 6000 lbs. per
square inch

(psi). All three
component
versions were

Table 4: Comparing thin- and thick-film
systems during accelerated life testing

bolted to a mi-
Croprocessor-
controlled chill
plate with a
small amount

of thermal
grease under
the flange. The
parts were cy-

While shear testing is a good mea-
sure of the initial adhesion of the paste
to the ceramic substrate, thermal
cycling provides a good measure of the
long-term reliability for a device. Dif-
ferences in thermal expansion coeffi-
cients (TCE) between the AIN ceram-
ic and the Cu flange create stress in the
material that must be absorbed by the
solder/thick-film-paste interfaces. For
all three types of resistive components,
thermal cycling acts as an excellent
accelerated-life test. Simply dissipat-
ing power in a resistive component at a
near-constant temperature does not
provide an indication of the compo-
nent’s long-term reliability nor does it
represent the worst-case working con-
ditions. The adhesion layer must be
repeatedly stressed from hot to cold in
order to truly get a useful measure of
how long the adhesion layer will absorb
the stress without failure. This test is
equivalent to a metal-fatigue test of
repeatedly bending a metal bar back
and forth until the bar breaks. The Cu-
flange material and SN96 solder were
chosen to provide a comparative accel-
erated measure of the long-term adhe-
sion of the thick films to the ceramic
substrates. The TCE of the Cu is 3.6
times the TCE of the AIN, and the

cled at 100 per-
cent of rated power (DC) and maxi-
mum flange temperature. The cycling
profile (Fig. 2) was designed to provide
an accelerated and harsh environment
to expedite failures. The results of this
testing are shown in Table 4.

All three parts failed between the
300th and 378th thermal cycle. Failure
occurs due to the formation
of micro cracks in the
solder and/or thick
film that propa-
gates with

each addi-
tional ther-
mal cycle,

thus increasing
the thermal resis-
tance between the
ceramic and the
flange. When the 4
thermal resistance
increases to the
point where the
thermal gradient
across the system
becomes large
enough, a thermal
runaway condition
is set up and the
part fails. From the test data, it can be
seen that all three system types failed

4. Model
150N50is a
high-power
flange-mount

Table 5: Comparing thermal characteristics of
thin- and thick-film systems

termination capable
of handling 150-W RF
power in 50-() systems.

in the same range.

Parts from each system were
mounted to a controlled heatsink at
+100°C and 150 W of dissipation. Film-
temperature measurements provide a
good idea of the thermal resistance of
each type of termination. Film-tem-
perature measurements were per-
formed using an infrared (IR) thermal
probe. The results are detailed in
Table 5. As expected, the BeO part
exhibited a lower film temperature
due to the lower thermal resistance of
the BeO ceramic material. The thin-
and thick-film AIN parts were within a
few degrees of each other.

These tests validate the usefulness
of the thick-film AIN ceramic resistive
components as alternatives to widely
used BeO products. The components
are fabricated with a reliable and
repeatable AIN process, made so by
proper preparation of the AIN ceramic
material and the use of pastes devel-
oped specifically for AIN. These special
thick-film pastes contribute to a line of
AIN resistive components that per-
form at least as well as their thin-film
AIN counterparts, and approach the

performance of more-expensive

thick-film BeO produets. Initial
product offerings include sur-
face-mount-technology
. (SMT) components for
applications through 5 W,
and flange-mount
devices for applica-
»  tions through 150
7. W at PCS fre-
¥ quencies. As ex-
amples, model
¥ 20N50TPC (Fig. 3) is
; a 20-W AIN flange-

mount component for 50-Q)
systems while model 150N50
(Fig. 4) is a flange-mount ter-
mination for RF power levels
to 150 W. For engineers inter-
ested in incorporating these AIN pas-
sive components into their newest
designs, the firm plans on making S-
parameter files freely available on
their website. RF Power Compo-
nents, Inc., a subsidiary of Ana-
ren Microwave, 125 Wilbur Pl
Bohemia, NY 11716; (516) 563-
5050, FAX: (516) 563-4747, e-mail:
info@rf-pow er.com, Internet:
http//www.rf-power.com.
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PRODUCT TECHNOLOGY

RF VNAs

UNAs Set New Marks For Noise,
Speed, And Automation

Mixer-based veceivers, a high-speed data-acquisition engine,
and the Windows 2000 opervating system avm these RF VNAs
with considevably morve power than their predecessors.

Steve Westerman and Mohamed Sayed achievement of any VNA that Agilent
Agilent Technologies, 1400 Fountaingrove Pkwy., Santa Rosa, CA 95403; (800) = (or its predecessor, Hewlett-Packard)
452-4844, Internet: http://www.agilent.com. has ever created. The normal dynamic-

range performance of 128 dB, which is
PEED, accuracy, and ease of use: These three characteristics are = broad enough for most devices, can be
among the many benefits to be gained from a new line of vector- extended to 143 dB by bypassing or re-
network analyzers (VNAs) from Agilent Technologies (Santa versing the transmission coupler.
Rosa, CA). The PNA series of analyzers, with models having top Most network analyzers, including
frequencies of 3, 6, and 9 GHz, leverage advances in high-speed micro- the Agilent 8753, use samplers in their
processors, digital-signal processors (DSPs), and software instruments Rxs. These samplers have a host of ad-
. . . vantages, including wide bandwidth,
to keep pace with the needs of high-volume component manufacturing. flat frequency response, excellent sta-
Incorporation of Microsoft’s Windows 2000 operating system should en- X

A . bility, and good compression. From a
sure ease of use never before found in a high-frequency VNA. local-oscillator (LO) design standpoint,

In many cases, the overall architec- = penalty in noise or another instru- = sampled systems are less complicated
ture of modern VNAs remains re- = ment’s performance parameters. to construct, since they consist only of
markably similar to its predecessors of The validity of the new design shows ' a low-frequency synthesizer followed
a decade ago, due in large measure to = in the performance. The measurement | by a sampling pulse generator. How-
the enormous cost of creating a com- = speed alone is between six and 35 = ever, two attributes of samplers re-
pletely new instrument from start to | times faster than its predecessor, the . duce their achievable performance.
finish. The PNA series of VNAs (Fig. = Agilent 87563ES (see table), and as fast = Noise floor and trace noise are high
1) is an exception to this trend, how-  as 35 s per point. The trace noiseisas = due to the sampler’s inherently high
ever. Although created to displace the = low as 0.0005 dB, which is the best = noise figure, and phase locking is diffi-
company’s popular 8753 line of RF and cult in order to eliminate the possibility
microwave VNAs (introduced in 1981 of locking to the wrong tooth of the
and regularly upgraded), the PNA line sampler L.O comb.
is an entirely new instrument family. Since reducing the noise floor of the

To optimize RF performance, Agi- PNA series was one of its designers’
lent took an entirely different ap- primary goals, mixers rather than
proach for signal processing than that samplers were chosen (Fig. 2). In this
employed in its other network analyz- design, the low-frequency pulsed LO is
ers. The instruments perform mea- replaced by a high-frequency sinu-
surements faster, have lower noise and soidal L.O, and the conflicting require-
greater dynamic range, and provide ments for greater sensitivity and
more comprehensive automation and higher power-handling capability are
connectivity. The instruments also met with a configurable testset (the
have four mixer-based receivers (Rxs) front-panel reference and Rx jumpers
which facilitate through-reflect-line are a standard feature of the PNA se-
(TRL) and line-reflect-match (LRM) ries, and the source jumpers and 35-dB
calibrations, a high-speed data-acquisi- = 1. The PNA line of RF and microwave = attenuators are optional). Rather than
tion (DAQ) engine, and DSP algo- = VNAs introduces a new approachto  employing a single reference receiver,
rithms which together increase mea-  mixer-based vector analysis with Agilent chose two. The second-refer-
surement speed without exacting a | models reaching 3, 6, and 9 GHz. ence Rx supports source leveling after
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Contactless Phase Shifters:

World-First ‘Contactless’ Brings
Better Reliability under All Conditions

Designed by KMW for low insertion loss and good stability under hard environmental conditions, these
Contactless Phase Shifter (:CPS) will provide the linear characteristic of phase and low IMD performance

M Standard Connectorized CPS

. Atype:KPH90OSCLOOO
.‘ - B type:KPH90OSCLOOT
Frequency Range ~ 1GHz 1~ 2GHz 2 ~ 3GHz
Insertion Loss (Max.) 0.15dB 0.25dB 0.35dB
VSWR (Max.) 1.25:1 1.25:1 1.25:1
Incremental Phase Shift 90 degree min. @ 2GHz
Electrical Delay 125 psec min.
Nominal Impedance 50 ohm
1/O Port Connector SMA(F) / SMA(F)
Average Power Handling 20W @ 2GHz
Temperature Range -30°C ~ +60°C
) 5 ’ A type : 1.496%1.102%0.457
Rimension {nen) B type : 1.225%1.102%0.457
s =

B Miniature CPS

(kP . ~ (KPH3505CL000)
Frequency Range ~ 1GHz 1~2GHz [2 ~2.5GHz| ~ 1GHz 1~2CHz | 2~ 3GHz
Insertion Loss (Max.) 0.15dB 0.25dB 0.35dB 0.15dB 0.25dB 0.35dB
KPH300SCL0O0O
VSWR (Max.) 1.3 1.3:1 1.3 T.25:1 1.25:0 1.25:1
Incremental Phase Shift 30 degree min. @ 2GHz 35 degree min. @ 2GHz
Electrical Delay 41.7 psec min. 48.6 psec min.
Nominal Impedance 50 ohm 50 ohm
1/O Port Connector Drop-In SMA(F) / SMA(F)
Average Power Handling 30W @ 2GHz 30W @ 2GHz
Temperature Range -30°C ~ +60°C -30°C ~ +60°C
L Dimension (inch) 0.709*0.433*0.244 0.630*0.551*0.244 I
ST

13131 East 166th Street, Cerritos, CA 90703-2202

1-800-8320-KMW » www.kmwinc.com i Y.
tel: 562—926—2033 . fax: 562-926-61 33 RF & Microwave Products
CIRCLE NO. 374
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RF VNAs

Comparing the PNA analyzers

speed
dynamic range

dynamic range

the switch, which improves power-
level accuracy, source match, and mea-
surement repeatability, and also en-
ables TRL calibration (which is useful
for on-wafer device probing) to be
performed.

The inherent lower noise figure of
mixers directly impacts dynamic
range, reducing the noise floor in the
instrument by 15 to 20 dB. Fundamen-
tal mixing is employed to 3 GHz and
third-harmonic mixing from 3 to 9
GHz. This contrasts with sampled sys-
tems, which can perform conversion on
LO harmonices greater than 100. Low-
order mixing also produces superior
system spurious and residual perfor-
mance which, in turn, reduces analyzer
trace noise and increases usable dy-
namic range.

Mixers enable the instrument to
make measurements faster as well,
since the time required to make high-
dynamic-range measurements is in-
versely proportional to the measure-
ment bandwidth. That is, a sweep
performed in a 10-Hz bandwidth will
take 10 times as long as a sweep made
in a 100-Hz bandwidth. If the system
noise figure is lowered by 10 dB
through the use of mixers instead of
samplers, or if the source power is in-
creased by 10 dB, the 100-Hz band-
width will yield the same signal-to-
noise ratio (SNR) as the 10-Hz
bandwidth did before either improve-
ment was made. In either case, how-
ever, the measurement speed in-
creases tenfold. If the source power is
inereased by 10 dB, and the noise fig-
ure is improved by 10 dB, a 1-kHz
bandwidth can be used, and the mea-
surement speed may be increased one
hundredfold.

In addition, mixers increase mea-

surement speed because the mixing
order is low, so fewer false responses
enter the phase-lock circuitry. Avoid-
ing false locking reduces the time for
phase-lock acquisition. Since the LO
and source have the same tuning sensi-
tivities, open-loop frequency tracking
of the LLO and source are greatly im-
proved which, in turn, lowers closed-
loop frequency error, speeding up
phase-lock acquisition, sweeping, and
stepping.

Optimizing the mixer-based ap-
proach requires attention to one inher-
ent characteristic—mixer bounce—
which, if left unimproved, can
dramatically reduce achievable instru-
ment sensitivity. The mechanism (Fig.
3), which can be present in sampler and
mixer-based systems, causes spurious
responses. An insertion-loss measure-
ment of a low-loss 3.6-GHz filter with

very reflective stopband (Fig. 4a) pro-
vides a graphic illustration of the phe-
nomena. The source frequency is in the
filter’s stopband, so following the
dashed line from the source, energy
can be reflected from the filter input.
This signal enters reflection Rx A and
mixes with the harmonics of the LO.

The resulting products N X LO
*+IF exit Rx A, pass through the fil-
ter, re-mix with LO harmonies in
transmission Rx B, and create false
responses. Source power is +10 dBm,
and the IF bandwidth is 10 Hz with no
averaging. The largest response, at
1.8 GHz, is produced by the 1LO +
1RF term from Rx A converting with
the 2LO term in Rx B. Reference Rx
R1 will also generate mixer bounce,
but at a much lower level than Rx A,
due to splitter isolation.

To rid the PNA series of mixer
bounce, Agilent employs two tech-
niques. In the first, reverse isolation
from each mixer to its respective RF
input is increased as much as possible,
so the mixing products cannot leave
the reflection Rx. If even more mixer-
bounce reduction is needed, the reflec-
tion receiver can be disabled entirely
when making a transmission measure-
ment. Alternately, turning off the A or
B mixers requires twice as many
sweeps to gather all four S-parameters
and, ultimately, residual mixer bounce
from the reference Rx can limit dy-
namic range. The same filter measured

Improved network analyzer

PNA OPT OIS

70 dB

il

Phase; - <) Source
lock

High-frequency
LO

35dB 35dB

70 4B /f
_____ - e - - !
Receiver Source Reference
jumper jumper  jumper

ey ey
Reference Source Receiver
jumper jumper jumper

2. The PNA receivers employ mixers rather than samplers.
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- RIDE THE POWER CURVE

OF NONLINEAR SIMULATION PERFORMANCE

That’s what you get with Eagleware’s new harmonic balance
simulator, HARBEC™. From real-time tuning, to application of artificial intelligence techniques, to co-simulation with
electromagnetics, HARBEC does it all ... with a powerful set of features that includes:

Robust Simulation wide range of sources (voltage, High Performance Design
unlimited, arbitrary circuit power, current, waveform) Al performance optimization
topology DC analysis and optimization fast tuning
wide range of nonlinear device unlimited tone harmonic balance Spice Model Import
models (diodes, JFET, BJT, analysis and optimization Extensive Parts Library
MOSFETS, MESFETS) EM Co-simulation Equations and Post Processing

And it's fully integrated into the GENESYS suite of synthesis, S-parameter, electromagnetic and physical design tools.
With nonlinear modules priced at $4990, they’re going fast. And so will your design.

Phone: +1 678-291-0995 CIRCLE NO. 225 www.eagleware.com

RF and Microwave Design Software E Fax: +1 678-291-0971
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HIGH PERFORMANCE - CUSTOM DESIG )

after mixer- Sanch Mixer bounce mechanism
bounce improve-
ments were made
(Fig. 4b), shows
. : that after 10
Highpass, Lowpass, Combline
Bandpass & Substrate Filters 300 - 4500 MHz sSweeps are aver-
ented Temp Stable Design aged tO reduce
noise floor, the
problem is dra-
matically re-
duced. Mixer
bounce is not co-
herent from | 4 = sy J\
sweep to sweep B oot i > -2
as in crosstalk, so s e L
it will not aver- 3. The mixer-bounce mechanism
age-down like causes spurious responses.
noise.

The Windows 2000 Professional operating system en-
dows the instruments with capabilities found only in the
personal-computer (PC) domain. The PNA series is one of
the first microwave-instrument families to be so endowed,
and operates with the familiar Windows interface, rather
than the more-common “Windows-like interface.” As a re-
sult, the instruments require no leap of knowledge for any-

*
*
*
*
*

e

NxLO£IF
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B e e e

* Best Insertion Loss and Isolation

MICROWAVE
CIRCUITS, INC.

6856 Eastern Avenue, NW
Washington, DC 20012

(202) 829-3030  FAX (202) 829-2639 e-mail: filters@micckts.com one famﬂiar Wlth Windows and perform functions in the
© 1999 MICROWAVE CIRCULTS, INC. ALL RIGHTS RESERVED Website: www.micckts.com .
i same way as a Windows 2000 PC.
CIRCLE NO. 425 or visit www.mwrf.com More impor-
tant, however, is

the PNA’s ability
to integrate into
any network
based on Win-
dows NT or Win-
dows 2000 no dif-
ferently than any
other node on the
network would.
It can run from
the network, can
avail itself of net-

BREAKTHROUGH work-attached
TECHNOLOGY storage, periph-

erals, software,

e 45150 T R

New Single-layer Capacitors off-line data-anal-
ysis capabilities,
e Higher Cap  * Smaller Size and  virtually
v ’ : anything else
¢ Higher Q e Border is standard connected to the
IS0 9001 Registered network, includ-
MIL-PRF-55681 Qualified at ‘S’ Level ing intranet and
MIL-PRF-123 Qualified Internet commu-
MIL-PRF-49470 Qualified nications through
2nd Innovation Since 198 the integrated
Web browser.
(E PRESIDIO COMPONENTS, INC. Firmware can be 4. This insertion-loss measurement of
7165 Constiuction Court. San Diego, CA 92121 downloaded from a filter without mixer-bounce
Voice: 858-578-9390 Fax: 800-538-3880 the Agilent web- improvements (a) shows spurious

site, and interac- responses. In (b), the problem is

www.presidiccomponents.com | )
tive remote trou- dramatically reduced.

CIRCLE NO. 412 or visit www.mwrf.com
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Opening a new world in
Analog, Digital,
Signal Integrity, RF and
Microwave Design.

Check out
http: / /www.ansoft.com/
No-Boundaries. html

Whether you are designing a Si RFIC for Bluetooth, a high performance GaAs
power amplifier for 3G, or a multi-band planar antenna, Ensemble’s advanced
planar electromagnetic field solver helps you reduce die space, predict EM

coupling, and calculate antenna radiation.

Use Ensemble to compute S-parameters and full wave fields for on-chip
components such as spiral inductors, capacitors, thin-film resistors, and
interconnects in microstrip, stripline, slotline, and coplanar waveguides.
Ensemble handles realistic circuits with straight and curved traces,
radiation, multiple layers, open plus closed cavities, and

packaging effects.

Ensemble offers an easy-to-use interface, DXF .

import, a graphical post-processor, optimization, Des | g n F reed 0 m
parametrics, industry leading fast solver
technology, and integration with other products in

the Serenade Design Environment.

Ensemble allows you to design complex planar antennas and on-chip
components like spiral inductors, vias and interconnects. :
high performance EDA

For your free evaluation copy of Ensemble, or any of the tools in Ansoft's Serenade

Design Environment call 412-261-3200 or send e-mail to info@ansoft.com www.ansoft.com

CIRCLE NO. 271
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there are some

you can't afford

to miss. ..

Z Get Connected
Connections are a critical part of any elec-
Ire Bss ° tronics system, and the same holds true
P'rlanlﬂ iyg;'( ?l::::gn for your career. That's why more than 5000

electronics design engineers like you conne:
with the industry at the Wireless/Portable
Make 'the Cﬂnnectiun. Symposium & Exhibition. Wireless/Portable
puts you in touch with aver 500 companies

Conference: February 12-16, 2001 offering hardware, software and design sol

Exhibits: February 13-1 B, 2001 tions. On the exhibition floor, in the confer-
ence sessions, and at the networking func-

San Jose Convention Center ® San Jose, CA
www.WirelessPortable.com

tions, you'll find the people and products th:

will advance your designs, and your career.
MRFS1W

ettt A Fenton Don't Miss Out!



RF VNAs

bleshooting through Agilent technical
support can be performed online as
well.

In a production environment, sev-
eral analyzers can run programs inde-
pendently to control their test stations,
and the measurement data collected at
each test station can be stored locally
on the network analyzer or on aremote
file server accessible through the local-
area network (LAN). In addition, code
can be executed directly from the ana-
lyzer or over a LAN or general-pur-
pose interface bus (GPIB), and devel-
oped in popular programs such as
LabVIEW, Visual Basic, Visual C++,
or Agilent-VEE. Trace data and
screen images can be imported di-
rectly into Microsoft Word or Excel for
post-processing on the analyzer or a
PC. The instruments feature GPIB,
parallel, serial, and universal-serial-
bus (USB) interfaces.

The PNA series allows measure-
ments to be made over user-defined
frequency segments, which signifi-
cantly increases measurement speed
by collecting data only at specific
points. To optimize sensitivity, the in-
strument’s transmitted coupler can be
reversed, which is handy when charac-
terizing filters used in transmit/re-
ceive duplexers and other applications
where high-performance filters are
used. The resulting reduction in sys-
tem noise figure can also be employed
to increase measurement speed.
Greater dynamic range can also be
achieved by inserting a low-noise am-
plifier (LNA) which has stable ampli-
tude and phase characteristics before
the instrument’s Rx. The dynamic
range of the PNA series can be in-
creased to more than 143 dB by by-
passing or reversing the transmission
coupler, and even further with the ad-
dition of the LNA.

Increasing source power, imple-
mented with an external power ampli-
fier (PA), reference coupler, and refer-
ence attenuator, can also increase
dynamic range. The internal port-1
coupler is used for reflection measure-
ments and the 35-dB, five-step attenu-
ator ensures that the power from the
coupled arm of port 1 remains within
the allowable input power range of the
Rx. A high-power output coupler and
internal 35-dB attenuator handle the

power isolator provides a good termi-
nation to the amplifier output, and
keeps dangerous levels of power out of
the analyzer.

The full range of PNA series capa-
bilities includes full integration of Agi-
lent’s ECal electronic-calibration prod-
uct, the ability to display up to 16
traces simultaneously, along with four
stimulus settings, and optional time-

domain filter tuning (which reduces
tuning time by up to 10 percent). P&A:
E8356A (3 GHz) $43,000, E8357A (6
GHz) $49,000, E8358A (9 GHz)
$55,000. Agilent Technologies,
5301 Stevens Creek Blvd., MS
54LAK, Santa Clara, CA 95052;
Internet: http://www.agilent/
find/pna.

CIRCLE NO. 52 or visit www.mwrf.com
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\Y .Y K @ § | B DN\ Voltronics
STABILITY

The J Series delivers unexcelled stability for
demanding applications, from wireless base
stations to CATV amplifiers, cordless phones to
pagers, heart monitors to wireless microphones.

To get all of the details, visit our web site at
www.voltronicscorp.com,

The Trimmer Capacitor Company

Voltronics %

INTERNATIONAL CORPORATION

100 Ford Road ®* Denville, NJ 07834
973.586.8585 = FAX : 973.586.3404
e-mail: info@voltronicscorp.com

J Series
Chip
Trimmer
Capacitors

Any mndei,

50, 003 pieces...
Stock to 4
weeks!

* Stability of +/-1%
¢ Usable to over 1 GHz

¢ Designed for reliable
vacuum pickup

 Capacitance ranges
from 0.4 - to 40 pF

high transmitted power, and a high- CIRCLE NO. 422 or visit www.mwrf.com
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HBT Amplifiers

HBT Amplifiers
Boast High Linearity

A famaily of low-cost, medium-power, InGaP/GaAs HBT
amplifievs provides high veliability and linearity over broad
bandwidths through 3 GHz.

DON KELLER

Senior Editor

IGITAL wireless communications systems have pushed the limits of

high-frequency technology while operating under severe price con-

straints, The amplifiers for these systems, for example, must be in-

expensive yet provide generous gain with high linearity. The ampli-
fiers must also be extremely reliable, since wireless customers expect no
less from their services. These seemingly unrealistic requirements are met
through smart design practices and controlled manufacturing processes, a
combination that has led to the development of a family of medium-power,
heterojunction-bipolar-transistor (HBT) amplifiers from EiC Corp. (Fre-
mont, CA). The amplifiers provide better than 15-dB gain and more than
+18-dBm output power through 3 GHz.

The amplifier family includes mod-
els EC1089, EC1019, EC1078, and
EC1119 (see table). The newest
member of the family, model
EC1089, is designed for applications
from DC to 2.5 GHz. This is not a
fully matched 50-Q) device; rather, it
requires some nominal input match-
ing circuitry for use in 50-() systems.
While it can be used without output
matching circuitry, optimum perfor-
mance is achieved by adding a small
amount of output matching. The
EC1089, which is supplied in a low-
cost, plastic SOT-89 package, is a
true Class A amplifier, with linearity
characterized by an im-
pressive output third-
order intercept point
(IP3) of +42 dBm. The
HBT amplifier boasts
15-dB gain across its
frequency range, and

negative feedback to guarantee sta-
bility and protect against unwanted
oscillation. In fact, a load mismatch
up to an equivalent VSWR of 10.0:1
creates no spurious products across
the frequency band.

Model EC1019 is also a Class A
amplifier, designed for +5-VDC op-
eration. It delivers 18.5-dB gain from
DC to 3 GHz, and generates +19-
dBm output power at 1-dB compres-
sion. While lacking the outstanding
linearity of the EC1089, the EC1019
nonetheless achieves an output 1P3
of +34 dBm.

The EC1119, also a +5-VDC Class

Vital statistics for EiC Corp.’s family of HBTs

hird-order

A amplifier, offers somewhat less
gain than the EC1019, at 14.8 dB
from DC to 3 GHz. The output power
at 1-dB compression is comparable,
at +18.6 dBm, but the amplifier pro-
vides approximately 2-dB more dy-
namic range, with an output IP3 of
+36 dBm. The EC1019 and EC1119
are supplied in standard micro-X
packages, although both are also
available in plastic SOT-89 packages.

Model EC1078 is a +6-VDC linear
HBT amplfier that is matched to 50
) through on-chip resistive feed-
back. Only DC blocking capacitors
are needed at its input and output
ports. The rugged amplfier achieves
19.5-dB typical small-signal gain
from DC to 3 GHz with +21-dBm typ-
ical output power at 1-dB compres-
sion. The amplifier’s linearity is
marked by an output IP3 of +37 dBm.
It is supplied in a standard plastic
SOT-89 package.

The amplifiers are based on a
proven indium-gallium-phosphide
(InGaP)/gallium-arsenide (GaAs)
HBT process developed at the com-
pany’s foundry. To ensure long oper-
ating lifetimes, each of the amplifiers
is subjected to a rigorous burn-in
procedure. EiC Corp.,
45738 Northport
Loop West, Fremont,
CA 94538; (510) 979-
8999, FAX: (510) 979-
8902, e-mail: sales@

achieves +23.5-dBm
output power at 1-dB
compression. The ampli-
fier includes on-chip

eiccorp.com, Inter-

+42 net: http://www.eic
: Ig‘?‘ corp.com.
436 CIRCLE NO. 53 or visit

www.mwrf.com
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en you need Glarity and Power

Stanford Microdevices is the clear choice.

When clarity and power matter most,
Stanford Microdevices delivers.

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

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

SGA-6386 has 1dB compressed output power of +20dBm,

output third-order intercept point of +36dBm and 15.5dB

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

www.stanfordmicro.com
Make us your home page!

SPECIFICATION MATRIX

SGA-6286 SGA-6386 SGA-6486
SGA-6289 SGA-6389 SGA-6489

Frequency (GHz) DC-3.5 DC -3.0 DC-1.8
Gain (dB) 13.8 15.4 19.7
TOIP (dBm) 34.0 36.0 340
P1dB (dBm) 20.0 20.0 20.0
N.F. (dB) 3.9 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 @ 150C 7} = 1 million hrs. (Ryy = 97C/W typ)

7

{8 \
SiGe HBT MMIC | t ) sore9 paca
features include: -~/

M Cascadable 50Q Ml+20d8m 1dB Compression Point
M Single voltage supply M Low current draw
W High output intercept

B Low noise figure
86 package

* S5TANFORD
MICRODEVICES 1-800-764-6642 v.s. roitFree

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

CIRCLE NO. 268
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Wireless Sensors

Bluetooth Enables Line 0f
Remote Wireless Sensors

This line of sensovs uses low-power communications within
the unlicensed 2.4-GHz Bluetooth band to form remote
and cost-effective wiveless data-acquisition systems.

JACK BROWNE
Publisher/Editor

LUETOOTH is commonly referred to as the “wireless personal con-

nectivity” standard, since it is aimed primarily at wireless communi-

cations between computing devices and peripherals. But in the

CrossNet architecture from Crossbow Technology (San Jose, CA),
Bluetooth has been given a whole different look, since the unlicensed Blue-
tooth band from 2400 to 2500 MHz is the basis for cost-effective data-ac-
quisition (DAQ) systems using personal computers (PCs) or personal dig-
ital assistants (PDAs) compliant with the Bluetooth specification.

Crossbow’s CrossNet architecture
gathers data from wireless Bluetooth
connections, rather than from wires,
simplifying the setup and modification
of a DAQ network. The architecture al-
lows computers to quickly gather data
from sensors in a variety of equipment,
including industrial equipment, medi-
cal systems, within vehicles, factories,
and buildings. The CrossNet technol-
ogy enables the use of sensors in equip-
ment which is difficult to connect
through wired sensors. Data can be
moved quickly and easily through the
CrossNet system to the Internet, for
example, for access by one or more au-
thorized users in remote locations.

The modular CrossNet architecture
is adaptable to a variety of changing
requirements. It employs compact
nodes measuring only 3.5 X 2.5 X 0.75
in. (8.89 x 6.35 x1.91 cm) which can
control and monitor as many as four
sensors. Each node contains a Blue-
tooth radio capable of transmitting and
receiving data over a distance of 10 m
(transmit power of 0 dBm) with a PC
or PDA. Optionally, distances as far as
100 m can be handled by using a Blue-
tooth radio in class 1 operation, with

transmit power of +20 dBm.

The architecture also features
smart-input/output (S I/0) connections
for linking individual sensors to a node.
Based on the IEEE 1451 transducer-
electronic-data-sheet (TEDS) stan-
dard, S 1/0 sensor-interface cables can
connect with virtually any sensor. The
S I/0 interface cable contains the re-
quired circuitry, such as a microcon-
troller for node communications along
with memory for the TEDS configura-
tion information. The IEEE 1451 stan-
dards define the protocols and func-
tions that provides the transducers
with interchangeability, self-identifi-
cation, and network independence.

After a sensor has been configured
with S I/0, the CrossNet node can au-
tomatically detect the type of sensor
that is being used, determine its usable
range, and report the data in appropri-
ate engineering units. By using the S
1/0, sensors can be calibrated and re-
configured through wireless connec-
tions over the Internet.

The CrossNet architecture supports
a variety of sensor manufacturers and
types of sensors, including tempera-
ture, pressure, motion, flow, gas,

chemical, humidity, magnetic, light,
strain, and Global Positioning System
(GPS) sensors. The sensors are con-
nected to the CrossNet nodes through
the S I/O connected to the node. Data
collected at the CrossNet nodes are
transmitted to a network hub or other
Internet appliance, such as a desktop
computer or PDA. The node can sup-
ply excitation to each sensor, or exter-
nal sensor power can be used. Sensor
signals are digitized with 16-b resolu-
tion for transmission along with the
TEDS for each sensor,

A CrossNet hub can be any Blue-
tooth-enabled device. The hub down-
loads data, including the TEDS infor-
mation, from multiple nodes with
multiple sensors. Hubs can be as sim-
ple as a single computer or PDA to
web servers communicating through
transmission-control-protocol/Inter-
net-protocol (TCP/IP) Internet com-
munications protocols for wide-area
networks (WANSs). The hubs can also
connect using the TCP/IP to other
wired or wireless network configura-
tions, including Ethernet networks.

CrossBow Technology provides
Windows-based software to transmit
commands to and gather data from
the CrossNet nodes. The firm also
provides ServeWare software which
extends real-time access to CrossNet
data to remote users. It is connected
through the Internet. Crossbow
Technology, Inc., 41 E. Daggett
Dr., San Jose, CA 95134; (408)
965-3300, FAX: (408) 324-4840, e-
mail: info@xbow.com, Internet:
http//www.xbow.com.
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Desugnm_g In A A Deep

Design engineers are rapidly realizing that at
0.25 micron geometries, design as now know it,
changes. For example; it is estimated that at
sub-micron sizes, interconnects will contribute
up to 70% of the total delay. At the very least,
this means that designers must demand accuracy
of their design tools and of the models that they
use as input for those tools. And, it means that
they must deal with issues that were once
considered negligible.

The benefit of sub-micron design is more chip
real estate. By some estimates a chip designed
for 0.25 micron geometries may contain upward
of 28 million gates! At this level design becomes
very complicated. Add time-to- market
pressures, the need to manage a significantly
increased amount of data, possibly multiple
teams at different sites - and you have a big
design challenge!

This workshop, hosted by well-known
EDA Editor Cheryl Ajluni, will
address the key technical issues
holding designers back today. It
will highlight the latest tools as
examples of how these issues can
W be resolved. The issues to be dis-
cussed include design of and with
Analog/Mixed-Signal (A/MS) components, dealing
with design accuracy, use of Intellectual
Property, and functional and physical verification.

8 Workshops plus 2 Luncheon Discussion Panels
will give you the skills needed to break the
sub-micron design barrier!

st is r%ﬁde in wnt:ng o Ictér than two weeks prior to workshop. Requésts must

request. ALL ret‘juests will receive a written response. SEND TO: Jeanne Sico at jsico@penton.com



Dielectric Resonators

Dielectric Resonators
Offer Broad Tuning Ranges

Designers can now adjust the center frequency of

their dielectvic vesonator filters and oscillators by
up to 500 MHz at frequencies to 25 GHz.

JACK BROWNE
Publisher/Editor

IELECTRIC-RESONATOR oscillators (DROs) and dielectric-

resonator filters are generally assembled with great care and effort.

Placement of the dielectric puck in the resonant cavity must be

precise to ensure a center frequency within acceptable bounds. In
the case of multistage filters, the sensitivity of placing the dielectric pucks
is multiplied. Because the size of the dielectric puck determines the
ultimate oscillating or resonant frequency in these designs, there has been
no easy solution to manufacturing DROs and dielectric resonator filters—
until now. With the PUCK-TRIM line of dielectric resonator tuners from
Tekelec Components, engineers are now afforded tuning ranges of 300 to
500 MHz for operating frequencies from 8.5 to 25.0 GHz.

The use of a dielectric
resonator supports fre-
quency generation and
filtering in a smaller vol-
ume than conventional
metallic cavities. Essen-
tially, a large metallic res-
onant cavity is replaced
with the much smaller di-
electrie puck, comprised
of a ceramic material that
is extremely stable over
wide temperature
ranges. In Tekelec’s stan-
dard lines of dielectric
resonators, materials
with dielectric constants ranging from
20 to 90 are used, with frequency sta-
bility in many cases as good as 0 + 1
PPM/°C. By correctly defining the di-
mensions of the puck (i.e., its height
and diameter), an operating frequency
can be adjusted within +0.5 percent.

The PUCK-TRIM line of dielectric-
resonator tuners add a new dimension
to the use of dielectric resonators.
While good design practices should

The PUCK-TRIM dielectric-
resonator tuners at a glance

for the lowest frequencies of operation
(8.5t010.5 GHz) and as small as 2.2 mm
for the highest frequencies of opera-
tion (22 to 25 GHz). A tuner designed
for applications from 12 to 15 GHz, for
example, provides a total tuning range
of 400 MHz. It features a dielectric res-
onator puck with diameter of 4.1 mm
(see table) and height of 5 mm above
the mounting plate or substrate.

For those who would prefer the use
conventional (fixed) dielectric-res-
onator pucks, the company also offers
traditional dielectric resonators,
as well as a free program to help
designers select the right
materials for their appli-
cations. Available for
free download from the
firm’s website, the
“dielpuck.exe” dielectric-
resonator calculator pro-
gram helps designers de-
fine the parameters of
dielectric resonators.
Users can calculate the
dimensions of a dielectric

electric-resonator trim-

puck by entering their
desired frequencies of op-
eration, or select from a

still be followed, the PUCK-TRIM di-
electric-resonator tuners afford gener-
ous tuning ranges to fine-tune the final
frequency of operation. The PUCK-
TRIM tuners feature a base formed of
the dielectric puck, above which is a
metallic plate and tuning screw to ad-
just the resonance of the puck.

The PUCK-TRIM dielectric-res-
onator tuners can be supplied with
puck diameters ranging from 5.9 mm

list of suggested diame-
ters to compute the operating fre-
quency and height of the dielectric
puck. Temex Components, a sub-
sidiary of the Tekelec Group, 33
avenue Faidherbe 93106, Mon-
treuil Cedex, France; (33) (0)
149884900, FAX: (33) (0) 1485810486,
e-mail: componentssales@
temex.fr, Internet: http://www.
temex-components.com.
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Switched-Filter Bank

Filter-Based Subsystem
Switches From 1 To 18.5 GHz

This 10-channel switched-filter bank (SFB) is ideally
suited for vadav-warning rveceivers (RWRs) and
electronic-intelligence (ELINT)-gathering receivers.

Floyd Parin
President
Microwave & Video Systems, Inc., 87B Sandpit Rd., Danbury, CT 06810, (203)
792-7474, FAX: (203) 792-7475, e-mail: mvsmicro@att.net, Internet:
http://www.micronetics.com.

WITCHED-FILTER banks (SFBs) serve receivers where wide fre-
quency ranges are partitioned into more manageable portions for
analysis. The model 10SF8181 SFB from Microwave & Video Sys-
tems, Inc. (Danbury, CT) divides the range from 1.0 to 18.5 GHz into

10 channels, while maintaining maximum input and output VSWR of less

than 2.20:1 for all subbands.

The model 10SF8181MFA SFB ex-
hibits maximum insertion loss of 1 dB,
with minimum isolation between
channels of 55 dB. The SFB incorpo-
rates a transistor-transistor-logic
(TTL) decoder for band-switching
control, and can shift among its differ-
ent bands with maximum switching
speed of 200 ns.

and the effects of third-order inter-
modulation distortion (IMD) on rec-
eiver (Rx) performance. Band breaks
in the 10SF8181 include 1.0 to 1.5
GHz, 1.5 to 2.5 GHz, 2.5 to 4.5 GHz,
12.5to 14.5 GHz, and 16.5 to 18.5 GHz.

By design, the low band (1.0 to 6.5
GHz) has a highpass filter before the

single-pole, four-throw (SP4T) filter
switch, to reduce interference from
high-frequency and very-high-fre-
quency (VHF') sources and emitters
typically found in military environ-
ments (see figure). Another highpass
filter at the outputs provides addi-
tional attenuation to signals below 1
GHz. A highpass filter preceding the
single-pole, six-throw (SP6T) switch
in the 6.5-t0-18.5-GHz band provides
attenuation of signals below 6.5 GHz,
such as those used in radar systems.
The dual RF output can be used as
inputs to separate frequency-con-
verting receivers for specific applica-
tions. For example, a fast-tuning ac-
tivity receiver operating with a wide
intermediate-frequency (IF) band-
width (200 to 500 MHz) can scan and
record signals in selected bands of in-
terest. Scanning in a wide-

SFBs, such as the
10SF8181, are used in the
front end of broadband su-
perheterodyne receivers.
They divide the RF band
into separate channels be-
fore the separated signals
are downconverted for sig-
nal analysis and processing.
The band breaks are typi-
cally less than one octave to
minimize signal harmonics
and reduce the amplitude of
second harmonics generated
from the input PIN-diode
switches in the presence of
strong signals. Band breaks
of less than one octave also

RF in RF in
ssmaseﬂa 1.010 6.5 GHz ;

band IF reduces the dwell
time for each tuning step
with the penalty of reduced

SPGT - SP4T

sensitivity for a particular
minimum signal-to-noise ra-

I I

10{9|8|7|6]|5|4|3]|2

BPF BPF BPF BPF BPF BPF BPF BPF BPF
Ch|Ch|Ch|Ch|Ch|Ch|Ch|Ch]|cCh

tio (SNR).
BPF The 10SF8181 switched-
Ch filter bank measures 11.18 X
1 12.7 X 1.55 em, Its operating

SPAT

temperature is —30 to +85°C.
Microwave & Video Sys-

"A" RF out
(1.0 to 18.5 GHz) (©)

“B" RF out
(©)1.0to 18.5 GHz

tems, Inc., 87B Sandpit
Rd., Danbury, CT 06810;
(203) 792-7474, FAX: (203)
792-7475, e-mail: mvsmi
cro@ att.net, Internet:
http://www.micronet
ics.com.

reduce the probability of re-
ceiving simultaneous signals

Highpass filters are used to remove unwanted harmonic
signals and interfering emitters.
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BOOKMARK I

ELECTRONIC PACKAGING AND INTERCONNECTION HANDBOOK

Charles A. Harper

Electronic packaging brings
together a wide range of engineering
and manufacturing technologies to
transform an idea (an electronic cir-
cuit) into a tangible object (a manu-
factured assembly). Success requires
project leaders to understand the
fundamentals of electronics, mechan-
ies, thermodynamics, chemistry,
materials, components, computer-
aided simulation and design, as well
as testing and manufacturing. The
challenge is made daunting by the
rapid changes taking place in all of
these areas.

Electronic Packaging and Inter-
connection Handbook provides an
up-to-date review of many of the
technologies involved. The third edi-
tion of the text is divided into three
parts. Part 1 covers the fundamen-
tals of electronic packaging. Part 2
focuses on interconnection technolo-
gies. Part 3 considers system-level
issues related to packaging.

Chapter 1 introduces some of the
materials employed in electronic
packaging, highlighting the latest
polymeric materials used as encapsu-
lants, coatings, and adhesives. Much
of the chapter illustrates flip-chip
technologies that promise to improve
the performance and density of com-
plex, high-speed systems. The chap-
ter also discusses a variety of ceram-
ic, glass, and diamond materials.

Chapter 2 looks at thermal man-
agement, with a thorough tutorial on
heat flow and the thermal properties
of numerous materials and electronic
components. Also presented are
methods of measuring the tempera-
ture profiles of operating circuits.
The chapter illustrates several cool-
ing methods such as jet impingement
and thermoelectric modules.

Chapter 3 describes several effects
of thermal and mechanical stresses
on a variety of materials and struc-
tures. Methods of simulating heat
flow are also described. Chapter 4
outlines connector and interconnec-
tion technologies.

Chapter 5 introduces the details of
wiring and cabling. The chapter
describes important electrical char-
acteristics such as cross-talk, band-
width, pulse risetime, reflections,
and delay. A number of useful web-

sites are listed at the end of Chapter
5. Chapter 6 closes Part 1 of the text
by discussing the soldering technolo-
gies used in a variety of applications.
Topies include solder mixtures, flux-
es, temperature profiles, and pro-
cessing equipment,

Part 2 of the Handbook begins
with Chapter 7, which highlights
integrated circuits (ICs) and the
packaging and interconnecting tech-
nologies used therein. Topics include
package layout, wire bonding, tape-
automated bonding, and flip-chip
bonding. Chapter 8 examines sur-
face-mount technologies, including
process guidelines, methods of
inspection, and reliability issues.
Chapter 9 discusses the packaging of
hybrid microelectronic circuits and
multi-chip modules.

Chapter 10 reviews chip-scale
packaging (CSP) and direct-chip-
attach (DCA) technologies with a dis-
cussion of current applications and
challenges. Topics relating to CSP
include dimensional standards, ther-
mal management, and encapsulation
materials. Issues surrounding DCA
include the need for known good die,
reliable bonding processes, and com-
patible substrates. Chapter 11 tar-
gets both rigid and flexible printed-
wiring boards, highlighting the
materials and manufacturing meth-
ods employed. Microvias are dis-
cussed in detail, and dozens of indus-
try standards are listed for materials,
design guidelines, test methods,
applications, reliability, and electro-
magnetic (EM) compatibility.

The third part of the book looks at
system-level issues. Chapter 12
addresses the challenges of high-

speed and microwave systems, com-
paring the advantages and disadvan-
tages of various transmission lines
and circuit structures. Chapter 13
deals with the unique challenges of
packaging high-voltage systems.

Chapter 14 devotes 50 pages to one
of the most challenging aspects of
electronic packaging—electrical
characterization and modeling. Due
to this short length, the modeling
tools provided are simplistic and do
not adequately demonstrate the diffi-
culties normally encountered when
one attempts to accurately charac-
terize electrical parameters such as
crosstalk, dispersion, and parasitic
resonances.

Every chapter is well-organized,
with numerous references for addi-
tional information. As it packs
a wealth of information into a rela-
tively small space, the Handbook lim-
its the extent of most theoretical dis-
cussions to those required to make a
particular point. Most design guide-
lines are presented as “rules
of thumb” without the necessary
complex theoretical analyses to back
them up. Although much of the infor-
mation may be oversimplified for
many applications, the text is a valu-
able tool for rapid development, guid-
ing designers and managers from
the initial planning stages to final
production.

(2000, 1069 pp., hardcover, ISBN:
0071347453, $125.00.) MeGraw-Hill
Co.,2 Penn Plaza, New York, NY
10121; (800) 262-4729, FAX: (614)
759-3641, e-mail: pbg.ecom
merce_custserv@mcgraw-
hill.com, Internet: http:/www.
books.mcgraw-hill.com.
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PRODUCT TECHNOLOGY

Rugged BWOs

BWOs Tune Across
Millimeter-Wave Applications

This line of rugged BWO tubes provides broad
frequency ranges and fast sweep times for a wide vange
of millimeter-wave applications.

JACK BROWNE
Publisher/Editor

ACKWARD-WAVE oscillators (BWOs) are powerful broadband

sources of millimeter-wave signals. Ideal for communications sys-

tems, test equipment, and plasma diagnostics applications, these

vacuum-tube devices are now available from stock from an unex-
pected source: the ELVA-1 Millimeter Wave Division (St. Petersburg, Rus-
sia). The BWO tubes can be specified from 36 to 178 GHz in four bands,
with output-power levels of 20 mW or more at 100 GHz.

The 36-t0-178-GHz band is covered
by four models: BWO-6 (36 to 55
GHz), BWO-4 (52 to 79 GHz), BWO-3
(78.2 to 119 GHz), and BWO-2 (118 to
178 GHz). The BWOs feature linear
characteristics of output power ver-
sus anode current. The output fre-
quency is determined by a high volt-
age applied to the tube’s anode,
typically in the range of +500 to +1500
VDC. Precision machining and a
unique design result in power-versus-
frequency curves across these bands
that are relatively flat, with ampli-
tude flatness that is typically +2 dB
(see table). The tubes support precise

BWOs at a glance

and independent control of frequency
and output power, making possible
full-band frequency sweeps in a mat-
ter of only a few microseconds and
on/off power modulation in only ap-
proximately 10 ns.

Model BW03 is an example of the
BWO line (see figure). [t operates
from 78.2 to 119 GHz with 6 to 30 mW
output power and worst-case output-
power variations of =3 dB. Its tuning
range is achieved by modifying the
anode voltage from +500 to +1500
VDC at a cathode current range of 20
to 25 mA. The anode current is con-
trolled through a control electrode,
where a change in
current of 16 to 25
mA causes a change
in heater voltage of

+0.96 to +1.19 VDC.
Model BWO03 is
rated for a mean
time before failure
(MTBF) of 1000 h.
Model BWO-6 is
another BWO ex-
ample, at the lower
tuning frequencies
of 36 to 55 GHz. It
achieves minimum

) to 1800

010 25

The BW03 BWO tube operates from
78.2 to 119 GHz with 6 to 30 mW out-
put power and worst-case output-
power variations of +3 dB.

output-power levels of 15 to 40 mW
with worst-case output-power flat-
ness of 2.5 dB (see figure).

Each tube is supplied with calibra-
tion data of output power as a fune-
tion of frequency and frequency as a
function of voltage. Extensive data
are available on the company’s web-
site, or on a compact-disc read-only
memory (CD-ROM), which is avail-
able free upon request. The firm also
operates a US Sales Office: (831) 335-
3884 or by FAX at (831) 335-4382.
ELVA-1 Millimeter Wave Divi-
sion, DOK Ltd., Nevesky 74,
23-H, 191025, St. Petersburg,
Russia; 7-182-326-10-90, FAX:
7-812-325-58-56, e-mail: ko
rneev@exch.nnz.spb.su, Inter-
net: http://www.elva-1.spb.ru.
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S pea ke rs Creating Intelligent Appliances for a Networked World

MAY 14th - 16th, 2001

SANTA CLARA CONVENTION CENTER, SANTA CLARA, CA

The next Internet revolution is approaching in the form of smart, interactive
devices that can be controlled over, gather information from, or distribute
data via the Internet. With its open protocols, its support for compelling,
Web-based graphics, and its worldwide reach, the Internet has gone far
beyond the desktop. Small devices in remote locations, as well as software
entities within huge systems can each leverage the inherent power of the
Internet. The future of device development requires an ongoing interchange
of professional expertise. Your participation helps to further that growth.
It's also a great opportunity to meet your peers, showcase your ideas,

and build your career. Your ideas are needed!

About the Internet Device About Penton Media

Builder Conference Internet Device Builder Conference &
The Spring 2001 Internet Device Builder Showcase is managed and produced
Conference, May 14-16, 2001, will feature by Penton Media, Inc., publishers of

Microwaves & RF, EE Product News,
Wireless Systems Design, Internet World,
Electronic Design, Boardwatch, and Embedded

H H Systems Development. Penton Media, Inc., 611
Accgptance Guidelines Route 46 West, Hasbrouck Heights, NJ 07604
Sessions are selected based on content Phone: 201-393-6060 Fax: 2013936297
originality, quality and timeliness. We do not

imitate programs found at other conferences. Submission Guidelines

If you are planning to present the same topic To be considered as a speaker, please submit
within the next 12 months, please indicate where 4, following information:

$0 your program can be adjusted appropriately.

core technologies that will make “ubiquitous
computing” a reality.

We do not accept canned topics, or overtly 1. Your name, title, company or or_ganization.
commercial content. Each session must be address, phone, fax, and e-mail address.
M%f-Mndand intended to inform, not sell 2. A short professional biography

‘attendees. All submitted material becomes (25 words maximum).

' pe on Media, Inc.
W i° PreREIDIoR RERtQ Media 3. Proposed session title and a 50-to-100 word

abstract. This material must be included or your
submission will not be considered.

4. If you will be speaking elsewhere within the next 12
months, please indicate where.

We're looking for presentations by expert

instructors on concise topics, case studies,

“tips and tricks”, or research based on an

original written paper.

Submit your session proposal by
December 14, 2000 to Conference
Manager Betsy Tapp: btapp@penton.com.
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PRODUCT TECHNOLOGY
SDLVAs

SDLVAs Detect
High-Speed Pulsed Signals

This line of successive-detection log-video amplifiers
(SDLVAGs) is ideal for processing adjacent pulses over

a wide dynamic range.

DAWN PRIOR

Editorial Assistant

ROCESSING high-speed pulses calls for a detection device with

rapid response time. The model 8091 successive-detection log-video

amplifier (SDLVA) from Microphase, Inc. (Norwalk, CT) is such a

device, capable of capturing short-pulsed signals from 2 to 6 GHz
over an impressive 70-dB dynamic range of —65 to +5 dBm. The unit is one
member of a series of high-performance, multi-octave assemblies designed
for use in a wide range of applications including instrumentation, telecom-
munications and electronic-warfare (EW) receivers (Rxs).

The SDLVAs blend the latest gal-
lium-arsenide (GaAs) active circuitry
with reliable thin-film hybrid micro-
circuit construction to achieve high
performance in compact housings.
The design provides a detected-
video-output voltage which is loga-
rithmically proportional to the ap-
plied RF or intermediate-frequency
(IF) input level. The SDLV As also
offer a limited IF output for use in
frequency discriminator or precision
direction-finding (DF') applications.

Model 8091 is a typical amplifier in
the line (see figure). It operates from
2 to 6 GHz with the 70-dB dynamic
range and tangential signal sensitiv-
ity (TSS) of better than =70 dBm.
The logarithmic slope is typically 20
+0.7mV/ dB with log linearity of
+1.75 dB maximum. The log accu-
racy is typically £1.9 dB at 4 GHz
with frequency flatness of =1.75 dB
maximum. The output DC offset
voltage is typically 100 £30 mV at
room temperature (+25°C).

One of the keys to good SDLVA
performance in these applications is
fast recovery time when faced with
large amplitude signals. This charac-

teristic is critical when sorting close
adjacent pulses with wide amplitude
variations. Amplifiers suffering long
recovery times can obscure small sig-
nals which occur within the time pe-
riod that the unit is recovering from
a larger signal.

To demonstrate the effects of re-
covery time in a system, the system-
level computer-aided-engineering
(CAE) software SystemView from
Elanix, Inc. (Westlake Village, CA)
was used to model a pair of log ampli-

Model 8091 is a successive-

detection logarithmic video
amplifier with wide dynamic range
and frequency coverage from 2 to
6 GHz.

fiers with close adjacent signals un-
der different circumstances. The
first amplifier was set for fast recov-
ery time, while the second amplifier
was hindered with a degraded recov-
ery time. In the first case, the de-
tected output of two pulses sepa-
rated by 30 ns is clearly discernible.
In the second case, the poor perfor-
mance of the SDLVA with degraded
recovery time is apparent when it is
compared to the unit with fast recov-
ery time. The slower-responding unit
blends the lower amplitude signal
into the fall time of the larger signal.

The model 8091 SDLVA achieves
rise and fall times of 12 and 60 ns, re-
spectively, measured at 10- and 90-
percent amplitude points. This
rise/fall performance is maintained
for the full 70-dB dynamic range,
with maximum output overshoot of
1 dB. The output level of the limited
IF port is — 8.0 to + 2.5 dBm over the
operating frequency band with typi-
cal IF harmonic rejection of 10 dBe.
The maximum VSWR at the RF and
IF ports is 2.0:1. The video-output
load impedance is 100 =0.5 ().

The model 8091 SDLV A operates
from +15 VDC and -15 VDC at quies-
cent currents of 350 and 50 mA, re-
spectively. Model 8091 measures 2.75
X 1.0 X 0.30 in. (6.99 X 2.54 X 0.76
cm), and is rated for operating tem-
peratures of -40 to +85°C. Mi-
crophase, Inc., 587 Connecticut
Ave., P.O. Box 960, Norwalk, CT
06854-0960; (203) 866-8000, FAX:
(203) 853-3304, Internet: http:/
www.microphase.com.
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The fastest tools help us engineer the
finest waveguide components.

THE SHORTEST DISTANCE BETWEEN DESIGN AND DONE. WAVEGUIDE CAST BENDS & TWISTS
Our engineers are at the top of their profession. |

And we make it our business to provide them | WAVEGUIDE FEED ASSEMBLIES
with the finest tools available. Aside |
from employing proprietary MDL : MONOPULSE COMPARATORS
soft-ware, they work with computerized de- |
sign systems, utilizing SolidWorks to render 3-D | ROTARY JOINTS
models and Ansoft HFSS to compute a full complement |
of performance characteristics. Then our skilled professionals : MICROWAVE FILTERS
manufacture, braze, finish, and test every product right here in |
our plant. So design challenges become reality in impressively ]

ROTARY SWITCHES
little time.

CALL USs TODAY. WAVEGUIDETO COAX ADAPTERS
Quality from CAD to crate is what has made MDL the largest |

manufacturer of high quality cast components and | WAVEGUIDE PRESSURE WINDOWS
waveguide packages in the world. Call an MDL specialist today at

F
1-800-383-7750 or visit us at www.micro-dev-labs.com. * COMMERCIAL WAVEGUIDE ASSEMBLIES

Microwave Development Laboratories, 135 Crescent Road, Needham Heights, MA 02494
Fax: 781-453-8629 / e-mail: mdlsales@micro-dev-labs.com
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PRODUCT TECHNOLOGY

Upconverter/Dviver Amplifier

RF ICs Serve Handsets
And Base Stations

Two new chips include an upconverter for
dual-band, tri-mode handsets, and an LNA that
aids base-station veception.

DON KELLER

Senior Editor

IRELESS industry growth in the US has led to a proliferation of
providers, each of which offers its services on one of two differ-
ent frequency bands—900 MHz or 1900 MHz—and one of two
different modulation schemes—frequency modulation (FM) for
Advanced Mobile Phone Service (AMPS), or code-division multiple access
(CDMA) for cellular and personal communications services (PCS). This
has resulted in incompatibility among services, and confusion for handset
users. To remedy this situation, some providers are establishing an overar-
ching organization that combines several services under one “banner.”
This consolidation allows the banner provider to offer its users access to
all three wireless modes available in the US—900-MHz AMPS, 900-MHz
cellular, and 1900-MHz PCS. It also creates a demand for handsets that
can operate in these three modes. To help handset manufacturers meet
this demand, Agilent Technologies (Santa Clara, CA), has developed an
upconverter/driver amplifier chip for dual-band, tri-mode handsets.

creases the chip’s overall efficiency,
and extends the battery life of the
handset. The chip also includes cir-
cuitry to switch from one mode to an-
other (see figure).

The cellular upconverter’s typical
power output is -8 dBm, and the PCS
upconverter’s typical power output
is =7 dBm. The output of each upcon-
verter is then boosted by its own
variable-gain amplifier. These driv-
ers can deliver power levels to +10
dBm—enough to interface directly
with CDMA power amplifiers (PAs).
When operating in the 900-MHz cel-
lular mode at an output power of +7
dBm, the chip provides a typical ad-
jacent-channel power ratio (ACPR)
of =55 dB¢/30 kHz. When operating
in the 1900-MHz PCS mode at an out-

The model HPMX-7202 put power of +9 dBm, the
monolithic microwave inte- PCS MixOutM chip provides a typical
grated circuit (MMIC), in- PCS MixOutP | PCS Drvin ACPR of -58 dBc¢/30 kHz.
troduced at the IEEE MTT-S IF inM [ The AMPS upconverter’s
Symposium last June in lFlInP | PCS DrvOut| typical output power is -5
Boston, operates in two dBm. The AMPS driver typ-
frequency bands—900 MHz PCS LO ically boosts this signal to
and 1900 MHz, and three | gumn +9.5 dBm. The AMPS up-
modes—AMPS, 900-MHz | Mode RFTXAGC | converter’s typical FM noise
cellular, and 1900-MHz PCS. | Band p level is 148 dBm/Hz.

The chip’s cellular- and PCS- The HPMX-7202 is a sili-
circuitry chains contain an con (Si) bipolar chip that can
upconverter and an RF vari- G | Cell DrvOut | be powered at voltages from
able-gain driver. In the el 10 +2.7 to +3.6 VDC and draws
AMPS-circuitry chain, the H an average current of 56
chip contains an upconverter @ mA. The power-down func-
and a driver amplifier. The ' tionality reduces current
drivers are adaptively bi- Cell MixOutP c'e" Drvin draw to 1 pA. These fea-
ased to reduce current draw. Cell MixOutM tures make it ideal for use
When less gain is required, with a single lithium-ion

the current draw is signifi-
cantly reduced. This in- the HPMX-7202 upconverter/driver.

This blobk diagram shows the functional components of

battery. It has a measured
mean time to failure in ex:
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cess of 75 years at a junction temper- | age. Agilent Technologies, Inc., - (800) 452-4844, Internet: http:/
ature of 100°C. The chip is housed in | 5301 Stevens Creek Blvd., MS . www.agilent.com.
an industry-standard TQFP-32 pack- | 54 LAK, Santa Clara, CA 95052; |  CIRCLE NO. 59 or visit www.mwrf.com

oint is +18 dBm. Input return
loss is 15 dB, output return loss is
- 22 dB, and isolation is -25 dB.

At 1900 MHz, its typical
gain is 14.2 dB and its typical
noise figure is 1.9 dB. Input
IP3 is +17.5 dBm, output IP3
is 31.7 dBm, and output
power at the 1-dB compres-
sion point is +17.4 dBm. In-
put return loss is 11 dB, out-
put return loss is 20 dB, and

isolation is —25 dB.
- The chip can be powered
by a single +5-VDC supply,
and it typieally draws 53 mA.
| It is housed in an SOT-
| 343/four-lead SC-70 package
and measures 1.2 X 2.0 mm.

For the second consecutive year, Internet Device Builder brings an educational program
and vendor showcase for engineers and designers of Internet appliances.

ﬁ - Attend any of the more than
\g@ =/ 50 technical or market focused

conference sessions in:

o
Wireless Networking Options o/
for Internet Devices
Bluetooth Connectivity
CDMA for Mobile Internet
TRTERE Windows NT and CE Applications _
Get a free Universal Plug and Play

for Networked Devices Creating Intelligent Appliances for a Networked World
@ Fall.InterrietWorld- -

gift and Java™ and Jini

20% off Embedded Internet Tools

the current Factory Automation & Process Control
conference Internet Management of Networked Devices
Virtual Intranets without Geographical Limits
0SaGl

And More! FO r

prices if you
register for
the conference
using code @ See the leaders in appliance
IWCB! infrastructure at the only
showcase of its kind!

* Hardware and Software Solutions
* Embedded Technologies

* Semiconductors

* System-Design Tools
And More!

nd registration information
log on to www.iDeviceBuilder.com

or call (888) 947-3734.
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Sector Microwave

A Quarter Century of
Switch Innovation

Let Sector Solve “%s
Your Switching Needs

www.sectormicrowave.com

Sector Microwave Industries, Inc.
smi 999 Grand Blvd.
Deer Park, L.I., N.Y. 11729
(631) 242-2300 FAX: (631) 242-8158

SECTOR MICROWAVE CIRCLE 564

DIP BRAZING
ASSEMBLY SPECIALISTS

*Diplexers/Diplexer Sy A37
* Couplers/Couplers-+LP Filter Booth No. 5C23
*Foundry Service: Tokyo, Japan
VCO/PA/Bluetooth & RF Modules  TAITRONICS 2000
Oct.9-13
WWW.ACXC.COMAW  giioe aroamsmor
TEL: (886)3-5987008 Taipei, Taiwan
FAX: (886)3-5987001 ELECTRONICA 2000
Nov. 21~24
Booth No. B6.564
Munich, Germany

ACX CORP. I CIRCLE 550 | TEXAS BRAZING, INC. CIRCLE 567

#Precision CPW 1o uStrip Adapter Substrates «
C ion Catibrati ind

‘ ip a
»ccurate Electrical Data to Frequencies greater than 50 GHze

© 5,10,& 15 mil thickness «
» Compatible with 40GHz+ probes «

J microTechnology
3744 NW Bluegrass Pl
Portland, OR 97229
{503) 614-9509
{503) 531-9325 [FAX]
wiere jmicrotechnology.com
Test Tooling for the Untestable

J MICROTECHNOLOGY CIRCLE 558

Integrated Feed-LNA-BPF
Bloclk Down Converter

www.wilmanco.com
Wilmaneo &5 iameavimmcocon "

WILMANCO
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- DAMASKOS, INC.
Model 3000T Liquid Cell

WHO =~
can your engineers go
to with thair toughest

switching problems?

Circuit Board Component ;
P RF c With a QUARTER
Shielding and ans CENTURY. OF
* Hundreds of standard = Superior shock & SWITCH
sizes & configurations  vibration resistance INNOVATION
+ Removable covers e Rugged design behind us the
« No tooling or * Leader Tech ar is e
artwork charges quality & service AR R
Sector Microwave Industries
LEADER
PH: (631) 242-2300
TECH|IS Smi FAX: (631) 242-8158
ol.c www.sectormicrowave.com
LEADER TECH CIRCLE 557 | DAMASKOS ~ CIRCLE554 | SECTOR MICROWAVE CIRCLE 565

4
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UKYSY

ELECTRONICS

I “"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 crystal 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

K S ELECTRONICS CIRCLE 556

A Better Way to
Communicate

VDMOS
&
LDMOS

RF Power
hransistors

Fom. -
Polyfet

( RF polyfe

rf devices

CIRCLE 562

MINIATURE RF AMPLIFIERS

FREQ Ranges (MHz):
1-500, .1-150, .4-300, .005-100, 1-1000
GAIN:

15, 20 or 30 dB available (not in all ranges)
VSWR:

1.5:1 max, 1.1:1 Typical
FLATNESS:

+ 1.dB or better depending on Freq. range

PRICE: $111.00 - $550.00
WIDE BAND ENGINEERING CO, INC.

www.wbecoinc.com
P.0O. Box 21652, Phoenix, AZ 85036
Phone & Fax (602) 254-1570

WIDE BAND ENGINEERING CIRCLE 569

0.5 TO 26.5 GHz
SIGNAL GENERATORS

Seven compact,
programmable
models cover
0.5 to 26.5 GHz
with 1 MHz
resolution.
Prices start at
$3,750

April Instrument
Sunnyvale, CA
Web site:
http://www.aprilinstrument.com
Tel: (650) 964-8379  Fax: (650) 965-3711

APRIL INSTRUMENTS CIRCLE 552

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

Filkers o 50 Gz

® Waveguide

® Stripline/Microstrip

® Transmission Line

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

NV

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 * 800-448-1666 ' FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
hitp:/iwww.microwavefilter.com

CARBORUNDUM CORP.

CIRCLE 553
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I

Sector Microwave
Go With the Winner.....

Use Sector Switches!!
Gﬂ (631) 242-2300
FAX: (631) 242-8158

www.sectormicrowave.com

999 Grand Bivd.,
Deer Park, L.1., N.Y. 11729

|
|

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
Website: esmicrowave.com

Rb Standards & DDS Synthesizers
“Precision You Can Afford”

* Atomic Frequency Standards
1450A Rubidium+DDS Synthesizer (Rack)
2950AR Rubidium Standard (Bench)

* Modular and PC-based Synthesizers
DDS6m (shown) 40MHz RS§232 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 (faxe
Specs & prices: www.eskimo.com/~ntsales

SECTOR MICROWAVE CIRCLE 566

WAVECON

__ CIRCLE 568

ES MICROWAVE, LLC. CIRCLE 555 | NOVATECH INSTRUMENTS ___ CIRCLE 561

“Instant RF” building blocks Microwave
generate, receive, 3

and attenuate from Test Fixture

100 KHz to 1 GHz Easily

into your next project, even Bnlﬂglﬂ:lhnlg

..: Thru-put

gramming, -110 dbm sensitivity
000 attenuator

nd evaulation.

sz

RAMSEY ELECTRONICS, INC. » 793 Canning Parkway * Victor, NY 14564
800 446-2295 www.ramseytest.com

RAMSEY ELECTRONICS CIRCLE 563

A compact, full fealured, user configurable, manually operated test fixture
with rapid load unfoad capability. Useful for production measurements of
thin film and packaged microwave components with NIST traceability.

» BenchtopSize(<1H) » Vacuum chuck  X-Y-Z probe positioners »
 Top Plate Z-1ift ® Locking Stage e Integral Vacuum Accessory Manitold «
* 7X-40X Stereo Zeom Microscope  Adjustable Halogen lluminator &
» Vacuum Accessories ¢ Compatibie with 40GHz+ probes »

Standard and custom chuck plates for testing
MICROSTRIP PACKAGES

@

The Standard for Test Correlation
J MICROTECHNOLOGY CIRCLE 559

J microTechnology
IT4 NW Bluegrass M
Fartland, OR 9729
03! G14-8509
1503 53 18325 [FAX]
warw. smscrotrchnalogy.com

40MHz TO 18GHz
HIGH ISOLATION, RADIAL
SP6T & SPTT, PIN DIODE SWITCHES

® HIGH ISOLATION

* ULTRA-BROADBAND
® LOW INSERTION LOSS
® LOW PROFILE RADIAL DESIGN

AMC MODEL Nos:
SWN-1170-6DT-00418 & SWN-1170-7DT-00418
SPECIFICATIONS:

- FREQUENCY RANGE 088 TO IS Gl s
v b e s
- INSERTION LOSS AR Ak TV
frder oo SR
- TSOLATION 5 A a8 TYPRCALY
- VEWR 181
- SWITCHING SPEED % 28 uS RISEFALL sax.
5258 58 ONOFF sax.
e R
. CONTROL. TTL COMPATIBLE srasnane
presialige Ly 8
- DC POWER SUPRLY 4 SVDC @ + M8maA, MSemA sax.
o ot vt
- SIZE t Imeter) X 0.09" Pheighty
- WEIGHT <38 we

OTHIER MODELS AVAILABLE FROM SPST TO SPIST, BOTH ABSORFTIVE AND REFLECTIVE.

“lu Purves of Encedunce Phewuigh Enpmeering
A\\ 7311-G GROVE ROAD
, MD 21704
TEL: 301-662-4700, FAX: 3016624933
AMERICAN MICROWAVE CORP.  CIRCLE 551
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logue in electronics engineering and de:
to propose a session for the upcoming
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Portable by Design

February 12-16, 2001

San Jose Convention Center
San Jose, CA

www. WirelessPortable.com

Take a position as a leader in one of the -aéitést—growing forums for professional dia-

We're looking for industry experts
less Symposium/Portable by Design

Spring 2001 Conference. Much of the rapid growth of the wireless and portable
industry has been due to the ongoing mterchange of professional expertise.

Your participation helps to further that growth. It’s also a great opportunity to meet
your peers, showcase your ideas, and build your career. Your ideas are needed!

About the Wireless Symposium/
Portable by Design Conference

The conference will take place February 12-16,
2001 at the San Jose Convention Center,

San Jose, CA. For over eight years the Wireless
Symposium/Portable by Design Conference has
been a place for engineers to investigate new
technologies and techniques. It has become

the preeminent technical conference for designers
and engineers of portable and wireless products.

Acceptance Guidelines

Sessio selected based on content originality,
quality, and timeliness. We do not imitate programs
found at oth nferences. If you are planning to
e topic within the next 12 months,
vhere so your program can be
priately. We do not accept canned

iy commercial content. Each session

- Abo_ut Penton Media

Wireless Symposium/Portable by Design
Conference and Exhibition is managed and
prodUced by Penton Media, Inc., publishers

edia, Inc., 611 Route 46 West,
k Heights, NJ 07604

Submission Guidelines

To be considered as a speaker, please submit
the following information:

1. Your name, title, company or organization,
address, phone, fax, and e-mail address.

2. A short professional biography
(50 words maximum).

3. Proposed session title and a 150-word
abstract. This material must be included
or your submission will not be considered.

Please indicate what type of session you

are proposing. We offer three types of
sessions at the Wireless Symposium/Portable
by Design Conference:

* Paper Presentation Session: Led by a “Session
Chair” and includes a number of papers on a
general theme. Each speaker/author makes a
20-t0-30 minute presentation based on their
paper.

* Mini-Tutorial “Expert” Session: Presented by an
expert instructor on one concise topic, a case
study, a narrow discipline, or “tips and tricks”.
1 to 1.5 hours in length.

¢ Full-Day Workshop Tutorial Session: 1-or-2 day
session presented by an expert instructor.

4. If you will be speaking elsewhere within the next 12
months, please indicate where.

Submit your session proposal by
September 8, 2000 to Betsy Tapp,
Conference Manager, via fax 201-393-6297

EE ey
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st s prototype desian.
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Attenuators span
DC to 3 GHz

A series of miniature 50-) coaxial
attenuators for use from DC to 3 GHz
is now available with SMA, SMB,
BNC, and TNC connectors in 1-dB
steps from 1 to 10 dB and 2-dB steps
to 20 dB. The attenuators provide
0.5-dB accuracy to 2.5 GHz and 1-dB
accuracy to 3 GHz. VSWR is 1.2:1
nominal and 1.35:1 maximum. The
units feature gold (Au)-plated con-
nectors, and resistor networks are
mounted in military-specified plated
housings. Elcom Systems, Inc.,
PMB 255, 20423 State Rd. 7 No.
F6, Boca Raton, FL 33498; (561)
883-1945, FAX: (561) 883-1945, e-
mail: sales@elcomsystems.com,
Internet: http:/www.elcomsys
tems.com.

CIRCLE NO. 60 or visit www.mwrf.com

Generator boastis
fast PCI card

Model AWG1000is a 1-GSamples/s
arbitrary-waveform generator that
boasts a fast digital-to-audio (DA)
card housed on a PCI-compliant
board. It features 12-b vertical reso-
lution from one normal output and
one complementary output. The
board is capable of generating a com-
pletely arbitrary waveform from 60
MSamples/s to 1 GSamples/s. The
analog outputs are unfiltered and
have typical rise/fall times of 260 per
second. Spurious-free dynamic range
(SFDR) is less than —50 dB at 100
MHz. The integrated clock synthesiz-
er features 1-Hz resolution. Digital
outputs include eight high-speed,
TTL marker outputs and a dual-com-
plementary optional positive-emit-
ter-coupled-logic (PECL) buffered-
clock output. Chase Scientific Co.,
7960-B Soquel Dr., No. 191,
Aptos, CA 95003; (831) 464-2584,
FAX: (831) 479-8572, e-mail:
sales@chase2000.com, Internet:
http://www.chase2000.com.

CIRCLE NO. 61 or visit www.mwrf.com

Crosspoint switch

serves 0C-12 data rates
Model MAX3640 is a +3.3-VDC

dual-path, erosspoint switch for use

at 0C-12 data rates to receive and

transmit 622-Mb/s low-voltage dif-

ferential signals (LVDS) across a

NEW PRODUCTS

backplane with minimum jitter accu-
mulation and it operates from a +3.3-
VDC supply over a temperature
range of 0 to +85°C. The device
boasts signal-path redundancy for
critical data streams, making it ideal
for Synchronous Optical Network/
synchronous-digital-hierarchy
(SONET/SDH) backplanes, digital
cross-connects, and high-speed par-
allel links. Each path of the switch
incorporates input buffers, multi-
plexers, a 2 X 2 crosspoint switch,
and output drivers. The four output
channels have redundant outputs for
test or fanning purposes. Maxim
Integrated Products, 120 San
Gabriel Dr., Sunnyvale, CA
94086; (800) 998-8800, (408) 737-
7600, Internet: http://www.
maxim-ic.com.

CIRCLE NO. 62 or visit www.mwrf.com

Capacitors suit
high-Q applications

The 1500 series of Eco-Trim® vari-
able capacitors boasts a capacitance
range of 1to 10 pF with a rated volt-
age of +250 VDC and an operating
temperature range of —65 to +125°C.
The units are low-cost, high-perfor-
mance air capacitors for applications
where high quality factor (Q) and
cost are design concerns. Applica-
tions include impedance matching,
filter tuning, interstage coupling, and
antenna tuning. The units are avail-
able in five mounting styles for PC
and surface-mount applications.
Johanson, Rockaway Valley
Rd., Boonton, NJ 07005; (973)
334-2676, FAX: (973) 334-2954, e-
mail: jmcsales@johansonmfg.
com, Internet: http:/www.jo
hansonmfg.com.

CIRCLE NO. 63 or visit www.mwrf.com

Chip resistors
offer low VCR

The HVC series of chip resistors
provides voltage-coefficient-of-resis-
tance (VCR) ratings of less than 1
PPM/V. The resistors have a temper-
ature coefficient of resistance (TCR)
that is less than 25 PPM/°C, with a
+2500-VDC rating in air (+7500 VDC
potted). Packages range from 0.250
% 0.125in. (0.635 X 0.318 cm) to 0.020
x 0.020 in. (0.051 X 0.051 c¢cm). The
resistors can be used in any applica-

tions that require extreme voltage
stability, such as power supplies and
instrumentation. OhmCraft, 93
Paper Mill St., Honeoye Falls,
NY 14472; (716) 624-2610, FAX:
(716) 624-2692, e-mail: sales@
ohmeraft.com, Internet: http://
www.ohmecraft.com.

CIRCLE NO. 64 or visit www.mwrf.com

Splitter/combiner supports
cable communications

Model CX4002 is a next-genera-
tion, two-way RF splitter/combiner
supporting interactive broadband
cable communications. The unit
boasts a VSWR of 1.1:1 over the full
frequency range and typical isolation
of 30 dB to 400 MHz, and 21 dB to
1000 MHz. Its compact size [0.310 X
0.255 in. (0.787 X 0.648 cm)], ceramic
base, cover for pick-and-place com-
patibility, and capacity to withstand
235°C during infrared (IR) solder
reflow make the CX4002 splitter/
combiner suitable for applications
such as cable-network amplifiers and
nodes. Pulse, 12220 World Trade
Dr., San Diego, CA 92128; (858)
674-8100, FAX: (858) 674-8262,
Internet: http:/www.pulseeng.
com.
CIRCLE NO. 65 or visit www.mwrf.com

Antenna targets
portable GPS applications

The DAX dielectric patch antenna
is a low-profile ceramic antenna ele-
ment for use in portable Global Posi-
tioning System (GPS) receivers and
navigation systems. The antenna
offers an impedance of 50 () and a
maximum temperature coefficient of
20 PPM/°C. Designed specifically for
11575.42-MHz L1 reception, the
antenna is packaged with an 18 X 18-
mm footprint and a low profile of 4.5
mm. The antenna incorporates a rect-
angular microstrip design for GPS
righthand circular polarization
reception. The DAX ceramic antenna
features ceramic materials that are
well-suited for GPS applications.
Toko America, Inc., 1250 Fee-
hanville Dr., Mt. Prospect, IL
60056; (847) 297-0070, FAX: (847)
699-7864, e-mail: info@tokoam.
com, Internet: http:/tokoam.
com.

CIRCLE NO. 66 or visit www.mwrf.com
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Filters provide
group-delay response

Fourth-order absorptive Besel fil-
ters boast superior group-delay
while maintaining impedance match-
ing far into the stopband. The filters
are available with —3-dB cutoff fre-
quencies from 10 to 3000 MHz, atten-
uation from —0.1 to —21.5 dB, and
attenuation accuracy from +0.2 to
+1.0. The filters have a power rating
of 0.5 W average, and an impedance
of 50 Q0. VSWR is 1.5:1 from DC to 2
X 3-dB cutoff frequency. They can
operate over a temperature range of
—55 to +85°C. Lossy elements are
designed into these filters to produce
a response that closely mimics the
classic Bessel in amplitude and
phase. Applications include designs
of digital systems where accurate
reproduction of waveforms is impor-
tant. The filters can also be used to
reduce the impact of high-order dis-
tortion and noise in lightwave
receivers. RLC Electronics, Inc.,
83 Radio Circle, Mt. Kisco, NY
10549; (914) 241-1334, FAX: (914)
241-1753, e-mail: sales@ricelec
tronics.com, Internet: http://
www.ricelectronics.com.

CIRCLE NO. 67 or visit www.mwrf.com

Antennas suit
outdoor router system

Three antennas for the ORINOCO
outdoor router system include the
24-dBi directional parabolic grid, the
12-dBi directional wide angle, and
the 10-dBi omnidirectional. These
antennas enable enterprises and
ISPs to provide high-speed, wireless
networking and Internet access with
ranges up to 26 km (point to point).
They are available in point-to-point
and multipoint configurations.
Lucent Technologies, 2 Oak
Way, Room 5 SD 32, Berkley
Heights, NJ 07922; (908) 508-
8225, FAX: (908) 508-8192, Inter-
net: http://www.lucent.com.

CIRCLE NO. 68 or visit www.mwrf.com

Contacts serve
space applications

The PkZ® series is a blindmate,
size-12 contact that boasts high-fre-
quency performance, lightweight
construction, and dense packaging
due to its tight 0.2-in. (0.51-cm) cen-

ter-to-center spacing. Designed for
easy assembly and flexible use, these
components are ideal for satellite and
aerospace applications. The PkZ
design supports a Z-axis mating tol-
erance of up to 0.070 in. (0.178 ecm)
without compromising electrical per-
formance while maintaining constant
impedance. High-frequency designs
are available to 40 GHz with radial-
and axial-float capabilities for mis-
alignment in board-to-board applica-
tions. The Phoenix Co. of Chi-
cago, Inc., 555 Pond Dr., Wood
Dale, IL 60191; (630) 595-2300,
FAX: (630) 595-6579, e-mail:
sales@phoenixofchicago.com,
Internet: http://www.phoenixof
chicago.com.

CIRCLE NO. 69 or visit www.mwrf.com

Ultra-thin antenna
boasts broad bandwidth

A line of antennas is 0.10-in. (0.25
cm) thick. The antennas feature 3-
dBi gain and a maximum VSWR of
1.5:1. The ultra-thin form factor sup-
ports practically invisible mounting
on ceiling tiles, and the antennas can
be built with a pigtail assembly for
remote mounting or embedded appli-
cations. The omnidirectional pattern
of this antenna suits a variety of
applications, including handheld
devices, in-building systems, as well
as Global System for Mobile Commu-
nications (GSM), personal-communi-
cations-network (PCN), and special-
ized-mobile-radio (SMR) markets.
Xertex Technologies, Inc., 452
Burbank St., Broomfield, CO
80020; (303) 635-2000, FAX: (303)
635-2003, Internet: http:/www.
xertex.com.
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Adapters designed
for long life

The Quick Test QT3.5 mm®™® 8006
adapter series are push-on/pull-off
units designed for long life and excel-
lent repeatability. The in-series
adapters adapt from standard 3.5 mm
(female) to one of four optional QT3.5
mm connector configurations—the
“No Nut” design, the 3/8-in. (0.97-cm)
nut design, the 9/16-in. (1.42-cm) nut
design, and the guide-sleeve design.
The 3/8- and 9/16-in. designs are
quick connect, while 1-1/2-turn con-

nectors support the push-on/pull-off
capability and a threaded connection
when necessary. The guide-sleeve
design is for connector alignment in
automated applications. Maury
Microwave Corp., 2900 Inland
Empire Blvd., Ontario, CA
91764-4804; (909) 987-4715, FAX:
(909) 987-1112, Internet: http:/
WWW.maurymw.com.
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Controller monitors
fiber channel servers

Model SSC200 is an integrated sin-
gle-chip enclosure-management con-
troller used to monitor and control
the physical environment within a
fiber-channel server or storage
enclosure. The unit supports 2-Gb/s
fiber-channel disc drives through the
enclosure-services interface (ESI) of
the SFF-8067 specification. The
SSC200 also complies with the initi-
ated mode of the enclosure-initiated-
ESI (EIE) specification, supporting
information transfers to and from the
enclosure controller. The SSC200
supports two fully independent,
enclosure-service interfaces, config-
ured by the software-developers-kit
(SDK) firmware which is provided.
Vitesse Semiconductor Corp.,
741 Calle Plano, Camarillo, CA
93012; (805) 388-3700, FAX: (805)
987-5896, Internet: http://www.
vitesse.com.
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Antenna meets
broadband applications

The model DB794 is a ceiling-
mounted, single-monopole, corner-
reflector antenna. It features
high-directional gain with reliable
coverage of up to three bands, includ-
ing GSM-1800, PCS-1900, and Uni-
versal Mobile Telecommunication
System (UMTS) frequencies that
span the 1710-to-2000-MHz frequen-
cy range. The unit is suitable for
high-capacity pedestrian venues
requiring reliable mass voice and/or
data communications. Decibel
Products, 8635 Stemmons Free-
way, Dallas, TX 75247-3701;
(214) 631-0310, FAX: (214) 631-
4706, Internet: http://www.deci-
belprod ucts.com.
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Machinable ceramic targets
electrical insulators

The model Aremcolox® 502-1400-
BF is a bisque-fired, machinable
ceramic available in various rod and
plate sizes for use in high-tempera-
ture industrial applications to 2600°F
(1430°C). Typical properties include
a compressive strength of 9000 psi,
flexural strength of 4000 psi, dielec-
tric strength of 80 V/M, and thermal
conductivity of 30 (4.3) BTU-in/hr-
ft2°F (W/M-°K. The ceramic is a low-
density, 96-percent purity, alumina
ceramic which is easily machined
using conventional high-speed-hard-
ened steel tools. This product enables
end users to produce prototype elec-
trical insulators. Aremco Prod-
ucts, Inec., P.O. Box 517, 707B
Executive Blvd., Valley Cot-
tage, NY 10989; (914) 268-0039,
FAX: (914) 268-0041, e-mail:
aremco@aremco.com, Internet:
http//www.aremco.com.
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Synthesizers provide
superior phase noise

The CF'S HP series of synthesizers
features superior phase noise (—100
dBe¢/Hz at 10-kHz offset at C-Band),
tunable C-band or Ku-band, and a
fixed L-band. This unit is built with a
low-profile construction and can be
fitted with a parallel or serial inter-
face. Applications include use in dual-
conversion upconverters and down-
converters. MITEQ, Inc., 100
Davids Dr., Hauppauge, NY
11788; (516) 436-7400, FAX: (516)
436-7430, e-mail: sales@miteq.
com, Internet: http://www.
miteq.com.
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Antenna offers
low-gain performance

The OGB6-915 low-gain omni
antenna is suitable for carriers, utili-
ties, and trunking providers who
need low-gain, high-power perfor-
mance. The antenna is available with
an N or 7/16 DIN female input. The
antenna is designed to provide long-
service life in all types of adverse
environmental conditions. The
antenna features a one-piece mount-
ing system for easy installation.
Kathrein, Inc., Scala Division,

NEW PRODUCTS

¢ P.O. Box 4580, Medford, OR

97501; (541) 779-6500, FAX: (541)
779-3991, e-mail: mail@kath
rein.com, Internet: http://www.
kathrein.com.
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Capacitor achieves
higher voltage rating

The JZ and JR series of miniature
chip-trimmer capacitors now pro-
vides a DC working voltage of 100,
with a DC withstanding voltage of
220. The JZ and JR series boast
ranges from 1.5 to 3.0 pF and & to 40
pF. These series are ideal solutions
for tuning problems. They feature
+1-percent long-term capacitance
stability. Package sizes are either
4.50 X 3.20 X 1.45 mm or 3.50 X 3.10
X 1.15 mm. Voltronics Corp., 100
Ford Rd., Denville, NJ 07834;
(973) 586-8585, FAX: (973) 586-
3404, e-mail: info@voltronic
scorp.com.
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Adhesive suits
temporary bonding

The MB600 model adhesive is a
single-component, storage-stable
inorganic compound boasting heat
resistance and excellent adhesion to
metals, ceramics, glass, most plastics,
and rubbers. The adhesive cures
readily at ambient and more quickly
at moderately elevated tempera-
tures. The adhesive is completely
odorless, nontoxic, and nonflam-
mable. Master Bond, Inc., 154
Hobart St., Hackensack, NJ
07601-3922; (201) 343-8983, FAX:
(201) 343-2132, Internet: http:/
www.Masterbond.com.
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Laser system
supports calibrations
LIMTEK is a compact, high-per-
formance laser-measurement system
for position, velocity, acceleration,
straightness, squareness, paral-
lelism, angles, and flatness measure-
ments. It provides dimensional
metrology calibrations, internal
multi-axis measurements, and high-
speed dynamic analysis. This person-
al-computer (PC)-controlled modular
system is small, lightweight, and
easy to operate. It features certified

laser wavelength, synchronous mea-
surements in up to three axes, an
automatic environmental compensa-
tion unit, and miniature opties for
X/Y table positioning. The system
uses a CCD camera for accurate
straightness, squareness, as well as
parallelism measurements, and
straightness deviations in two direc-
tions are measured simultaneously
with position. Davidson Optron-
ics, 2223 Ramona Blvd., West
Covina, CA 91790; (626) 962-
5181, FAX: (626) 962-5188, e-
mail: sales@davidsonoptron
ics.com.
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Epoxy works at
absolute zero

SUPERTHERM 816HHO1 is a
two-component epoxy for use at
extremely low temperatures,
approaching absolute zero. The
epoxy is available in custom BIPAX
packaging, enabling use in small
quantities on an as-needed basis, or
for use in mass production. The
epoxy develops strong, durable,
high-impact bonds with metals, sili-
ca, alumina, sapphire, as well as other
ceramics, glass, and plastics. Tra-
Con, Inc., 45 Wiggans Ave., Bed-
ford, MA 01730; (800) TRA-
CON1, FAX: (781) 275-9249,
Internet: http:/www.tra-con.
com.
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Station equipped
with hand tools

Model MBT 250-SDPT is an
advanced multifunction rework sta-
tion equipped with hand tools for sol-
dering, desoldering, tweezing, and
vacuuming. For soldering, the PS-80
iron is rugged and versatile. For des-
oldering, the SX-80 SODR-X-TRAC-
TOR is a handpiece with a disposable
solder chamber. For tweezing, the
Thermo-Tweez is a flexible hand-
piece which can remove anything
from the smallest two-sided compo-
nents to the largest four-sided quad
flat packs. Pace, Inc., 9893 Brew-
ers Ct., Laurel, MD 20723-1990;
(301) 490-9860, FAX: (301) 498-
3252, Internet: http://www.
paceusa.com.
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Touchscreen computer
suits OEM needs

The GenTouch®™ series of industri-
al touchscreen computer systems is
available for industrial computer or
embedded original-equipment-man-
ufacturer (OEM) needs. They can be
ordered as totally enclosed and
sealed systems. This factory-hard-
ened series is ideal for operation
where dirt, grease, grime, oil, water,
dust, and heat are present. The series
supports disk-on-a-chip to 72 Mb.
The series-standard offering is 15-,
14-, and 12.1-in. (38.10-, 35.56-, and
30.73-ecm) TFT infrared (IR) touch-
screen liquid-crystal displays (LCDs)
at resolutions up to 1024 X 768, with
wide viewing angles of 160 (H) and
145 (V). The standard package comes
with 64-Mb static random-access
memory (SRAM), a 500-MHz cen-
tral-processing unit (CPU), a 6.4-Gb
hard disk, floppy disk, mouse, an IR
touchscreen, and industrial key-
board. The modularity of the series
allows the touchscreen LCD portion
of the unit to be purchased separate-
ly as a display for the user’s industri-
al computer system, since it supports
direct connections to any standard
video-graphics-array (VGA) connec-
tor port. The series operates on Win-
dows 95/98, NT, DOS, UNIX, or 0S/2
operating systems. H3 Technolo-
gies, Inc., 2050 Woodrun SE,
Unit B, Lowell, MI 49331; (616)
897-8544, FAX: (616) 897-0306,
Internet: http://www.h3tech.
com.
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Satellite seeker
finds strongest signal

A digital satellite seeker connects
to any satellite antenna and finds the
strongest satellite signal with no
adjustments necessary. It features a
numerical liquid-crystal display
(LCD) with dual-high and low read-
ings. Its input frequency range is 900
to 2000 MHz. The maximum voltage
input is +30 VDC, while resolution is
1/10 dB. With its compact size of 2.25
X 3.75 % 0.50 in. (5.72 X 9.53 X 1.27
cm), the digital satellite seeker fits
easily into small spaces. Jensen
Tools, Inc., 7815 S. 46th St.,
Phoenix, AZ 85044-5399; (800)
426-1194, (602) 453-3169, FAX:

(800) 366-9662, (602) 438-1690,
Internet: http://www.jensen
tools.com.
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Termination ensures
even-heat distribution

The model 150-WT-FN is a high-
powered termination using thermal
imaging photography in order to
ensure even-heat distribution. The
unit offers a power rating of 150 W
average at 25°C and 50-Q) nominal
impedance. Frequency range and
VSWR are DC to 1 GHz at 1.10:1
maximum, and 1 to 2.4 GHz at 1.25:1.
The unit is equipped with N female
connectors, a horizontal or vertical
operating position, and a 2.5-1b. pack-
age measuring 4.85 X 5.40 X 4.30 in.
(12.32 X 13.72 X 10.92 cm). Bird
Component Products, 10950
72nd St. N., Suite 107, Largo, FL
33777-1527; (727) 547-8826, FAX:
(727) 547-0806, e-mail: sales@
birdfla.com, Internet: http://
www.birdfla.com.
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Kit simplifies EMI shielding-
material selection

A comprehensive electromagnetic-
interference (EMI) test-lab sample
kit is designed to simplify the selec-
tion and specification of EMI shield-
ing materials. The kit materials
include wire mesh, conductive elas-
tomers, beryllium-copper (BeCu) fin-
gerstock, foil tapes, conductive fabric
over soft-foam gaskets, and oriented
wire in gilicone. Tecknit, 129 Der-
mody St., Cranford, NJ 07016;
(908) 272-5500, FAX: (908) 272-
2741.
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Varactors support
WCDMA/UMTS applications
Models SMV1232-079, SMV1263-
079, and SMV1405-079 are low-
capacitance silicon (Si) varactor
diodes for voltage-controlled-oscilla-
tor (VCO) designs in IMT-2000 wide-
band code-division-multiple-access/
Universal Mobile Telecommuni-
cations System (WCDMA/UMTS)
applications. These varactors have
low series resistance for low phase
noise and low capacitance which
makes them suitable for applications

ranging up to 2.5 GHz. Manufactured
in the ultra-small SC-79 package for
reduced parasitics, the devices are
available in tape and reel for high-
volume, low-cost applications. Al-
pha Industries, 20 Sylvan Rd.,
Woburn, MA 01801; (781) 935-
5150, FAX: (617) 824-4564, Inter-
net: www.alphaind.com.
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Microwave switch
houses building blocks

The model SM7001A is a modular
microwave switch which can house
up to four microwave building blocks.
They range from terminated 1 X 4
and 1 X 6 26.5- and 40-GHz relays.
Each microwave building block can
be mixed and matched to form the
final configuration, and/or combined
with other microwave, optical, or
general-purpose switch modules
within the same system. The final
switch solution can be controlled
through general-purpose-interface-
bus (GPIB), PCI, RS-232, FireWire,
or other interface mechanisms. VXI
Technology, 17912 Mitchell,
Irvine, CA 92614; (949) 955-1894,
FAX: (949) 955-3041, Internet:
http:// www.vxitech.com.
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Connector series targets
automatic control systems

The Han®R23 industrial/electrical
connector series is suitable for mea-
surement and automatic control sys-
tems, as well as in field-bus systems.
The connector series features up to
19 contacts 25 V~/+60 VDC at 7.5 A;
screw, solder, or printed-circuit-
board (PCB) solder termination;
Internet-protocol (IP)-67-rated, cor-
rosion-resistant housings; an outer
diameter of 26 mm,; a vibration-proof
screw-locking system; and excellent
electromagnetic-compatibility
(EMC) characteristics. The industri-
al/electrical connectors can be assem-
bled from a wide range of inserts and
housings in order to meet different
application requirements. Mateabili-
ty with other circular R23 types can
also be achieved. Harting, Inc.,
1370 Bowes Rd., Elgin, IL 60123-
5538; e-mail: more.info@hart
ing-usa.com.
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DESIGN FEATURE

Safer Materials

(continued from p. 68)

polymer coatings. With proper clean-
ing, thin-film depositions adhere well
to the AIN surfaces. Thick-film for-
mulations frequently rely on chemi-
cal reactions with surface oxides to
aid in film adhesion. Since the AIN
surface should be oxide-free, thick-
film mater ials for AIN must rely
entirely on frit-based systems for
adhesion.

There has been a
good deal of debate
about the per-
formance of high-
power components
fabricated using
thick- and thin-film
materials. EMC has
produced thick-film,
thin-film, and com-
bined thick- and
thin-film technology
devices. Frit-based
thick-film conduc-
tors are available
which have quite
good adhesion to
AIN. Thick-film ink
manufacturers have
developed a variety
of conductor materi-
als. However, they
have been less
inclined to invest in the development
of resistors and dielectrics due to the
lower demand. In power tests con-
ducted at EMC, high-power compo-
nents built using thick-film resistors
had approximately 10-percent-
higher power-handling capability
than comparable parts built using
thin-film resistor films.

Animportant step in the process of
depositing materials on AIN is the
preparation and cleaning of the sur-
face. Care must be used when intro-
ducing water into any AIN process-
ing. Water will react with the AIN to
produce aluminum hydroxide (AlH,),
and later, aluminum oxide (AlO,) on
the surface of the substrate. The
presence of AlO,on a completed com-
ponent will have no effect on either
the electrical performance or the reli-
ability of the part. During the deposi-
tion process, the contamination will
interfere with the adhesion of mate-
rials to the surface of the AIN if it is
not removed prior to the material

MANUFACTURERS OF AIN
SUBSTRATES HAVE
STRUGGLED FOR YEARS
T0 PRODUCE
CONSISTENT MATERIAL.
VARIATIONS IN THE AIN
FABRICATION PROCESS
SUCH AS TEMPERATURE,
GRAIN SIZE, AND FIRING
ATMOSPHERE CAN
AFFECT THE PROPERTIES
OF THE
FINISHED PRODUCT.

deposition. Inadequate adhesion can
affect the power capability of the
part, as well as the long-term relia-
bility. Care must be taken to assure
that the substrate surface is cleaned
prior to film deposition, and that the
films are deposited on nearly pure
AIN.

With proper mechanical, high fre-
quency, and process design, it is pos-
sible to replace
many BeO-based
components with
AIN. Evidence for
this claim may be
taken from the
years of successful
production and
installation of more
than one million
EMC, high-power
AlN resistorsin RF
and microwave
equipment world-
wide. The wide-
spread use of these
parts has provided
some of the best
evidence for the
reliability and utili-
ty of AIN-based,
high-power compo-
nents. Reducing the
use of toxic materi-
als not only helps make the environ-
ment cleaner and safer for all people,
but it also makes good business sense
to offer customers a better, lower-
risk product. ®®
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Reaction injection
A four-page brochure details a com-
pany’s capabilities. Single-source capa-
bilities for injection and reaction-injec-
tion services are detailed in a four-page
catalog. The telecommunications and
electronics industries applications are
discussed. GI Plastek; (440) 250-
0006, FAX: (}40) 250-0007, Internet:
hittp:/lwww.giplastek.com.
CIRCLE NO. 90 or visit www.mwrf.com

integrated assemblies
A five-page brochure details a com-
pany’s capabilities, facility, an engi-
neering laboratory, and manufacturing
floor. Products include integrated
assemblies, converter assemblies, log
components, detector-log-video ampli-
fiers (DLVAs), log intermediate fre-
quencies (IFs), filter banks, and
switch-filter banks. AKON; (408) 432-
8039, FAX: (408) 432-1089, e-mail:
sales@akoninc.com, Internet:
http:/hwww.akorine.com.
CIRCLE NO. 91 or visit www.mwrf.com

SAW products
Frequency sources, surface-acous-
tic-wave (SAW) products, bulk-acous-
tic-wave (BAW) delay-line products,
data-conversion products, and custom
microelectronics are offered in a 24-
page catalog. Fixed-frequency oscilla-
tors, voltage-controlled oscillators
(VCOs), bandpass filters, compressive
intermediate-frequency (IF) receivers,
delay lines, and oscillators are present-
ed. Packing information is included.
Micro Networks Corp.; (508) 852-
5400, FAX: (508) 852-8456, Internet:
hitp/fwww.micronetworks.com.
CIRCLE NO. 92 or visit www.mwrf.com

Test solutions

Telecom networks, enterprise net-
works, and wireless and multimedia
applications are featured in a 528-page
catalog. Test solutions for develop-
ment, manufacture, installation, main-
tenance, and repair of systems, as well
as networks for transmitting speech,
data, and images are discussed. Speci-
fications, application information, and
descriptions are provided. A keyword
index is included. Wandel & Golter-
mann GmbH & Co. Marketing
International; +49 7121 86-1616,
FAX: +49 7121 86-1333, e-mail:
mfo@uwgsolutions.com, Internet:

http:/www.awwgsolutions.com.
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RF components
Precision RF and microwave com-
ponents are featured in a 40-page cata-
log. Instrumentation-grade adapters,
precision attenuators, high return-loss
connectors, and precision terminations
are offered. Anritsu Co., Micro-
wave Measurements Division;
(800) ANRITSU, Internet: http:/lwww.
anritsu.com.
CIRCLE NO. 94 or visit www.mwrf.com

Power switching
Universal front-end modules
(UFMs) are discussed in an application
note (No. 46). A complete schematic
with an input filter, input fuse, tran-
sient protection, and appropriate hold-
up capacitors are described. Detailed
configuration drawings and output
(EN)-control specifications are provid-
ed. Powercube; (800) 866-3590,
FAX: (800) 866-3589, Internet:
hittp:lhwww.powercube.com.
CIRCLE NO. 95 or visit www.mwrf.com

PCB drilling
Printed-circuit-board (PCB) drilling
and routing are covered in a four-page
monthly newsletter. Laser-drilling
machine innovations, mechanical blind
via drilling with depth-control accura-
cy to 0.0002 in. (0.0005 cm), and large
back-plane drilling are discussed. A
question-and-answer section is provid-
ed. Excellon Automation Co.; (310)
534-6300, FAX: (310) 534-6777, e-mail:
subscriptions@uia-news.com, Inter-
net: http:/hvww.excellon.com.
CIRCLE NO. 96 or visit www.mwrf.com

Magnetic components
Magnetic components are covered in
a 100-page catalog. Inductors, coils,
chokes, and transformers for surface-
mount and through-hole requirements
are presented. Engineering assistance,
product samples, and custom designs
are available. J.W. Miller Magnet-
ics; (310) 515-1720, FAX: (310) 515-
1962, e-mail: lpalmer@bellind.com,
Internet: http:/fwww. jwmiller.com.
CIRCLE NO. 97 or visit www.mwrf.com

Epoxy preforms
Uni-form™ epoxy preforms are the
subject of an eight-page foldout

brochure. Mechanical specifications,
cure requirements, cure schedules, lig-
uid problems, solid solutions, applica-
tion information, as well as quality and
testing are discussed. multi-seals,
Inc.; (860) 643-7188, FAX: (860) 643-
5669, e-mail: sales@multi-seals.com,
Internet: hitp:/howw.multi-seals. com.
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Coaxial connectors
RF coaxial connectors are featured
in a 12-page catalog. Quick-disconnect
connectors that correspond to L.C, C,
SC, BNC, and TNC types; quick
designs for sputtering, wafer process-
ing, and high-power applications; and
quick-change types for use with
wattmeters and other high-power
testing and monitoring equipment are
listed. A line of adapters and custom-
designed cable assemblies is included.
Tru-Connector Corp.; (800)
COAXTRU, (978) 532-0775, FAX:
(978) 531-6993, e-mail: trusales@tru-
con.com, Internet: hitp:/lwww.tru-
con.com.
CIRCLE NO. 99 or visit www.mwrf.com

Coaxial cables

A T52-page catalog (No. 38)
describes broadband antenna prod-
ucts, base-station antennas, industrial-
scientific-medical (ISM), multichannel-
multipoint-distribution-services
(MMDS), and UNII-band passive
products, coaxial cables, as well as ter-
restrial microwave products. Specifi-
cations, planning guides, technical
data, and system-planning software
information are provided. Andrew
Corp.; (800) 255-1479, (708) 349-3300,
Internet: hitp:/fwww.andrew.com.
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RF switches

A 650-page catalog covers RF and
microwave telecommunications sys-
tems. Wireless products, electrome-
chanical RF switches, passive com-
ponents, active components, RF
radiation safety products, and power
meters/monitors are offered. Appli-
cation notes, conversion tables, and
indexes are provided. Link Micro-
tek Litd.; 01256 355771, FAX: 01256
355118, e-mail: sales@linkmicro
tek.com, Internet: hitp:/fwww.link
microtek.com.
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Tuner system

An automated tuner system (ATS)
is the subject of a 16-page brochure
(No. 4T-050E). Application informa-
tion, power characterization, dynamic
prematching, harmonic tuning, inter-
modulation-distortion (IMD) and adja-
cent- channel-power (ACP) applica-
tions, noise characterization, software
features and options, and calibration
accuracy are discussed. Specifications
include frequency range, matching
range, along with noise and power.
Maury Microwave Corp.; (909)
987-4715, FAX: (909) 987-1112, e-mail:
maury@maurymw.com, Internet:
hittp:/hvww. mawrymw.cont.
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Controllers and software

PXI® and CompactPCI solutions
for measurement and automation are
discussed in a 224-page catalog. PXI
and CompactPCI-compliant chassis,
controllers, software, and modules are
featured. A tutorial on PXI and Com-
pactPCI specifications, information on
the PXI Systems Alliance, and a PXI
systems configurations guide are pro-
vided. National Instruments; (800)
258-7022, FAX: (512) 683-9300, e-mail:
mfo@ni.com, Internet: hitp:/hwww.ni.
con.

CIRCLE NO. 103 or visit www.mwrf.com

Cable products

A 288-page catalog/technical hand-
book focuses on wire, cable, and heat-
shrinkable products. Complete mili-
tary specifications, as well as
commercial, coaxial, and fiber-optic
wire and cable sections with UL/CSA
specifications are discussed. In-depth
formulas, conversion tables, and com-
parison charts are provided. Stan-
dard Wire & Cable Co.; (800) 326-
0006, FAX: (310) 609-1862, e-mail:
sales@std-wire.com, Internet: hitp://
www.std-wire.com.

CIRCLE NO. 104 or visit www.mwrf.com

Dielectric capacitors

Air dielectric-trimmer capacitors
are the subject of a four-page engi-
neering bulletin (No. SG-660B). Fea-
tures, specifications, outline drawings,
and application notes are provided.
Models in the 2-to-16°F range are also
detailed. Sprague-Goodman Elec-
tronics, Inc.; (516) 334-8700, FAX:

NEW LITERATURE

(516) 334-8771, e-mail: info@sprague-
goodman.com.
CIRCLE NO. 105 or visit www.mwrf.com

RFI shielding

A 44-page catalog discusses RF elec-
tromagnetic-interference (RFI/EMI)
products for doors, panels, covers, con-
nectors, enclosures, and cabinets.
Omni contacts, panel gaskets, strip
gaskets, reverse bend, cylindrical and
spherical contacts, contact rings, “D”
connector gaskets, and board-level
shielding are offered. Material specifi-
cations, compatibility charts, installa-
tion information, and technical draw-
ings are provided. Tech-Etch, Inc.;
(508) 747-0300, FAX: (508) 746-9639, e-
mail: sales@tech-etch.com, Internet:
hittp:/www.tech-etch.com.

CIRCLE NO. 106 or visit www.mwrf.com

Microwave amplifiers

A 112-page catalog details the prod-
ucts and capabilities of a microwave
amplifier manufacturer. Ultra-low
noise amplifiers, octave-band ampli-
fiers, ultra-broadband amplifiers from
0.5 to 20 GHz, multioctave electronic-
warfare (EW) and electronic-counter-
measures (ECM) amplifiers, and
extended radar-band field-effect-tran-
sistor (FET) amplifiers are presented.
Ka-band amplifiers from 26 GHz and
above, limiting amplifiers, triband
amplifiers, and narrowband power
amplifiers (PAs) are also specified.
JCA Technology, Inc.; (805) 445-
9888, FAX: (805) 987-6990, e-mail:
jea@jcatech.com, Internet: http://
www.jcatech.com.

CIRCLE NO. 107 or visit www.mwrf.com

Coaxial cables

High-performance coaxial cables are
the subject of a catalog (No. TL-14).
Connectors and cable assemblies for a
broad range of RF transmission appli-
cations are offered. Specifications,
applications notes, reference data,
attenuation tables, and power tables
are included. Times Microwave
Systems; (203) 949-8489, FAX: (203)
949-8428, e-mail: lcaruso@times
microwave.com, Internet: http:/hwww.
timesmicrowave.com.

CIRCLE NO. 108 or visit www.mwrf.com

Fiber optics
A 170-page catalog details coaxial

and fiber optic products. Adapters,
attentuators, breakouts, circulators,
coaxial cables and assemblies, coaxial
connectors, and DC blocks are offered.
Detectors, directional couplers, fiber-
optic cable assemblies, fuse holders,
isolators, limiters, matching pads,
mounting holes, patch cords, phase
trimmers, power dividers, shorts,
switches, terminations, and twinax
cables are included. Pasternack
Enterprises; (949) 261-1920, FAX:
(949) 261-7451, e-mail: sales@paster
nack.com, Internet: hittp:/fwww.paster
nack.com.

CIRCLE NO. 109 or visit www.mwrf.com

Coaxial connectors

A 120-page catalog features a range
of standard and RF custom coaxial
connectors. BNC, TNC, ultra-high-fre-
quency (UHF), mini-UHF, MB, MHV,
SMB, SMA, MCX, MMCX, 7/16 DIN,
FME, LMR series, corrugated cable
connectors are included. RF Connec-
tors; (800) 233-1728, (858) 549-6340,
FAX: (858) 549-6345, e-mail: rfi@
rfindustries.com, Internet: hitp://
www.rfindustries.com.

CIRCLE NO. 110 or visit www.mwrf.com

integrated circuits

A 160-page catalog features inte-
grated circuits (ICs) and other elec-
tronic components. Tools, test
equipment, computer products for
original-equipment-manufacturer
(OEM) applications, input/output (1/0)
cards, transformers, power supplies,
and switches are listed. Jameco; (800)
831-4242, (650) 592-8097, FAX: (800)
237-6948, (650) 592-2508, e-mail:
info@jameco.com, Internet: http://
WWW.JAMECO.CONL.

CIRCLE NO. 111 or visit www.mwrf.com

Carbon fiber

A six-page brochure highlights
pitch-based carbon (C) fiber. The
brochure outlines important carbon-
fiber properties, target markets, and
applications. A comparison of pitch
versus pan-based carbon-fiber is pre-
sented and the cost-effective benefits
of carbon-fiber technology are also
discussed. Conoco Carbon Fi-
bers; e-mail: ahm@ahminc.com,
Internet: hitp://www.carbonfiber.
CON0Co.com.

CIRCLE NO. 112 or visit www.mwrf.com
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Commissionable to agencies

Dept.,611 Route 46 West,
Hasbrouck Heights, NJ 07604

Call Customer Service
Department

(201) 393-6083
Fax(201) 393-0410

All The Connections You Need

Wnen you have the freedom to fly, the motivation to be the best, and you're backed by an all-
pro team - you have all the connections you need. Experience it at Nokia. Nokia is a global
company whose key growth areas are wireless and wireline telecommunications. We are a pioneer
in mobile telephony, and the world's leading mobile phone supplier. Nokia was named to Fortune

eow

magazine's “100 Best Companies to Work for in America” list for 1999. This honor is the
culmination of an employee-focused assessment of work-life issues and human resources
programs throughout the U.S. There are positions currently available at our state-of-the-art
facility for individuals who thrive in a culture where setting new standards is all in a day's work.
We are seeking individuals with a Bachelor's, Masters, or Ph.D. for the following opportunities:

RF ENGINEERS

Designs and characterizes RF circuits/
subsystems (LNA, mixer, filter, oscillator) at the
printed circuit board level. Knowledge of
impedance matching, distortion, noise figure
and RF measurements a must. Familiarity with
RF simulation tool and PCB layout necessary.
BSEE and 1+ years of experience required.

RF EDA SPECIALIST

Support the ESG EDA group including RF, RFIC,
ASIC and PCB. Analyzes technical lines and
project/program needs; plans and establishes
priorities  for  design,  development,
implementation or modification of the R&D
EDA methodologies; installs, upgrades, and
licenses software; tracks and administers
software versions/OS Systems; and system
administration. Strong HW/SW computer

Nokia offers a culture rich in diversity, personal and professional
growth, generous compensation, and exceptional benefits that only a leader in

skills and intermediate scripting skills.
Computer memory/workstation capacity, etc.,
and knowledge of UNIX. Experience with LS.F.
Agilen ADS in PC environment and
Mentor/Cadence in UNIX environment.

SENIOR RF IC DEVELOPMENT MANAGER
Plans, coordinates and executes activities
of the RFIC design and RF lines; allocate
resources to projects, budget analysis,
develop training plans and mentorships;
and hires and evaluates personnel.
Minimum BSEE, MSEE/Ph.D. EE preferred,
with 5 + years of experience in the
wireless IC industry. Deep knowledge of
silicon IC processes and tools. Proven
management ability and demonstrated
detailed technical ability with RF System,

RFHW and RFIC.

its field could provide. Interested candidates should

forward a resume to: Nokia Mobile Phones, 12278
Scripps Summit Dr, San Diego, CA 92131; E-mail:
sandiego.resumes@nokia.com Fax: 858-831-6502. EQE.

NOKIA

CONNECTING PEOPLE

www.nokia.com
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RF Job Network™

Jobs for RF/Wireless/Microwave Engineers

www.rfjn.com

Free to Job-Seekers / $100 for Employers

WENZEL ASSOCIATES, INC.
www.wenzel.com
AUSTIN, TEXAS

Wenzel is centrally located in beautiful
Austin, Texas, known as the Live Music
Capital of the World and often chosen as
one of the best cities to live in the U.S.
Austin has just over 1 million residents and
is home to beautiful lakes, rolling hills, great
restaurants, and the University of Texas.

Senior RF Design Engineers
Design state-of-the-art oven controlled
crystal oscillators, RF components, and
multiple frequency synthesizers for wireless
communications and military systems.
Involves some modifications of existing
designs to meet customer requirements.
Requires BSEE or equivalent experience in
RF Design.

Entry-Level Engineers

Work with Senior RF engineers to develop
and construct new RF products for wireless
and aerospace markets. Requires BSEE or
equivalent experience in electronics.

Electronic Technicians

Work with RF engineers to construct and
test RF products for wireless and aerospace
markets. Requires familiarity with electronic
schematics, ability to troubleshoot to
component level, proficiency in soldering
and in the use of oscilloscopes, frequency
counters, and spectrum analyzers.

Please send resumes to:
Wenzel Associates, Inc., Dept. M
1005 La Posada Drive
Austin, TX 78752
Fax: 512-450-1490
E-mail: Liz@wenzel.com
Equal Opportunity Employer

173




ENGINEERS & MANAGERS

advanced packaging, telecomms, and magnetic sensors. With facilities in
Wilmington, MA, Santa Clara, CA, Austin, TX, and Colorado Springs, CO,
Microwave and RF jobs are mainly Colorado and Massachusetts based.

MICROWAVE ENGINEERS SR. RF DESIGN ENGINEERS
BS/MSEE; 5 + years microwave BSEE; 7+ years high power
experience. solid-state experience in
POWER SUPPLY DESIGN RF Design.
MANAGER/ENGINEERS HYBRID/PACKAGING DESIGN
BS/MSEE; 5+ years inhighvoltage ~ ENGINEERS

power supplies, switching BShErm_eerhq,Snws
devices, analog, digital and/or high ~ experience in hybrid,
power electronics. microelectronics, or device
position requires related experience  packaging.

as a manager/team i

They also seek SOFTWARE ENGINEERS, RELIABILITY ENGINEERS,
MANUFACTURING PROCESS/TEST ENGINEERS, APPLICATIONS
ENGINEERS, FIELD SERVICE ENGINEERS, a MATERIALS MANAGER,
PRODUCTION MANAGER, and a DIRECTOR OF MANUFACTURING.

For more information about ASTeX, these positions, or our service, visit
www.aztechjobs.com or send your resume 10

4131 N.24th St, Phoenix, AZ 85016
Recrultment Co. email: resumes@aztechjobs.com.
Call 800.790.8710 « Fax 602.955.9639

www.aztechjobs.com

At GTRAN, a rapidly-
growing pre-1P0
technology firm, our
world-class team is
driving our innovative
products to the pinnacle
of the wireless markets.
We produce mobile
wireless data products
for next-generation
communication systems.

igh-Speed Innovalion

slarts Here
SYSTEM TEST ENGINEER

Requires 8 years of well-rounded experience, including knowledge of
wireless standards and working knowledge of HP RF communications
test sets. Electrical Engineering degree preferred.

SR. SOFTWARE ENGINEER

Requires a degree in Computer Science or Electrical Engineering and
8 years’ experience with 2 years in wireless handset software design.
Fluent in real-time imbedded C.

RF ENGINEER

You will perform impedance matching, RF circuit design,
component evaluation and troubleshooting. Requires a BSEE, 5+
years’ related experience, understanding of RX Line-up selection,
knowledge of power amplifier requirements, and experience with
HP RF lab equipment.

Our excellent salary/benefits package inciudes 100% paid medical, pre-
IPO stock options, and a 401(k) with 100% company match to
maximum limit. If you're looking for new challenges, growth and a
bright future, send your resume in confidence, to: GTRAN, HR Dept.,
5701 Lindero Canyon Road,

Ste. 1-204, Westlake e

Village, CA 91362; Fax: 818- ;
889-3798; E-mail: TRAN "
kelly@gtran.com. £OE
www.gtran.com

"BAE SYSTEMS

BAE SYSTEMS is pushing the envelope on
Microwave and Antenna Products with an
exciting new array of projects. Get on the

fast track and leverage your antenna design
and measurement background with our growing
Microwave and Antenna Products team.

Join us and give your career a jump-start!

Greenlawn, NY Facility

Antenna Engineer Advanced Development Center
Job Code: HO0039

Lansdale, PA Facility

Antenna Engineer
Job Code: 400293

Radar ECM Systems
Principal Engineer
Job Code: 400337

Radar ECM Systems Engineer
Job Code: 400187

Missile Seeker
Lead Engineer
Job Code: 400349

Program Manager
Job Code: 400243

Quality Engineer IV
Job Code: 400362

We offer exceptional opportunities for growth and advancement as
well as a solid compensation package. All positions require security
clearance. Please send your resume and salary requirements,
indicating position of interest and Job Code:, to: BAE SYSTEMS,
Aerospace Electronics, Attn: Human Resources, 305 Richardson
Rd., Lansdale, PA 19446.

i
i

1.'EN " i Mags
it S S T T 41 .com

Your online source to
subscribe to leading trade
publications for

FREE.

In most cases, advertisements contained in
Microwaves &RF employment section indicate
that the companies are equal opportunity employ-
ers. The Federal Civil Rights Act of 1964, and
other laws, prohibit discrimination in employment
based on race, color, religion, national origin, sex
or for any reason other than lack of professional
qualification for the position being offered. It
should be noted that employment advertisements
in Microwaves & RF are published for the readers
convenience and in no way, to the best of our
knowledge, promote unlawful discrimination.
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LOOKING BACK

CATHODE

A news story in the bicentennial year of 1976
reported on the need for high-speed logic devices for
electronic-warfare (EW) systems. The report
highlighted a transferred-electron logic device
(TELD) developed by RCA’s Microwave Technology
Center (Princeton, NJ) which combined a gallium-
arsenide (GaAs) Gunn diode with a Schottky
barrier gate. The device could process pulses as
narrow as 80 ps with device delays of only 80 ps.

Microwaves & RF

October Editorial Preview
Issue Theme: Integrated Circuits

News

Silicon germanium (SiGe) has been
heralded as the best thing since
gallium arsenide (GaAs), and many
manufacturers have been quick to
develop small-signal integrated
circuits (ICs) based on the process.
But how is the high-frequency design
community warming to these new
semiconductors? Don’t miss this
special report on SiGe ICs.

Design Features

October offers a strong lineup of
contributed technical articles,
including details on the design of a
pseudomorphic-high-electron-mobil-
ity-transistor (PHEMT) mixer
integrated circuit (IC) for millimeter-

wave applications. Additional
features include the use of software |

to analyze high-frequency signal-
integrity problems and the design of
a Gaussian-minimum-shift-keying
(GMSK) modulator based on digital-
signal-processing (DSP) techniques.
Product Technology

October features a close-up look at a
novel bus architecture for multipole
switches and switch matrices. The ar-
chitecture is simple to program and of-
fers reliable operation, even given the
demands of high-throughout test sys-
tems. Additional Product Technology
stories will examine microwave inte-
grated circuits (ICs) which support
high-data-rate wireless local-area
networks (WLANSs), as well as several
new power transistors based on
silicon-carbide (SiC) semiconductor
materials.
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under our ha long enough...

Low Freq. — & ! Phaseless

Variable Variable
Attenuators Attenuators

The “no-nonsense” attenuator. .. The “incredible” attenuator. ..

For Audio, IF, and VHF. Elegant, classic, exceptional. With all the
Simple, straight forward, no frills. Not bad extras you’d expect at the top of the ARRA
when this economy model performs in the line. So uniquely new in its approach,
same classy manner as other ARRA high it’s one of a kind. Nothing else like it on the
precision units. market. It’s got everything. ..
* SMA connectors, others available ¢ Low phase
o Off-the-shelf delivery * High RF Power
¢ 50 ohm impedance, 75 ohms available * Low VSWR & Insertion loss
e Specs that beat the competition’s e Extremely flat frequency response
¢ (-3 dB & high attenuation models
Directly calibrated models e Bands from 350-5000 MHz
Frfgi?l‘:?“ Ru;.‘;:l:(ndm s‘rl"ff'.:'ﬁ. Model No. CIRCLE NO. 256
DC-60 10 K] 0682-10F
g:::% " o P ... the last word in variable attenuators
DC-250 10 “0.5 0682-10F
Uncalibrated models A R R A
DC-60 10 10 0682-10 INC.
DC-100 20 4 ll_fi 068:3-:.’"
55‘535 33 ?“ :;%}?:n rNTENNA & RADOME RESEARCH Assocurc-—l
0 15 Harold Court, Bay Shore, N.Y. 11706 & 631-231-8400
CIRCLE NO. 256 FAX (631) 434-1116 @ Visit our website at www.arra.com

For complete info, write for literature. For instant info, see Microwaves & RF Product Directory.



Finally, a reliable BeO alternative
well-suited for the environment.

g—_:ﬁ Power Anaren is proud to introduce its new RF Power family of Aluminum Nitride (AIN)
;‘//\ resistors and terminations.
Armor rugged. The innovative RF Power line offers armadillo-tough protection. Our unique
approach to thick-film AIN construction yields a reliable and safe component designed as
an alternative to the Beryllium Oxide (Be0) ceramic widely used today.
Multifunctional. RF Power resistors and terminations are available in a variety
of package styles and in most cases can directly replace our BeO products. Package
styles available include: surface mount, chip, flangeless, and flanged. These versatile
packages are well-suited for a number of RF and microwave applications including:
high-power amplifiers, isolators, absorptive filters, antenna feeds, and
power combiners.
Fit to perform. All RF Power components are 100% tested so you
know you are getting the performance and protection you need for all
your applications. And all are backed by Anaren’s comprehensive technical
and customer support.
For more information, contact us by phone: 1-800-544-2414 or e-mail: rfpower@anaren.com.
RF Power AIN — a BeO alternative at a competitive price. Developed by RF Power

Components subsidiary. Exclusively from Anaren.

800-544-2414 > www.anaren.com

RF Power Components subsidiary, call 631-563-5050 “aren

In Europe, call 44-2392-232392

Visa/MasterCard accepted (except in Europe) What'll we think of next?"

150 9000 certified

CIRCLE NO. 213
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