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AIRONET
HAS MORE THAN
325,000 WIRELESS LAN
DEVICES INSTALLED
WORLDWIDE

Nobody has more spread spectrum radios installed worldwide than Aironet. And nobody offers a broader
line of products for creating wireless local area networks.

From OEM radios for your wireless devices to our patented ARLAN" network architecture, Aironet can
be your full line supplier of quality components for a complete, seamless wireless LAN solution.

AIRONET?’S _\/\/IREE_ESS OEM PRODUCTS

A 2.4 GHz Direct Sequence A 2.4 GHz Frequency Hopping

Spread Spectrum PCMCIA at 1&2 Mbps ARLAN" Patented Wireless
900 MHz Direct Sequence A 2.4 GHz Direct Sequence LSRN HERO S e
Spread Spectrum at 1&2 Mbps A Access Points for Ethernet,
2.4 GHz or 900 MHz A 900 MHz Direct Sequence ol see i
Low Power MicroRadios™ at 860 Kbps A ISA, Microchannel and

PCMCIA LAN Adapters
A Wireless Bridges and Repeaters

@ Atronet

AIRONET WIRELESS COMMUNICATIONS, INC.
Call: 1-800-3-WIRELESS A 818-361-4918 A Information via fax at 818-837-4341 ext. 291 A Visit our Web site at http://www.aironet.com

ARLAN is a regis:ered trademark, MicroRadio and the Aironet logo are trademarks of Aironet Wireless Communications, Inc.
All other product or trade references are the trademarks or registered trademarks of their respective owners. ©1996 Aironet Wireless Communications. Inc

Circ e 75 for free literature — Circle 76 forimmediate requirements.



OUR HIGH-POWER
MULTI-CARRIER AMPLIFIERS
OFFER FIELD-TESTED RELIABILITY AND
THE LOWEST DOLLARS-PER-WATT
RATIO IN THE INDUSTRY.

DO YOURS?

CALL.
FOR VOLUME DELIVERIES.

N / \ N
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EEEEEEEEEEEE

2026 McGaw Avenue, lrvine, CA 92614
Tel 888.PWR.WAVE (888.797.9283)
Fax 714.757.0941
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THE WORLD’S LARGEST SELECTION

‘ S 1 ’
2kHz-10GHz from$295

Choose from over 480 standard off-the-shelf models from
2-way to 48-way; 0°, 90° and 180°; 50 and 75 ohms; covering

2kHz to 10GHz. Mini-Circuits will also supply your special needs such as wider
bandwidths, higher isolation, lower insertion loss, and phase matched ports...all at catalog
prices with rapid tumaround time. Models include surface mount, plug-in, flat-pack and
standard connectorized designs such as SMA, N, TNC, C, and F connectors as well as
custom designs. Ultra-miniature surface mount units provide excellent solutions in

cellular communicaticns, cable systems and countless wireless applications. All units
come with a 1year guarantee and “skinny” 4.5 sigma repeatability unit-to-unit and
production run to preduction run. Catalog models are guaranteed to ship within one week.

Mini-Circuits...we’re redefining what VALUE is all about!



Mini-Circuits RFAF Surface Mount Designer's Guide features
48 pages of the most up-to-date and complete product and
specification information about Mini-Circuits surface mount

somponents

Call, write or fax for your free Surface Mount Designer’s
Guide and Handbook today!

- - - [ ®
Mini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits. com

For detailed specs on ali Mini-Circuits products refer to « 740- pg. HANDBOOK « INTERNET » THOMAS REGISTER » MICROWAVE PRODUCT DATA DIRECTORY  EEM
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 194 Rev Oric




DCto8GHz 9119

(up to +19dBm output) ~ From (1000 ay.)

Mini-Circuits ushers-in a new era of technology and economy with ERA

monolithic GaAs ampilifiers. Just check the specs! These surface mount and drop-in
amplifiers cover your applications to 8GHz with higher gain, more output, and

flatter response. Characterized with S-parameter data, these amplifiers are very
easy to use. Simply sketch an interconnect layout, and the design is done.

And ERA'’s are engineered with wider bandwidths to eliminate your need for costly
compensation networks and extra gain stages. So, review your present design

and replace with Mini-Circuits new ERA technology. Lower overall cost,

wide bandwidth stability, and lots to...gain!
Mini-Circuits...we’re redefining what VALUE is all about!

*Freq Gain Max Power Out Dynamic Range @Price
Model (MHz)  (dB) (dBm,@1dB Comp)  NF(dB) IP3{dBm) $ea (10Qty)
ERA-1 DC-8000 116 130 70 26 180
ERA-1SM DC-8000 11.0 130 70 26 1.85
ERA-2 DC-6000 149 140 60 2 195
ERA-2SM DC-6000 131 130 6.0 2 200
ERA-3 DC-3000 202 110 45 23 210
ERA-3SM DC-3000 194 10 45 23 215
ERA-4 DC-4000 139 4191 ) a3 415
ERA-4SM DC-4000 139 al91 52 236 420
ERA-5 DC-4000 190 a196 40 A% 415
ERA-5SM DC-4000 190 a194 40 236 420

Note: Specs typical at 2GHz, 25°C
a Typ numbers lested at 1GHz. At 2GHz, Max. Pwr. Out may decrease by 0.4dB & IP3 by 3 to 408
* | ow frequency cutoff determined by extarnal coupling capacitors
@ Price (ea.) Qty.1000 FRA-1 $1.19, -2 $1.33, -3 $1.48, -4 or -5 $2.95 SM option same price
DESIGNER'’S AMPLIFIER KITS:
K1-ERA: 10 of each ERA-1,-2,-3 (30 pieces) only $49.95
K1-ERASM: 10 of each ERA-1SM,-2SM,-3SM (30 pieces) only $49.95
K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95
K2-ERASM: 10 each ERA-4SM,-55M (20 pieces) only $69.95
Chip Coupling Capacitors at 12¢ each (50 min.)
Size {mils) Value
80x50 10, 22, 47, 68, 100, 220, 470, 680, 1000,
2200, 4700, 6800, 10,000 pf
120x60 002, .047, .068, .1 uf

R
b
Typical Biasing Jy\',?—so =

Configuration ERA Ve

22y 3 7 3 RFC(Optiona)
C block o I
' Q o N3 | Ybleck
’ |N°_ho,—t >——o—&~i}—oOUT
ERA-1  ERA-1SM 1 /I 2 Vd
~r ACTUAL q For ERA modets, pin 1

SIZE = identified by Red dot

m Mini-CirOUits® 8

P.O Box 350166, Brooklyn, New York 11235-0008 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits. com  C/FCLE READER SERVICE CARD

For detailed specs on all Mini-Circuits products refer 1o « 740- pg. HANDBOOK ¢ INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM
CUSTOM PRODUCT NEEDS...Let Our Experlence Work For You. F 214 Rev A



RF design

contents

featured technology — system-level design

A b . : |
24 Use adaptive digital predistortion $
to simulate a linearization system a
In municipal mobile communication systems, o
adjacent-channel interference may be severe, caus-
ing a modulation technique to be used that results %
in unwanted harmonic products known as spectral
regrowth. Simulating a linearization system com- v
bats spectral regrowth using adaptive digital pre- )
distortion. »
—Roman Gloeckler &
47 Standardized IS-95 CDMA system
simulation aids advanced designs
To cope with strict cost constraints and dwindling design time, RF designers
need new tools. A new simulation system allows CDMA designers to com-
form to IS-95 and to meet cost and time deadlines.
— Paul Washkewicz
cover story
56 Cost-effective evaluation
of digital communication ICs
To bring a low-cost, highly integrated, high-performance digital receiver to
market, an RF designer must be able quickly to work through a series of
impedance-matching and filtering problems associated with the frequency
downconverting, front-end and IF-processing blocks of the receiver and to
evaluate the BER performance and the effect on BER, all prior to the formal
industry-wide acceptance of the communications protocol. Use reference
design for digital GFSK modulation receivers operating in the lower 902928
MHz ISM band that demonstrates the high data-rate capabilities of the IF-
processing IC that can be applied to other frequency bands.
~ Marc Brendan Judson
tutorial
66 Test set measures phase noise
within 5 Hz of the RF carrier
Measuring close-in phase noise with a high accuracy over a 175 Hz low-
pass bandwidth tests a ground station’s contribution to phase noise. A
test set can help to keep the measured phase noise to a minimum, mak-
ing it possible to transfer the necessary frequency-phase stability refer-
ence signal to orbiting satellites in a radio telescope system.
— Charles Luke
80 A simple Chebychev bandpass

impedance-matching program
When designing circuits, RF designers appreciate the availability of any
additional tools that can help them perform their jobs more efficiently.
One method uses the Chebychev filter synthesis equations to see whether
a given load can be matched with a given maximum return loss over a
specified bandwidth. A corresponding software program is available.

- Yves Borlez
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New Books from N@BLE !

TRANSCEIVER
SYSTEM DESIGN
FOR DIGITAL

' COMMUNIGATIONS

by Scott R. Bullock

A system-level approach to
transceiver system design for
digital communications. Builds
on principles developed for
military systems, translating them
for commercial applications.
Covers link analysis, modulation,
signal processing, and more! 416
pages, 99 figures, 239 equations.

Transceivar System Dasign
for Dighal Commemications

Scott 0. Bullock

D

wicrowave || MICROWAVE
FIELD-EFFECT. FELD-EFFECT
TRaNSISTORS § TRANSISTORS

by Raymond S. Pengelly

This book covers the use of
MESFET devices in microwave
circuits such as low-noise
amplifiers, mixers, oscillators,
power amplifiers, switches and
multipliers. A complete book
including fabrication and pack-
aging data in addition to circuit
design. 703 pages, 470 figures,
61 tables, 356 equations.

D

yooks 10¢ Shipping: US - 1 book $5, 2 books $6
som Canada — 1 book $12, 2 books $14

‘1_5 \ Foreign - 1 book $32, 2 books $42
s * VISA, Master Card, Amertcan Express *

N@BLE Publishing
2245 Dillard Street
Tucker, GA 30084
Tel: 770-908-2320 Fax: 770-939-0157
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CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759
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RF editorial

Education

and information
help engineers
to remain active
professionals

By Don Bishop
Editorial Director

Working engineers always are faced
with the possibility of developing a
knowledge gap compared to recent
graduates. Some face the challenge by
mapping a career path that includes an
exit from front-line engineering work
into sales or management. Many of
those who achieve lifelong success as ac-
tive engineers avail themselves of con-
tinuing education and immerse them-
selves, however selectively, in the
enormous flow of information.

Associate Editor Patricia Werner
gathers news about continuing educa-
tion for posting in the “Courses” col-
umn. I'm always concerned that some
courses that might be useful to you are
not included, simply because we may
not have heard about them. Won’t you
please let Pat know if you attend a spe-
cialized course that should be listed?
Her E-mail address is pat_werner
@intden.ccmail.compuserve.com. The
postal address, telephone and fax num-
bers appear on page 10.

Information comes your way from
sources too numerous to mention. I like
to think that our magazine is one of
your better sources. If you attend an
event that isn’t listed but should be,
would you let Pat Werner know?

College courses, specialized courses,
books, magazines, computer networks,
conferences and expositions all vie for
your attention and strive to be helpful
to engineers. It can be a daunting chal-
lenge to spend time wisely in choosing
and using the right mix of sources, but
the difference is an extended career or
an abbreviated one.

Spectrum wall chart
This column twice has mentioned the

availability of a wall chart that dis-
plays spectrum allocations from 3 kHz
to 300 GHz. Then the ordering informa-
tion had to be updated. 'm mentioning
it again because some readers still are
having difficulty ordering the chart.

The National Telecommunications
and Information Administration, an
agency of the U.S. Department of Com-
merce, issued the chart. Here’s how to
obtain a copy: The product name is
“1996 Spectrum Wall Chart”; the stock
number is 003-000-00652-2; and the
price is $3.25.

Orders can be placed by mail to “U.S.
Government Printing Office, Super-
intendent of Documents, P.O. Box
371954, Pittsburgh, PA 15250-7954.”

Inquiries and orders can be placed by
telephone and facsimile; Tel. 202-512-
1800; Fax 202-512-2250. Fax-on-
demand orders can be placed with U.S.
Faxwatch at 202-512-1716.

A word about ordering the chart:
Some callers have been told that the
stock number corresponds with a 1987
version of the chart. A representative of
NTIA told us that the Government
Printing Office (GPO) was supposed to
discard remaining copies of the 1987
chart and replace them with the 1996
chart.

Computerized records that GPO rep-
resentatives access when speaking with
callers may not reflect the pairing of
the stock number with the 1996 chart.
If you are told that the stock number
corresponds with the 1987 chart, now
you know why. The folks at NTIA re-
ally have been helpful. Government
procedures sometimes are difficult to
overcome, though. But you know that
going in, don’t you? RF

October 1996



KALMUS: A TRADITION

OF HIGH PERFORMANCE,
VALUE-PACKED
RF AMPLIFIERS

hen Kalmus began designing and ruggedly o . .
manufacturing RF amplifiers in 1971, built RF amplifiers for use in EMC testing,

the vision was to produce the best high medical, communications and general laboratory
pertormance product possible for the best possible price.” applications. A comprehensive line of RF
amplifier modules and custom amplifier options
“As we address the needs of the engineering community are also available.

in the 21st century, we never lose sight of this tradition.
RF AMPLIFIERS

¢ Stock and Custom Amplifiers and Modules
¢ Meets RF Immunity Standards, including IEC
1000-4-3 and 1000-4-6

At the same time, however, we are taking our operations
to an unprecedented level of engineering and
manufacturing excellence.”

“For example, our engineering »  EMC Test Amplifiers
and design capability enables ® RF power levels from 1 to 3000

us to respond rapidly to customer s TRAIGHT s

4 ey * Covering the frequency spectrum
requirements. And with improved from 10KHz to 1GHz

order handling and production TAL K Communications Amplifiers
capability, we are continually : Iél;‘f’e(?‘:r lf)verlrsl ‘°.'C0f>.° W?md
mg mmunications bands

| to 1GHz
A BOUT Pulsed Amplifiers

“With rhe resources of Thermo ® RF power levels to 12 KW

Voltek behind us, Kalmus is R F POW ER o F?fs_t rise and fall times, high
etriciency

committed to producing Dual Band Amplifiers
technically advanced RE * RF power levels to 100 Watts

amplifiers upon which customers A MPLIFIERS. * Offers operator convenience

and cost savings without

reducing delivery times.”

can depend, and to expanding : . .
technical/capability compromise

its leadership position.” Distributed Tube Amplifiers

* RF power levels to 2000 Watts
/’.% Z ; ¢ Cover 14 octaves from 10KHz to 220MHz with rise
( and fall times of better than 3 nanoseconds

Colin . W, Baxter, President O.E.M. Amplifier Modules

* RF power levels from 1 to 250 Watts

¢ Many stock and custom modules can be tailored for
specific O.E.M. applications

For detailed information about the full line of Kalmus RF
amplifiers, please contact: 1-800-344-3341

Kalmus ¢ 11807 North Creek Parkway South ¢ Suite 109 » Bothell, WA 98011 USA
Tel: (206) 485-9000 * Fax: (206) 486-9657

Kalmus

Distributor:
KeyTek ® One Lowell Research Center ® Lowell ® MA 01852-4345 USA
(800) 753-9835 « Tel: (508) 275-0800 o Fax: (508) 275-0850

http://www.thermovoltek.com

Kalmus and KeyTek are divisions of Thermo Voltek Corporation, a Thermo Electron Company.
Offices and service centers worldwide. ©Thermo Voltek Corporation. Specifications subject to
change without notice.

Thermo Voltek

COMTEST BENELUX » COMTEST ITALIA » COMTEST UK » KALMUS » KEYTEK » VERIFIER « UVC
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* Custom Crystals

FREQUENCY PRODUCTS

ELECTRO DYNAMICS CRYSTAL CORP.

Crystals Oscillators

* Microprocessor » Hybrid Clock
« Military Spec/QPL « TCXO

» Communication * VCXO

9075 Cody Overland Park KS 66214

Phone (800) EDC-XTAL

Fax (913) 888-1260

» Custom Oscillators
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AC155
AR356
AC534
AC572
AC751
AC1038
AC3055
AC3056
AC3057

/3

AC4054 |

M

(

Call Cougar for Proven
Performance and Re/t’abi/ifg

70-8, T0-88, and Surface Mount Amplifiers

Frequency .F. | Power Output
Range dBm
MHz h b h b Typ.

Guaranteed Specifications: 0to 50 C
" T T

15.0
155

2.0
125

4.8
16.5
17.5
16.0
20.0
16.0

5-150
10-300
5-500
5-500
200-700
51000
10-3000
500-3000
10-3000
800-4000

148
16.0
26.5
15.2
13.0
255
10.5
18.8
11.0
| 20.0

140 |
15.0 |
26.0
14.0
125
24.5
10.0
18.0
10.5
19.0 |

384 Santa Trinita Ave.
Sunngyovale, CA 94086

e CoUGAR

COMPONENTS

Min.

145
145

1.5
115

4.0
155
17.0
15.0
19.0

[

1LP3np2
dBm
Typ.

30/44
28/47
12/24
27/35
20/27
28/45
27/35
27/43
35/50

150 | 25/38

D.C.
Volts mA
Nom. Typ.

(5,6 I B S e N R e )
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Station Testing

Minimum performance specifica-
tions such as 1S-98 and PN3385
(ANSI-J-STD-018) ensure that the
CDMA mobile (personal) stations
perform satisfactorily under several
channel impairments imposed on
the system, namely noise, multipath
fading, and interference.

Noise

To verify the performance of COMA
mobile station receivers, frame error
rate (FER) is evaluated vs. carrier-
to-noise density (T or/loc). See Fig. 1.
This Tofloc must be set accurately
as it can dramatically change the
FER measurements. It is important
to note that it is not the accuracy of
noise power density, but rather that
of Tor/loc Which is critical: £0.2 dB

Tofloc accuracy is required for
CDMA testing.

In order to set correct Torfloc values,
it is important to accurately set the
ratios between Tor and traffic, sync,
paging, or pilot power values of the
base station.

The ability of the filters in the mobile
station receiver to discriminate
between random noise and the
desired signal is tested by injecting
Additive White Gaussian Noise
(AWGN) into the forward channel as
shown in Fig. 2 below. To properly
test these filters, the bandwidth of
the noise should cover the operating
frequency range of the mobile
receiver, typically about 15 MHz.

CDMA Mobile/Personal

FER (%)

0.1 ¢+

"

0.01

T
4

lorfloc (dB)

Figure 1. Typical CDMA FER vs. lorfloc plot

Multipath Fading

A significant portion of the transmit-
ted power can be lost due to fading
(up to 30 dB). CDMA standards
recommend using the Rayleigh
model to test under various simu-
lated multipath fading conditions.

During the FER measurements
with multipath fading, confidence
levels of 95% can require long test
times, especially if the system nears
the threshold rate. In order to elimi-
nate ambiguity in the test results,
the random fading statistics should
not be repeated during the test.

Note from Fig. 2 that the AWGN
Generator must be connected after
the multipath fading emulator. If the
AWGN Generator was placed
before the fading emulator, then
both the base station output signal
and AWGN will undergo multipath
fading. This will result in changes in
the Torloc value, thus making it
impossible to perform vaild tests .

CW Interference

Single-tone  desensitization and
intermodulation spurious tests mea-
sure the performance of a base sta-
tion or mobile station receiver in the
presence of CW interference.
Attenuation on the reverse channel
should be carefully chosen to estab-
lish calls, especially if you are work-
ing with base station simulators with
a limited receiver dynamic range.

Open loop power control uses the
power received at the mobile station
as a reference and sets the sum of
its receive and transmit powers for a
constant level of -73 dBm. This
means that if you are testing with
high forward channel power, the
reverse channel power will be very
low, making it difficult for some base
station simulators to receive the
signal.

Under closed loop power control,
because the power control bits are
sent every 1.25 ms, the forward link
should be maintained

Tx Multipath Fading

Base Emulator

Station

1

Rx €

5

for | awan | fornoc

Generator

while the AWGN genera-
tor is calibrating to set the

Tx
Base

Station
2
Ax

CDMA Mobile Station
Test Interface Set

Mobile Station
Under Test

+—» Rx/Tx

proper Torloc value. This
is accomplished by a
make-before-break
bypass switch in the
CDMA Mobile Station
Interface Set.

for = The received power spectral density of the Forward Channel at the MS antenna.
loc = The power spectral density of the AWGN at the MS antenna

Figure 2. CDMA Mobile Station Test Setup



CDMA Mobile Station
Test System (WIS-98/018)

The WIS-98 is an automated

test station that evaluates the

performance of CDOMA mobile
subscriber sets in design and
production environments under

realistic operating conditions.

It emulates channel

impairments such as
interference, multipath fading,
and Additive White Gaussian
Noise (AWGN) for base-to-
mobile paths between one or

two communication channels.

The WIS-98 includes a

multipath fading emulator that Ordering Information

models wireless channels and

.. WIS-98 CDMA Mobile Test System for Cellular {1S-98)
a precision AWGN generator :
g a £ /N WIS-018 CDMA Mobile Test System for PCS (ANSI J - STD-018)
gt oow pronigoty sty N, WIS-98/018 COMA Mobile Test System for Cellular and PCS (Both standards

C/N, C/N,, and C/I ratios. The

WIS-98 can be configured with CDMA Mobile Station Test Systems Components:

a mobile station interference @ MP2500 Series Multipath Fading Channel Emulator with local oscillator

setto provide a complete @ UFX-BER Series Precision Carrier-to-noise Generator

impairment solution.

@ MS-800C/1900C Series Mobile Station Interface Set N OI S

V

%a/‘ f//ﬂ;a//ﬂ/‘ t/(@/‘ ﬁ/" Wl;‘@é\? 1% d/{C/ 00/’(#(6(/(/&“&&/{@ &«f t//'y, A WIRELESS TELECOM GROUP COMPAR

E. 49 Midland Avenue

Paramus, New Jersey 07652
Tel: (201) 261-8797

Fax (201) 261-8339

E-mail: noisecom@haven.ios.cor



RF letters

Letters should be addressed to the
Editor, RF Design, 5660 Greenwood
Plaza Blvd., Suite 350, Englewood, CO
80111. Letters published may be edited
for length or clarity.

Transmission line standard

I have been involved in coaxial
transmission line design since the mid-
1930s. In your August tutorial on
transmission lines, author Jim Weir
presented some history of which I was
unaware. I've long held a different
belief regarding the Zo = 50 Q standard
being based upon British plumbing.

Minimum loss in a coaxial trans-
mission line occurs at a diameter ratio
of 3.591. This happens to be 76.7 Q in
the case of air, which was the most
practical dielectric of an earlier era.
Nevertheless, the 3.591 diameter ratio
holds for all lossless dielectrics.

One of the earliest acceptable can-
didates for a low-loss fiexible dielectric
turned out to be polyethylene, which
exhibited a dielectric constant of 2.26.
When polyethylene is placed in a line
with a 3.591 diameter ratio, the re-
sulting Zo is 51 Q.

Veteran RF designers will recall that
in the pioneer days of flexible coaxial
lines, there was a lot of 51 Q as well as
52 Q and 49 Q line being manufactured.
The reason is that impedances in this
range exhibited the lowest loss for a
given outer conductor diameter. The
50 Q standard was almost certainly the
eventual result of cooperation between
the industry and the Armed Services
Electromagnetics Standards Agency
(ASESA).

Donald K. Goshay

Golden, MO

Mr. Weir’s reply:

To answer the part about the
plumbing reference, I quote from Watts
New From Bird, Bird Electronic
Company, Vol. 6, No. 2, August 1969.

“According to Consultant C. L.
Rouault, who was present, an RMA
committee in the 19408 recommended
to the U.S. Navy that an impedance of
approximately 50 Q be selected the
standard as a compromise between
transmission parameters as well as
commercially available copper water
tubing sizes. One might muse on where
the communication industry would be
today if the plumbers had not come to
the rescue.” (Italics author.)

My further belief in the truth of this

RF Design

transcript was provided by Dr. R.C.
Kent of Teledyne Ryan, San Diego,
during my engineering “apprentice-
ship,” who related his experiences in
the first days of radar with British
engineers who taught him the copper
water pipe technique.

To answer the part about the various
impedances would take another column
of approximately the same length as
the original. However, if you will permit
a few jumps of math, we have:

Z(0) = (60 / sqrt (e)) * In(D/d) as pre-
sented in the article. Remembering that

ALCOMMISSN
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@ Operation @ 5V or 3.3 V Supply

© 100 MHz Operation @ 5V

© 60 MHz Operation @ 3.3V

© 32-bit Input Resolution for
Frequency

© 12-bit Output Resolution for
Sinewave Amplitude

© 14-bit Output Phase Resolution
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@ Q22401-2S1: Serial Control
Interface

© Q22401-3S1: 32-bit Direct
Parallel Control Interface
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© Power-Down Mode
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© Q22401-2S1: 14 x 20 mm,
64-pin PQFP

© Q22401-3S1: 14 x 20 mm,
64-pin PQFP

© Guaranteed Over Industrial
Temperature and Voltage Range

Q2368 DUAL DDS

@ Single High-Speed DDS up to
130 MHz or
Two Independent DDSs, each up
to 65 MHz

© 32-bit Input Resolution for
Frequency and Phase

@ 12-bit Output Resolution for
Sinewave Amplitude

© Noise Reduction Circuit (NRC)

© 8-bit Bus Control or Serial
Control

@ Programmable HOP CLOCK

© Programmable Trigger Output
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@ Programmable Chirp Rate

© HOLD Control Function

© Power Down Mode

© Modulation Control:
BFSK, BPSK, QPSK, 8-PSK,
1/Q Using Both Channels

© 14 x 14 mm, 100-pin PQFP

© Guaranteed Over Industrial
Temperature and Voltage Range
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P = E2/ Z(0) we can get to P = ((E?) (D?)
(In(D/d))) / 480 (D/d)?

Differentiating for V with respect to
D/d and setting equal to zero yields the
inflection point 60 Q (maximum voltage
carrying capability).

Differentiating for P with respect to

D/d and setting equal to zero yields the
inflection point 30 Q (maximum power
handling capability).

Reader Goshay is precisely correct
for the minimum attenuation point of
76.7 Q, but the power and voltage hand-
ling capability of the coax at this point

CHAMPION

TECHNOLOGIES, INC.

A RUNNING
TRADITION IN HYBRID
OSCILLATOR DESIGN...

Since its work nearly 25 years ago
on the first thick-film hybrid, Champion
Technologies' tradition of engineering
excellence continues to push bound-
»  aries in oscillator technology.
In the last two years alone,

we've introduced 20 new VCXO0

and TCXO products, including high
stability and high frequency devices
¥ for SONET, ATM and other advanced
applications. Best of all, we support all

this development with provable quality

levels, the industry's only technical hotline,
short lead times and affordable pricing.

To sustain this tradition of design/manu-
facturing expertise, we're investing in

the finest hardware and personnel to bring
you the quality products you need, when
you need them. Press ahead of the
competition — put Champion’s experience
to work for you, and realize greater
success in your system designs.

For a free copy of our catalog,
call us today at 1-800-888-1499.

NON STOP ‘ SERVICE
I s,

CHAMPION
TECHNOLOGIES, INC.

2553 N. EDGINGTON STREET
FRANKLIN PARK, IL 60131
847-451-1000 a FAX: 847-451-7585
http:liwww.champtech.com
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has deteriorated to the point where
72 Q cable is used, as stated, in the
cable TV industry, where significant
power isn’t a consideration. As to the
selection of 72 Q coax as the standard
(instead of 77), my unconfirmed sus-
picion is that it was chosen to match to
the 72 Q impedance of a quarterwave
dipole in free space.

Jim Weir VP Engineering

RST Engineering

Grass Valley, CA

More on coax

I work in TV broadcasting and found
the August article on coaxial cables in-
teresting. I have questions for which
I've never been able to find answers.

We have a 1,000 ft tower, and we use
cable with a line impedance of 75 Q. 1
was told that the line is cheaper
because it has a smaller inner con-
ductor than 50 Q cable. If the losses are
less for 75 Q cable, why do we use 50 Q
line to the satellite dishes with 250-300
ft runs?

For practical reasons, 50 Q or 75 Q
line can be used, but why not go for the
best? In broadcasting, 50 Q has been
the standard for RF, whereas 75 Q has
been used for video. Why 50 Q? Because
this is the way we have always done it?
Is it the impedance of an old broadcast
vertical? Jim Weir’s article may be
more correct. A transmitter can be
made to feed either, as well as the
antenna. RG-8 and RG-11 look the
same, but when they were mixed in
sampling lines used for the tuning of a
TV transmitter, the results were
interesting.

Regarding high-definition television
(HDTYV), bit-error ratios and the tight
tolerances that we must maintain in
the transmitter plant, what sort of
tolerances have to be maintained at the
home receiver? FM and TV antennas
could be either vertical or horizontal.
My understanding is that this helps
with the rejection of the unwanted
signals when between towns.

For UHF, why not use FM as op-
posed to AM, the way they do in the
satellites? In my mind, it would make
things a lot easiser. I have never seen
where this has been tested.

Dave Lawry

WHDH TV, Boston
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Giga-tronics
Introduces
The

8540C

Universal

Power

Meter

The 8540C lets you megsure th
average power durin,

penod of a TDMA signal

The World's Best Power Meter For TDMA Testing.

The world's best power meter just got better.  crest factor of the burst signal.

The new Giga-tronics 8540C Power Meter And only the 8540C has the speed (up to
can automatically measure the average power 200 readings per second over GPIB) and
during the 'on' period of TDMA signals. dynamic range (up to 87 dB with a single

The burst start exclude and burst end sensor) to meet the throughput demands of
exclude features of the 8540C let you mask high volume manufacturing.
overshoot and other distortions at the begin- For more information, call us toll free at
ning or end of a burst signal. You can also 1-800-726-GIGA (4442). Outside the U.S. and
directly measure the peak power level and Canada call 1-510-328-4650.

Giga-tronics Incorporated ® 4650 Norris Canyon Road ® San Ramon, California 94583 ® Telephone: 510-328-4650 ® Telefax: 510-328-4700
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RF ' calendar

October 14-15 RF Design—Feltham, Middlesex, UK.
Information: Geoff Varrall, RTT Systems
Limited, Enterprise House, Central Way,
North Feltham Trading Estate, Middlesex
TW14 0RX, United Kingdom. Tel +44 (0) 181
844 1811; Fax +44 (0) 181 751 2616.

14-18 Test & Evaluation: Answering the
Challenge—Seattle. Information: Chairman.
Tel. 206-655-4832; Fax 206-655-7929;
E-mail tethc@pony5.express.ds.boeing.com;
Web site http:/www.boeing.com/itea.

16—-17 Practical Spectrum Measurements
Seminar—Portland. Information: Brochure
9610, JMS, P.O. Box 25170, Portland, OR.
Tel. 503-292-7035; Fax 503-292-0449.

—Wakefield, MA.
Information: Intertec Presentations, 6300 S.
Syracuse Way, Suite 650, Englewood, CO
80111. Tel. 303-220-0600; Fax 303-770-0253.

22-24 Wescon '96 Technical Conference—
Anaheim, CA. Information: Wescon, 8110
Airport Blvd., Los Angeles, CA 90045.

Tel. 800-877-2668 or 310-215-3976
ext. 243; Fax 310-641-5117,
E-mail wescon@ieee.org;

Web site http://www.wescon.com.

23 Battelle’s Technology Intelligence
Program—Chicago. Information: B-TIP.
Tel. 614-424-4244; Fax 614-424-4260;,
E-mail BTIP@battelle.org.

28-29 Testing Product Power Quality—
Washington. Information: Ergonomics, P.O.
Box 964, Southampton, PA 18966.

Tel. 800-862-0102 or 215-357-5124,
Fax 215-364-7582.

29-30 Radio Solutions '96—Birmingham, UK.
Information: LPRA Secretariat, Walker
Mitchell Ltd., Brearley Hall, Luddenden
Foot, Halifax HX2 6HS, United Kingdom.
Tel. and fax +44 (0) 1422 88 69 50.

29-31 Signal Processing Applications and
Technology—Santa Clara, CA. Information:
DSP Associates, 49 River St., Waltham, MA
02154. Tel. 617-891-6000; Fax 617-899-4449;
E-mail icspat@dspnet.com.

30 ELF/VLF Magnetic Fields and the New
MPR3—Washington. Information:
Ergonomics, P.O. Box 964, Southampton, PA
18966. Tel. 800-862-0102 or 215-357-5124;
Fax 215-364-7582.

November 4-6 Northcon Conference & Exhibition—Seattle
Information: Electronics Conventions
Management, 8110 Airport Blvd., Los
Angeles, CA 90045-3194. Tel. 800-877-2668
ext. 243 or 310-215-3976; Fax 310-641-5117,
E-mail northcon@ieee.org; Web site
http:/www.northcon.org.

6—8 Plastics in Portable & Wireless
Electronics—Phoenix. Information:
Judy Wales, Donnelly. Tel. 520-321-7680;
Fax 520-322-5635; E-mail
Jjudy@donnelly.ppp.theriver.com.

14

18-19 RF System Engineering—Feltham,
Middlesex, UK. Information: Geoff Varrall,
RTT Systems Limited, Enterprise House,
Central Way, North Feltham Trading Estate,
Middlesex TW14 ORX, United Kingdom.
Tel +44 (0) 181 844 1811,
Fax +44 (0) 181 751 2616.

18-22 IEEE Global Telecommunications
Conference—London. Information:
Vikki Pollard, Globecom, RT 10/5a, BT
Laboratories, Martlesham Heath, Ipswich,
Suffolk, IP5 7RE, United Kingdom.
Tel. +44 1473 644799; Fax +44 1473 647488;
E-mail pollarv@btlip10.bt.co.uk.

December 2-3 RF Design—North Feltham, Middlesex, UK.
Information: Geoff Varrall, RTT Systems
Limited, Enterprise House, Central Way,
North Feltham, Middlesex TW14 ORX, UK.
Tel +44 (0) 181 844 1811,

Fax +44 (0) 181 751 2616.

8-11 International Electron Devices Meeting—
San Francisco. Information: Melissa
Widerkehr, IEDM, 101 Lakeforest Blvd.,
Suite 270, Gaithersburg, MD 20877.

9-11 DSP Without Tears—Richardson, TX.
Information: Z Domain Technologies, 555
Sun Valley Drive, Suite A4, Roswell, GA
30076. Tel. 800-967-5034 or 770-587-4812;
Fax 770-518-8368; E-mail dsp@zdt.com.
Web site http:/zdt.com/~dsp.

9-12 RF and Microwave Measurements and
Applications—Monterey, CA. Information:
Joleen Packman, University Consortium for
Continuing Education, 16161 Ventura
Blvd., M/S 752, Encino, CA 91436.

Tel. 818-995-6335; Fax 818-995-2932,;
E-mail UCCE@AOL.COM.

— 1987 —

January 15-17 DSP Without Tears—Long Beach, CA.
Information: Z Domain Technologies, 555
Sun Valley Drive, Suite A4, Roswell, GA
30076. Tel. 800-967-5034 or 770-587-4812;
Fax 770-518-8368; E-mail dsp@zdt.com.
Web site http://zdt.com/~dsp.
February 10-14 Wireless Symposium and Exhibition—
Santa Clara, CA. Information: Penton
Publishing. Tel. 201-393-6256.
March 3-5 CTIA Wireless—San Francisco. Information:
Dobson & Associates. Tel. 202-463-7905.
13-19 CeBIT ’97 World Business Center: Office,
Information and Telecommunications—
Hannover, Germany. Information: Mette
Fisker Peterson, Hannover Fairs USA,
103 Carnegie Center, Princeton, NJ 08540.
Tel. 609-987-1202; Fax 609-987-0092.
April 22-24 International Wireless Communications
Expo—Las Vegas. Information: Intertec
Presentations, 6300 S. Syracuse Way,
Denver, CO 80111. Tel. 800-288-8606 or
303-220-0600.
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Now, A Worldwide Opportunity
for Ericsson RF Components.

A

The world now has the opportunity to design-in For PCN, cellular and TV linear applications, Ericsson’s
Ericsson RF Components worldwide. The worldwide RF power products are proven reliable, high-performance
partnership between Ericsson RF Components and devices. Ericsson's 1ISO 9001-certified manufacturing
Richardson Electronics means you'll have access to RF process ensures its RF power products produce the highest
design support and an extensive inventory of Ericsson gain and optimal linearity.
products that you may never have had before. With You may now refer to our Internet address (http:/
Richardson, you'll receive personal RF design engineering ~ www.rell.com) for specifications on Ericsson’s newest RF
support and a worldwide distribution network with nearly 50  products. Contact Richardson Electronics today and let us
years experience delivering products in the time the market  bring you the world of Ericsson RF Components.

demands.

To Receive a
copy of the
Ericsson Data
Book please fax,
call or circle this
inquiry number.

Richardson

Electronics, Ltd. ERICSSON 2
(800) RF POWER in the U.S.

More than 50 locations worldwide to serve you - U.S. Toll Free (800) RF Power/ (800) 737 6937,

Canada Toll Free: (800) 348-5580; Internet: http /www.refl.com, France: (1) 34.26.4000

Germany: Puchheim {089) 800 21 3-1, Hamburg (040) 555 88 4-0, ltaly: Sesto Fiorentino (FI)

(055) 420.10.30, Mitano {02) 331.04.220, Rome (06) 417.33.751, Scandinavia: Sweden (0) 18 386900,

Spain: Madrid (1) 528 37 00, Barcelona (3} 415 83 03, United Kingdom: Lincoln (01522) 542631, Slough (01753) 733010, Japan: (3) 3874-
9933, Singapore: (65) 744-2128, Taiwan: 886-2-7269258, European Corporate Headquarters: Netherlands 020-6919148, Fax 020-
6919378, U.S. Corporate Headquarters: LaFox. IL (708) 208-2200, Fax (708) 208-2550.
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Philips Consumer Communications (PCC) /s o
Fremont-based start-up wiveless communications company
with very aggressive growth plans from development of a
top-of-the-line cellidar phone 1o other wireless products. Backed
by Philips, a $40 hillion global consumer company, we bave the
flexibility to chart ony own destiny. Taking aim ai the huge
wireless pbone market, PCC is developing a cellular phone for
commercial mass manufacturing using AMPS/TDMA/CDMA
and cordless techuologies.

We need intermediate- to senior-level team members with
engineering experience, a BSIMS in Engineering or BSIMS
CS, and 2-10+ years of relevant experience.

Digital Design Engineers
Design digital circuits for cellular applications. Requires familiarity
with digital communication systems. Experience with CAD/CAE tools,
board design, and FPGAs a plus. Dept. RFD-56

RF/ fAnalog Engineers
Design, prototype, and test the RF and analog systems. Prefer hands-on
bench experience, proficiency in AGC, filters, amplifiers, ADC/DAC,
PLL and transmission line characteristics. Understanding DSP a plus.
Dept. RFD-55

Systems Engineers
Define and design system architecture for digital wireless telecom
systems. Develop algorithms for timing recovery/carrier recovery and
filtering circuits using SPW or COSSAP design tools. Dept. RFD-57

Software Engineers
Develop and debug microprocessor software for wireless telecommu-
nications products. Experience in real-time embedded software
development, proficiency in € and Assembly required. C++ back-
ground preferred. Dept. RFD-58

Sr. Mechonical Engineer

Design, prototype, build, and test casings for high-volume commercial
cellular phones. Requires 8+ years’ related experience. knowledge of
shielding, E&M theory and materials is a plus. Dept. RFD-59

We ulso bave Management opportunities in the above
disciplines.

Philips provides an attractive compensation and employee
benefits package including bonus, matching 401(k) plasn.

and a company paid pension plan. Additionally, Philips offers
the career opportunities of a rapidly expuanding organization
where you can really make your mark in an exciting industry,
Duternational travel also available.

Please send your resume (indicating Dept. Code) to: Philips
Semiconductors, Professional Staffing, Human Resonrces
Dept., 811 E. Arques Ave., MIS-35, P.O. Box 3409, Sunnyvale,
CA 94088-3409 or FAX: (408)328-8248. EOE

Let make things bettr

=  PHILIPS
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RF courses

1996 CEI-Europe in Baveno, Italy—Mobile and Wireless
Personal Communications Networks —QOct. 14-18;
Modern Digital Modulation Techniques—OQOct. 14-18;
Modeling and Simulation of Communication Systems—
Oct. 15-18; Speech and Channel Coding for Mobile
Communication—Oct. 21-23; Digital Cellular and PCS
Communications: The Radio Interface—QOct. 21-25;
Spread-Spectrum and CDMA—Oct. 21-25.
in Barcelona, Spain—Mobile Cellular and PCS
Telecommunications Systems—Nov. 11-13; RF Circuit
Components—Nov. 18-21; Receivers and Transmitiers—
Nov. 18-22; Advanced Digital Receivers for Wireless
Communications—Nov. 18-21; Cellular and Personal
Communications Infrastructure—Nov. 20-22.
Information: CEI-Europe, P.O. Box 910, S-612 25
Finspong, Sweden. Tel. 46 122 175 70; Fax 46 122 143 47,
E-mail cei.europe@one.se.

Celwave University—Marlboro, NJ. Modules offered
include: Antenna Basics, Advanced Theory, Towertop
Amplifiers, Bidirectional Amplifiers, Filters and
Combiners. Information: Gail Magid, Celwave, 2 Ryan
Road, Marlboro, NJ 07746-1899. Tel. Sales Engineering
Dept. 800-235-9283.

CKC Laboratories—Core EMC Design—Oct. 22-23,
Hillsboro, OR; Jan. 14-15, 1997, Orange County, CA;
March 11-12, Fremont, CA; Immunity to ESD—Nov. 18,
Fremont, CA; Feb. 3, 1997, Seattle; CE Mark Design and
Compliance Routes—Nov. 19-20, Fremont, CA; Feb. 4-5,
1997, Seattle; EMC for Medical Electronics—Nov. 12-13,
Orange County, CA. Information: Linda Grunow or Todd
Robinson, CKC Laboratories, 5473-A Clouds Rest,
Mariposa, CA 95338. Tel. 800-500-4362 or 209-966-5240;
Fax 209-742-6133; E-mail Igrunow@cke.com.

Communications Tech Training—1996 schedule for
Orland Park, IL, Nov. 5-7, Dec 3-5, Information:
Andrew Corp., Dept. 355, P.O. Box 9000, San Fernando,
CA 91341-9978. Tel. 800-255-1479 ext. 117.

George Washington University—Washington. Wireless
Infrastructure Network Engineering for Cellular, PCS,
LE, and WPBX—Oct. 21-25. Information: George
Washington University, Continuing Engineering
Education, Academic Center, Room T-308, 801 22nd St.
N.W., Washington, DC 20052. Tel. 202-994-6106 or 800-
424-9773; Fax 202-872-0645; E-mail
ceepinfo@ceep.vpaa.gwu.edu.

Georgia Tech Continuing Education—RF and Wireless
Engineering; Radar Cross-section Reduction—OQOct.
29-Nov. 1. Principles of Modern Radar—Nov. 4-8.
Infared Technology and Applications—Nov. 5-8. Far-
field, Anechoic Chamber, Compact and Near-field
Antenna Measurements—Nov. 12-15. Guidance,
Navigation and Control—Nov. 19-22. Information: Dept.
of Continuing Education, Georgia Institute of Technology,
Atlanta, GA 30332-0385.

Tel. 404-894-2547; E-mail conted@gatech.edu;
Web site http://www.conted.gatech.edu.

Henry Ott Consultants—Electromagnetic Compatibility
Engineering—Oct. 14-16, Palo Alto, CA. Information:
Henry Ott Consultants, 48 Baker Road, Livingston, NJ
07039. Tel. 201-992-1793; Fax 201-533-1442.

IEEE—Huntsville, AL. Modern Radar Fundamentals:
Signal Processing, Components, Tracking and Detection—
Nov. 18; Practical Phased-array Systems: Fundamentals,
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Errors, System Issues, Elements, Feeds, Limited Scan
Techniques—Nov. 19. Information: Boston IEEE AESS,
282 Marrett Road, Lexington, MA 02173. Tel. 508-440-
4007 or (617) 862-7014; Fax 508-440-4040;

E-mail Eli_Brookner@cemail.ed.ray.com.

Johns Hopkins University Whiting School of
Engineering—courses in Washington, DC. Wireless
Digital Communications Systems: Specification, Test and
Evaluation—Oct. 21-23; The Telecommunications
Revolution and its Impact on Organizational Planning—
Oct. 28-30. Information: OEI 14515 Barkwood Drive,
Rockville, MD 20853. Fax 301-871-4942; E-mail
info.oei@apl jhu.edu.

Learning Tree International—Wireless Networks and
Mobile Communications—Oct. 15-18, Washington,;

Dec. 3-6, Toronto; Dec. 17-20, Washington; Jan. 14-17,
1997, Washington. Information: Learning Tree
International, 1805 Library St., Reston, VA.

Tel. 800-850-9197 or 703-709-9119;

E-mail uscourses@ learningtree.com,;

Web site http:/learningtree.com.

National Institute of Standards and Technology—
Microwave and RF Measurements for Wireless
Communications—Dec. 3—4. Information: Robert Judish,
NIST, 325 Broadway, Boulder, CO 80303. Tel. 303-497-
3380; Fax 303-497-3970; E-mail judish@boulder.nist.gov.

Technology International—Achieving and Maintaining
Compliance with the Medical Devices Directive—Oct.
15-16, Boston; Nov. 20-21, Anaheim, CA; January 14-15,
Denver; February 11-12, Dallas. Information: Kristin
Eckhardt, Marketing Manager, Technology
International, 609 Twin Ridge Lane, Richmond, VA
23235, Tel. 804-560-5334; Fax 804-560-5342; E-mail
Eckhardt@TechIntl.com.; Web site www.TechIntl.com.

Tektronix—CDMA Modulation Technologies and Measure-
ments; Deploying Digital Transmission in Cabled Net-
works; TDMA (IS-136 and PCS 1900) Technologies and
Measurements—Two-day seminars; Cities include
Atlanta; Baltimore; Dallas; Los Angeles; Montreal;
Orlando; Parsippany, NJ; Philadelphia; Phoenix; Raleigh,
NC; Santa Clara, CA; Seattle; Toronto; Vancouver;
Washington. Information: Tel. 800-763-3133; Fax 800-
835-0025; E-mail TEKFORM2@TEK.COM. Web site
http//www.tek.com/Measurement/Support/Seminars.

UCLA Extension—Los Angeles. Spread Spectrum Wireless
and 1S-95 CDMA Digital Cellular Communications—
Oct. 21-23; Radar Interferometry: Principles and
Applications—Nov. 18-20; Communication Systems Using
Digital Signal Processing—Nov. 18-22; Advanced Digital
Communications: the Search for Efficient Signaling
Methods—Dec. 2-3. Information: Dept. of Engineering,
Information Systems and Technical Management, UCLA
Extenion, 10995 LeConte Ave., Suite 542, Los Angeles,
CA 90024. Tel. 310-825-1047; Fax 310-206-2815; E-mail
mhenness@unex.ucla.edu.

University of South Florida—Clearwater, FL. Short
Course on RF and Microwave Measurements for Wireless
Applications—Dec. 3—4. Information: Dept. of
Engineering, 4202 E. Fowler Ave., ENB 118, Tampa, FL
33620. Tel. 813-974-2574; Fax 813-974-5250; E-mail
dunleavy@eng.usf.edu.

RF Design

Our Capacitors Take Your
Requirements To The Limit

High Energy Corporation’s broad range of
ceramic RF capacitors have been designed
for applications requiring high currents,
high KVA ratings and high voltages. With
a capacitance range of 1-10,000 pF and a
voltage range of 1-40 KV, our capacitors
have been used extensively in broadcast
transmitters, antennas, MRI, semiconductor
manufacturing equipment, power supplies
and induction applications to name a few.
All capacitors carry our unconditional
warranty. For the latest in catalogs or
samples, contact us at 1-800-332-2985,
or call one of our sales reps.

4F HIGH ENERGY CORP.

Lower Valley Rd.e Parkesburg, PA 19365
800-332-2985 » 610-593-2800  Fax: 610-593-2985
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More oscillators!
Quick.

A
B sh

e € Ny \
JAN Hybrid Clock Oscillator '
selection has been expanded:

Q From 6 to 100 MHz

O TTL, CMOS, HCMOS, Tri-State

Fast turnaround available.

Call or fax for specifications,

P pricing and expedited delivery:

| 1-800-JAN-XTAL
& FAX (941) 936-3750

2341 Crystal Drive’® P.O. Box 60077 « Fort Myers, Florida 33906-6017
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RF news

Engineering experiment
station receives funding

Very Large Scale Integration (VLSI)
Telecommunications Research Center
(VTRC) at Texas A&M University has
received funding to improve the effi-
ciency of cellular phones, pager systems
and other wireless technology. The
center will merge the disciplines of com-
munications and microelectronics to en-
hance interaction between algorithm
design and implementation teams.

One area of research will be the de-
velopment of algorithms and VLSI
chips for spread-spectrum digital cel-
lular technology. Another goal is to re-
duce the current discrete components in
wireless systems into more portable
monolithic systems. Five research as-
sistantships have been awarded to
Ph.D. students.

ISA open certification
testing period extended

The international society for mea-
surement and control (ISA) certification
board has extended the open testing pe-
riod for the certified control systems
technician (CCST) program from June
30, 1996, to June 30, 1997. Qualified
measurement and control technicians
will have an additional year to test at
any of the three levels of certification
without taking preceding examinations.
Level I requires a five-year combination
of education, training and experience;

Level II requires seven years; and Level
IIT requires thirteen years. After June
30, 1997, any technician who has not
applied for the CCST program will have
to begin with Level I testing, regardless
of experience, education and training.

Contracts:

Alabama gets Astro trunked dig-
ital system—The Calhoun County
Emergency Management Agency has
awarded Motorola a $14.2 million con-
tract for an Astro 800 MHz trunked dig-
ital communications system. Thirteen
microwave sites and six 20-channel
simulcast sites will serve Calhoun and
Talladega counties. It also will aid re-
sponse and recovery efforts should a
chemical emergency occur at the Army
Depot in Anniston, where 2,000 tons of
nerve gas and other materials are
stored. According to Motorola, this is
the first Astro 800 MHz trunked digital
system scheduled for installation in
Alabama. It includes 2,260 base sta-
tions and mobile and portable Astro ra-
dios, giving local officials the capability
to coordinate personnel quickly and effi-
ciently. Those who routinely communi-
cate with each other may do so pri-
vately using radio talkgroups. In an
emergency, the talkgroups can be re-
configured. The mobile and portable ra-
dios’ emergency dispatchers can iden-
tify radios and the people using them by
the IDs that appear on the dispatchers’
CRT screens. The portable units are de-

Business Briefs

signed to communicate effectively even
when used within buildings. Dis-
patchers at participating agencies will
work from new Centracom Series II
Gold series consoles.

The communications system is being
funded by the Chemical Stockpile
Emergency Preparedness Program
(CSEPP). Ram Communications Con-
sultants, Woodbridge, NJ, will manage
system installation and acceptance
testing for the counties.

Micron to develop baggage
matching system—Micron Communi-
cations signed a cooperative research
and development agreement with the
Federal Aviation Administration (FAA)
to develop a positive passenger baggage
matching (PPBM) system. The system
will recognize baggage that has been
placed on an aircraft without an associ-
ated passenger, an objective that re-
ceived praise from the chairman of the
Congressional and White House task
force on terrorism.

Micron will use remote intelligent
communications (RIC) technology to de-
sign a security system that will track
passengers and baggage. RIC units are
different from RFID tags because the
RIC units have a central processing
unit (CPU) memory and tiny microwave
radio on board to receive, process, store
and transmit data. This allows the RIC
units to perform more applications than
RFID tags that use older technology at
lower frequencies.

Plastic filter development alliance—Teledyne Elec-
tronic Technologies, which patented and commercialized the
process of manufacturing silver-plated plastic filters, is col-
laborating with Allgon Enterprises to develop and manufac-
ture light-weight plastic and dielectric filters and duplexers
for the code-division multiple access (CDMA) market. The
two companies will also produce plastic integrated assem-
blies of filters and low-noise amplifiers (LNAs) for advanced
mobile phone systems (AMPS) and personal communica-
tions services (PCS).

CEMA calls for spectrum allocation to wireless
area networks—In a filing before the Federal Communica-
tions Commission (FCC) this week, the Consumer Elec-
tronics Manufacturers Association (CEMA) declared that it
supports allocating spectrum to permit the creation of wire-
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less area networks. Backing a petition by Apple Computer,
CEMA requested that spectrum in the 5.15-5.35 GHz and
in the 5.725-5.875 GHz bands be set aside for a new cate-
gory of unlicensed equipment, called NII-Supernet devices.

Unlicensed community networks would improve con-
sumer access to the national information infrastructure
(NII). The NII-Supernet devices would bring the benefits of
wireless local area network (LAN) technology to consumers.
The FCC proposes to subject NII-Supernet devices to only
minimum technical standards, thus allowing them to op-
erate at higher power ratings in the upper band, and to
adopt Part 16 rules for these devices to more thoroughly
protect them from interference.

CEMA will work with equipment designers and manufac-
turers to develop consensus protocols that will maximize ef-
ficient use of the allocated bands.
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RF industry insight

RF technology
on the cutting edge of science

By Ernest Worthman

Most of the development in computer
technology is being applied in the per-
formance area: faster central process-
ing units (CPUs) and random access
memory (RAM), more bandwidth in
serial, parallel and disk input-output
(I/O) and incremental improvements in
standard technology. A number of tech-
nologies are being applied to wireless
data communications within the PC
environment. First come data commu-
nication over telephone lines. Then
came cellular data transmission and
satellite data transmission. There still
are a number of bugs in the latter two,
and they will take a bit more time to
develop. The new area ready for explo-
sive growth is wireless local area net-
works (wireless LANSs).

Wireless LANs are a hot technology,
and mobile offices are the current rage.
The three largest players, Lucent Tech-
nologies, Aironet Wireless Communi-
cations and Proxim, have combined
their efforts to create common specifica-
tions that will make each of their wire-
less networks compatible. The FCC has
been talking about setting aside spec-
trum for short-distance wireless net-
works. Wireless network adapters that
would connect mobile data users sell
for about $1,000 but prices are expected
to drop to around $300 in the next year
or two.

Wireless LANs are expensive to
implement, they have low performance
and they are hampered by a lack of
compatability standards. The current
IEEE standard 802.11 isn’t expected to
be finished until mid-1997.

Cellular technologies such as circuit-
switched cellular (CSC) and cellular
digital packet data (CDPD) both use
the cellular infrastructure. They both
have coverage problems. Cellular mo-
dems are still expensive. Much of the
personal computer card (PC card)—for-
merly Personal Computer Memory
Card International Association (PCM-
CIA)—standards do not seem to work
as well as they should.
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Medicine

Because of tremendous advances in
diagnostic and emergency medicine,
real-time access to unique or special-
ized procedures and the ability to relay
patient condition during emergency
transport will become increasingly crit-
ical. It’s a safe bet that RF applications
in emergency medical services (EMS)
will continue to grow.

Because of ongoing developments in
digital technology, the amount of data
that can be transferred over wireless
links will increase. Current applica-
tions use mostly analog VHF, UHF and
800 MHz frequency bands and general-
ly are limited to sending critical data
such as electrocardiograms (ECGs) and
vital statistics. With the continued
development of low-power consumption
integrated circuits (ICs), single-chip
application-specific integrated circuits
(ASICs) built with 10 pm or less circuit
spacing and, one of the more exciting
developments in wireless telephony,
the 10-, 12- and 14-bit digital-to-analog
converters (DACs) (such as Analog
Devices’ AD976X family of 10-, 12, and
14- bit DACs that are clocked up to 100
MHz), the bandwidth issue is becoming
more manageable. Look for these tech-
nologies to give EMS teams the ability
to transmit not only data, but video as
well.

Video will open a new world of oppor-
tunity and direction for RF designers.
The video data may be still photos from
a fixed or hand-held external camera or
real-time, streaming data from an en-
doscopic instrument used by the EMS
team to probe the victim internally.
This means that the attending physi-
cian can have real-time, actual, on-site
video sent from the trauma site or from
the transport vehicle, and video can
place the trauma physician on-site with
the emergency medical team.

Radio telemetry and wildlife
For the past six years, telemetry’s
greatest use has been for studying and

managing wildlife. Most of the remote
monitoring was done with analog radio
at VHF frequencies, and much of the
equipment was large and bulky and
had high-power requirements. Advan-
ces in telemetry equipment design has
been exponential. Both UHF and VHF
frequencies are used much more di-
versely than ever before. Devices have
been developed that cover a much wid-
er range of applications. Technologies
such as pulse-code modulation (PCM)
and time-domain multiplexing (TDM)
have been combined with DACs, and
personal computers are being used to
analyze the data.

The next generation of telemetry
radios will use multiple stages, long-life
modules with synthesized transmitters
and receivers, analog or digital inputs
and programmable modes, such as
sleep and hot standby. The modules
will switch power levels automatically
to conserve power. They will use
surface-mount technology (SMT) to
make them reliable, miniature and full-
featured. They will be field-program-
mable for changing functions, and
these functions will include tempera-
ture-sensing, activity-sensing, sound
transmission and mortality-sensing, to
name a few.

Other wireless technologies that
were too costly or too difficult to imple-
ment in the past will become more
promising because costs will come
down. Very large scale integration
(VLSI), cost-effective manufacturing
and off-the-shelf components will con-
tribute to making their technologies
appealing. Because of its relative
immunity to noise and interference,
spread-spectrum modulation is likely to
become important in the science of
wildlife management.

Once the low-earth orbit (LEO) tech-
nology is de-ployed and working, satel-
lite use will offer yet another option for
science to use RF to gain a better un-
derstanding of the animal world.

RF
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RF interference

Use adaptive digital predistortion
to simulate a linearization system

By Roman Gloeckler

on-public (municipal) mobile com-

munication systems are confined
to limited frequency resources. For this
reason, adjacent-channel interference
may be severe. Such interference must
be suppressed to guarantee proper op-
eration when all channels are busy. In
the digital communication system con-
sidered here, the w/4-DQPSK (digital
quadrature phase-shift keying) modu-
lation scheme is used. This modulation
has no constant envelope; therefore,
unwanted intermodulation distortions
are generated, especially in the trans-
mitter’s nonlinear power amplifier.
These unwanted intermodulation dis-
tortions cause unwanted harmonic
products known as spectral regrowth in
the adjacent channels. Because of
small channel bandwidths and close
channel spacing, filtering is not an op-
timum choice for eliminating interfer-
ences. Transmitter linearization is a
promising way to fight the problem of
the aspect of demanded power effi-
ciency. Each linearization method has
specific advantages and drawbacks.

Well-known methods include the Car-
tesian loop feedback, feedforward lin-
earization and predistortion techniques.
The simulation of a linearization
system that uses adaptive digital pre-
distortion is described in the following
section.

Adaptive digital predistortion

Figure 1 shows the necessary com-
ponents for a transmitter with linear-
ization. The whole structure can be
subdivided into two sections: a signal
processing unit operating in the base-
band and an RF section consisting of a
transmitter and a receiving path. Signal
processing usually is accomplished by
a digital signal processor (DSP). Be-
tween both sections, the interfaces are
analog-to-digital and digital-to-analog
converters.

The object is to predistort the signal
in such a way that at the transmitter
output, a linear amplification for all pos-
sible amplitudes is achieved. In addi-
tion, the phase has to be constant over
the entire amplitude range. Predis-

tortion compensates for the nonlinear
AM-AM and the AM-PM characteristic
of the power amplifier and all other com-
ponents in the transmitter chain.

An appropriate method of choosing
predistortion limits is to use a look-up
table that contains a row of coefficients.
To modify the input signal, each spe-
cific signal level (the quantization de-
pends on the table size) is multiplied by
a certain coefficient. Similarly, the
phase is altered by a second table. Both
tables can be thought of as a single
table with complex values.

To generate these tables, a portion of
the transmitter output signal is fed
back and transferred to the baseband.
In the signal processing unit, the ideal
input signal is compared with a sample
of the output signal. By means of an it-
eration algorithm, every single table
value is altered as long as an error
limit is reached when comparing both
signals. In the simulation, a table size
of 512 values is sufficient.

An important feature of the adaptive
predistortion is the necessity of two op-

SIGNAL PROCESSING
SECTION (DSP)

PRE-
DISTORTION DAC

ADAPTATION

RF SECTION

PRE-AMPLIFIER

POWER AMPLIFIER

MODULATOR & = ‘> & l> '>< 4
DEMODULATOR @

Figure 1. Block diagram of a transmitter using adaptive digital predistortion.
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mode must be used to establish the
proper table values before the regular
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During table generation, any trans-
mitter operation must be avoided.
Because of the two modes, predistortion
exhibits an important advantage in
comparison with other methods. The
predistortion is unconditionally stable
because no signal feedback occurs
during the normal transmitting time
interval. Unfortunately, this fact is cou-
pled with the disadvantage of not being
able to suppress interferences in real
time. Therefore, the time interval be-
tween two table generating cycles has
to be small enough to follow any dis-
turbing influences.
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Simulation set-up

As already shown in Figure 1, the
linearization system can be divided into
two sections, a signal processing unit
and an RF section. There have been no
simulation tools available capable of
modeling both sections in a single sim-
ulation environment with the required
quality; therefore, two separate simula-
- o tion tools were used. The algorithm for
signal processing in the baseband was
accomplished by means of a mathe-
matics program in which the RF sec-
tion was modeled by an RF-simulator
tool. In principle, the following proce-
dure should be applied to carry out a
combined simulation.

First, the nonlinear transfer charac-
teristic of the overall signal path from
the in-phase quadrature (IQ) modu-
lator to the 1Q demodulator is deter-
mined by the RF simulator. This can be
done by using a linear ramp sweep at
the I-input of the modulator. Because of
the AM—PM conversion of the power
amplifier and to the phase imbalances
of the modulator and demodulator, a
complex output signal (I-and-Q
channel) results. The number of the
amplitude values measured must be
equal to the desired table size.

These output data are transferred to
the signal processing program that is
generating the tables. Two separate ta-
bles are generated, one table for the
predistortion of amplitude, the other
for phase predistortion. Both tables are
loaded into the RF-simulator and are
made available there as datasets.

At this point, the simulation of the
transmitter function can be started. Of
main interest are the influence of the
Figure 2. Block diagram of the RF-simulation set-up. non-ideal components’ characteristics
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Ceramic

SMD Ce

Here’s what happens

when design engineers give us
a little something to do.

We help out in a big way. Because our large, very well-
funded R&D department has a 40-year history of doing
things with ceramics that no one else thought possible.

A few examples: The VCO, our miniature volt-
age controlled oscillator, offers low power consumption
and excellent temperature stability. The piezoelectric
GYROSTAR?® is 100 times more precise than other rate
sensors, at a fraction of the cost. Our 3-element EMI Pi
Chip Filter combines advanced ceramic technologies
with a unique circuit configuration for outstanding
noise suppression.

Murata also developed the Surface Mount
Ceramic Resonator, now available with built-in load
capacitors. And, our miniaturized Ceramic Dielectric
Monoblock Filter with self-shielded design suppresses RF
leakage without compromising electrical performance.

If you're a design engineer with a big challenge,
we'd love to hear about it. As history shows, the bigger

multata

mnovator in Electronses

you think, the smaller we get. @
For free technical manuals
or more information, call

1-800-831-9172, ext. 597.

©1996 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyma, GA 30080. All rights reserved.
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PENSTOCK

RF/MICROWAVE DISTRIBUTION

I H E @ MOTOROLA
Semiconductor Products Sector
AN AVNET COMPANY

For Wireless Communication

> . MRF6401 MRF5408 / MRF6404 —
* Frequenty 15-20GHz * Frequency 15-20GH:z * Frequency 15-20GHz
* Power Qutput 3.5 Watts * Power Qutput 120 Watts * Power Output 30 Watts
 Class A Operation « Class AB Operation / * Class AB Operation
* Gain (Typ) 10 dB/1880 MHz * Gain (Typ) 8.8 dB/1880 MHz * Gain (Typ} 8.5 dB/1830 MHz
* Bias © 20 Vdc/80 mA  Bias 26 VdcN00 mA * Bias 26 Vdc/150 mA

fo wen

150 watt

N
\
MRF891 MRFBI7R MRFB899
* frequency 870 - 960 MH2 ¢ Frequency 870 - 960 MHz * Frequency 870 - 960 MHz
* Power Output 5 Watts * Power Qutput 30 Watts ¢ Power Output 150 Watts
 Class AB Operation * Class AB Operation « Class AB Operation
* Gain (Min.} 9 dB/S00 MHz « Gain {Min.) 10 dB/300 MHz © Gain {Min.) 8 dB/900 MHz
*Bias 24 Vdc *Bias 24 Vdc * Bias 2% Vdc

To receive your NEW RF Selector Guide, Fax to 602-966-6122

NAME TITLE
COMPANY
For Your Local Sales ey 2 5
Office Near You call R |
CITY, STATE, ZIP
1-800 PENSTOCK. = e

In Northern California Call 408-745-8100 In Canada call 613-592-6088 Today.
© 1996 MOTOROLA, INC. ALL RIGHTS RESERVED. MOTOROLA AND (A:A\‘ ARE REGISTERED TRADEMARKS OF MOTOROLA.
“Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM”
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Figure 3. Structure of the predistortion block.

ind the influence of variables such as
surrounding temperature and supply
voltage.

RF section

For modeling the system’s RF com-
yonents, a mixed procedure is applied.
The precise modeling of all components
it transistor level would be too de-
nanding. It is not necessary for all

components because the specifications
of certain components are determined
by means of simulations; therefore,
some components are described in the
form of behavioral models. Regardless,
the power amplifier is realized as a
transistor circuit because it influences
the nonlinear characteristic of the sys-
tem in a crucial way. In Figure 2, the
simulation circuit is shown with all RF

components.

The I1Q modulator and IQ demodu-
lator are built up as a behavioral mod-
el. This method allows the simple spec-
ification of some typical features of
these components such as amplitude
and phase imbalance, as well as the
dependence on temperature and sup-
ply voltage. These dependencies are
mathematically modeled by linear

You

Can write for

RF Design!

You may have just the
knowledge our readers
need on the subjects we’re
featuring in 1997. We are
accepting submissions for
Engineer’s Notebook, fea-
ture articles and tutorials.

Send an outline or
abstract to: Technical
Editor, RF Design, 5660
Greenwood Plaza Blvd.,
Suite 350, Englewood, CO
80111. Fax 303-793-0454.

e T e———

The BVS Family of Class A Transmitter:
are a c@st effective solution for measur-
ing sigmal propagation, positioning ante
nas, sﬁng power levels or vatidating
goverafle. Frequencies include:

* PCS (1.85-2.15 GHz) .
Available with optional internal

measurement toois for a complete digital solution.
For more information call today:

908-548-3737

SM or 1S-136 modulation . 2 : : :__vull): :,_J
© > Rkl AMARE50-000MHZ),, S R G N iy 8 SNIR- G o 1
* LMR (850-870 MHz) I «ism

Whether you are making drive studies to detect RF leakage,
propagation coverage, or finding RF shadows for indoor wire-
less systems, BVS offers the next generation of sophisticated

Transmitters and The Champ are available from stock.

Transmitters an
Champ Receiv

The Champ is a hand-held, batt
powered:metef available in
models coverng a wide

range of frequencies:
‘s PCS (1850-1910 and .
1930-1995 MHz)

e CELL
4% and |
; 848-869 MHz)
* PAGING (150, 450
and928,941 MHz)
Also available for:.

BERKELEY
VARITRONICS
SYSTEMS

RF Design
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equations. These are a good approxi-
mation proved by simulations of a
Gilbert cell structure, which is often
used in such devices.

Altogether, six amplifier stages are
used with a total gain of about 70 dB to
achieve an output power of 33 dBm. The
first four stages are built up with bipolar
transistors, whereas the last two stages
use gallium arsenide metal semicon-
ductor field-effect transistors (GaAs
MESFETSs). The condition of linear oper-
ation is always fulfilled for the first
three stages, even at high-input levels;
therefore, these amplifiers are taken
into account by a linear s-parameter
block. The last three stages are imple-
mented in detail, especially the power
amplifier, which is the most important
element for the nonlinear character of
the complete transmitter. A special task
is the implementation of the table-
controlled predistortion inside the RF-
simulator framework. Figure 3 shows
the structure of the predistortion block.

The I- and Q-component of the signal
is modified according to the following
two equations:

firea = (KI(V)? +(kQ(O))’ o

[ \ a
cos| urclan! Q(})) ) +Ad ]

| \ [(l

)

QPred y ’[kl(l))f +(kQ(l))2 f
(

sin
\

2)

urctan( Q—(}) ‘+ A¢‘
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AS MANY PLL CHOICES
AS YOU HAVE IDEAS.

BUILDING THE BEST SOLUTION

You have great wireless design ideas and stringent
performance requirements. To pull them oft,
you’ll need PLL solutions that give vou all the
performance your unique designs demand.
Fujitsu, the pioneer in the PLL marker, has just
introduced the E, F and § Series, representing
the next cvolution in its expansive line of PLL
devices. With Fujitsu’s broad PLL offering you

can make your ideas a reality.

Fujitsu’s high-performance E, F and S Series

Maximum Current Paslagb
Frequency Consumption 9
E Series 16-pin
(single) 2.5GHz 3.5mA SSOP
. 16-pin
Foue® | 206H | 60mA | 209in
SSOP
S Series 8-pin
(masked) 300MHz 3.5mA SSOP

PLLs deliver faster lock times, lower power
consumption and improved phase noise 1o meet
your design requirements in cellular, PCS and

data communications.

What’s more, Fujitsu’s exclusive S Series architecture
is mask programmable—dramatically simplifyving
vour svstem design since no external programming
is required. Reference and divide counters are
pre-programmed, making it easicr to turn great

ideas into great wireless products.

And, Fujitsu’s wireless roadmap enables vou to
create highly integrated monolithic solutions based
on an extensive portfolio of RF products, including
their PLL family of devices that fit any design.

So, if you’re geared up for the right PLL parts,
set vour sights on Fujitsu. Call us today at
1-800-866-8608. Or visit our web site at

www fujitsumicro.com.

Please see us at Wireless Technology booth #603

Fujitsu Microelectronics, Inc., 3545 North First Street, San Jose, CA 95134. ©1996 Fujitsu Microelectronics, Inc.

All trademarks or registered trademarks are the property of their respective holders.

INFO/CARD 35

Advanced Cellular/PCS

Wirceless Data Communication

Two-way Messaging

O
FUJITSU

COMPUTERS, COMMUNICATIONS, MICROELECTRONICS



10.7 MHz

21.4 MHz

45.0 MHz

90.0 MHz 70.0 MHz

OUR STANDARD MONOLITHIC CRYSTAL FILTERS
All 2 pole and 4 pole monolithics ship from stock on hand.

NO. |[TEMEX | PASSBAND STOPBAND LOSS RIPPLE | ULT. REJ.| TERM.
POLES| PN | dB | 2KHz | dB[xKHz | dB [tKHz | dB  dB-MAX| dB-MIN. | Q/PF
2 TE5000 3 3.75 20 | 18.0 - - 2 1.0 50 1800/+4

4 TES5010 3 3.75 30 | 14.0 - - 3 2.0 60 1580//+3

6 TES020 6 3.75 60 | 125 - - 4 2.0 70 1560//+3

8 TES030 6 3.75 60 | 10.0 90 12,5 5 2.0 80 1500//+3

2 TES5040 3 6.50 20 | 30.0 - - 1 1.0 50 2700//0

4 TES050 3 6.50 30 | 15.0 - - 2 2.0 75 3100//0

6 TES060 6 6.50 60 | 19.5 - - 3 2.0 90 3100//0

8 TE5070 8 6.50 60 | 13.0 80 175 4 2.0 100 3100//0

2 TE5080 3 7.50 20 | 35.0 - - 1 1.0 50 3060//0

4 TE5090 3 7.50 30 | 175 - - 2 2.0 75 3300//0

6 TE5100 6 7.50 60 | 22.5 - - 3 20 90 3300//0

8 TE5110 6 7.50 60 | 15.0 80 20.0 3 2.0 100 3300//0

2 TE5120 3 15.0 20 | 70.0 - - 1 1.0 35 5000//-1

4 TE5130 3 15.0 30 | 35.0 - - 2 2.0 60 50004/-1

6 TES5140 6 15.0 60 | 45.0 - . 2 2.0 90 | 5000//-1

8 TE5150 6 15.0 60 | 30.0 80 40.0 3 20 100 | 5000//-1
NO. |[TEMEX | PASSBAND STOPBAND LOSS| RIPPLE | ULT. REJ.| TERM.
POLES PN | dB[+KHz | dB|KHz|dB [+KHz | dB | dB-MAX dB-MIN. | Q/PF
2 TE5180 3 | 375 15 | 125 5 3 2 1.0 50 850//+6

4 TE5190 3 | ars 30 |125 E S 3 2.0 70 850//+5

6 TE5200 6 3.75 60 125 - - 4 2.0 90 850//+5

8 TES5210 6 3.75 60 10.0 80 12,5 5 2.0 100 850//+5

2 TE5220 3 6.50 15 20.0 - - 2 1.0 50 1300//+2

4 TES5230 3 6.50 30 225 - - 3 2.0 70 1400//0

6 TE5240 6 6.50 60 225 - - 4 20 90 1400//0

8 TE5250 6 6.50 60 175 80 225 4 20 100 1400//0

2 TES260 3 7.50 15 25.0 - - 2 1.0 50 1500//0

4 TES5270 3 7.50 30 25.0 - - 3 2.0 70 1600//0

6 TE5280 6 7.50 60 25.0 - - 4 2.0 90 1600//0

8 TES5290 6 7.50 60 20.0 80 25.0 4 2.0 100 1600//0

2 TES300 3 15.0 15 50.0 - - 2 1.0 45 3000//0

4 TES310 3 15.0 30 45.0 - - 3 2.0 60 3000//-1

6 TES320 6 15.0 60 45.0 - - 3 2.0 80 3000//-1

8 TES330 6 15.0 60 33.0 80 45.0 4 20 100 3000//-1
NO. |TEMEX | MODE | PASSBAND | STOPBAND | LOSS| RIPPLE | ULT. REJ.| TERM.
POLES PN dB| +KHz | dB | +KHz | dB | dB-MAX | dB-MIN. | _Q/PF
2 TES420 3-0T 3 3.75 18 16.0 3 1 40 20%0//-1.0
4 TE9310 30T 3 3.75 30 125 3 1 70 2000//-1.0
2 TE7420 3-0T 3 7.50 18 28.0 2 1 40 3000/-1.0
4 TE7430 3-07 3 7.50 40 30.0 3 1 70 3000//-1.0
2 TE7440 3-0T 3 15.0 15 47.0 2 1 40 8200//-1.5
4 TE7450 3-07 3 15.0 30 50.0 3 1 70 8000/-1.5
2 TE7730 FUND 3 15.0 15 50.0 2 1 40 1100//+1.5
4 TE7740 FUND 3 15.0 40 60.0 3 1 70 800//+1.0
NO. [TEMEX | MODE | PASSBAND STOPBAND LOSS | RIPPLE | TERM.
POLES| PN dB | +KHz | dB|2KHZ[ dB| KHz| dB | dB-MAX | Q/PF

2 TE10400 30T 3 7.5 18 30 35 -910 2 1 2000//-1

4 TE10410 30T 3 75 a5 25 80 -910 3 1 2000//-1

2 TE10420 30T 3 10 15 30 35 910 2 1 2500//-1

4 TE10430 3-07T 3 10 35 40 80 -910 3 1 2500//-1
NO. |TEMEX |[MODE | PASSBAND STOPBAND | LOSS | RIPPLE | TERM.
[POLES| PN dB | :KHz | dB[sKHz] dB| KHz| dB | dB-MAX | Q/PF
2 TE10440 3-0T 3 75 18 30 35 -810 2 1 2000//-1

4 TE10450 3-0T 3 7.5 35 25 80 910 3 1 2000//-1

2 TE10460 3-07 3 10 15 30 35 -910 2 1 2500//-1

4 TE10470 307 3 10 35 40 80 -910 3 1 2500//-1

4 TE10480 307 3 15 30 50 80 -910 3 1 4000//-1

European
contacts:

France or
Benelux

(Tel)
(33)25.76.45.00
(Fax)
(33)25.80.34.57

United Kingdom
(Tel)
(44)1.734.258.040
(Fax)
(44)1.734.258.050

Germany
(Tel)
(49)89.51.640
(Fax)
(49)89.51.64.194

Nordic

(Tel)
46)8.756.70.40
(Fax)
(46)8.756.70.44

italy

(Tel)
(39)2.761.101.68
(Fax)
(39)2.738.54.62

All Others:
(Tel)
(33)25.76.45.00
(Fax)
(33)25.80.34.57

VISA AND MASTERCARD ACCEPTED
MONOLITHIC CRYSTAL FILTER PROTOTYPING KITS ARE STILL AVAILABLE
CONSULT TEMEX FOR ALL YOUR FREQUENCY CONTROL PRODUCTS

IN THE UNITED STATES CONTACT:

TEMEX ELECTRONICS, INC.
3030 W. DEER VALLEY RD. PHOENIX, AZ USA 85027

(602) 780-1995

FAX (602) 780-2431
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Figure 6. AM—-AM and AM-PM conversion characteristic of the system.

It is assumed that the nonlinear transfer characteristic of
the amplifiers can be described by a complex gain function,
thus enabling a decoupled amplitude- and phase-
predistortion. In this case, the AM—AM and AM—-PM conver-
sion depends only on the amplitude of the complex modula-
tion signal. The selection of the correct table value and the
multiplication with the appropriate signal level is realized by
the help of a symbolically defined device provided by the sim-
ulation tool. By means of this device, a mathematical descrip-
tion of port currents and voltages readily can be accom-
plished as shown in Figure 4.

The phase predistortion is done in a similar manner by
using the fact that a complex RF-signal can be separated in
an I-and-Q signal. In this case, the predistortion coefficient
also is read out of a table. Figure 5 illustrates the necessary
circuit for the modification of the I-channel.

Signal processing procedure

For signal processing, the nonlinear system reaction is
required when the system is stimulated by a linear ampli-
tude ramp. For each point of this ramp, the AM—AM and
AM-PM conversion of the considered signal path is deter-
mined. With a root-finding algorithm, the appropriate pre-
distortion coefficients for amplitude and phase are calcu-
lated to get a linear amplitude and a constant phase
characteristic. This algorithm is programmed with a mathe-
matics software tool. A table size of 512 values is sufficient.

TAIYO YUDEN

B Wide range of products / impedance values
8 Available in 0603, 0805, 1206, 1806, and 1812 cases
B High loss ferrite beads offer
improved EMI nolse suppression
B SMD common mode chokes
B Broad line of leaded EMI products

WiIth over 50 years of experience in supplying
both components and materials for the

EMI suppression market, Taiyo Yuden offers the
design engineer many state-of-the art solutions
for today’s complex EMI problems. Whether your
issues a‘e on-board or radiated EMI, we have the
right components for heiping you “Supress” your
problems to manageable levels,

Manufactured in ISO 9001 cenrtified facilities,
these components provide stable, repeatable
results in a broad range of applications.

For more information, catalogs, and data sheets,
please call, FAX, or contact your local

Talyo Yuden Representative.

TAIYO YUDEN (USA)INC.

LN
TAIYO
\J
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The BK family of ferrite beads offers over
35 combinations of case size (0603 and

| 0805), Iimpedance, and DC current ratings
to fit almost any size / performance
critical application. Competitive pricing,
combined with absolute world-class quali-
ty assures you that these products will
perform every time in even the toughest of
EMI environments.

The FBM family of high-current Ferrite
beads combines the technology of the BK
family with current ratings up to 4.0 amps,
all in case sizes from 0805 through 1812.
These products are ideal for power ap-
plications such as DC-DC converters, on-
board supply filtering, and high-current
signal lines.

The CMO04 family of molded surface mount
common mode choke coils provide the
flexibility of surface mount design com-
bined with coil counts of 2, 3, and 4 per
package. Small case sizes, coupled with
high performance make these chokes an
ideal choice for space and cost savings.

1930 N. Thoreau Dr., Ste. 190
Schaumburg, 1L 60173

800-348-2496
Fax: 847-925-0899

Silicon Valley Office:
1-800-368-2496
Fax: (1-408) 988-0657
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Your Greatest Challenge... Signal Récovery

AMERICAN MICROSYSTEMS, INC.
Future Electronics is the

partner you want to correlate
all your requirements.

Now AMI and

Future Electronics

have the perfect solution-
the WawvePlex family of No distributor knows more
versatile direct sequence, ‘ about components
spread spectrum ICs. | or maintains a larger
Offering a high degree of ' ‘ available-to-sell inventory.
flexibility, the SX043 can

accommodate high chip FUTURE ELECTRONICS Let Future Electronics

rates and high process gain. be your direct link to AMI.
1-800-561-9294

N ' . ¥
) Save R&D Time! n
< Order your DEV043c LL *

. EUROPE , development board
kit TODAY/

Worldwide”
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Figure 7. Remaining amplitude and phase errors.

The table size and the error limit of the root finding algo-
rithm (e.g., 1 x 10-8) depends on the requested performance
of the system in regard to the adjacent channel interference.
After generation, the tables are transferred in the form of a
dataset to the RF simulator. The computation of one set of
tables requires about two minutes (SUN-Sparc 10). In
Figure 6, a typical example of a nonlinear AM—AM and
AM-PM conversion characteristic is shown, together with
the linear goal function for the amplitude.

This characteristic was taken from the complete signal
path starting at the input of the IQ-modulator and ending
at the output of the 1Q-demodulator. The remaining error of
amplitude and phase (the deviation from an ideal linear am-
plitude characteristic and a constant phase) can be seen in
Figure 7.

Results of simulation
The main reason for simulating the linearization system is
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Figure 8. Output spectrum with and without linearization.

the particular interest in the behavior of the linearization
when non-ideal parameters of components and global para-
meters (e.g. temperature) are changed. A wide variety of in-
fluences were examined in more detail:

e amplitude- and phase-imbalance of the demodulator

* variation of the load impedance at the output

* variation of the surrounding temperature
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Figure 9. Decrease of intermodulation distortions due to power back-off.
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Figure 10. Change of interference suppression vs. output mismatch.
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SME - universal signal generator for pager testing

If you're in the fastmoving world of radio pagers, menu-driven user interface and memory for standard
you need a fast-moving signal generator. One and user-defined messages. From a recognized
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that's easy to operate. One that supports
all three major pager protocols: POCSAG
(Cityruf, Scall}, FLEX™, and ERMES. One
that generates tone, numeric, and alpha-
numeric telegrams. With the flexibility to
incorporate new standards as they evolve.
And a level of quality that ensures that
sensitive pagers measure intended test
signals only - not interference.

The SME gives you all this plus ease of use - like a

market leader in communications and
measuring technology.

Interested in hearing more about the SME
family or our complete range of signal
generators 2 Simply call our Hotline on
+49 89 4129 3774 or fax us on +49
89 4129 3777. Or send a brief note to
Rohde & Schwarz, Mihldorfstrasse 15,

81671 Minchen, Germany. We'll make sure you
get the information you need.
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Figure 11. Effect of temperature variation.

* change of frequency

¢ influence of the 1 dB compression point of modulator and
demodulator

¢ influence of the output power level

In all cases, the resulting performance of the system was
compared to an ideal system without any perturbations. This
comparison was accomplished by measuring the difference
between the wanted signal and the adjacent-channel interfer-

ences (third-order intermodulation product) in the output spec-
trum. For modulation, a random bit sequence was used. Figure
8 shows a typical output spectrum for a linearized and for a
non-linearized transmitter. The drive level for the power am-
plifier was in this case high enough that the voltage peaks of
the output signal reached the 1 dB compression point of the
amplifier. All system elements were assumed to be ideal.

The resulting suppression of interferences is 64 dB, mean-
ing an improvement of 32 dB in comparison with the non-
linearized case could be achieved. Another point of investiga-
tion was the change of interference suppression if the output
power is reduced. The result is shown in Figure 9. The
highest power level applied in this diagram corresponds to a
peak voltage that reaches the 1 dB compression point of the
power amplifier.

It clearly can be seen that a strong back-off of about 4 dB is
needed to achieve an improvement of the interference sup-
pression of about 20 dB. The demodulator plays an important
role because its imperfections cannot be canceled out by the
signal processing algorithm. The simulations showed that the
amplitude imbalance has nearly no effect, and a severe phase
imbalance of 4° causes a deterioration of only 1.5 dB. Another
point of interest was the system behavior when the load im-
pedance of the power amplifier was changed without a new
linearization procedure. The result is illustrated in Figure 10.

This figure shows the interference suppression on the y-
axis and the return loss of the load (in dB) on the x-axis. The

ACCURACY, PERFORMANCE, LOW COST, DELIVERY...

Manual Step Attenuators

837 500 DC-1500MHz 0-102.5dB .5dB Steps
839 502 DC-2000MHz 0-101dB 1dB Steps
1/839 500 DC-1000MHz 0-22.1dB | .1dB Steps
847 750 DC-1000MHz | 0-102.5dB | .5dB Steps
849 75Q DC-1500MHz 0-101dB 1dB Steps
1/849 75Q DC-500MHz | 0-22.1dB | .1dB Steps
860 50Q DC-1500MHz 0-132dB 1dB Steps
839 Manual Step Attenuator 865 6002 DC-1MHz 0-132dB 1dB Steps
Programmable Attenuators
4540 502 DC-500MHz 0-130dB 10dB Steps
4550 500 DC-500MHz 0-127dB | 1dB Steps
1/4550 500 DC-500MHz | 0-16.5dB | .1dB Steps
4560 | 500 DC-500MHz 0-31dB | 1dB Steps
4580 500 DC-500MHz 0-63dB | 1dB Steps

For price list and FREE catalog, contact:

4550 Programmable Attenuator

KAY

Kay Elemetrics Corp.
2 Bridgewater Lane, Lincoln Park, NJ 07035-1488 USA
TEL: (201) 628-6200 » FAX: (201) 628-6363
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VARI-L is a precision manufacturer of RF components for a wide range of Aerospace. Military. Industrial and Commerciai applications
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¢ PLL Synthesizer Modules ¢ Wideband Transformers ¢ Phase Detectors + Special Integrated Assembiies

Contact the Vari-L Sales Department for your special microwave and RF component assembly needs
VARI-L Company, Inc. « 11101 East 51st Avenue « Denver, Colorado 80239 « Phone: 303/371-1560 « FAX: 303/371-0845




phase of the reflection coefficient is 0°.
With increasing mismatch the interfer-
ence suppression deteriorates continu-
ously. The effect of a temperature vari-
ation was examined in Figure 11. For
lower temperatures, only a slight dete-
rioration can be seen, whereas higher
temperatures show that a significant
decrease of the interference suppres-
sion occurs. The second, nearly con-
stant curve, shows the system behavior
in the case of renewing the lineariza-
tion after each temperature step.

Conclusion

A simulation arrangement is capable
of dealing with an adaptive digital pre-
distortion circuit for the linearization of
an RF transmitter. This linearization
method offers some promising features.
Conventional simulation tools fail to
handle this easily because of its com-
plex structure—a signal processing
unit and an RF section. As a result, a
combination of a mathematics program
for baseband calculations and an RF-
simulator for the high-frequency por-

tion of the circuitry was used. The most
critical part of the structure in regard
to the nonlinear characteristic is the
power amplifier, which now can be
modeled at transistor level. Other com-
ponents (modulator, demodulator) are
implemented by means of behavioral
models. Nevertheless, a link is nec-
essary between both simulation
schemes. This is accomplished with
mathematical function blocks in the RF
simulator. The input data to this pre-
distortion circuit is provided by look-up
tables that were generated by the
mathematics program and that were
transferred to the RF simulator. After
setting up the simulation structure,
several examinations were carried out,
such as the effect of components im-
pairments, the influence of tempera-
ture, drive level and variation of load

impedance. RF
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WE CAN'T HELP BUT SHOW OFF OUR NEW
& IMPROVED "HMS POWER AMPLIFIER"

FEATURES:

cooling fan.

band through 960 MHz.

tions of the amplifier.

vicing is ever required.

Dimensions: 19” W x 10.5” H x 15” D

The HMS series amplifier provides up to 500 watts output, low

This very popular and reliable series has been mechanically rede-
signed making it more functional. The input and output connectors
have been moved to the rear of the unit for easy installation. The
amplifier deck now has all wiring contained in one cable, which can
be disconnected, allowing only the electronics to be removed if ser-

These units are totally self-contained with a regulated switching
power supply. They are also self-monitoring, using a newly added
digital meter, which provides a readout of all important test condi-

- High efficiency switching power supply with

- Overtemperature protection/power reduction.
- Forward and Reverse power monitoring.

- Digital meter monitoring for system evaluation.
- SWR protection/power reduction.

- Overdrive protection.

NEED MORE INFORMATION
CALL (800) HiI POWER

Leadership by fradtion. Pl
COMMUNICATIONS

3370 San Fernando Road, #206 / Los Angeles, CA 90065-1417 /
(213) 256-3000/ (800) HI POWER / FAX (213) 254-3210
E Mail Address: ELECTRONIC@aol.com
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WIRELESS COMMUNICATIONS
Go Anywhere With Wireless.

Where do you want fo go in your career — and how far? If you want to work with the best in RF technology, where leading

developments in cellular, worldwide connection, PCS and global connections are happening, wireless communications is your

vehicle. As part of our Wireless Communications Division, you'll be moving forward with low-cost, high-performance worldwide

wireless networks for the consumer marketplace. With multi-national technology leader Hyundai, you'll experience a culture of

entrepreneurial spirit supported by a corporate-wide commitment to creating world-class products right here in America. Already

more than 30 highly skilled engineers and managers have joined us. We continue to have challenging high-growth opportuni-

ties in our Wireless Communications Division. Join us in carrying out exciting state-of-the-art projects.

DIRECTOR OF RF DEVELOPMENT

Manage a team of highly skilled engineers developing an RF
module for the IS-95 based handset. including RF and mixed-
signal ASICs and other key components. Requires an MS/PhD in
EE with 12+ years of RF area experience. Must have exposure to
all aspects of RF module development, including RF ASICs and
mixed signal ASICs, as well as components such as PA, VCO.
synthesizer and LNA. Job Code: 585

RF ANALOG DESIGN ENGINEERS
Participate in the design of an 1S-95 cellular phone. Requires a
BS/MS in EE and 4+ years of RF/analog circuits or systems design
experience. Strong analytical skills. practical design experience
with frequency synthesizers, VCO, PLL and ADC/DAC conversion
necessary. Knowledge of communication theory and cellular phone
structure is a plus. Job Code: 370

RF ANALOG IC DESIGNER
Develop Bipolar/BICMOS RF and analog ASICs for low power
wireless applications like the [S-95 CDMA cellular phone. A
BS/MS/PhD in EE and 5+ years of experience required. Must be
tamiliar with all phases of RF and analog IC design. Experience
with simulation and layout is essential. Understanding of design
issues. low phase noise VCO, third intermodulation and power
management circuit design a definite plus. Job Code: 371
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DIRECTOR OF SYSTEMS
DEVELOPMENT

Head a systems development and integration team. whose initial
focus will be the handset and will expand to include base station
equipment. Requires an MS/PhD in EE/CS with 12+ years of
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cellular standards (AMPS, 1S-95, GSM). Should understand system
integration and test issues. Job Code: 583

MIXED-SIGNAL IC DESIGNER

Design mixed-signal ICs for cellular phone applications. Entails
carrying the whole design from start to finish including design, sim-
ulation, layout supervision and testing. Requires a BS/MS in EE with
3+ years of Bipolar/BiCMOS mixed-signal ASIC design experience.
Thorough knowledge of SPICE simulation required. Job Code: 309

Please send your resume, indicating Job Code of interest, to:
Hyundai Electronics America, Human Resources, 3101 North
First Street, San Jose, CA 95134. FAX (408) 232-8115.
E-mail: staffing@hea.com. Visit us on the World Wide Web at:
http://www.hea.com Principals only, please. EOE.
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YOU MAKE THE CHOICE . ..
WE MAKE THE SYNTHESIZER

e WIDE BAND?

¢ NARROW BAND?

e WIRELESS BAND?

® SINGLE CHANNEL?

e DUAL CHANNEL?

* FINE RESOLUTION?

* COARSE RESOLUTION?

* PHASE CONTROL?

¢ MANUAL CONTROL?

* BCD CONTROL?

* GPIB CONTROL?

* INT. FREQUENCY STANDARD?
® EXT. FREQUENCY STANDARD?

The PTS line of frequency synthesizers
covers 100 KHz to 3.2 GHz. With a
dozen different models, and hundreds
of options and configurations, you
can specify a unit that’s just right for
you. For special OEM requirements,
call and talk to an applications
engineer.

For a complete catalog, call or fax
us today.

Tel: 508-486-3400

FAX: 508-486-4495

SERVING THE INDUSTRY SINCE 1975

INFO/CARD 30
9 BEAVER BROOK ROAD

P.O. BOX 517
PROGRAMMED TEST SOURCES, inc.  TTHETON. MA 01460, USA.



RF simulation

Standardized 1S-95 CDMA system
simulation aids advanced designs

By Paul Washkewicz

Code-division multiple-access
(CDMA) is rapidly challenging other
modulation techniques for dominance
in personal communications services
(PCS), as well as in other mobile com-
munications systems. Accurate system
simulation allows engineers to construct
more advanced designs at the analog
circuit, RF subsystem and digital signal
processing (DSP) baseband level.

esigners working in today’s strict

time-to-market environment can
use this standardized IS-95 system as a
starting point for accurate system sim-
ulation before focusing design efforts
ion the proprietary circuit design tasks
at hand. The following information de-
scribes a CDMA system that conforms
to IS-95 and that was designed using

through a Rake re-
ceiver, where bit- BASEBAND o~

error-rate perfor- 7
mance can be
verified. Figure 1

AN |- - -+ BASEBAND

shows the stan-
dardized system
based on the IS-95 CDMA specification.
The baseband section performs DSP
convolutional encoding, interleaving,
Walsh-code spreading and in-phase
and quadrature short-code spreading.
The mixer and oscillator perform an
analog upconversion. The amplifier
symbol is a high-level representation of
the high-frequency components, such
as the power amplifier, transmit and
receive switch and power-control func-
tions. After power amplification, the

Figure 1. CDMA system block diagram.

transmitted spectrum travels through
the RF propagation environment, re-
ceives, downconverts, acquires the
code, tracks the carrier phase and de-
codes the data.

Despite the difficulties inherent in
performing so many tasks, the stan-
dardized system is able to accurately
model the following: the finite numeric
effects of the DSP components; tran-
sient and steady-state effects of the
analog components; and the voltage

HP EEsof's OmniSys communication
system simulator. The CDMA system Y d il
simulation includes a programmable ”.l o m -
Walsh code generator, a forward and '
reverse link modulator, an RF trans- [wr |
ceiver, a delay-locked loop and a 9600 BPS ["conv = ‘ el -
matched filter. Once the standard DATE Peo sock | |scockoe. | —per b
system is functional, the modulated PEtr s AcrteRiEn — ot i e o
spectrum is propagated through a Dl e
Rayleigh-faded channel and is sent

Figure 2. Coding and interleaving.
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Figure 3. COMA I-Q modulator block diagram.
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FILTERS

low pass, high pass, bandpass

* less than 1dB insertion loss e greater than 40dB stopband rejection e surface mount ¢ BNC, Type N, SMA available
¢ 5-section, 30dB/octave rolloff ® VSWR less than 1.7(typ.) ® rugged hermetically sealed pin models e constant phase
e meets MIL-STD-202 tests  over 100 off-the-shelf models ® immediate delivery

48 pages of the most up-to-date and
specffication information about Mini-Circuil
mponents. The RF/IF Microwave Handboo!
740 pages of arh ction gudes and detalled
specifications for Mini-Circuits component

Call, write or fax for your free Surface Mount Designer's
Guide and Handbook today!
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low pass, Plug-in, dc to 155MHz

dc to 1200MHz

Passband Stopband, MHz Passband Stopband, MHz
Model MHz loss loss Model MHz loss loss

No. loss < 1dB > 2008 > 40dB No. joss < 108 > 20dB > 40d8
*%xLP-1.9 DC-1.9 3447 4.7-200 *LP-200 DC-190 200-390 390-800
®%|P-2.5 DC-2.5 3.8-5.0 5.0-200 *LP-250 DC-225 320-400 400-1200
*LP-5 DC-5 8-10 10-200 *LP-300 DC-270 410-550 550-1200
*LP-10.7 DC-11 19-24 24-200 *LP-450 DC-400 580-750 750-1800
*LP-21.4 DC-22 32-41 41-200 *LP-550 DC-520 750-920 2000
*LP-30 DC-32 47-61 61-200 *LP-600 DC-880 840-1120  1120-2000
*LP-50 DC-48 70-90 90-200 *LP-750 DC-700 1000-1300  1300-2000
*LP-70 DC-60 90-117 117-300 *LP-800 DC-720 1080-1400  1400-2000
*LP-90 DC-81 121-157 157-400 *LP-850 DC-780 1100-1400  1400-2000
*LP-100 DC-98 146-189 189-400 %*LP-1000 DC-900 1340-1750  1750-2000
*LP-150 DC- 140 210-300 300-600 %*LP-1200 DC-1000 1620-2100 2100-2500
Almodelspdoed$y ), Conn. TypeP =1145, B=3285 S=3495 N=3595
OExceptlons* 19P-13958 34.95, *LP-25P-1495 B=-3595

On both models, add following to B price: $3.00 for N, $2.00 for
75 ohm versions available
Surface-mount

dc to 108MHz dc to 1200MHz
SCLF-5 DC-5.0 8-10 10-200 SCLF-135 DC-135 210-300  300-600
SCLF-8 DC-8.0 12.5-165  16.5-200 SCLF-190 DC-190 390 390-800
SCLF-10.7 0C-11 19-24 24-200 SCLF-225 DC-225 440-1200
SCLF-21.4 DC-22 32-41 41-200 SCLF-380 DC-380 580-750 750-1800
SCLF-25 DC-25 36-47 47-200 SCLF-420 DC-420 750-920 920-2000
SCLF-30 DC-30 47-61 61-200 SCLF-550 OC-550 800-1050 1050-2000
SCLF-45 DC-45 70-90 90-200 SCLF-700 DC-700 000-1300  1300-2000
SCLF-95 DC-95 146-189 188-400 SCLF-1000 DC-1000 1620-21(!) 2100-2500

Price: SCLF 21.4-SCLF 420 $11.45 ea. SCLF-8, 10.7, 550, 700, 1000 $12.95 ea. SCLF-5 $14.95 Qty. (1-9)

Flat Time Delay, dc to 1870MHz

S| eeeibowm | SRESEEET
req. 5 req.
Modei loss loss .2fco 0.6fco % 2, 67foo
No. loss < 1.2dB| >10dB >20dB X X X X
*BLP-39 DC-23 78-117 117 1.3:1 2.3:1 0.70 4.0 5.00
*BLP-117 DC-65 234-312 312 1.3:11 2.4:1 0.35 14 1.90
*BLP-156 DC-94 312-416 416 1.3:1 1.1:1 0.30 1.1 1.50
%BLP-200 DC-120 400-534 534 1.6:1 1.9:1 0.40 1.3 1.60
*BLP-300 DC-180 600-801 801 1.25:1 2211 0.20 0.6 0.80
*BLP-467 DC-280 934-1246 1246 1.25:1 2.2:1 0.15 04 0.56
P£-g33 DC-560 | 1868-2490 2490 1.3:1 2.2 0.09 0.2 0.28
ABLP-1870 DC-850 | 3740-5000 5000 1.45:1 291 0.05 0.1 0.15
Pnce(1-9 , all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95
NOTE and - -1870 only with N and SMA connectors.
high pass, riug-in,
13 to 1200MHz 210 to 2200MHz
Stopband Passband, | VSWR Stopband Pagsband, | VSWR
MHz MHz Pass- MHz MHz Pass-
Model loss loss loss band Model loss loss loss band
No. > 40dB > 20d8 < 10B Typ. No. >40d8 > 20dB < 1d8 Typ.
*HP-25 DC-13 13-19 27.5-200 1.71 *HP-400 DC-210  210-290 385-1600 | 1.7:1
*HP-50 DC-20 20-26 41-200 1.6:11 *HP-500 | DC-280  280-365 500-1600 | 1.9:1
*HP-100 { DC-40 40-55 90-400 1.5:1 *HP-600 | DC-350 350-440 600-1600 | 2.0:1
*HP-150 DC-70 70-95 133-600 1.8:1 *HP-700 DC-400  400-520 700-1800 | 1.6:1
*HP-176 | DC-70 70-105 160-800 1.5:1 *HP-800 | DC-445  445-570 780-2000 | 2.1:1
*HP-200 | DC-90 90-116 185-800 1.6:1 *HP-900 | DC-520 520-660 910-2100 | 1.8:1
*HP-250 | DC-100  100-150 225-1200 | 1.3:11 *HP-1000 | DC-550 550-720 | 1000-2200 | 1.9:1
*HP-300 DC-145  145-190 1290-1200 1 1.7:1

Price, (1-9 qty), all modets: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95. For *HP-25, Add $2 ea. tLoss 1.5 dB max.

Constant Impedance,
21.4 to 70MHz

$S, Elliptic Response,

10.7 to 70MHz

Center| Passband 3dB Stopbands Center | Passband | Stopband | VSWR

Freq. | 1. 1.5dB | Bandwidth L. LL. Freq. MHz loss 1:3:1
Model Max. Typ. > 20dB > 35dB Model > 2008 |Total Band

No. MH2) (MH2) MZ) at MHz at MHz No. MHz < 1dB at MHz MHz
*BP-10.7] 10.7 9.5-11.5 89-127 | 758&15/0.6 8 50-1000 *IF-214 | 214 18-26 |1.3&150| DC-220
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%BP-30 | 30.0 27.0-33.0 25-35 22 840(3.2899-1000 *IF-40 | 42.0 35-49 |2.6&300| DC-400
*B8P-60 | 60.0 550670 | 49.8-705 | 448&79]4.68190-1000 *IF-50 | 50.0 41-58 (3.184350| DC-440
*BP-70 | 70.0 63.0-77.0 | 58.0-82.0 | 51 &9416.0 &193-1000 *u;—go 90.0 50-70 |388& :00 DC-500
Prcs (1090, g model: - $16.95 *IF-70 | 700 | 5882 |4.48490| DC-550

SMA $42.95, TypeN$43 Price, (1-9 qty), almodels p|ug-nn$1496.
BNC $36.95, SMA $38.95, Type N $39.95

NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement.
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Figure 4. Forward and reverse channel constel-
lations.

standing wave ratio (VSWR) and
frequency-domain distortion of the RF
components. This difficulty is further
exacerbated by the requirement that
the system must be simulated in an RF
environment with delay, Doppler ef-
fects and attenuation at the trans-
mitted frequency.

System modeling description
Various sub-blocks make up the stan-
dard system. The first contains base-
band functions such as convolutional en-
coding and block interleaving. (See
Figure 2.) The convolutional encoder is a
rate 1/3, with a constraint length of 9.
The generator functions are Co = 557,
C1 = 663 and C2 = 711. The block inter-

il L ‘
-10.0 ;.-".L‘- _' ) I‘

leaver is defined as
loading a 24 x 16

matrix by columns MUIN BPFB
. L=212 N=6
and as reading out Watt  FCa3

the data by rows. In
this manner, burst
errors caused by
deep fading can be
randomized and
corrected by convo-

NF =35

VSWR = ?

0sC BPFB
FC=83 N=6
PHANO FC=83 ATTEN
Le0
AwP mIX o=
G=14 G=-7 =
NF=75 Nea3
PI=? 1P3=10 IP3 = 37
VSWR = ? g

lutional encoding
and by Viterbi de-
coding.

The next block is the CDMA 1/Q
modulator, which is shown in Figure 3.
Data enter from the left. They first are
spread by the Walsh code, which is cur-
rently set to channel 32. This channel
32 signal is then spread by the in-phase
(I) and quadrature (Q) short pseudo-
random (PN) codes, which are set by
the linear-feedback shift registers
(LFSR). The polynomials for the LFSR,
which can be seen in the figure, are:

Pi(x)=xP+xB+x%+x7+x3 +1 @
PQ(x)=x15 w2 gux g x 0 (2
+x0+xt +x3 41

Figure 5. Analog-RF transmitter section.

After this baseband signal is filtered
using the 48 finite-impulse response
(FIR) coefficients from the IS-95 specifi-
cation, it is modulated to 83 MHz using
the quadrature phase-shift keying
(QPSK) modulator.

If this were the reverse channel mod-
ulator, a delay equal to one-half the
chipping rate would be inserted into
the Q channel. Notice that the designer
has complete control over the finite nu-
meric effects of each of the digital
blocks in the modulator. These effects
include fixed point, saturation and
quantization of the numeric signals.
The digital effects on the signal-to-
noise ratio (SNR) are estimated for uni-

I -40.0 dBa ATT

Figure 6. Measured vs. simulated transmitted spectrums.

Q= | - B

| PN CODE ® ‘lﬂ“ 'S E‘
Q PN CODE T ‘B’ .4 @—

boe tom bB ..

1 DATA

1

zﬂ-’

Figure 7. Received faded spectrum.

50

Figure 8. Three-arm Rake receiver.
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0 - 250 MHz

Downconverter
v MRFIC2001
/_\ANT |_» IFOUT

Antenna Switch

MRFIC2003 MRFIC2001 Down Converter LNA/Mixer (S0-8)

PLL * Frequency 500 to 1000 MHz

g * Supply Voltage 2.7t05.0 Vdc
 Supply Current {On Mode) 4.7 mA (typ)
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* Single Sideband Noise Figure 5.5 dB (typ)
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* Supply Current <10 mA {typ) \ ™ " 2 B
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{RF1 to RF3) 08/05 d8 (typ) I'It’f ’,‘ sy Ens TOC) r
» Isolation (RF1 to RF2/{RF1 to RF3) 23/20 dB (typ) A Mbp or
aPLEg
MRFIC2101 Tx-Mixer/Exciter (SO-16)

* Frequency 900 MHz
To receive your NEW RF Selector Guide, Fax to 602-966-6122 . MO
* Low LO. Drive Required = -15dBm (typ)
-2 ¢ Power Down Supply Current= 2.0 pA (typ)
NAME TITLE o Externally Adjustabie Exciter Bias Current
(‘*\
‘COMPANY B RF
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PHONE FAX
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APPLICATION T EST.ouANTITY i}
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7.0

,__..___U

to fixed point. Refer
to Figure 4 for the
constellation dia-
| 10 gram of the QPSK
and digital quadra-
ture phase-shift

7 3.0

"° IAttie o] keying (DQPSK)

‘ H ¢ signals for the for-

30 | C | 0 ward and reverse
. : channels.

1 PIIOIE ] e The intersymbol

interference (ISI)
present on these
} | 10 signals arises solely
o from the FIR filters,
but will be further
distorted after the

Figure 9. Rake receiver transmitted and recovered data.

form quantizers as follows:

2

SNR:lOlog,o(%}+4.77+6.02N 3)

This effect can be included by setting
the numeric format from floating point

analog RF trans-
mitter section.
Using the analog high-frequency
system models, an engineer finishes
construction on the proposed design in
software. This typical RF receiver,
shown in Figure 5, includes amplifiers,
mixer, oscillator and filter. What makes
this block diagram accurate during
simulation is the ability to include

X /A

TECHNOLOGIES

LTD

OVER THIRTY YEARS

EXPERIENCE

IN

THE MANUFACTURE OF

MONOLITHIC CRYSTAL FILTERS

PACKAGE FILTERS

CRYSTALS

+ PERFORMANCE + QUICK DELIVERY - PRECISION - RELIABILITY -
+« COMPETITIVE PRICING « SERVICE -

* MADE IN THE USA -

CUSTOM & STOCKING ORDERS -

APPLICATIONS FOR SOUTHERN CALIFORNIA REPS NOW BEING ACCEPTED

28 MILLRACE DR « LYNCHBURG, VA 24502 - TEL 804-385-8300 - FAX 804-385-8100
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high-frequency RF effects, such as
input and output VSWR, phase-noise
and amplifier and mixer nonlinearities.
In fact, the actual measured AM-AM
and AM-PM effects of the power ampli-
fier can be included. This RF modeling
allows for accurate predictions of crit-
ical parameters, such as adjacent
channel power ratio (ACPR). The para-
meters of each of the component may
be tuned or optimized automatically
while the system architecture is
changed. This allows designers to find
the best design space while monitoring
system quality criteria such as bit-error
rate (BER).

Figure 6 shows plots of transmitted
spectrum predicted by a simulator and
by that of actual hardware measured
by a CDMA vendor. As can be seen
from the plots of each spectrum, the ad-
jacent-channel power is down -35 dB in
the measured system, which correlates
closely with the —35.5 dB down of the
simulated system.

The next stage in the system is to
send the spectrum in Figure 6 through
propagation channel models. These
models, available in the simulator, ac-
cept information on location, elevation,
vehicle speed and direction. These ele-
ments are based on statistical models
that simulate multipath effects by in-
corporating multitap delay networks
and by incorporating Rayleigh and
Rician probability distribution func-
tions. For this case, ignoring Doppler
effects, the power delay profile can be
represented by:

P(1)= ioﬁ&(‘t—tn) (4)

n=1

Transmission path loss for a typical
urban environment based on Hata’s
model is:

Lty =69.55+26.16log)g f,. -
13.82l0goHps + (%)

(44.9-6.5510g9Hp, )logjo R

For this simulation, the channel
model is set for a three-path Rayleigh
fade per the IS-95 specification. Figure
7 shows the faded signal at the input of
the receiver.

On reception, the distorted spectrum
is downconverted to a suitable interme-
diate frequency (IF) and then demodu-
lated. The despreading occurs when the
local PN sequence is in phase with the
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Acentyate
the positive.

., 2

And, like the song
says, “eliminate the negative.”
That’s exactly what we did with our
new single bias RF power amplifier.

How? For openers, we nixed
negative voltages. We also eliminated
the need for negative voltage gener-
ators, high-cost epitaxial wafers,
through-wafer vias and air-bridges.
Then, we cut the process to just six
mask steps.

The result is music to your
ears: 65% efficiency at 900 MHz and
60% efficiency at 1900 MHz that’s
perfect for all kinds of applications,

including two-way pagers,
DECT and PCS.

ACTUAL
SIZE

Much more than an
upgrade, these 3.3V amplifiers offer
the next generation of MSAG®-Lite
technology in 16-pin TSSOP and
SOIC packages. Which means
you'll get the most performance
possible without adding more
power or weight.

In fact, we're so positive
that our new amp is right for your
designs, we'll send you a sample so
you can prove it to yourself. As you
can see, we've eliminated all of the
negatives.

Call us at 540-563-3949
or fax us at 540-563-8616.

ITT GTC
7670 ENON DRIVE
ROANOKE, VA 24019

ITT GTC
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received PN sequence. The acquisition
of the proper PN code phase is
achieved by using either matched-filter
correlators (parallel acquisition) or by
using sliding-block correlators (serial
acquisition). After acquisition, a code-
tracking circuit is used to maintain the

proper code phase. Rake receivers take
advantage of the signal present in each
multipath component by receiving each
component individually. In this
system, there are three fingers in the
Rake corresponding to the three-path
fading environment specified in I1S-97.

Voltronics

debunks
the myths

M

Surface
mount
trimmers
sacrifice
performance
for size
and cost.

cyding?

Voltronics | Series
variable ceramic
chip capacitors
deliver unparalleled
performance and
cost no more than
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fortably to 3 GHz,
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twice that of the
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How about a Q of 1500,
capacitance to 40 pF, and
2% stability even in damp
heat and temperature

Stability is within
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service, even in damp heat and
temperature cycling.

The Trimmer Capacitor Company

The Voltronics ] Series is truly SMT compatible too,
thanks to a liquid crystal polymer body that shrugs off
the effects of washing. And once you set a | Series trim-
mer, it stays that way. So if you think you have to sacri-
fice performance and reliability for small size, you should
be talking to Voltronics. Call us today at (201) 586-8585
for data sheets, samples...and our new low prices.

Voltronics &

INTERNATIONAL CORP.

50,000 pieces
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4 weeks
or less...
Guaranteed!
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201.586.8585

FAX 201.586.3404

e-mail: voltron@styx.ios.com

=

~—\a

WRITE, CALL OR
FAX FOR CATALOGS

INFO/CARD 43

54

Each finger has a different phase and
delay matched to one of the received
multipath signals. The cross-correla-
tion of this spread-spectrum signal
with a delayed version of itself is low,
so that the output will be a function of
only the desired multipath component.
Equal weighting has been used on each
finger, whereas, in practice, a more
complicated weighting system based
on received signal power would be em-
ployed. At the output in Figure 8, the
received signals of each finger are
added coherently and are ready for
data detection.

As can be seen in Figure 9, after an
initial delay, while the delay-locked
loop locks up to track the PN codes, the
data is correctly recovered. At this
point, the simulation of the standard
system is operating correctly, as per
specification, and is now ready for the
various design groups to use for de-
tailed analog, DSP and RF designs.

Conclusion

A CDMA system was assembled
using a CDMA system simulation that
includes a programmable Walsh code
generator, forward and reverse link
modulator, RF transceiver, delay-
locked loop and matched filter. The
system was made more realistic by the
addition of a propagation model and
models for mobile and base-station an-
tennas. After RF reception, the system
used a delay-locked loop and a three-
tap Rake receiver to demodulate the
transmitted data. The benefit of using
simulation software with a standard-
ized system is to allow engineers to
focus on their proprietary analog cir-
cuit, RF or DSP design tasks and to
verify these designs against the stan-
dardized 1S-95 system before proto-
typing begins. RF

About the author

Paul Washkewicz received a
B.S.E.E. from Cal Poly University in
1984. For the past five years, he has
been working at Hewlett Packard’s
EEsof Division where he is the
product manager for the OmniSys
communication system simulator.
Previously, he worked at General
Dynamics for eight years in the RF
design section where his primary
duties were the design of analog and
digital receiver systems and circuits.
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MODEL :

FREQ: 10 MHZ

S/N: D1234s
P/N:
9541
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ROMWALK CT
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C0-804

You don't need a belljar to get
vacuum-sealed 0CXO0 performance...

Vectron's new EMXO (Evacuated
Miniature Xtal Oscillator) does it

for you!

Representing a new
generation of
OCXO technology
for precision
applications,
Vectron’s EMXO
utilizes the

ideal insulating
properties of a
vacuum with

a cold weld
enclosure to achieve
performance levels
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than can be attained with any other
technology. With its ruggedized

construction and superior frequency
stability, the new EMXO is the ideal
oscillator for high reliability, fast

FEATURES:

* Power Steady State: <1.2W @ -55°C *
o6W@ +25°C :

* Warm-up Time from -55°C in 2 two mmutes 1

* Temperature Stability available to =1 x 108
over -55°C to +85°C

« Size: 1.33"x1.33"x1.27"
* Ruggedized Construction
* Low Weight: 15 oz. ‘

Power Dissipation (W)

-55°C Temperature

warm-up and
low-power
requirements.

Call us today
for more
information!
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RF cover story

Cost-effective evaluation

of digital communication ICs

By Marc Brendan Judson

Use simple digital communication
circuitry to facilitate evaluation of RF
receiver architectures under various
conditions. This can be a tool for iso-
lating and avaluating factors that af-
fect digital communications receiver
designs. The result can speed your pro-
gress in bringing wireless data trans-
mission products to market.

he Federal Communications Com-

mission (FCC) allows unlicensed
operation in three designated fre-
quency bands for industrial, scientific
and medical (ISM) applications with
power levels of less than one watt, if
the long-term average power is mini-
mized through spread-spectrum tech-
nology. This regulatory provision sets
the stage for the development of a vast
array of low-power, short-distance
wireless digital communications prod-
ucts for untethered computer and
printer links (wireless local area net-
works (WLANSs), cordless telephony,
wireless inventory control systems and
other applications. The constraints on
physical size and power consumption
require that the RF receiver of these
products be highly integrated, while
still exceeding the sensitivity and bit-
error rate (BER) performance specifica-
tions for the application. Taking into
account link losses, path losses and es-
pecially the limitations placed on
transmission power and antenna gain

by governing authorities, the transmis-
sion range determines the sensitivity
requirements for the application.
Along with the maximum acceptable
number of occurrences causing the re-
transmission of data, this will deter-
mine a maximum BER at a minimum
reference power level.

To be successful in bringing a
low-cost, highly integrated, high-
performance digital receiver to market
in the shortest time possible, an RF de-
signer must be able to work quickly
through a series of impedance-
matching and filtering problems asso-
ciated with the frequency down-
converting front-end (FE) and interme-
diate frequency (IF)-processing circuit
blocks of the receiver. The designer
also must be able to evaluate the BER
performance of these blocks in conjunc-
tion with variations in the modulated
RF carrier signal and be able to eval-
uate the impact on BER by various
first local oscillator (LO) and symbol
timing recovery implementations.
Often, because of the fast pace at
which the digital communications
market is growing, all of this design
work must be done prior to the formal
industry-wide acceptance of the com-
munications protocol to be used. The
following information describes a refer-
ence design for digital gaussian-
filtered shift keying (GFSK) modula-
tion receivers operating in the lower

902-928 MHz industrial, scientific and
medical (ISM) band. It provides quick,
cost-effective evaluation of front-end
circuitry performance in this band and
demonstrates the high data-rate capa-
bilities of the IF-processing integrated
circuit (IC) that can be applied to other
frequency bands. The evaluation of
these circuit blocks, when used in a
digital communications receiver appli-
cation, is demonstrated by presenting
performance data in relation to current
receiver BER specifications.

Typical receiver architecture

An example of a typical receiver ar-
chitecture is a superheterodyne re-
ceiver intended to receive GFSK-modu-
lated signals such as those specified in
the digital European cordless tele-
phone (DECT) and preliminary 802.11
committee standards.

Front-end circuitry includes (see
Figure 1):

* a low-noise amplifier (LNA) that
reduces the overall noise contribution
of the receiver circuitry, while in-
creasing the power of the receivec
signal.

* an image reject surface acoustic
wave (SAW) bandpass filter that re-
jects RF input frequencies that are
twice the first IF away from the want-
ed RF signal and that would otherwise
also mix down to the first IF.

* a mixer for performing the fre-

—| B4637

|
| IMAGE
J REJECT
902-928 MHz | FILTER

1025.592 MHz

Figure 1. Receiver fromt-end circuitry.
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High Power
Two Way Combiners

WERLATONE

TYPICAL SPECIFICATIONS
POWER LOSS  ISOLATION  VSWR

250w  0.2dB  20dB 1.2:1
150w 0.3dB  20dB 1.2:1

e Octave Bandwidth 0.2 - 2.0 Ghz
¢ Conservatively Rated Up To 250 Watts
* Cohcrent and Non-Coherent Applications
¢ Three Options...
H3887: 4 Port Hybrid Junction
D3888: 3 Port Divider/Combiner, 25 Watt Internal
[solation Termination
D3889: 3 Port Divider/Combiner, 100 Watt Internal
Isolation Termination on Massive Heat Spreader

DECADES AHEAD

WERLATONE Inc. ¢ P.O. Box 47 ¢ Brewster, NY 10509 ¢ Telephone: (914) 279-6187 ¢ FAX: (914) 279-7404
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Figure 2. Receiver FM-IF circuitry.
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Using Toko LL Chip Inductors

Yop

Wasting Board Space

ductance range of 1.0 10 2 nH. Av:ﬂahe
in other miniature packages, Toko LLs give
your design important advantages:

© 0402, 0603 and 0805 packages
are available

® E-12 series inductance from 1.0 to
470nH allowing for ease in modify-
ing and correcting designs

= TOKO

Toko America, Inc,, 1250 Feehanville Drive, Mt. Prospect, IL 60056
PH: 1-800-PIK-TOKO FAX: 847-699-1194
Visit our website at: http: // www.tokoam.com

QRefh sohleruble and pmvided on
tape and reel packaging for low cost
automated manufacturing

Samples and prototyping kits are currently
available. Call 1-800-PIK-TOKO (1-800-
745-8656) and ask for the LL Family
Brochure, for complete specifications on
The World's Smallest Chip hucuctors.
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quency down-conversion that trans-
lates the original carrier frequency to a
level where parasitic impedances are
less of a concern.

* a spurious-reject SAW bandpass
filter that rejects the intermodulation
frequency components falling outside
the narrow bandwidth of this filter.

Impedance-matching issues for all
single-ended, high-frequency path in-
terfaces can be solved with simple
inductor-capacitor (LC) matching net-
works. Often this can be done with
only one shunt capacitor by imple-
menting the series inductance with
printed inductors on the printed circuit
board. This is useful in board develop-
ment stages because the windings of
the printed inductor can be shorted to
obtain a continuous range of imped-
ance values, which simplifies the task
of optimizing the noise figure and the
gain of the LNA and the mixer.

The first IF mixer outputs are differ-
ential open-collector mixer outputs. A
balun circuit must be implemented tc
bring the current of one collector in
phase with the other at the chosen IF
frequency and to present the complex
conjugate impedance to match the
spurious-reject filter input. The output
of the spurious-reject filter also mus
be simultaneously matched to the sec
ond IF mixer input of the IF-processing
circuitry. This is done most easily by
implementing matching networks witt
variable series capacitance on both
sides of the filter. These then can be it
eratively tuned and later can be re:
placed by fixed values.

The FM-IF processing circuitry
includes (see Figure 2):

* a Gilbert cell mixer that down
converts the signal to the second I
frequency.

* a crystal oscillator circuit that gen
erates the second LO signal.

* a chain of amplifiers that recove:
sweak signals and provides a hard
limited amplitude invariant signal t«
the phase detector.

¢ interstage filters that reject exces:
noise outside the required bandwidth.

* a phase detector that demodulate:

October 1991



EEEIN

Coilcraft "Micro Spring”

air core inductors

/|

Coilcraft 0805
wirewound inducto

/

I

I
/

I
| Non-wirewound

T [ [TTTs

inductors ~—

100 Mz

1 GHz

Coilcratt inductors have
Q's that won't quit!

And that's just the start. You'll find
that Coilcraft surface mount induc-
tors give you unmatched perfor-
mance in every category: Q, SREF,
DCR and TCL.

You won'tfinda coil with higher
Q than our new “Micro Spring” air
core inductor.

Its unique design gives you all the
advantages of an air wound coil plus
the convenience and cost savings of
a true surface mount component.

A 7.2 nH “Micro Spring” has a Q

DRIAFAX

WWWhtn:/www.collaoft com

Our wirewound ceramic inductors have
Q factors far greater than non-wirewound
parts. For maximum Q, choose our
surface mountable air core inductors.

of 140 at | GHz and 240 at 2 GHz! Its
self resonant frequency is 4.8 GHz.
And you can order them with induc-
tance tolerances as tight as 2%.
Our conventional ceramic chip
inductors are also tight tolerance
parts with exceptionally high Q. For
example, a 12 nH 0805 inductor has

a Q of 85 at 2 GHz, and still climb-
ing! Along with this high Q, vou get
very low dc resistance and a 2.6 GHz
self resonant frequency.

See for yourself the performance
advantages of Coilcraft’s high Q sur-
face mount inductors. Call for free
evaluation samples, or order our
handy Designer’s Kits with samples
of each value.

For complete specifications, use
our “Data by Fax” service or call
800/322-2645.
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Figure 3. Digital receiver for GFSK-modulated signals in the 902-928 MHz ISM band.

the signal.
* a low-pass post-detection filter that
recovers the transmitted information.

The interstage filters can be imple-
mented with simple parallel resonant
circuits between the signal path and
ground. At resonance, this circuit pre-
sents a high impedance-to-ground and
passes the wanted signal to the next
stage, while all signals and noise out-
side the bandwidth of this filter are
shunted to ground.

The quadrature (Q) tank circuitry
can be implemented with simple dis-
crete components, but care must be
taken in setting the optimum selec-
tivity of this circuit. The tuning and se-
lectivity of the quadrature tank circuit
has a significant effect on the demodu-
lated analog output signal. If the Q of
this circuit is set too high, the linear
range of the phase detector is compro-
mised, and it will distort the demodu-
lated output signal if the FM deviation

60

exceeds this linear range. If the Q is
set too low, it will decrease the level of
the demodulated output.

Evaluating BER performance

RF receiver sensitivity most com-
monly is specified by the input power
level at which the signal-to-noise and
distortion (SINAD) ratio is 12 dB.
However, achieving 12 dB SINAD at a
specified input power does not guar-
antee a good BER at this input power.
The SINAD test is typically performed
at a single, 1 kHz tone and at a rela-
tively low FM deviation; therefore, it is
not sufficient to guarantee proper re-
ception of digital signals that have a
much more complex harmonic content
and that are modulated with much
higher FM deviation. For this reason,
BER testing of a receiver is necessary
to ensure that the receiver perfor-
mance is satisfactory in a digital com-
munication application. This testing is
done by transmitting data to the re-

ceiver and by comparing the data re-
covered at the receiver output with the
data originally transmitted. It is the
challenge of the designer to isolate and
to evaluate the various sources con-
tributing to the deterioration of the
BER. A few simple solutions can help
with this task.

Testing without a protocol

In the communication protocol pre-
amble, a specified number of alter-
nating ones and zeros is sent to the re-
ceiver. These ones and zeros present
an average DC level at the demodu-
lated output of the receiver. This DC
level is sampled during the preamble
and is used to set a comparator
threshold voltage that regenerates the
data. If this level is set incorrectly, the
BER is severely impaired. The re-
ceiver's BER performance can be eval
uated, even in the absence of the pro
tocol, by disabling the sampling
circuitry of the receiver and by imple
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Figure 4. Bit-error rate vs. RF input power, DECT specifications.
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menting a manual comparator
threshold voltage adjustment, as
shown in Figure 3. This allows a de-
signer to evaluate the RF receiver
circuitry without having to wait for
published communications protocol
specifications or having to purchase ex-
pensive testing equipment, steps that
often slow product development.

Timing recovery
and first LO baseline

Receiver synchronization is impor-
tant too. A designer must choose a-
mong symbol timing recovery circuits
ranging in performance and complexity
and must evaluate the effect on the
BER for each option. A manual adjust-
ment of receiver synchronization al-
lows the evaluation of the RF receiver
circuitry under optimum conditions. It
allows BER deterioration, as a function
of synchronization error, to be charac-
terized for a given set of modulation
conditions. It provides a valuable
benchmark by which the various sym-
bol timing recovery solutions can be
evaluated. This manual timing syn-
chronization can be implemented with
a simple D flip-flop and a monostable
multivibrator as shown in Figure 3.

Another factor that potentially can
affect the receiver’s BER performance
is the phase noise of the LO of the first
down converting mixer (first LO). This
LO signal can be brought in externally
to the RF receiver circuitry. This allows
a high-quality, low-phase noise signal
generator to be used as a benchmark by
the various voltage-controlled oscillator
(VCO) and frequency synthesizer im-
plementations of this first LO signal.

Benchmarking to BER specs

The characteristics of the modula-
tion scheme implemented for a partic-
ular application such as the type ol
modulation, the modulation filter
bandwidth and the FM deviation al!
have a significant effect on the BER
performance of the receiver architec
ture being evaluated. There are no ac
cepted high-data-rate protocol and per
formance standards for receivers in the
lower 902-928 MHz band; therefore, as
examples of the evaluation of a re:
ceiver under a given set of modulatior
conditions, the performance of the re
ceiver architecture as previously de
scribed is compared to current high
frequency industry standarc
specifications.

DECT standard specifications oper
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ating in the 1,880-1,990 MHz band use
GFSK modulation and an FM devia-
tion of 288 kHz, and they provide a
data rate of 1.152 Mbps. This standard
requires that the BER be less than 1 x
1073 at a reference power level of —86
dBm. Figure 4 shows BER perfor-
mance as a function of RF input power
and FM deviation. This graph indi-
cates that under these modulation con-
ditions, the receiver can hold a BER of
1 x 1073 for RF input power levels
down to —90 dBm, which exceeds the
specification by a 4 dB margin. This
graph also shows that the degradation
in BER with a 10% change in FM devi-
ation is approximately 1 dB.

The preliminary 802.11 standard
specifications for WLAN operate in the
2.4-2.5 GHz band, use Btb = 0.5 GFSK
modulation, require an FM deviation
greater than 110 kHz (160 kHz) and
provide a data rate of 1.0 Mbps. This
standard requires a framing-error rate
(FER) of 3% at a reference power level
of —80 dBm, which is equivalent to a
BER of approximately 1 x 105, Figure
5 shows BER performance as a func-
tion of RF input power. This graph in-
dicates that under these modulation
conditions, the receiver can hold a BER
of 1 x 10°® for RF input power levels
down to -84 dBm, which again exceeds
the specification by a 4 dB margin.

Conclusion

The circuitry as described can be
used to evaluate the performance of in-
tegrated circuits and FM receiver ar-
chitectures in a variety of different
conditions. It is a useful tool for iso-
lating and evaluating the relative ef-
fect of the sources that contribute to a
deterioration in the performance of
digital communications receiver imple-
mentations. As a result, this circuitry
can reduce the time needed to bring
new wireless data transmission prod-
ucts to market. RF

About the author
Marc Brendan Judson is an appli-
cations engineer with the communi-
cations product group at Philips
Semiconductors in Sunnyvale, CA.
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RF tutorial

Test set measures phase noise
within 5 Hz of the RF carrier

By Charles Luke
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Figure 1. 1Q detector schematic.

Measuring close-in phase noise with
an accuracy better than 0.5° maximum
quadrature phase error and 0.05 dB
maximum amplitude imbalance over a
175 Hz lowpass bandwidth tests a
ground station’s contribution to phase
noise. A suitable instrument also evalu-
ates individual subsystems as the indi-
vidual elements of the station are as-
sembled. Measuring the phase noise
helps to keep it to a minimum, which in
turn makes it possible to transfer the
necessary frequency-phase stability ref-
erence signal to orbiting satellites in a
radio telescope system.

he phase-noise instrumentation

system described in the following in-
formation was part of a satellite-
tracking ground station designed by
Scientific Atlanta for the Orbiting Very
Long Baseline Interferometer (OVLBI)
system, under contract to the National
Aeronautics and Space Administration
Jet Propulsion Laboratory (NASA-
JPL). The OVLBI system is a radio in-
terferometry or radio telescope system
used for high-resolution imaging of ce-
lestial bodies. An interferometer uses
multiple coherent antenna-receivers
and their received phases to determine
the angle of a signal’s arrival. As the
receivers are separated farther in dis-
tance, the angular resolution of the in-
strument increases. Limitations im-
posed by a finite earth diameter restrict
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Figure 2. 1Q elliptic response

the angular resolution of ground-based
systems. One solution to this problem
is to use orbiting satellites in conjunc-
tion with earth-based receivers for ex-
tending the baseline distance between
receivers, thereby increasing the an-
gular resolution. In a normal terrestrial
system, phase and frequency stability
between receivers is maintained by
using hydrogen maser frequency stan-
dards as the basis for all frequency and
timing references within the receiving
system. In the OVLBI system, this
frequency-phase stability reference
signal must be transferred from the
ground up to the satellite. For this
scheme to work, the system that trans-
fers this signal to the satellite must
minimize its phase contamination con-
tribution or phase noise. The measure-
ment of the degree of contamination of
phase stability is a necessary qualifica-
tion for the OVLBI system. The pur-
pose of this phase-noise instrument is
to provide the ability to test the ground
station’s contribution to phase noise. It
also is used to evaluate the individual
subsystems as the individual elements
of the station are assembled.

The phase-noise test instrument is
designed to measure the close-in phase
noise at an offset of less than 5 Hz from
the carrier. Phase testing is performed
at 375 MHz. In the ground station, a
375 MHz source first is phase-locked to
the hydrogen maser 10 MHz reference.

This 375 MHz source is used as the
first intermediate frequency (IF) in an
upconverter. This upconverted carrier
from the ground station is transmitted
to the satellite. Then the satellite
transponder transmits a translated fre-
quency carrier back to the ground-
station receiver. This signal is then
downconverted back to the original 375
MHz:z frequency. Mixing of the original
375 MHz IF signal with the received
375 MHz IF signal furnishes the base-
band phase information.

The instrument also functions in a
wide bandwidth mode. In this mode, it
is used to measure residual doppler in
this reference signal. The ground sta-
tion has numerically controlled oscilla-
tors (NCOs) that are used to cancel
doppler shift caused by motion of the
satellite and by motion of the earth as
it rotates. The final full implementation
of the instrument also includes this
ability to measure residual doppler.
Although the doppler compensation is
not a part of this article, it was of con-
sequence in the initial design of the in-
strument.

Specifications for this system are
somewhat different than a typical com-
munication system. Most communica-
tions systems have data rates between
1 kHz <ALO> and 500 MHz. For this
reason, close-in phase noise usually is
not a concern, at least not below a 1
kHz offset from the carrier. Also, be-
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cause a hydrogen maser is used for the
station-frequency reference, this fre-
quency reference has low phase-noise
sidebands.

Phase noise test systems

Several methods can be used to mea-
sure phase noise. These basically in-
volve one of four types of instruments:
a spectrum analyzer; a phase-lock
quadrature detector; a quadrature de-
tector with delay line; or an in-phase
quadrature (IQ) detector. Kach has its
advantages and disadvantages. The dif-
ferences between methods are listed in
Table 1. The type detector chosen for
this design is the IQ detector. Initial
design called for an instrument that
could be used for laboratory phase-
noise testing as well as for the final
doppler residual measurements.

The spectrum analyzer approach
was not chosen because of the small
offset (less than 5 Hz) of the phase
noise and because of the low phase
noise of the hydrogen maser reference.
The quadrature detector types were not
chosen because of the close offset fre-

quencies where the measurements had
to be made. Also these types were not
suitable for doppler measurements.

IQ detection

* Dynamic range limitations — If a
mixer is used as a detector, and if two
signals are input to the mixer, the
output of the mixer will be the sum and
the difference frequencies of those two
signals. If the outputs are passed
through a lowpass filter, only the differ-
ence term will remain. If the signals
are of equal frequency but of different
phase, the output will be a DC level
proportional to the cosine of the phase
angle between them. If one introduces
a 90° phase shift in one of the paths,
the DC level then becomes proportional
to the sine of the phase angle differ-
ence. Figure 1 shows a practical real-
ization of this detector. By using one
mixer with a sine output and one mixer
with a cosine output, one can obtain
rectangular coordinate (X, Y) outputs
for a polar (amplitude and phase)
input. A common way of describing this
is IQ outputs. The phase relationship

between the signals can be determinec
from arctan (Y/X), and the amplitud:
can be determined by taking the squar:
root of the sum of the squares of the )
and X outputs.

I=Y = Amp e sin(phase) O
Q=X =Ampecos(phase) (2)
s Va
Phase = arclan( " ) 3
e
Amp= 1y’ +x’ 4

One of the disadvantages of using I¢
detectors is their more limited dynami
range compared to phase-lock or quad
rature detectors. A quadrature detecto
is a mixer operated in the sine outpu
mode with the signal locked or phas
shifted to be at the zero DC point. Fo
small variations in the phase about thi
point, the sine of the angle is equal t
the angle. This will be true for angula
variations much less than one radian
What is measured is the deviation o
the phase about this point. With n
phase perturbations, the phase de
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Figure 3. Group delay variation.

tector’s output voltage is zero volts, so
the measurement is that of variations
away from this point—the phase per-
turbations. The post-detection ampli-
fiers have to handie only the dynamic
range of the phase variations. Because
of this, amplifiers with a lot of gain can
be used after the detector, and the vari-
ations can be maximized into the
analog-to-digital (A/D) converter. For

Figure 4. 1Q ellipticity as sum of two circular terms.

IQ detectors, this is not the case. Since
the detectors have no phase lock, the
signal can be at any phase in the de-
tector. The voltages out of the detectors
are proportional to the sine and cosine
of the phase of the signal. If the phase
is at 0°, the cosine detector will be at
maximum amplitude with its ampli-
tude proportional to the signal’s ampli-
tude. This relationship is the limitation

of this type of detector scheme. The de-
tector has to handle the full signal level
amplitude in the amplifiers after the
mixer. The measurement becomes a
case of being able to measure small
fluctuations, while still accommodating
a large signal amplitude.

¢ Circularity and balance — If one of
the two inputs to the IQ detector is
shifted slightly in frequency, and if one

SMITH
CHART
TOOLSET

Electronic Applications of the —
Smith Chart is an updated =
edition of Phillip H. Smith's
original book. This detailed
reference is the authoritative

work on the Smith T
$59 Chart.

The winSMITH program which runs
on 1BM/compatible PCs modernizes
the Smith Chart by easily tuning

elements and readout
$79
and transmission line

precise values.
$99 problems.

ORDER BY PHONE, FAX OR MAIL
TEL (770)908-2320
FAX (770)939-0157

http://www.noblepub.com l.l
editor @ noblepub.com

N&BLE

PUBLISHING
2245 Dillard Street
Tucker, GA 30084

This video is all you need to
start using the Smith Chart
to solve all types of matching

SAVE $38

Prepay all orders with
Check, VISA, or MasterCard
Shipping charges -

US-88, Canada-$20, Int-$40
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® Proven-Relaibility

e Most configurations
“Coaxial relay reliability has
always been a problem.
About seven years ago, we
switched to TohTsu Coaxial
Relays in our high power
amplifiers. Since then, we
have not experienced a
single coaxial relay failure”.
Ted S. Henry

Henry Radio carries the
full-line of TohTsu coaxial
relays in stock for immediate
delivery. Most common
configurations and
connectors are available . . .
AT VERY REASONABLE
PRICES!

CALL TODAY...|

Thousands in use over seven years
. . . ZERO FAILURES

TOLL-FREE (800) 877-7979

\ D> % 2050 South Bundy Drive

HENRY RADIO

; l Los Angeles, CA 90025

\ J
\"J Phone (310) 820-1234
— FAX 310-826-7790
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Philips Semiconductors fs one of the world’s largest developers and
manufacturers of innovative wireless semiconductor products. We are
experiencing tremendous growth in our digital cellular/PCS product line
and are looking for talented people to belp us continue our success.

If you would like to be part of a world-class wireless development team,
using the latest technologies to create breakthrough products, and work
side-by-side with leading cellular manufacturers, we want to talk to you.

Mixed Signal Circuit Design Engineer
Provide product definition and specification, circuit design/simulation, characterization
and production release in a cross-functional team environment. Requires MS or Ph.D. in
EE, and a minimum of 5 years’ related experience, with the ability to work independently
and as a project lead. Strong experience in analog and mixed-signal CMOS design,
bipolar/BiCMOS design experience desired. Systems experience in communications
and related applications is highly preferred. Dept. CPG-HK

RFIC Circuit Design Engineer
Your responsibilities will include product definition, circuit design and production release
of ICs for RF communications. Requires MSEE (Ph.D. preferred) and a minimum 5 years’
related experience including high frequency IC design and measurement techniques for
amplifiers, mixers, oscillators, VCOs, prescalers, synthesizers, and limiting amplifiers
operating up to 2GHz in bipolar or BiCMOS technologies. Dept. CPG-MA/SL

RF/System @Applications Engineer
Provide RF/wireless system chipset applications support, develop evaluation boards,
conduct system performance evaluations based on standard specifications and write
system application notes and technical articles. Requires experience with system design
and performance evaluation, and familiarity with RF/wireless system measurement
equipment, including digital communication instruments. Knowledge of current analog/
digital cellular standards is needed. Dept. CPG-SN/AW

The following positions require a BSEE or equivalent (more ad; ed
degrees preferred) and RF/wireless systems experience.

Product Engineer

(Positions available in Albuquerque and Sunnyvale)
Provide product characterization, product support and statistical data analysis
on automated test equipment. Requires a minimum of 3 years’ experience in high-
frequency product development, and familiarity with RF bench test equipment to
redesign products for yield improvement at wafer sort and final test. Experience
with LNAs, Mixer, VCOs, transmitters, receivers, synthesizers, power amplifiers,
and/or FM/IF is a plus. Dept. CPG-MS

a look at usl

RF Product Applications Engineer

Provide customer support for RF IC applications, develop application boards, conduct
IC performance evaluation and characterization, and write application notes and
technical articles. Requires experience with RF circuit design and IC testing, and
familiarity with RF instrument applications. Knowledge of RF system and IC
development is needed. Dept. CPG-RY

Test Engineer

Develop the complete test package for linear and mixed-signal devices. Requires
strong background in linear/RF circuits and testing experience in a production
environment. Familiarity with Synchromaster, A360, LTX77, and HiT or similar testers
is desired. Electromechanical experience is also desired. Dept. CPG-S$

We also bave openings for:
Senior Layout Designers
Senior Digital Design Engineers

North America is one of the largest and fastest-growing markets for
cellular phones. The new systems in the Personal Communications
Services band offer opportunities for furtber growth and even more
demanding technologies. Philips is a world leader in research and
development for wireless and cellular radio components and systems.
At Philips Semiconductors, we are dedicated to the development of
next-generation chipsets to service the new CDMA digital cellular mar-
kets. We are establishing a strong team that can cover all aspects of
integrated circuit development from system specification to circuit
design and product development.

The following positions require an MSEE (more advanced degrees
preferred), excellent communication and presentation skills, and
5+ years of related experience.

Senior DSP/System Engineer
Translate system requirements into architectures and specifications for analog
and digital baseband signal processing subsystems. Requires experience in digital
transceivers, performance analysis, and digital baseband signal processing for
cellular radio and spread spectrum systems. Experience with SPW simulators or
prototyping using DSPs is preferred. Dept. CPG-SD

Senior RF/System Engineer
Translate radio system requirements into architectures and specifications for analog
and digital subsystems. Requires experience in radio subsystem performance analy-
sis, RF circuit and system simulation, and experience with test equipment. Familiarity
with RF signal processing techniques is desired. Dept. CPG-SN/SD

Connect with Philips on the World Wide Web at: http://www.semiconductors.philips.com/ps/philips24.html

We offer competitive compensation and a comprebensive benefits

package. Please send your resume (indicating Dept.) to: Philips

Semiconductors, Professional Staffing, 811 East Arques Ave., MS 07,
PO Box 3409, Sunnyvale, CA 94088-3409. FAX 408/991-4800 or e-mail:

staffing @scs.philips.com We believe in maintaining a safe work
environment for all employees and require pre-employment drug
testing. Principals only. No phone calls, please. We are an Equal
Opportunity Employer.

Leté wake things bettor
=  PHILIPS
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High Intercept Mixers From
Hittite Microwave

HMC175MS8
NEW

-

MSOP 8 pin
1.7 to 3.4 GHz
IP3 = 18 dBm

HMC147S8

SOIC 8 pin
1.6 to 3.4 GHz
IP3 =18 dBm

Conv Loss = 8 dB Conv Loss = 8.5 dB

HMC168C8

HMC170C8

SMT SMT
2.5t04 GHz 4.5t0o 8 GHz
IP3 =16 dBm IP3 =16 dBm
Conv Loss = 9dB Conv Loss = 8.2 dB

Actual Package Size
& MSOP8

M  soics

Ceramic
SMT
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HMC141C8

SMT
6 to 15 GHz
IP3 =20dBm
Conv Loss = 8.5dB

looks at the IQ outputs on an oscillo-
scope in XY mode, a circle will be dis-
played. One is really looking at the beat
note between the two signal frequen-
cies. These two IQ outputs are at the
same beat-note frequency and have the
same amplitude, but they are in quad-
rature to each other because of the sine
and cosine outputs. For the detector to
measure true phase, the sin and cosine
detectors have to be 90° with respect to
one another, and they have to he equal
in amplitude. If they are not, there will
be errors in the measured phase. In the
case of errors, the formulas for I and Q
become:

I = (Amp + Error) * sin(phase + Phi) (5)
Q = Amp * cos(phase) 6)

where “Phi” and “Error” represent the
error terms. “Phi” is the phase error
from 90° or quadrature, while “Error”
is the departure from the true ampli-
tude, Amp.

Referring to Figure 1, if the 90° term
is not exactly 90°, the difference will
cause phase imbalance or a “Phi” term.
In the same schematic, if the input
power-divider has imbalance in ampli-
tude so that equal signals are not input
to the two mixers, there will be an
“Error” term or amplitude imbalance.
The circular response, caused by a beat
note and displayed on the scope in XY
mode, becomes an elliptic response.
This ellipse will have its major axis on
the X or Y axis if the imbalance is in
amplitude, and it will have its major
axis at 45° or 135° if the imbalance is in
phase. (See Figure 2.) Combinations of
amplitude and phase imbalance can
place the major axis of the ellipse at
any angle.

* Frequency dependent components
(antialiasing filters) — Not only are
there problems with balancing the de-
tector at the operating frequency, but
because the detector has a frequency
bandwidth, this balance has to be
maintained over the full operating fre-
quency range of the detector. Referring
to Figure 1, all the components in the
input signal path have to maintain am-
plitude and quadrature balance over
the full bandwidth of the lowpass fil-
ters. This includes the input power di-
vider, the mixers and the lowpass fil-
ters. Generally, the amplitude and
phase balance between the filters are
the most difficult properties to main-
tain. Because the reference signal does

October 1996



This is pure bull...
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...this ﬂ'isn’t:

In the last decade, a certain company entered the RFIC field, horned out the competition and emerged a
champion. We’re RF Micro Devices, and we don't settle for second place. The RFMD brand stands for
blue-ribbon performance at a price that won’t mortgage the farm.

Our silicon stock is 100% RFMD prime. It’s a rare

RF2711 RF2703
breed of quad mod/demod that combines the best in i Demodulator | Modulator Demodulator
3 ) | Supply 5V @ <7.2mA 3V -6V @<i2mA
PESY, I.)erfomanc,e and REIEC, bUt thats Why the IF Frequency Range 100kHz - 85MHz 100kHz - 400MHz
RF2703 is a champion. And when it comes to infor- [ Baseband Frequency Range | DC - ToMHz DC - 50MHz
mation recovery, the RF2711 is a breed apart — a quad VV?\ Phal? QCCBUTCV !‘d <32
t 5
demod at home on the IF range. ?:ar:: Is:p;re:s;r:e 0.1d8 = 0.1dB |
There’s no stopping us; we're charging into the next S‘de";"‘i 5“:’“'*”“’" 50 20dh <
. . . . iechnolof 1hcon iicon
millennium by building the world’s largest GaAs HBT -

fabrication facility. It has to be the biggest, because it'll be the home of the best... and that’s no bull.

REED

MICRO:DEVICES

Powerful, Efficient,
Affordable Performance INFO/CARD 27
Proprietary, State-Of-The-Art RF Integrated Circuits

7341-D West Friendly Avenue — Greensboro, NC 27410 - Phone 910.855.8085 — FAX 910.299.9809 — Online: http:/www.rfad.com
Effective October 15 our new address will be: 7625 Thorndike Rd. — Greensboro, NC 27409
*Say hello to Hercules. He's 100% Hereford — a full ton of horns, hooves and hormones. Grand champion and grandaddy. Our advice: don't cross him (or his pasture).




not vary, the reference divider and the
90° phase shift only have to maintain
their accuracy at one frequency.

e Correcting the imbalance — To
correct the problem of imbalance, a
threefold approach was taken. First,
broader bandwidth than that required
was chosen. Second, mechanical trims

were added for coarse adjustment.
Third, correction algorithms were used
to measure and to cancel the remaining
imbalance. This threefold approach
proved successful in meeting the re-
quired specification of 0.5° maximum
quadrature phase error and 0.05 dB
maximum amplitude imbalance over a

http:www.crystals.
oscillators.inductors.

for/RFRECLIPTEK.now*

Design and component engineers that need
crystals, oscillators and inductors specify
ECLIPTEK for quality, availability and value.

You'll find thousands of hard-to-find, highly
accurate, tight stability products for demanding
RF applications such as:

Cellular

74

s and Oscillators -~

RN <D ECIFY
Satellite

RF/Wireless

Our engineers are ready to help you find the
right part for your specific application. Every
component has the Ecliptek Seal of Quality
assuring you zero-defect manufacturing.

Call, fax, e-mail or contact us on the web
for accurate answers, extensive inventory,
guaranteed quality and on-time delivery.

S % Use our interactive web

»_;E(ELFPTEK' site to quickly generate a
CORPORATION part number or request
price and delivery.

CORPORATION

1-800-ECLIPTEK

(714) 433-1234 fax
ecsales@ecliptek.com

——— http://www.ecliptek.com

& ECLIPTEK

INFO/CARD 59

175 Hz lowpass filter bandwidth.

In the design of the detectors, the
frequency response of the components
and filters was chosen to be much
broader than what was required for the
measurement. Typically, problems with
matching phase and amplitude occur at
the band edges where filtering occurs.
For this reason, a wider bandwidth of
660 Hz was chosen for the filters to
move these transition points outside
the required measurement handwidth
of 175 Hz. (See Figure 3.) Group delay
is the derivative, or the slope, of the
phase response with respect to fre-
quency. For a matched phase response,
one wants the difference in group delay
between two filters to be equal to zero.
Achieving this is easy where the group
delay response is flat (phase is linear
with respect to frequency), but it is
more difficult where the delay has vari-
ations. For this reason, the filter band-
width was chosen to be broader than
the usable bandwidth. For the analog
filters, filter types were chosen that
had minimal variations in phase or the
flattest group delay. This meant that
Bessel filters were chosen instead of
Butterworth filters. To reduce the ef-
fects of added noise caused by broader
bandwidths, further filtering was per-
formed with digital filters. Because the
same algorithm is used for the I and Q
channel, the digital filters are perfectly
balanced in I and Q.

Mechanical trims were added in the
reference path for the adjustment of
phase quadrature. Because the refer-
ence frequency does not vary, trimmer
capacitors were added to tweak the
phase quadrature. Amplitude balance
adjustments were included as gain
trims in the baseband amplifiers after
the 1Q detector.

Correction algorithms were used as
a final measure to remove the effects of
quadrature and amplitude imbalance.
The end result of quadrature and am-
plitude imbalance is an elliptic re-
sponse in the XY plane. What is want-
ed is a means of converting this elliptic
response into a circular response. By
way of example, if there is a frequency
difference between the signal input
and the reference input, and assuming
there is imbalance in the detector, an
elliptic response will be generated on
an XY scope display. This elliptic re-
sponse can be thought of as being the
sum of two circular responses rotating
in opposite directions. (See Figure 4.)

Because a complex representation (I
+ jQ) is being used, and not merely a
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OSMT M E Coaxi

Surface Mount

Straight SMT PCB Mount Plug Receptacles

Part Quantity Pricing
Number 10 Pcs. Each
2367-5006-54 $2.50

iniature Snap-0n
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0SX

canneclar

Crimp Attachment Straight Cable Plug
Non-Captured Center Contact

Part

Number
5831-5003-10

Cable
RG-174/U, 179/U,
187/U, 188/, 316/U
Crimp Attachment Right Angle Cable Plug
5837-5003-10  RG-188/U, 316/,

RG-174/U, RG-179/U,

RG-187/U
Crimp Attachment Bulkhead Cable Jack
5834-7388-10  RG-174/U, RG-179/U,
RG-187/U, RG-188/U, RG-316/U

Printed Circuit Board Straight Jack Receptacie
Part
Number 10 Pcs. Each
5862-5003-10 $1.50

Printed Circuit Board Right Angle Jack Receptaci
5864-5001-10 $5.90

THESE M/A-COM
PRODUCTS AND 10,000
OTHERS IN STOCK AND

READY FOR
IMMEDIATE
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Right Angle Jack to Jack Cable Assembly
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test and measurement and data
communications, DC-6 GHz.
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$5.00 5862-5018-13 $6.50
Betwegn Surias Adaplors
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Accessories

[Or Tt testing

Ultra-broadband E and H field monitor ¢ Four-channel capability.
Five E-field probes available. Two standard isotropic probes cover 10 kHz
to 1000 MHz or 80 MHz to 40 GHz, 1-300 V/m. Special-application
probes have sensitivity down to 0.15 V/m or up to 3000 V/m. Two H-field
probes provide sensitivity down to 15 mA/m from 5 to 300 MHz and
down to 0.15 A/m from 300 kHz to 30 MHz, respectively.

PCB emissions scanner ¢ Identifies frequency and location of
emissions (10 MHz to 1.5 GHz) on powered-up and active printed circuit
boards. Expedites correction of high-emission problems using before/after
comparisons. Excellent precompliance test device for computers, wireless
devices, and other products whose success depends on rapid product-to-
market cycles. Helps establish minimum solutions to achieve compliance,
reducing product price.

Antennas ¢ 10 kHz to 18 GHz of coverage, includes high-gain
horns. log-periodic, cavity exciting, E-field generators, and broadband
transmission line.

Dual directional couplers ¢ 13 models up to 15 kW CW, 10 kHz to
18 GHz, matched to Amplifier Research amplifiers and antennas for
measuring forward and reflected power.

Broadband fiberoptic data links ¢ Modular plug-in analog
systems for acquiring and measuring interference data, simulating EUT,
and displaying results. dc to | GHz. Used extensively in automotive
susceptibility testing.

Fiberoptic CCTYV systems * Watch performance of EUT under
hostile EMI and/or EMP shielded-room conditions. Interference-free
viewing, dc to 40 GHz, up to 200 V/m. Remote-control shielded camera.
Color or b&w.

TEM cells ¢ Half again the bandwidth of comparable-size chambers:
to 750 MHz for 15-cm EUT, to 375 MHz for 30-cm EUT.

Broadband low-noise preamplifier ¢ Increases the dynamic range
and sensitivity of systems with high noise figures. 10 kHz to | GHz,
30 dB gain (minimum), noise figure of 3.5 dB typical.

Broadband leveling and control preamplifier ¢ For constant-field
rf susceptibility testing requiring automatic power-output control; for
NMR spectroscopy requiring pulsing, blanking, rf delay and pedestal
output; and for other complex rf testing applications. Provides 40 db of
automatic gain control from 10 kHz to 1 GHz. Accepts monitor input
voltage of any polarity (positive, negative, differential).

1-800-933-8181

Call toll-free and one of our applications engineers will answer the phone.

® 160 Schoo! House Road
n ~ ag;'g"""lﬁﬂ Souderton, PA 18964-9990 USA

For engineering assistance, sules, and service throughout Europe, call
EMYV: Munich, 89-614-1710; London, 01908-566556; Paris 1-64-61-63-29
WWWw.ar-amps.com
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real representation, the positive frequencies
(counter-clockwise rotation) can be distin-
guished from the negative frequencies
(clockwise rotation sense). The larger of the
circulars is the fundamental term, while the
smaller of the two is the image term. By
varying the phase between the two circular
terms, one can rotate the major axis of the
ellipse anywhere in the XY plane. By vary-
ing the ratio of their magnitudes, one can
arbitrarily change the degree of ellipticity.
The advantage of this representation is that
a Fourier transform can be used to deter-
mine the fundamental and image terms
from the elliptic response. If the ellipticity
were caused only by amplitude imbalance,
the correction would consist of only multi-
plying one of the axis by a scaler to make
the I and Q channel gains equal. Quad-
rature imbalance is not as easy to remove.
This type of imbalance can cause the ellip-
ticity to be at any angle. What is needed is a
way of rotating the ellipse so that its major
axis is on the X axis. Then a simple multipli-
cation of one axis by a scaler would remove
the imbalance. The ellipse can be rotated by
multiplying the IQ pair by a 2 x 2 rotation
matrix. (See Figure 5.) The math is straight-
forward and can be found in Equation 7: (7)

Lrotated COS(emt ) Sin(elill ) I neasured

Qrotated --Sin(emt) COS(elm) Q neasured

The tilt angle is the angle the major axis
of the ellipse forms with the X axis. The tilt
axis angle can be found through the Fourier
transform.

If one samples N uniformly spaced points
(0 to N — 1) around the IQ circle, and if the
offset frequency is equal to the sample rate
divided by N, the N samples will correspond
to one cycle of the offset frequency. If a fast
Fourier transform (FFT) is taken of the data
set, the fundamental term will be in bin 1,
and the image term will be found in bin N —
1. Each term has an amplitude and a phase.
The sum of the phases from these two
terms, divided by 2, is equal to the tilt angle
of the ellipse. The amplitude of the major
axis is the sum of the amplitudes of the bin
1 and bin N - 1 terms in the FFT. The am-
plitude of the minor axis is the difference be-
tween the amplitude of the fundamental bin
1 term, and of the amplitude of the image, or
bin N — 1 term. The correction then corre-
sponds to applying the rotation matrix ac-
cording to Equation 7 using the tilt angle of
the ellipse and then by applying the neces-
sary scaling to the X and Y axis. To correct
the major axis, which has now been rotated
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Spectrum analyzer
advantages
disadvantages

Phase lock or quadrature detectors

*high sensitivity

e amplitude variations degrade the calibration

° may require removal of lowpass response of PLL

e extra phase lock circuitry

*requires phase deviation <<<< 1 radian for sin(theta) =
theta approximation

advantages
disadvantages

Quadrature detector with delay line

*high sensitivity

e amplitude variations degrade the calibration

* requires phase deviation <<<< 1 radian for sin(theta) =
theta approximation

* can only be used for sources with low frequency drift to
maintain phase quadrature

advantage
disadvantages

1Q detection

e directly measure phase with arctan function
erequires no compensation of lowpass phase-lock loops
(PLL) response because detector doesn’t require

advantages esimple to implement
locking
disadvantages *moderate sensitivity

* may require calibration of amplitude and quadrature
balance

esimple to implement

* can’t distinguish between amplitude and phase noise
¢ low sensitivity

¢ mplitude detector doesn’t directly measure phase

Table 1: Summary of phase noise test instruments.

‘0 the X axis, one multiplies the X axis
»r I-channel data by the scaler:
(8

magnitude(Bin 1)
magnitude(Bin 1)+ magnitude(Bin N-1)

To correct the minor axis, which has
10w been rotated to the Y axis, one
nultiplies the Y axis or Q-channel data
»y the scaler: 9)

magnitude(Bin 1)
magnitude(Bin 1)— magnitude(Bin N -1)

This completes the correction process.
Nhen measured data with ellipticity are
rassed through this algorithm, the im-
ralances are measured and removed
vith the end result being circular data.
Che actual physical realization of the
iystem includes noise-controlled oscilla-
ors (NCOs) for doppler compensation in
he upconverter and the downconverter.
Chese oscillators can be used with the
ignal path in an internal closed loop to
renerate the required difference fre-
juency or beat note that is required for
he calibration of the IQ detector.

Jigital averaging and processing

Digital filtering also is required for
he processing of phase. IQ data are

tF Design

ﬁ‘/
/_y i
/
> |
/

Figure 5. Rotation of major axis to X-axis

sampled at a 5 kHz rate, corrected and
then block-averaged for 100 data
points, such that the decimation results
in a 50 Hz data rate. After this, the
arctan is taken of this data to yield true
phase data. Data are accumulated for
300 seconds.

The data now includes a random
and a seemingly non-random term.
When noise is sampled for a finite
length of time, the low-frequency com-
ponents of noise will appear to be de-
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terministic. Also, because of tempera-
ture and other cyclic effects, system-
atic errors in the measurement will
occur. These effects were removed from
the phase noise measurement by fit-
ting a third-order power series to the
data and then by subtracting this
curve from the data. Specifications in-
clude a bound on the level of the qua-
dratic coefficient of this power series as
well as on a limitation on the standard
deviation of the residual random phase
noise left after the subtraction. Further
filtering of this random residual data
was performed with a 5 Hz finite im-
pulse response (FIR) digital filter. The
final equivalent sample rate out of the
FIR filter is 10 Hz. Appropriate noise
scaling was performed for each fil-
tering process to guarantee that the
final noise power was equivalent to a 1
Hz bandwidth. The final spectrum was
plotted as phase spectral density in the
units of rad*Hz relative to the carrier,
and the variance of the time domain

data was calculated.

Conclusion

An instrument has been designed for
the measurement of close-in phase
noise. Measurement accuracies in the
detector of better than 0.5° maximum
quadrature phase error and 0.05 dB
maximum amplitude imbalance over a
175 Hz lowpass filter bandwidth have
been achieved. RF
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ynergy has introduced
a selection of high per-
formance, low cost
standard catalog and
custom highpass, lowpass and
bandpass filters covering pass-
bands within the DC to 2000
MHz range. These filters are
readily available in standard pin
packages as well as the newest
Synergy patented metal surface
mount package with either leaded
or flush mounting configurations.

Most importantly, when you
specify Synergy, you benefit from
our Sales and Applications team
to assist you in the wide choices
of available filters.

For a copy of our latest catalog,
contact:

SYNERGY MICROWAVE
CORPORATION,

483 McLean Boulevard,
Paterson, NJ 07504.
Phone (201) 881-8800 or
FAX (201) 881-8361.
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RF load matching

A simple Chebychev bandpass
impedance-matching program

By Yves Borlez

When it comes to designing amplifiers or antenna matching
networks, the requirements for voltage standing wave ratio
(VSWR) are, most of the time, given for a specified bandwidth.
On the basis of the Chebychev synthesis, it is possible to create
a filter that can absorb the reactive part of the source and
load—if they can be represented by a series or parallel connec-
tion of a resistor with a reactive impedance. One interesting
feature of the program described below is that it gives the theo-
retical limits relative to an infinite order network. This is help-
ful in selecting the filter order required or to eliminate poor
load conditions. This program allows the user to match com-
plex sources to complex loads (interstage matching).

11 loads and sources are represented by a series or parallel
combination of a resistor with an imaginary impedance
changing with frequency. When the frequency is swept across
the useful bandwidth, such an impedance can be represented
by an arc in the Smith chart that is located on the circle cor-
responding with the resistance or the conductance. As a first
step, it is necessary to make the load and source resonate at
the center frequency:

1
fo =yfifn @

This resonance will be achieved by nulling the imaginary part
of the impedance at f;. In the case of lumped elements, one
will try to obtain a resonance at f; by adding a capacitor or an
inductance. For distributed elements, resonance could be
acheived using lines.

Once load and source are resonant, two parameters must be
calculated: the source Q and the load Q. They can be calculat-
ed easily from the equivalent circuit’s components values or
by looking at the Smith chart. In that case, the impedance Q
is given by the ratio:

fo

where f; and f, are the two frequencies, the resistive part of
the impedance or conductance is equal to the imaginary part
and f, is the frequency, and the imaginary part of the imped-
ance or conductance is 0.

Subsequently, Qs and Q, will be normalized to the band-
width Q defined as:

Viifn

Lo /el 3)
Qr B,

This is necessary to normalize frequency for the lowpass
prototype:
-9

-
Qr’

4
Qr i

qs qL

Chebychev filter properties
Low pass prototype — The matching procedure is based on
Chebychev polynomial synthesis. This requires the calcula-

80

tion of the g; coefficents of the lowpass prototype. Closed-forn
expressions (Equations 5-10) exist for that calculation [1].

a = arcsinh sin(l\(L+—l-) 6]
\2N)/ dout 9in
et ¥ et S S SRR D
b arcsmh[snn\ZNI(qout s 6
go=1 7
W At
A 2sm\2N} (8
!~ sinh(a) - sinh(b)
L (2i-1_\ . (2i+1 ¢
asinl 221 ) ginf 241
W A T
SR sinhz(a)+sinh2(b)+sin2(i—1—t\ —25inh(a)sinh(b)cos( )
\N/ \N/
Pail st )
2N (10
ENEN+1 =

sinh(a) + sinh(b)

where N is the network order and q,,, q,, are the input
output quality factors.

From those expressions, it is important to note that th
specification of both q;, and q,, allows the calculation of al
the g,.

Prototype performances — The two parameters a and b cal
also give the value of the return loss inside the passband. Th
insertion loss and return loss of the lowpass prototype ar
given by equations 11 and 12. For the Chebychev lowpas
prototype, the insertion loss vs. frequency follows alternat
maxima and minima. There can be a non-zero minimum los
inside the passband. This is equal to K2 The passband rippl
is equal to €2. As a consequence, the minimum and maximur
return loss in the passband will be given by Equations 13 an
14 from [4]. Expressions are also available to determine 1
and ¢ from a and b (Equations 15-18).

P =1+K? +€2T% () 11

2 K2 +£T%; (Q)

Il - 1+K? +€TY (Q) B
2 Kz «
Ipminl ~ T K2 (1
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Once more, if a and b are known (g;, and q,,, are known), all
the matching performances of the filter will be computable.
The principle of matching will consist of finding the best (q,,,
Qou) choice to achieve a minimum insertion loss over the use-
ful bandwidth.

Limit values for N infinite — When increasing the filte
order, it is possible to lower the insertion loss, but it will b
limited to an asymptotic value depending only on the (q;,, q,.
choice. By replacing a and b as functions of q;, and q,,, an
taking the limit for N going to infinite, equations 19 and 2
give the limit values. In the special case where one of th
q—0, it is simple to obtain equations 21 and 22:

lim K=—
Nl—l;ncn (1£
smh2
qoul qm 1
smh2
qoul qm
lim € = — ' _ (@
N—w
‘sinhz n( . + : ) —sinh? n( e - )
\ 2\ Yont = Din 2\ 9out Gin
lim K———l— and lim ¢=0
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P14

& 22
|pmax|=e 4 &
which is precisely the theoretical limit
given by Fano [2,3]. Those asymptotic
values will be compared to the ones
obtained for a finite filter order N. It is
possible to choose the matching effec-
tiveness compared with the theoretical
limits.

Matching procedure

It has been shown that all the
Chebychev filter properties may be cal-
culated from (q;,, q..). The matching
between source and load will consist in
finding the optimum q;, and q,, with
respect to the following conditions :

1. q;, and q,, will always be greater
than or equal to g5 and g, respectively.
This is necessary to ensure that the
reactive absorption will be made on
both sides of the filter.

2. If qq is greater than q;, then g, will
be equal to q5 and q,,, will be optimized.
If q,, is greater than gg, then g, will be
equal to q;, and q;, will be optimized.

3. The matching program will adjust
the remaining q;, or q,, to minimize
the total insertion loss over the pass-
band.

This last step requires an optimiza-
tion procedure that consists of finding
the value of the remaining q,, or q,, to
minimize the maximum insertion loss.

It can be shown [1] that the optimum
values of a and b satisfy equation 23:

tanh(Na)  tanh(Nb)
cosh(a)  cosh(b)

Because the function is well condi-
tioned, a simple optimization routine is
able to find the optimum value. That
value will be compared with the q; (gs >
qy, case) or qs (q;. > qs case), and the max-
imum will be taken. In some cases
where there is a big difference between
qs and q;, it will be necessary to increase
the smaller q to achieve the optimum
matching (see Example 2). There will be
exact absorption on one side and excess
absorption on the other side.

Up to now, nothing has been men-
tioned about the filter components nor
about the load and source resistors’ val-
ues. To realize a practical matching
network, one will use the Chebychev
prototype filter coefficients to obtain an
actual filter. It appears that, most of
the time, the filter requires an ideal
transformer to adjust the impedance
level to the load and source values.
This ideal component will be further
removed by the use of network trans-
formations (Tapping, Norton transfor-
mations and Kuroda transforma-
tions)(5]. The location of the trans-
former will determine the impedance
level of each component of the filter
during denormalization. So, the pro-
gram provides the components’ values

(23)

CsCp
Cp +Cs (1-N)

T

Ls+(1-N)Lp

i s

NCp
Cs |

g—ﬂﬁhll—_!_—ll—"

Cp Cs
P
N (N-1) N
{t-N)Cs + Cp
cp or Cs (N-1) l | T Sl
- N w
N (N-1)Lp NLs
o - NLs LpLsN®
P - =
N1 Lp(1-N)+ Ls
N’CSCp
“Cp+Cs (1-N) NOg

Cp +Cs (1-N) .I I: : CsN (N-1)

Lp = Lp
N

o

Lp (N- 1) Le+lpi-N)

VV\...o
O O-N+Ls N(N-T)

Figure 1. Norton transformations.
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for two transformer locations; close t
the source and close to the load.

The peculiar case of both q5 and q
being equal to zero is used for tradition
al filter synthesis. In this case, ¢ and }
are specified, and the program calcu
lates q,, and q,, to match the require:
values of € and K.

Lumped components realization
of the matching network

From the filter prototype coefficients
all the filter elements can be calculate:
using traditional denormalizing tech
niques. It is then easy to obtain th
inductance and capacitance actual val
ues. The program gives these values an«
includes an ideal transformer necessar
for resistive impedance scaling. The pro
gram output gives the solutions for th
transformer on each side of the network
so it is possible to have the values o
each component independent of its posi
tion relative to the transformer.

This ideal transformer will be mos
often removed by several design tech
niques. The most simple way would b
to use an inductance tapping to realiz
the transformation and the inductanc
at the same time. This complicate
slightly the inductance realization
Other type of transformations, calle
Norton transformations, can be used
They consist of transforming a couple ¢
inductances or capacitances into thre
components of the same type, that hav
an impedance scaling property. The
provide truly broadband equivalencies
A complete set of those transformation
is given with Figure 1.

On the first results window, the prc
gram gives the maximum Norton trans
formation ratio available with the filte
components. In [4], a matching progran
has been given to optimize the use of th
Norton transformation. By using th
maximum transformation ratio, th
number of components can be lowere:
because the Norton network only prc
duces two components instead of three
The drawback is non-optimum perfor
mance in terms of return loss.

Distributed realization
of the matching network

When the g; values of the prototype fil
ter are known, other matching to
pologies may be used to build the filte:
As an example, it is possible to construc
a matching filter based on the use ¢
quarterwave shorted stubs separated b
quarterwave lines (see Figure 2).

This topology presents some limita
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Approximation of
Impedance to match

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

Matching network

Y23 Yn-1,n

oy
/

Figure 2. Distributed matching network.

MATCHING CIRCUIT ANTENNA

18.35pF 385.1nH Nz =0.6299 | 331.4nH 21.2pF

I
é 250.3pFI 26.1n E T

BEST PERFORMANCES FORN =3
Load R: 25.000
Load Q:  5.000
Output Q: 5.000

Source R: 50.000
Source Q: 0.000
Input Q:  2.890
0.058 dB8 IL max: 0.117 dB
Ripple: 0.060 dB

RL min: 15.736 dB

IL min:
RL max: 18.791 dB

ULTIMATE THEORETICAL LIMITATIONS (N INFINITE)
0.029 dB8 IL max: 0.029 dB
Ripple: 0.000 dB
RL min: 21.842 dB

IL min:
RL max: 21.842 dB
RL/RS ratio: 0.500

Impedence transformation requested:  62.986x10
Maximum norton down transformation: 25.679x104

Table 1. Results with a network order of three.

tions on the impedances that must be matched [6]. The first is
that matching is possible only between a complex impedance
and a resistive one. The reason for this limitation is that it will
be difficult to increase, artificially, impedance Q to adjust the
filter. For programming convenience, only the source is allowed
to be complex when using the program. The second constraint
is that the impedance must be series resonating at the center
frequency. This problem can be solved for shunt resonating
impedances by putting a quarterwave line between the source
and the matching circuit to get a series resonance. This is
made at the expense of a slight increase on impedance Q that
is, most of the time, acceptable.

Such a filter allows one more degree of freedom, which is

Figure 4. Antenna matching network.

the possibility of matching the resistance value at each side
Moreover, it is possible to adjust the impedance level of eacl
filter stage to get realizable lines. This adjustment will b
made using the parameter D. Following [6 pg 703], on:
should choose a value of D between 0.5 and 1. The progran
proposes a starting value at 0.75.

The designer must pay attention to the fact that this real
ization is only an approximation convenient for transmissio:
lines. It is possible to see some differences between the pre
dicted performances and the one obtained through simulatios
of the complete circuit. For bandwidth up to 25%, the differ
ence will be relatively small. Nevertheless, some adjustment,
can be done on the circuit elements’ values to obtain goor
results quickly. An example of matching procedure followin,
this method is explained as Example 3.

Example 1: antenna matching with lumped elements

A VHF antenna of a handheld transmitter consists of a 7!
cm whip antenna. The frequency bandwidth is between 53 an
68 MHz. The antenna has a series impedance that has bee
made resonant at 60 MHz by an adjustable inductor. By read
ing the markers on the network analyzer, the measuremen
indicates that this antenna exhibits a resonance resistance ¢
250 and that the antenna quality factor is equal to five. Th
high value of the antenna Q is due to the fact that the antenn:
length is far from quaterwave length resonance. Its impedanc
is then capacitive, and a series inductor is needed to achiev:
resonance at mid frequency. When only the series inductance i
present, the return loss curve follows Figure 3.

A better matching could be achieved at the center frequenc
by using an ideal transformer to transform 25Q into 50
Nevertheless, the return loss values at the band edges ar
poor. We are going to choose a network order of three. Thi
gives the results shown in Table 1.

With an infinite network order, it is possible to achieve
return loss of —21.8 dB. For the presen

ADAPTO0.CKT

FILTER DB S11 FILTER MA 511

0.5

ADAPTO0.CKT

application, it has been decided that th
performances of the third order networ
were sufficient. The prototype Chebyche
filter coefficients are given:

o W
o =
; - \\ // g, =0.7221
K . 4 g, =1.179 (28
=l A\, ) i g, = 0.9917
¥ p¥ s g, = 1.260
« N
10 v The program then calculates all th
%@ e »? e ©3 79 lumped elements of the filter, giving th
FREQUENCY (MHz)

results shown in Table 2, which corre
sponds to the drawing of Figure 4.

Figure 3. Antenna impedance locus.
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In this case, the ideal transformer ca
be replaced by a tapping on the 28.1 nl
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Source R: 0.5000x10° Q
C,: 0.1835x10°pF S
L: 0.3831x10°nH S
C,: 0.2503x10°pF P
L,: 0.2808x10°nH P
Transformer: Nz = 0.6299, Nv = 0.7936
Load C: 0.2121x10°pF S
Load L: 0.3314x10°nH S
Load R: 0.2500x102 Q

‘able 2. Transformation with discrete compo-
ients and ideal transformer.

nductance. The tapping ratio is simply
iven by :

J0.6299 =0.7936 (24)

vhich can be easily realized on such a
imall inductance because it is com-
yosed of one turn. That circuit gives the
-esults of Figure 5.

One can see clearly the exact absorp-
ion of the imaginary parts of the anten-
1a impedance. The VSWR values ob-
ained are identical to the one predicted.

Ixample 2: interstage matching
etwork with lumped elements

In this example, the program is used
.0 match the complex output imped-
ince of a FET with the complex input
mpedance of a subsequent stage using
e same transistor. Between 130 and
200 MHz, it has been calculated from S
»arameter data that, for a simultane-
us conjugate match, a given field effect
ransistor (FET) has input and output
mpedance equivalent circuit at 161
MHz given by Figure 6.

The source and load Q’s are calculat-
:d for the center frequency of 161 MHz.
They are equal to 0.5142 and 1.925,
‘espectively. As the source and load
1ave different configurations, we must
‘hoose an even order filter. We take N
= 4. From those values, the program
rives the predictions shown in Table 3.

In this case, it is important to see that
he optimum value of the input Q is
righer than the source Q. This high-
ights the fact that perfect absorption on
»oth sides is not necessarily the best
wlution. The reason why we have chosen
N = 4 is to ensure adequate Norton
ransformation ratio to match the two
'esistors, which are quite different. After
1etwork calculation, the program gives
‘he two solutions shown in Table 4.

The matching procedure can be
ichieved with Figures 7 and 8. On the
eft-hand side of Figure 8, the two shunt
nductances have been unified as one. A
Norton transformation has been made
vith the 64 nH inductance, the ideal

RF Design
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FILTER DB S11
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VRN e
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1
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ADAPT1.CKT

FILTER MA S11

Figure 5. Antenna matching network results.

transformer, and the series inductance
of 17.1 nH. First the two inductances
are put on the same side of the trans-
former and the Norton transformation is
calculated using three inductances. The
simulation results relative to that net-
work are given in Figure 9.

Example 3: designing matching

network with distributed elements
An X-band FET transistor has an

output impedance that can be repre-

sented on the Smith chart by the fol-
lowing locus (Figure 10). The first step
consists of a simple line transformation
to obtain a series resonant equivalent

Q, =0.5142 Q,=1.925
19m% % 10pF 57pF % 90
FET OUTPUT FET INPUT

Figure 6. FET equivalent circuit.
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’N Rockwell

Filter Products
Rockwell

2990 Airway Ave.
Costa Mesa, CA 92626
(714) 641-5315

FAX: (714) 641-5320
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BEST PERFORMANCES FORN = 4 BEST PERFORMANCES FOR N = 3
Source R: 192.000 Load R: 9.000 Source R: 83.000 Load R: 50.000
Source Q: 0.514 Load Q: 1.925 Source Q: 7.000 Load Q: 0.000
Input Q: 1.324 Output Q: 1.925 Input@:  7.000 Output Q: 3.986
IL min: 0.007 dB IL max: 0.014 dB IL min: 0.063 dB ILmax: 0.126 dB
Ripple: 0.008 dB Ripple: 0.063 dB
RL max: 28.240 dB RL min: 24.878 dB RL max: 18.407 dB RL min: 15.421 dB
ULTIMATE THEORETICAL LIMITATIONS (N INFNITE) ULTIMATE THEORETICAL LIMITATIONS (N INFINITE)
IL min: 0.002 dB IL max: 0.002 dB IL min: 0.032 dB IL max: 0.032 dB
Ripple: 0.000 dB Ripple: 0.000 dB
RL max: 32.653 dB RL min: 32.653 dB RL max: 21.351dB AL min:-21.351 dB
RL/RS ratio: 0.047 RL/RS ratio: 0.602
Impedence transformation requested:  52.545x10° Impedence transformation requested: ~ 47.320x10?
Minimum norton down transformation: 13.272x10* Minimum norton down transformation:  13.849x10*

Table 3. Source and load Q's for the center frequency of 161 MHz.

circuit. This is achieved by placing a
2092 line with 50° electrical length fol-
lowed by an 802 quarterwave line. The

purpose of this line is to transform a
parallel resonance into a series reso-
nance and to adjust the impedance

Source R: 0.1920x10° Q
Source C: 0.2643x10" pF
Source L: 0.3686x10° nH

Transformer: Nz = 0.5254x10
C,: 0.7919x10? pF
L,: 0.1230x10? nH
C,: 0.3688x10? pF
L,: 0.2642x10°nH
C,: 0.2897x10° pF

a2t 0.3363x10" nH

VOV w OO

-

Load C: 0.5697x102 pF
Load L: 0.1710x10% nH
Load R: 0.9000x10' Q

Source R: 0.1920x10° Q
Source C: 0.2643x10" pF
Source L: 0.3686x10° nH

Transformer: Nz = 0.5254x10"
C,: 0.4161x10" pF
L;: 0.2341x10° nH
C,: 0.1938x10' pF
L,: 0.5027x10° nH
C,: 0.1522x102 pF
L,: 0.6400x10? nH

Load C: 0.5697x10°pF S
Load L: 0.1710x10°nH S
Load R: 0.9000x10' Q

Table 4. Solutions after network calculation of th

e figures in Table 3.

192Q2 —I—
2.64pF| 143.2nH 4.16pF

FET OUTPUT I MATCHING CIRCUIT | FET INPUT
| i
: 1.938pF  503nH Nz = 0.05254 17.1 nH } S7pF
: |= Y\ N : =
|
192Q -L : -L i 90
2.64p5'[ :asann 234nH I4.15pF 15.2pFI 64hH :
' -~ - ‘= | -
(] ]
Figure 7. First amplifier matching circuit.
FET OUTPUT ] MATCHING CIRCUIT | FET INPUT
| |
| |
I 1.938pF  503nH 74.6 nH : 57pF
I
] H
|
| 90
|
|
|
)

189.3nH

15.29FI

Figure 8. Final amplifier matching circuit.
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Table 5. Computer results for a network order three.

level to allow practical values for th
matching network. Here, a high rea
impedance is desirable to have practi
cal shunt stubs.

From the Smith chart data, it ha
been seen that this new load can b
approximated by a series resonan
impedance, which has a real part equa
to 83Q. On the Smith chart, this loac
has been compared to an RLC circui
having a Q = 7. This value is the closes
to the real Q value. Also observe tha
the curve is more closed with th:
impedance to match. This would be th
case with the addition to the RLC cir
cuit of a parallel shorted stub of imped
ance equal to 50Q. By subtracting thi:
influence from the first shorted stub, i
will be possible to compensate. B;
introducing that data as being thi
source impedance data in the program
the computer gives the results show:
in Table 5 for a network order three. Ir
the worst case, the theoretical retun
loss will always be better than 15 dB
Choosing the distributed realization o
the filter with D = 0.75, the progran
gives the results shown in Table 6.

Circuit topology is shown in Figur:
11 and simulation results from this cir
cuit are given in Figure 12. All the val
ues are as computed. The only excep
tion is the modification of the 13Q line
to subtract the effect of the 50Q line i
parallel. This gives a final value of 18Q2

Conclusion

The software program presentec
here, though relatively simple, can be
used in various situations where broad
band matching is needed. The progran
output gives first the theoretical limita
tions due to the impedance’s Qs t
allow the designer to choose the appro
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Source R: 0.8300x10* Q
Source Q: 0.7000x10*

Shunt shorted stub 2: 0.1303x10? Q, 90°
Quarter wave line 23: 0.7269x10? Q, 90°
Shunt shorted stub 3: 0.1001x10°Q, 90°

Load Q: 0.0000
Load R: 0.5000x10° Q

“able 6. Transformation with shunt-shorted
tubs and quarterwave lines.

rriate filter order. Then the lumped
lement values for the filters are avail-
ible. If the g; coefficients of the
Chebychev filter are known, other
.opologies can be used. Distributed
‘ealizations have also been demonstrat-
:d. Simulated results show good agree-
nents between theoretical predictions
ind actual circuit performances. The
simple series or parallel RLC equiva-
ent circuits seem to be, in many appli-
:ations, a good approximation.

The software program is available
rom the author. Please contact the
withor via E-mail. RF
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‘igure 11. Matching circuit.
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Figure 9. Amplifier matching resuits.
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Figure 10. Initial and modified transistor impedance.
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Figure 12. Example 3 matching resuits.
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RF products

Universal interface for DAB sources
connects multiple channels

The D-WIN universal
interface for digital-radio
broadcast sources can con-
nect as many as eight chan-
nels on a single broadcast.
The system accepts as many
as four synchronous audio
or data inputs and four
asynchronous data chan-
nels, delivering them to a
WG1-WG2 bus connection to
a digital radio multiplexer.
The system complies with
European digital audio
broadcasting (DAB) stan-
dard ETS 300 401 and
allows for use of standard
coding equipment of already

encoded audio material a:
sources for the DAB trans
mission chain. The systen
increases the capacity o
radio spectrum by making i
possible for a single channe
to carry as many as severa
hundred kilobits per seconc
(kbps) of information ir
either stream or packe:
mode. D-WIN converts RS
232-C inputs into synchro
nous V14 mode for insertior
into the DAB channel witl
individual channel bauc
rates as high as 38,400.
ITIS

INFO/CARD 196

High-Q oscillator
features low phase
noise

A 300 MHz-to-3 GH:z
high-Q oscillator uses coaxi-
al, ceramic, high-Q res-
onators to achieve low-phase
noise and high stability in a
miniature package. For a
1,500 MHz unit, the phase
noise in a 1 Hz bandwidth
at 100 KHz offset typically
is better than —125 dBc and
decreases to ~140 dBc at a 1

MHz offset. Stability is +10
ppm/°C and, by selection of
resonator temperature coef-
ficient, this can be reduced
to +*5 ppm or lower.
Standard output power is 13
dBm, with spurious prod-
ucts at —70 dBc. Higher out-
put levels as high as 1 W
can be achieved with addi-
tional gain stages.

Atlantic Microwave
INFO/CARD 197
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Keep spurious
frequencies
at bay

Flexible, tuned, frequency-
absorber material contains

stray or unwanted RF.
Available for frequencies
from 2-18 GHz, the material
offers center-frequency at-
tenuation typically exceed-
ing —25 dB. Bandwidth at
—~15 dB absorption is 2 GHz.
The material is a proprietary
iron-carbon blend in a flexi-
ble, urethane matrix. It is
dark gray in its native color,
can be cut and bonded to
surfaces, is waterproof and
can be painted. Thickness is
related to frequency of oper-
ation, and the material
comes in 18” square sheets.
Millimeter Wave Tech
INFO/CARD 198

SAW resonators
for digital satellite
service

Model RP1316, a 479.5
MHz surface-acoustic-wave
(SAW) resonator is designed
for digital satellite service
(DSS) tuner applications
with oscillator or transmit-
ter designs that require a
180° phase shift at reso-
nance in a two-port configu-
ration. Housed in a low-
profile TO39 case, the res-
onator provides fundamen-

tal mode, quartz frequen-
cy stabilization of fixed-
frequency oscillators at
479.5 MHz. Quartz con-
struction provides frequency
stability over a wide range.
RF Monolithics
INFO/CARD 199

GPS receiver
features
high-speed ASIC

The GT Oncore globa
positioning system (GPS
design features a high:
speed, signal-processing
application-specific inte:
grated circuit (ASIC); soft:
ware enhancements; and ¢

reduced number of hard-
ware components. The unii
will perform a “hot start” ir
about 15 seconds—nearly
30% faster than its prede-
cessor—and a “cold start” ir
less than 90 seconds
Additionally, the receiver
can achieve signal recogni
tion in less than a second, &
significant advantage for
passing-position, urban-
intersection updates.
Motorola

INFO/CARD 200
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3 VOLT - INTEGRATED DRIVER -
EXTENDED FREQUENCY RANGE

(onfiguration . Operoting  “lnsertion Loss  “lsolation Features Part
Frequency (GHz) ~ (dB) (dB) o 2N Number
volt positive con-
ST DC-20 5 0 WEE
Extended frequency;
ST DC-2.0 5 33 i SV-2394
0T 8-20 9 35 MEUMOERINE? ccagy
ol
SPOT DC-2.5 ; 39 Terminated infernally SW-338
*Typical parameters at 16Hz.

HIGH POWER HANDLING

Configuration.  Operating “Inserfionless  “Isolation Features Part
Frequency (GHz) (dB) (dB) Number
You know that M/A-COM has earned o
e e " i . Sw-217 reputation as a world leader in GoAs IC
SPOT 0C- 2.0 ; 17 2 Watt power  SW358 | control devices. And at Penstock, we
B L handling; single /SW359A} make it our business to be the leader in
neg/pos control product availability, ease of ordering,
*Typical parometers ot 16Hz. on-time delivery and customer service. It's a

combination that OEMs of any size demand today.
What's more, our technical support ond product knowledge
are unmatched in the industry.

GaAs MMIC ATTENUATORS

DIGITAL ATTENUATORS

P> OFF THE SHELF
GaAs MMICs

We have all the M/A-COM GaAs MMICs
you need in stock and ready to be shipped

today.

Operating | *Insertion Loss S Part

P> THE ONLY FULL LINE | " fungry o) 1 (68 BB umber
M/A-COM DISTRIBUTOR S igial  0C-20 124816 16 Sy A0

In addition to these products we also carry the

rafe
full line of M/A-COM GaAs IC control devices, 4 Bit Digital  DC-2.0  2,4,8,16 1.6 ottenuation; R

' low power
including oll GaoAs digital attenuators, amplifiers consumption  x1.939
and mixers. 3 Bit Digitel  DC- 2.0 4,8,16 1.6
P THE KNOW-HOW COMPANY Typiclporametr ot 16z

Our field support is the most highly regarded
VOLTAGE VARIABLE ATTENUATORS

in the industry. We can give you fast expert
advice, whether you’re developing applica-

Z - d . ; Configuration ~ Operating  *Attenuation *Insertion toss Part
tions like CDPD, interactive CATV, wireless Feweny(6H)  (08) (dB) Features Number
telemetry or MMDS. Best linearity, single ~ AT-108

VWA Sl 0-35 3.2 positive (o’nnofJ

P> 1SO 9001 SUPPLIER
CERTIFIED

We are certified in accordance

WA 0620 0-35 72 18demis ATES

Economical; AT-259
VWA DC-20 0-15 32 smallsize (501-148)

*Typical parametess ot 1GHz.

with the highest international
standards of ISO 9001.

PENSTOCK o,e

B y Penstock is an Avnet Company
‘Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM” |1 ’

CALL 1.800.PENSTOCK

(1.800.736.7862) In northern Calitornia, contact us at 1.408.745.8100. And in Canadg, call 1.613.592.6088.
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CABLES
AND CONNECTORS

Multiple cable
simplifies antenna runs

Designed for multiple antenna
installations, the Multi-LMR cable bun-
dles eight LMR coaxial cables into a

single cable. The cable incorporates an
outer braid for grounding and an outer
jacket for weather protection.

Times Microwave Systems
INFO/CARD 201

Integrated cable
for multi-antenna sites

Micro-Coax has expanded its line of
cable-integrated products to include
flexible cable assemblies. Equalizers,
attenuators and filters are combined
with flexible cable assemblies into a
small, lightweight package called
UtiFlex.

Micro-Coax
INFO/CARD 202

Solderless N connector
makes installation simple

A new, solderless, type N connector
uses an easy 3-step assembly process,
and it can be serviced in the field. The
connector has a 50 Q nominal imped-

ance and a VSWR of 1.25:1, as high a:
1 GHz.

Trompeter Electronics
INFO/CARD 203

Push-on RF connectors
speed cable assembly

The POD1 is a small-footprint, push
on, locking RF coaxial connector fo
BNC and TNC applications. The push
on technology allows the connector t:
be installed with minimal effort anc
alignment. The product provides a:
option for space-constrained applica
tions and features a 50 Q2 nomina
impedance and a VSWR of 1.3:1 fron
DC to 3 GHz.

Hirose Electric
INFO/CARD 204

Bias tree for cellular
and PCS applications

The EP-1075 bias tree, which cover
800 KHz to 2 GHz, can be used to injec

New and fast
power meter

Model 4230 RF power meter fea-
tures include a sampling rate of as
many as 200 readings per second and

either an RS-232-C serial or IEEE-
488 GPIB interface. The meter mea-
sures power from —70 dBm to 44 dBm
and covers the frequency range from
10 KHz to 100 GHz. Sensor calibra-
tion data resides in the sensor
adapter, eliminating the need for
manual sensor setup. All of the princi-

Product Focus: Power

pal instrument functions are menu-
driven and are orchestrated via front-
panel, touch-sensitive controls. A four-
line, 20-column liquid crystal display
(LCD) with five-digit resolution makes
the measurements easy to read.
Boonton Electronics

INFO/CARD 220

Low-cost, high-bandwidth
power meter

A diverse, wide-spectrum power
meter that needs only three sensors to
cover the frequency range from 50
KHz to 325 GHz can measure CW
power from 100 pW to 1 W. The single
millimeter wave sensor’s typical inser-
tion loss extension is 0.1 dB. The sen-
sor incorporates a heat sink for tem-
perature stability across the measure-
ment range. The coax sensor covers
the range from 50 MHz to 15 GHz
with a measurement range of 1 uW to
100 mW. It uses a type N connector
and has a maximum voltage standing

Meters

wave ratio (VSWR) of 1.2:1. The sen-
sor has a sensitivity of 120 mV/mW
with a measurement time of 20-50 ms
and an overall accuracy of 5%.
Dorado International

INFO/CARD 221

Digital and analog
RF power meter

Model APM 16 measures RF power
in both analog and digital systems.
The compact, portable wattmeter can
be used in cellular, personal commu-
nications services (PCS), industrial,
scientific and medical (ISM), aviation,
broadcast, paging and conventional
trunked radio system measurements.
The unit can measure signal from 100
mW to 10 kW for the frequency range
of 450 KHz to 2.3 GHz. The unit fea-
tures a shock-mounted linear scale
meter to withstand abuses typically
encountered in the field.

Bird Electronics
INFO/CARD 222
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a DC bias current into an RF transmis-
sion line to bias an RF amplifier with-
out loading the line. The device fea-
tures a typical insertion loss of less
than 0.1 dB over the entire frequency
band, a voltage standing wave ratio
(VSWR) of 1.2:1, a power rating of 80
W and a DC current carrying capacity
of 1 A.

KDVTriangle Electronics
INFO/CARD 205

Multiple connectors made
obsolete

One panel that accommodates a
variety of RF connectors includes a
panel mounting adapter that may be
permanently mounted at any conve-
nient location. It allows the user to
change RF connectors for any particu-
lar need. The panel can accommodate
7/16DIN, BNC, C, HN, LC/HV, SC, SQ
TNC and other varieties of common RF
connectors. The panel is constructed of
nickel-plated brass and has a Teflon
insulator and brass conductor. Custom
engineering is available for special
requirements.

Tru-Connector
INFO/CARD 206

AMPLIFIERS

Power amplifier operates
from 800-2,000 MHz

Model AR8829-50 class A high-
power amplifier operates in the
800-2,000 MHz frequency band with
linear output power of 50 W. Gain is
50 dB nominal, with +1.5 dB flatness
across frequency. The amplifier is pro-
tected from either open- or shorted-
load conditions. Operating voltage is
115/230 VAC, 50/60 Hz. The AR8829-

EIIIIIIIMIIIHIIII_II IR &
S———— L Y
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Q-TECH Corporation
10150 W. Jefferson Blvd.
Culver City, CA. 90232

tel. (310) 836-7900
fax. (310) 836-2157

30 times lower power than
ovenized oscillators

The Q-TECH MCXO is a new
development in precision oscillators.
With a stability of 0.03 ppm, the MCXO

is 30 times more stable than the best TCXOs.

Low power and high accuracy with a

timing stabil

Features
*Stability-
+/-3x10*
-55°C. to +85°C.
*Power Mode-
Frequency: 75 mW
Timing: 25 mW
*Standard Outputs-
10 MHz, 1 PPS
* Aging Correction
*Synchronization

MCXO

ity of <3 ms per day.

ey

Microcomputer Compensated Crystal Oscillator
-

High Reliability
High Accuracy
Fast Start Up
Low Power

INFO/CARD 72

Return loss bridges from Eag

robust five watt power rating, unmatched in the industry, allows for

versatile measurements. Optional replaceable center pins allow
uick and economical repair of damaged connectors. Why pay more
orbridges with fewer features than EAGLE?

FEATURES:

5wattpower
Highdirectivity

RF reflected port
Replaceable pins
Internal reference
Rugged construction

le cover from .04 MHz to 3.0 GHz. A

FREE APPLICATION NOTE: High Performance VSWR Measurements

=3 Models Available |
NUMBER |FREQ RANGE| DIRECT | O/S Ratio| PRICE

RLB150B1 .04-150 MHz >45 dB <0.5 dB $279.00 ‘I
RLB150N3B 5-1000 MHz >45 dB <0.5 dB $389.00 |
RLB150NSA 5-3000 MHz >40 dB <1.0 dB $595.00 '

VOICE: (520) 204-2597
FAX: (520) 204-2568

‘ “ E l ’ POBox4010 Sedona, AZ, 86340

INFO/CARD 73
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50 has an operating temperature range
of 0°C to 50°C and measures 5.25” x
19” x 22”.

Comtech Microwave

INFO/CARD 207

DISCRETE
COMPONENTS

Fine tune components
in critical installations

Microgoniometrics arcs allow precise
alignment of position-sensitive compo-
nents such as lasers, photo diodes and
crystals in board mounting. The arcs
provide a drive-key type adjustment
that allows for as much as +15° of trav-
el. The arcs can be mounted individual-
ly or stacked concentrically with a com-
mon center to allow uniform adjust-
ment of the stack. The arcs use non-

magnetic dry or permanently lubricat-
ed stainless-steel drive screws.
Charles Supper

INFO/CARD 208

Surface-mount resettable
fuses offer reliability

Raychem has expanded its line of
surface-mount technology (SMT) reset-
table fuses to include four new models.

The SMDC series extends available
ranges from 0.2 to 1.1 A. The products
are polymeric PTC devices that break
when overcurrent is applied, then resel
when the condition is removed.
Raychem

INFO/CARD 209

Hybrid CATV amplifiers
with tight performance

Models MHW8272 and MHW829:
are hybrid CATV amplifiers operating
at 860 MHz. The amplifiers feature 2
dB and 29 dB gain, respectively. They
are specified at 24 V for 128 channels.
Motorola Semiconductors
INFO/CARD 210

LC crystal filters embed
band reject properties

A series of LC crystal filters for banc
rejection use LC filter designs in such ¢
manner that a matched-crystal, band

TURN

QUICK

AROUND

PHONE:
800-526-3935

BOMAR CUTS DOWN TURNAROUND
TIME ON CUSTOM FREQUENCIES... STOCKS
COMMON MICROPROCESSOR FREQUENCIES.

201 BLACKFORD AVENUE
MIDDLESEX, NJ 08846

800-777-2197

P.0. BOX 499

A QUICK SOLUTION TO

NOISE POLLUTION

EMI-RFI FILTERS

* Resin (Epoxy) Sealed Filters
* Glass (Hermetic) Sealed Filters

* Low & High Frequency Power Line Filters
* BNC Signal Line Filters
¢ D'Sub & High Density D’Sub Filtered Connectors
¢ Surface Mount Filters
* Terminal Block Filters
* EMI Filter Plates
* EMI Gasketing/Vent Panels & Windows
* Mil-Spec-Filtered Mil-F-15733 & 28861
¢ SPECTRUM CONTROL ¢ RFI « KCK
* OXLEY * DELTA PRODUCTS
* MAJR PRODUCTS ¢ STEWARD

Established 1972
METUCHEN CAPACITORS, INC.
YOUR PREFERRED SOURCE FOR QUALITY
ELECTRONIC COMPONENTS

1-800-669-2092
FAX: 1-800-679-9959
139 WHITE OAK LANE

OLD BRIDGE, N.J. 08857

mdl

1-800-964-8201

FAX: 1-800-964-9351
BRANCH OFFICE

6395 DOBBIN RD. SUITE 206
COLUMBIA, MD 21045
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reject filter is embedded in the circuit.
Properly designed circuits have a band-
pass insertion loss of less than 3 dB
and a voltage standing wave ratio
(VSWR) of less than 1.35:1.

Piezo Technology

INFO/CARD 211

SMT toroidal inductors
are cost effective

Electromagnetic interference (EMI)
and radio-frequency interference
(RFI) power supply inductors that use
surface-mount technology (SMT) are
overmolded in high-temperature plastic
designed to withstand surface-mount
soldering procedures. The devices are
encapsulated to resist moisture and to
provide a more cost-effective and rugged
design than glued-on or potted shell.
The package features both a rounded,
flat-top body for pick-and-place and flat
sides for mechanical placement.
Standex Electronics
INFO/CARD 212

Timing recovery unit
offers multiple features

The TRU-050 is a quartz-based
phase-locked loop (PLL) with a custom
monolithic microwave integrated cir-
cuit (MMIC) that combines a sophisti-
cated phase detector, operational
amplifier, crystal-drive circuitry and a
voltage-controlled crystal oscillator
(VCXO) drive-by feature matched with
a high-Q crystal. The device is suited
for data recovery and alignment,
frequency translation and clock-
smoothing applications.

Vectron Technologies
INFO/CARD 213

Cap voltage inverters
have low voltage loss

The ADP3603 and ADP3604 high-
frequency, switched-capacitor voltage
inverters deliver a regulated output
with low voltage loss. They eliminate
the need for external inductors. The

units deliver 50 mA and 120 mA,
respectively, of output current with +3%
output error over the 120 kHz
output-switching frequency. Output rip-
ple is 15 mV and 25 mV, respectively.
Analog Devices
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Chip inductors
save space

Toko America’s FSLU series minia-
ture surface-mount chip inductors has
an EIA standard 1008 footprint and
uses a proprietary wire-wound struc-
ture with welded terminations. It uses
a ferrite core for temperature stability.
The inductance ranges from 10 nH to
220 pH in 5%, 10% and 20% toler-
ances. Operating temperatures are
from —40°C to 85°C, and the compo-
nents are supplied on tape and reel in
2,000-piece quantities.

Toko America
INFO/CARD 215

& GET IT FAST!

NEW
PRICING

Quick Circuit

HIGH PERFORMANCE
SMALL SIZE

Circuit Board Prototyping System

* Reduce Time to Market for New Products
» Slash Development Costs

» Two Models to Choose From

* One Year Warranty

» Free Lifetime Phone Support

« Variable Speed Spindle is Standard and Software Controlled

Call T-Tech, Inc.

us or check out our
Web site for more
information!

Booth #2543

Booth #64

voice: 770.455.0676
fax: 770.455.0970
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See us at Wescon

PC Design East

5591-B New Peachtree Road
Atlanta, Georgia 30341 USA

Web: http.//www.t-tech.com E-mail: sales@t-tech.com

230 Series OCXO (10MHz)
Frequency Range: 40KHz 30MHz
Thermal Stability (-30" to 70°C): 2.5E-008
Aging/day: 7.00E-010
Phase Noise: (10MHz): 1Hz =-85dBc
100 Hz =-140dBc
1KHz = -150dBc
Electrical Tuning: 7.00E-007 to 2.0E-006
Package Size: 36.1x27.2x19.3mm (1.42x1.07x0.76")

M MILLIREN

TECHNOLOGIES, INC.

Two New Pasture Road Newburyport, MA 01950
Ph (508) 465-6064 Fax (508) 465-6637
INTERNET: http://www.mti-milliren.com
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SUBSYSTEMS

Chip makes GPS
more cost effective

A one-chip global positioning system
(GPS) receiver using monolithic
microwave integrated circuit (MMIC)
technology allows manufacturers of
GPS receivers to reduce costs. Model
UPB1004GS is a 3 VDC chip that com-
bines a double-conversion RF-IF down-
converter block and a phase-locked loop
(PLL) frequency synthesizer in a single
package. The device has a superhetero-
dyne architecture that features a single
oscillator serving the on-chip downcon-
verters. This architecture enables lower
power consumption, high reliability,
compact packaging and good out-of-
band spurious signal rejection. The
device is designed to process a 1,575.42
MHz GPS 11-band spread-spectrum
input signal and only draws 37.5 mA

for extended battery life.
California Eastern Laboratories
INFO/CARD 216

Cellular antenna routes best
signal automatically

A multiple-beam array antenna with
improved carrier-to-interface ratio,
talkback link margin and increased
coverage area operates in the 824-894
MHz cellular band and provides four
geparate 30° beams within each 120°
sector. A controller automatically
routes the signal from the beam with
the best signal quality back to the base-
site receiver.

Andrew
INFO/CARD 217

Broadband power amp
with high gain, efficiency

A 100 W VHF and UHF broadband
power amplifier is a high-power mod-

ule designed to work in the 100-500
MHz:z frequency range. It offers 40 dB
of gain (typical), 40% efficiency, 50 Q
input-output impedance, 24 VDC sup-
ply voltage at 9 A and -50° to 70°C
operating temperature. The unit is
suitable for radar and airborne sys-
tems and is available as a rack-mount
system.

LCF Enterprises

INFO/CARD 218

Combination antenna for
paging applications

A unique three-antenna combina-
tion positions three antennas under
one radome. Each antenna has 5.5 dB
gain, and an omnidirectional emission
pattern for the 860-960 MHz frequen-
cy range. The AC90555-3 Combi has
more than 40 dB of isolation between
sections and can handle 400 W of
power.

Celwave
INFO/CARD 219

Typical Spurious Response 200 MHz

Fundamental Mode Crystal

VI 1L
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Voice: (717) 258-5425.
Fax: (717) 258-5840.
e.mail vfcxtal@aol.com
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The Best 0f All Worlds.

Who Says You Can’t Have It All?

Unique among discrete crystals, Valpey-Fisher’s HFFX fundamental
mode AT cut crystals provide an unprecedented combination of desirable
characteristics. Excellent frequency and temperature stability coupled with
high pullability make these devices an excellent foundation on which to
build VCXO's. These chemically milled crystals are mechanically
robust devices which function normally for extended periods in
extreme environments of shock and vibration. For discrete filter
applications, HFFX fundamental mode crystals can be designed
to exhibit superior spurious response, providing both wide
clean areas and well suppressed responses.

Fundamentally Better!

Whether your application requires active or passive mode operation,
Valpey-Fisher High Frequency Fundamental Crystals let you “Have It All”
in one discrete crystal as no other product can. For more information,
contact Valpey-Fisher, 469 East North Street, Carlisle, PA 17013.

VALPEY-FISHER %]

A SUBSIDIARY OF
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RF software

Software accelerates
design process

Spurious Analysis Professional is a
computer-aided engineering program to
assist the receiver and transmitter de-
signer. The software locates where the
internally generated spurious frequen-
cies are. It is capable of calculating the
spurious frequencies inherent to single-,
dual- or triple-conversion design. A
search option assists in finding non-
tunable local oscillator and intermediate
frequency (IF). The program also can
perform dual modulus phase-locked loop
(PLL) A & N counter calculations. Other
features include: graphical plot of spu-
rious frequencies (low-order harmonics
are highlighted); spurs in the table selec-
table for data about an individual spu-
rious frequency; search table enhanced
to provide more information about calcu-
lations; capability to switch between
search table and individual spurs while
in the search mode; enhanced graphics;
error trapping performed on all inputs;
parameters and options menu values
that can be read and saved from file; as
many as 600 spurious frequencies dis-
played per calculation; table output that
can be filtered to display only certain
harmonics; ability to print output tables.
An illustrated user’s manual is included.
Orion Software
INFC/CARD 180

Integrated package suits
circuit design projects

HP Basic RFIC Simulation Suite
provides the simulation tools needed for
radio-frequency integrated circuit (RFIC)
design. The package was developed to
shorten the design cycle in wireless appli-
cations and to enhance performance and
yield by multiple simulation technologies
combined with models, optimization and
statistical design. When analytical mo-
dels exceed their range of validity or are
nonexistent, as in the case of spiral in-
ductors on silicon, HP’s electromagnetic
simulators fill the void to maintain the
overall RFIC simulation accuracy. Users
may also develop their own linear and
nonlinear models to enhance accuracy for
in-house RFIC foundry processes and to
fit them to measured data through a pa-
rameter-extraction system.

Features include: linear simulator
that analyzes and optimizes low-noise
amplifiers, matching networks and os-
cillators; nonlinear simulator that ana-

RF Design

lyzes and optimizes mixer intermodula-
tion products, frequency-conversion
noise figure, amplifier compression,
power-added efficiency, and oscillator
phase noise; transient and convolution
simulators that analyze transient re-
sponses of circuits containing lumped
and distributed components; statistiical
design package that ensures robust
RFIC design to tolerate process varia-
tions with the goal of achieving accept-
able production yields; custom model
development kit that conveniently en-
ables the addition of user-defined and
foundry models to the simulation envi-
ronment; SPICE netlist translator that
imports Berkeley 2G6, PSpice and
HSPICE netlists.

HP Basic RFIC Simulation Suite is
available in both series IV and mi-
crowave design system (MDS) on the
UNIX platform, and in series IV on the
pe platform. The HP Professional Simu-
lation Suite, which extends the basic
RFIC capabilities, is available in only
MDS for UNIX. Prices for both suites
start at $46,000.

Hewlett Packard
INFO/CARD 181

Software features digital
simulation capability

MicroSim PLSyn version 6.3 for Win-
dows allows designers to simulate a
system with programmable logic, dis-
crete digital and analog parts on the
same schematic. Designers can describe
programmable logic using systhesis
language, logic symbols or both. Im-
proved error-handling in this version
allows users to detect design systhesis
language (DSL) syntax errors and leads
directly to the source of the problem.

Language portions of the design can
be specified from a list of DSL tem-
plates so that designs can be created
without the user having to memorize
programming language syntax.

The program is available for $2,750
and requires MicroSim PSpice or Micro-
Sim PSpice A/D with schematics.
MicroSim
INFO/CARD 182

Program customizes
probe station control

Cascade Microtech’s Prober Control
version 2.1 allows customized control of

a probe station for on-wafer measure-
ments and characterization. The status

window displays the positions for any
active MS1-8 programmable micro-
positioners, including remote control
via standard commands for program-
mable instruments (SCPI). The control
pad is adjustable; movement is propor-
tional to the velocity changes in the joy-
stick movement. Edge sense control en-
sures that the type of switch detected
matches the hardware configuration.
New dialog boxes for joystick and con-
trol pad mean more control over device
movement.

Owners of earlier versions of the soft-
ware may upgrade for no charge.
Cascade Microtech
INFO/CARD 183

Supercomputer software
analyzes complex models

MCS/Nastran for both the NEC SX-3
and for the SX-4 series supercomputers
is a finite element analysis program
used for normal modes, transient re-
sponse, frequency response, nonlinear
systems, design sensitivity and opti-
mization. The software provides DMAP,
a macro language for creating custom
applications. It also provides the capa-
bility to describe design objectives and
constraints through user-written equa-
tions, making it possible to continu-
ously update the computer model to
match empirical test data.

The mathematical techniques of the
large-scale program coupled with the
SX series’ supercomputer speed allows
users to quickly analyze large, complex
models.

MacNeal-Schwendler
INFO/CARD 184

Free software
aids circuit design

DOS-based software from Rogers
saves time in the design of prototype
circuits for wireless communications
applications that use Rogers laminates.
If the user supplies other physical prop-
erty data including dielectric constant,
loss tangent and thermal conductivity,
the program can assist with another
substrate materials as well.

The free software may be down-
loaded from the company’s web site
http://www.rogers-corp.com/mwu/, or a
diskette may be obained directly from
the company.

Rogers
INFO/CARD 185
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RF literature

Study on wireless telecom
highlights competitors

Kenneth W. Taylor and Associates of-
fers a comprehensive study of the tele-
communications industry. The 505-page
study, entitled “Worldwide Digital Wire-
less Communications —Competitors,
Strategies and Partners,” focuses on the
competitive nature of the industry. The
report analyzes 94 current and future
competitors that hope to become leaders
in large, emerging segments of the dig-
ital wireless communications industry.
The study looks at the years between
1996 and 2000.

Kenneth W. Taylor and Associates
INFO/CARD 186

Brochure covers connectors

A brochure from Applied Engineering
Products details the company’s latest
line of connectors, including subminia-
ture connectors for 75 Q applications.
Applied Engineering Products
INFO/CARD 187

Handbook aids
capacitor specifications

The second edition of The Capacitor
Handbook by Cletus J. Kaiser combines
capacitor theory with practical circuit
application information and expands
the reliability, radiation, AC motor
start and nonpolar capacitor-style infor-
mation. This edition also contains more
charts with application information and
selection factors. The first chapter
covers the fundamentals of all capaci-
tors, followed by individual chapters on
ceramic, plastic film, aluminum elec-
trolytic, tantalum, glass and mica types
of capacitors.

Included are a glossary, symbols and
equations, capacitor selection guide-
lines and a comprehensive index. This
134-page, soft-cover reference book com-
plements the author’s other passive-
component handbooks on inductors and
resistors. The book is available for
$15.95 plus $4 shipping.

CdJ Publishing
INFO/CARD 188

Full-color antenna catalog
offers technical data

A catalog from Ace Antenna covers
base-station antennas, mobile and
portable antennas, cavities, filters, com-
biners, isolators, amplifiers and satel-
lite TV antennas. Products are illus-
trated in color. A technical section

98

includes worldwide Ku-band frequency
allocations, noise figure to noise tem-
perature conversion chart, rainfall v,
attenuation coefficient, voltage stand-
ing wave ratio (VSWR) conversion
chart, characteristics of standard rec-
tangular wave guide and other for-
mulas and data. Booklets on specific
products are also available upon
request.

Ace Antenna
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Brochure addresses
testing requirements

Wavetek’s color 28-page Cable Televi-
sion Selection Guide provides informa-
tion on products for cable television
testing. Included are the CMS 1000
central monitoring system, a CATV
headend remote monitoring system and
the CLI-1450 combination signal level
and leakage detection meter. A sepa-
rate color matrix brochure clarifies
product use and details technical capa-
bilities of the testing instruments.
Wavetek
INFO/CARD 190

Measurement booklet
covers practical applications

Racal’s application notes and tech-
nical papers booklet covers applications
ranging from an introduction to VXI to
enhanced pulse measurement and gen-
eration using VXI-based instruments.
Articles also cover VXIbus system inte-
gration. The booklet is a resource for all
VXlbus products and is free.

Racal Instruments
INFO/CARD 191

CAD tutorial emphasizes
schematic drafting

Inside OrCAD by Chris Schroeder
contains an overview and introduction
to drafting, with hands-on exercises to
help the reader master the software
program. Chapters include installation
and configuration; hierarchical design,;
postprocessing; library editor; advanced
features; user buttons and macros; cre-
ating SPICE netlists; netlists for
printed circuit board design; and
editing bill of materials. OrCAD com-
mands and functions are listed and ex-
plained. Appendices provide tips, tech-
niques and information about linking
OrCAD to other computer-aided design
(CAD) and computer-aided engineering
(CAE) tools. The book has an index and
comes with a disk containing a parts li-

brary for the tutorial exercises as well
as several utilities. The 408-page paper-
back is $39.95.

Butterworth Heinemann
INFO/CARD 192

On line;

Electronic components web
site launched—Internet users can
now access information on Vishay
Intertechnology’s family of passive
component organizations. The web
site (http:/www.vishay.com) pro-
vides company and product informa-
tion covering operations in North
America, Asia, Europe and Israel.
Companies covered include Dale,
Draloric, Measurements Group,
Roederstein, Sfernice, Sprague, Vis-
hay Resistive Systems and Vitramon.
Hypertext links enable users to lo-
cate product news and data for a
range of passive components in-
cluding capacitors, connectors, crys-
tals, displays, inductors, multi-com-
ponent networks, resistor networks,
oscillators, resistors, rheostats, ther-
mistors, transformers, trimmers and
potentiometers. Data sheets, news
releases, cross-reference guides,
technical bulletins, distributor loca-
tions and field sales locations can be
downloaded.

Vishay
INFO/CARD 193

Coax selection guide—Times
Microwave Systems’ web site in-
cludes its Communications Coax Se-
lection Guide. An interactive attenu-
ation calculator enables visitors to
compute the loss of any of the com-
pany’s LMR coaxial cable at the fre-
quency of interest. The Cable Hand-
book also can be requested for free
(http://www.timesmicrowave.com).
Times Microwave Systems
INFO/CARD 194

Fiber-optic video, audio and
data links—Force’s web site catalog
(www . forceinc.com) details such prod-
uct lines as CATVLinx; CATVLite
VSB and AM multichannel video
links; and AM and FM video links. A
corporate profile provides informa-
tion on the company, and a response
form allows the user to request addi-
tional information.

Force
INFO/CARD 195
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— L. ldeal for Wireless Products
15,1008 & 0805 Models £
-4 High Q & Sell Resonant Frequency

RF POWER AMPLIFIERS

A%
200\ » 150200 Mtz » 535

1 MHz 2GH:z

LHicieney ¢ 33dB Gain

1W-1KW

S S-Parameters data on disk

‘ i e

USA » Tel: 619 674 8100 » FAX: 619 674 8262
Europe ¢ Tel: 353 93 24107 « FAX: 353 93 24459
Asia * Tel: 65 741 5277 « FAX: 65 741 3013
World Wide Web » http://www.pulseeng.com

« Small Size » High Efficiency * Durable

Block Diagram Simulation

Nonlinear RF and digital simulation with fast
spectrum analysis. Call now for a free 30-day trial.

800-631-1113 http://mwww.tesoft.com

¢ Module and Rack Mount Systems

» Customization Available

— 651 Via Alondra, #712

LC l-EN,Em,SES E) Camarillo, CA 90312 USA

TEL: (805) 388-8454
il FAX: (805) 389-5393
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TESOFT Inc. 770-751-9785 Fax770-664-5817
PO Box 305 Roswell GA 30077
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AMPLIFIERS
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Eclipse 4.0 jor v 0.«

Comprehensive
Element Library

SINGLE LAYER CHIP CAPACITORS

* User-defined

p \.
- Equations
Type A @ Type B T + Flexible Sweep
250V 250V =S Capabliity
= 2 | 1 ;
oeertd NEW PS -5 A/B Series . gﬂ:;t;;:;e Graph

¢ Manual Element/
Variable Tuning

Type C > 1.1/2.0 GHz Portable Spectrum Analyzers

« Optimization

100V g *PS - 5A 0.1-1100MHz, PS - 5B 0.1-1100MH2 & S00-2000MHz - G
S E— in one scan (span: 0 - 100MHz/Div in 11 steps) Graphs
| S— * 5 digit center/marker frequency display at 0.1MHz resolution .
*Measurement range: -108 to +20 dBm Network Analyzer
FOR CAPACITORS WITH: *5 resolution bandwildths: 10KHz - 1MHz style Markers

* 50 dB input attenuator in 10 dB steps

*2/10 dB log scale display with base line clipper
*Buitt-in AM / FM demodulation with speaker

«Tracking generator (optional TG-01)

*AC / DC / Battery powered (optional +12 V battery pack)

¢ Extremely smooth and uniform metalized surfaces
Pt metalization to withstand 400°C die attach temperature
up to 20 min max

An Unparalieied RF/Microwave Linear Simulator

$495%

on / v http/iwww.ardentech.com

¢ TiW adhesion layer to prevent diffusion and provide

stability at very high temperatures

TECDIA

2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043
Tel: (415) 967-2828 Fax: (415) 967-8428
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LOW COST
HIGH PERFORMANCE
FREQUENCY SOURCES

CRYSTAL OSCILLATOR-MULTIPLIER

o Mgugt Vgﬂ - gzggg .01 GHz T0 1.0 GHz Many other quality products:
v MODEL USA - .00 1.06H: 10 1.8 6Hz .

v MODEL SSA - $295.00 1.5 64z 10 4.2 6z pulse generators...bios tees
RF OUTPUT: +8dBm min., at any spot frequency

in above ranges
FREQ. STABILITY: £30ppm, -20°c to +60°c
B+:+12 to +16 VOC

Wilmanco /et st toorman. ot s

(805) 523-2390 FAX (805) 523-0065
'F Design
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« Lightweight - Portable operating. Size: 11.5" x 5.4" x 12.9"

Introductory price from $1975 (PS - 5A)
V.Tech Instruments, Inc. Tel:

(201) 546-7635

for a fully functionat demo

Arden Technologies, Inc.

K t#’ PO Box 286 « Forest, VA 24551
IV voice 804-525-6837 Fax 804-525-5376

171 Burns Ave, Lodi, NJ 07644 Fax: (201) 546-7651

e-mail: arden @ ardentech.com

INFO/CARD 104

GaAds MMIC

Gt p——
call 1 8FE-1IEXAWAVE v fax 1-308-378- 4600 L.

HeXawave,Inc. 1 wwsesn bhd o= 100
Commbel ( Wrvm

wm Positve/Negatve Controt
Voltage

wm OC-2 5 GHz

‘= For DCS 1800, Wireless LAN
Radwo and Cellular Equipments

= SMT SO-8 Package

= Tape and Reel avallable
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ULTRA BROADBAND
AMPLIFIERS

28 ps Risetime
65 kHz-12 GH:z
12 dB Gain

Only $500!

Several different models available.

B A b
|5 » 4 lae

& e
‘L'; e

A

/\ PICOSECOND
[\ PULSE LABS

P.0.Box 44
Boulder, CO
U.S.A. 80306

Fax: (303) 447-2236

s
Phone: (303) 443-1249
INFO/CARD 108
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Vacuum Capacitors

COMET is a worldwide recognized supplier
of high voltage/high vacuum capacitors for
the broadcast, semiconductor, RF
heating/drying, medical (MRI), scientific, and
military marketplaces. Our rugged ceramic
envelope capacitors are available in capaci-
tance ranges from 3 pF to 6600 pF, current
ratings to 1000 amperes, and peak test volt-
ages to 100 kV. Most are interchangeable
with competitive types, and we provide
design proposals for custom requests within
a matter of days.

INFO/CARD 109

RF marketplace

YOUR FUTURE STARTS NOW!
JEY CAREER OPPORTUNITIES FOR QUALIFIED
R.F. ENGINEERS, NETWORK ENGINEERS
SYSTEMS ENGINEERS, TECHNICAL MANAGERS

MIXTEC GROUP
LEADERS IN EXECUTIVE SEARCH

Phone: (619) 773-0717 « Fax: (619) 862-9207

( Astron Corporation is a
small, rapidly growing
company just outside of
Washington D.C. which
specializes in developing
antennas uniqely optimized to our customers' re-
quirements. Our commerical division is
currently developing antennas for PCS,
cellular, wireless local loop, RFID, and satellite
systems. We are looking for experienced
personnel for the following positions:

Antenna Design Engineer
Must have a BSEE or equivalent degree and 3+
years experience in antenna design. Exper-
ience developing cellular/PCS handset and
modem antennas a plus. Job code: RA963.

Antenna Project Manager
Oversee the development of multiple antenna
products from prototype through production
phases, working closely with customers.
Requires BSEE, experience as antenna/RF
engineer, good communication skills, and
familiarity with cellular/PCS industry. Project
management and technical sales experinece a
plus. Job Code: RA964.

Astron offers an excellent salary and benefits
package, including 401(k), medical, dental, life
and disability coverage. Please send or FAX (no
phone calls, please) your resume and salary
history, indicating job code of interest to:

Astron Corporation
470 Spring Park Place, Sulte 100
Herndon, Virginia 22070-5227
Fax (703) 471-4503

kasbt us on the web at: hnp//wwwspacwtcom/astrmmmIJ
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RF marketplace

Classified display ads are available at $125 per column inch
Frequency rates available for multiple insertions. Please call foi
further information, 303-220-4288. Or fax your ad copy for a rate
quote to: (303) 793-0454.

"AREER OPPORTUNITIES

Without Tears®

Learn DSP and put your knowledge to work

IMMEDIATELY!

To receive an informative brochure on this popular seminar, call

Z Domain Technologies, Inc. at 1-800-967-5034 or
770-587-4812. Hours: 9-5 EST. Or E-mail: dsp@zdt.com

Aflso, a 3-day ADVANCED class in DSP js avatlable ona|

By taking 1h|s 3-day course, you quI really leam DSP
Guaranteed!
Coming to a city near you:
San Jose, CA - Richardson, TX < Long Beach, CA

http.//www.zdt.com/~dsp

F’Rsr 6584 NW._H 0#11 SEINDSHESI:MREFT&:I IL 60631
W, ., 1st I, Suite 1-RF, Chicago,

SE‘RCH Phone (3%) 774-0001 < FAX (312) 774-5571

e-mail: fsihunter@aol.com

DIRECT & CONTRACT POSITIONS

RF EXPLOSION

As a Nationwide RF Specialist, Microwave, Ampli‘iers,

RF state of the Art Developer seeks degreed engineers to join Transmitters, Receivers, Synthesizers, Filters, NMIC,
SRRy Eanp SStonS dvalatic ot BN IOA bGP IS, L-Band, KU-Band, Satellites, Antennas, Audio, Video,

CATV, Cellular, Wireless, Analog/Digftal, Tesl, MMIC, Momt. Telecomm, CATV, Wireless, VHF, UHF, Radio, Commercial
Additional oppts. available for Packaging, Mechanical Design, —ny L AE R SN TR %

Power Supply, Acoustic, HW/SW, Systems Integration. or milftary Commun_lcatlons. AL

3 Call, Fax, Mail Resume to: Bill Eiias, Dept. RF
For consideration send your resume to: P.O. Box 396, East Brunswick, NJ 08816
Louis Schwartz, Technical Employment Consultants Phone: 908-390-4600 Fax: 908-330-9769

52 E. Street Road * Suite C1  Feasterville, PA 19053

Ph: 215-396-1840 * Fax: 2I5-396-I50I

ELIAS ASSOCIATES

Annually A National Award Winning Search Firm

) J b d
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Send us your resume:
Mention Dept. Code
Rf'D40 and the job
title in all

submittals

£-Mail
[ASCIH Only):

resumes@qualcomm.com

facsimile:
(619) 658-2110

Post:
QUALCOMM
Human Resources
PO. Box 219013
San Dieqo, CA
92191-9013

QUALCOMM

When you work ot QUALCOMM in San Diego, (A, you work in o fastpaced, high-energy environment. You work side-by-side with
some of the sharpest minds in the communications field. You experience the pecks that come from having an exciting job and the
respect of your peers. You help develop the most innovative technologies in digital communicafions.  We are using CDMA techniques
to build the next generation of wireless digital telephones and computer networks, including cellular, PCS, wireless local loop and
Globalstar™, a global telephone network of low-earth-orbit satellites.

If you're sel-motivated and driven to excel, QUALCOMM is your company of choice.

Rt Design Enqgineers

Immediate design positions are availoble at 800 MHz, 1.6 GHz, 2 GHz, 2.4 GHz, 4 GHz, 6 GHz and 12 GHz. Posifions are also
ovailable in RF and analog ASIC development. Most positions require o 4-year degree, or equivalent, ond RF design experience.

RE ICEngineers

Apply your analog IC knowledge to the design of digital wireless phone systems. Circuits of interest are: INA, mixers, IF amplifiers,
continyous fime filters, A/D & D/A converters, power amplifier diivers and power omplifiers. Low voltage and low power design
techniques are emphasized. Requires o knowledge of SPICE, Cadence or other analog design tools, os wel as transistor-evel design
(BICMOS, bipolar, GaAsHPT, and MESFET).

Rt Test Enqgineers

Develop test methods, equipment and procedures for volume production of wireless communications products, including cellulor phone
subscriber and bose station equipment. Provide technical leadership in the transition of products from design to volume production.
Requires a BSEE and S+ years' related experience.

We have positions available in all areas of £ngineering.
wWww.qualcomm.com
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=== ...YOUR CAREER

o009 |Baseband Circuit Design Engineer: Baseband circuit design for development of wireless phones.
IRequires significant expenience in analog and digital design, particularly as they relate to
QOO ltelephone products. Working knowledge of AMPS, TDMA or COMA is desirable.

Product Marketing Director: Incumbent would be required to work closely with product man-
agement and sales to design and develop product line strategy and tactical marketing programs
n support of an enterprise wide strategy for success in the digial wireless terminal industry.
Knowledge of cellular/PCS markets and/or wireless telephony Is required. A proven ability to
work with customers and product ion teams on ing strategy

CATV Design: Rf Design experience should include LC fitter, microstrip, amplifier, circuit
modeling and system analysis in the 5-1006Mhz range. BS/MSEE fiber optics a plus.

Project Leader Base Station: Design, fabricate, test and develop ri/mw components, circuits
and subsystems for ceilular basestation front-ends. BSEE/MSEE.

Field Sales: Aggressi ivil 1o create and serve new accounts. Positions are located throughout the
U.S.A. An engineer who wants to enter sales world is Base salary, and car. BSEE.

RF Microwave Test Engineers: Develop and refine

RF test tor product
characterization, production test, system test and FCC Certification. BSEE.

RF Engineer: RF circult des.gn and development for wireless phones. Develop radio architectures and RF circutt
design for systems opeating in the 800-900MHz and the 1800-2000MHz regions.

l

$r. Project Antenna Design: Lead the on, design and of a wide variety of antennas and antenna
systems, including both reflector and array systems using microstnp, stripline and waveguide technologres. BS/MS
with 5 years experience.

RF Design Manager; Lead  team of RF engineers from initial design and implementation through product integra-
tion and testing Into high volume production. 8+ years of RF design with emphasis on low cost radfo design. BSMS.

$r. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products. Circuits to be designed
include: power amplifiers, LNAs, mixers, iF amplifiers, buffer amplifiers. RF frequencies are 900 and 1800 MHz

Product Line Manager Wireless: Specific responsibiities include product line strategic planning, establishing rev-
enue and pnce objectives, setting internal cost targets and oversight of intemal product realization schedules.

RF PA Engineers: Requires 3+ years experience in design, test and manutacturing of high efficiency GaAS MESET
and HBT class A and C power Amplifiers (c2watts) in the frequency range (-2GHz). Experience in both discrete and
MMIC design a plus.

Sr. Analog IC R ible for circuit design and developing new analog/mixed signal ic's
BS/MS experience in A/D D/A, ASIC’s bipolar and BIMOS
Fliter Deslgn D of high 0" coaxial cavity and machine filter designs for PCS base

stations. BS/MS famitar with simuiation and modeling tools, three plus years filter design
experience with direct "0 designs (6-8000 Q's)

Applications Engineer: 5 years of directly relevant RF/MW engineering applications and
Strong p and instructor skills; must be able to
with H and groups of all levels of technical expertise and

experience

A global leader in the manufacture of quality electronic
identification devices, AMTECH SYSTEMS CORPORATION
has a number of outstanding opportunities in our state-of-
the-art facilities in Albuguerque.

RF/Miicrowave Engineer
Digital and Analog Engineers
Mechanical Engineer

e Systems Engineer
Software Engineer

Project Management

RF and Digital Technicians

If you are a self-starter who works well with a team in an
organized project environment, join AMTECH. We offer an
excellent compensation/benefits package and tremendous
Erowlh potential. For consideration, send resume with salary

istory to: Michele Eagleman, AMTECH, 8600 Jefferson St.

Syslems Engineer: Design system architecture for wireless phones. Lead the effort
in new system architecture design which includes RF, baseband processing, soft-
ware, , user and other ion features. Experience and knowl-
edge with COMA, TOMA, GSM and AMPS standards and operation for cellular and

PCS applications is desired.

MMICRO:
EXECUTIVE SEARCH

We specialize in the placement of wireless, RF, microwave communications nationally.
FOR THESE AND OTHER OPENINGS 800 Turnpike St. » North Andover, MA 08145
CALL COLLECT: TEL: 508-685-2272 E-mail: mi @aol.com

NE., Albuquerque, NM 87113. FAX: 505-857-0715.

JAMTECR.

Technology a Generation Ahead

No Phone Calls Please ®* A Nonsmoking Company. EOE

FAX: 508-794-5627

DESIGN ENGINEER BSEE + 2 5 YEARS
VLF/UHF RFI ANALOG SMALL MICROS-BATT
PWR-MIXED SIGNAL « ASSEMBLY LANGUAGE/
Get DATA-COM (232,485) A PLUS

Small, fast-growing manufacturer in SE Wisconsin FAX:

The Edge 800-366-9946 Email: rftech@edxecpc.com
Over Yous 3125 N. 126th St. Brookfield, WI 53005
Competitor...

Use The YOUR
RECRUITMENT

RF Design
Classifieds EFFORT
SHOULD START
HERE
Contact

1 Go with one of the nation's most

Terri Stenson established search firms, the leader in the

303-220-4288 Wireless Industry. We have earned the

respect of America's Wireless

FAX organizations through a reputation built on

303-793-0454 experience, integrity and results.

Let F-O-R-T-U-N-E work for you.

800.875.2230

RF e f -0-r-t-u-n-e

Communications Group
-l@l« Div. of Fortune Personnel Consultants
18552 MacArthur Blvd. #345
Irvine, CA92715
Fax:714.250.8535
Fax:714.250.8046

JOIN FORCES WITH OUR
HIGH PERFORMANCE TEAM!

At Linear Technology Corporation, we take pride in the fact that we're a high
performance company in every respect. From our high performance RF
process and product development efforts, to our consistent financial per-
formance of record sales growth and profits, we keep setting new industry
standards. Now, here's your chance to join forces with us as a member of
our well-established facility in Milpitas, California.

RFIC DESIGN ENGINEERS

Staft Engineer and Senior Design Engineer positions are available, depend-
ing on candidate background. Selected Engineers will be responsible for the
design, simulation and measurement of silicon RFICs for Wireless Commu-
nications (cellular, cordiess, PCN/PCS) from 0.1 to 3 GHz. Experience bring-
ing new products to the market and an understanding of communications
systems are required.

RFIC TEST ENGINEER

You will design and support Test Systems for RFIC products. This will
include the generation of new product characterization programs, inter-
face to automatic probers and handlers, and release of production test
hardware, software and documentation. We require a BSEE or equivalent
and 3 years’ minimum experience. Some supervisory skills preferred.

Ranked as the #1 IC company in profitability and one of the fastest grow-
ing semiconductor companies in the nation, Linear Technology is proud to
offer a competitive salary and benefits package, including an employee
stock purchase program, generous profit sharing, a 401(k) planand a
sabbatical program. For immediate consideration, send your resume,
specifying position of interest, to: Human Resources Manager, Linear Tech-
nology Corporation, 1630 McCarthy Blvd., Milpitas, CA 95035-7487, or
fax (408) 434-0507. An equal employment opportunity/aftirmative action
employer.
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102

October 19¢




Khese
z 3y L’

4
r

cool city.

hot technology

2 m\ﬁ

brought to you by AT&T Wireless Services

AT&T Wireless Services is number one in wireless communications. And, simply
put, we intend to stay that way. That explains the formation of our Strategic L\w‘ s iiiley_J

Technology Group in Seattle. The mandate is to invent the future and to make "‘“’”m &:‘wr«m o
that future real in the shortest possible time frame. When you're buildinéf a o 1$ 7Citing O
state-of-the-art engineering design team — it’s important that you track down ( < ke vho
the best in the world and give them the tools and resources they need.

The work is important — truly leading edge. The resources are impressive..as

&
B
o

1@,@&&»‘ :gg

iy ¢

T o!mmt:&\
Nz s

are the people on our team. And Seattle is fun, affordable, beautiful, prosperous,
scenic, upbeat, cosmopolitan — and, most agree, a really cool place fo live.

RF ENGINEERING

RF Circuit Design Engineer

Design RF circuits and systems, and designing MMIC's.
Knowledge of current RF concepts in 800 MHz-3GHz. Current
knowledge in modern Analog RF circuit design techniques.
Familiar with EESOFT, SPICE and other design/simulation
tools: MMIC design experience- preferably both Silicon and
GaSS technology. Work with low noise LO’s.

RF Channel Modeling Engineer

Use your expertise in macrocell/microcell RF propagation
modeling and propagation data analysis to define and imple-
ment RF channel models for advanced RF network planning
tools. Play a key role in planning the placement and design of
radio base stations for wireless networks.

RF Propagation Testing Engineer

Plan and carry out RF propagation studies and analyze experi-
mental measurement data to characterize the performance of
advanced wireless systems. Must be familiar with RF propagation
testing methods and equipment. Some positions require travel
and/or temporary assignments in U.S. locations.

RF Propagation Testing Engineer - Entry Level

Plan and carry out RF propagation studies and analyze experi-
mental measurement data to characterize the RF channel for
advanced wireless systems. BS/MSEE with a background in
communications and knowledge of MATLAB preferred. Some
positions require travel and/or temporary assignments in

U.S. locations.

RF Field Testing Engineer

Lead the planning and field testing of advanced digital RF com-
munications equipment and systems. Requires broad experi-
ence with a variety of test and measurement equipment and
digital wireless systems. Some positions require travel and/or
temporary assignments in U.S. locations.

RF Hardware Design and Systems Engineers

Lead RF communications subsystem and advanced wireless sys-
tem simulation, RF equipment design, laboratory and field test-
ing and validation, and integration. Knowledge of RF circuit
design and signal processing, digital wireless standards, RF test-
ing methodologies, RF test facility preparation, and FCC

requirements is preferred.

PLEASE SEND, FAX OR E-MAIL YOUR RESUME* TO: AT&T
Wireless Services, Strategic Technology Development, 14520
NE 87th St., Redmond, WA 98052. Fax:(206)702-2960. E-mail:
stg.jobs@attws.com For more information on AT&T Wireless

Services please visit our homepage at: http://www.unwired.com

* For scanning purposes, please send resume in Arial or Helvetica
Jont (point size 10 or 12) without italics, bolding, graphics, bullets,
asterisks or / marks lo separate words, on plain white bond paper
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An Equal Opportunity Employer

PR
ﬁ”& ity f""k—-\ R
i}& s:gmu “‘

G
X e o
MT. RAUN
5 #2 Aaicin
PRS2 1

2 S

Ko

F Design

103



AREER UPPORTUNITIES

RF ENGINEER/ANTENNA DESIGNER

- -
Product Marketing Engineer B
Stripline, microstrip, patch radiator antenna design

and testing experience in 800 or 2000 MHz a MUST
Understanding of Passive Inter-Modulation issues
Proficient in modeling RF circuits, radiating structures
and software tools: SOMET, AWAS

Familiar with Flam & Russel! 969 measurement system

Richardson Electronics, Ltd is a leading distributor of electronic

components offering excellent opportunities for advancement and an Experience with high volume manufacturer a plus.
excellent working environment. We are seeking a creative and people- Send/Fax Resume to:
oriented individual with technical abilities for a newly-created position CSS Power, Inc.

in our headquarters west of Chicago, L. 10552 Philadelphia Road
White Marsh, MD 21162

Under the direction of our Product Manager, you will provide technical (410)344-1014

and product marketing support for RF power transistors and amplifier Attn: A, Esposito

products to field sales and customers. Other duties include: visiting
customers and vendors to obtain program, marketing and technical
information; managing the RF test lab and in-house design and
product activities.

We require a BSEE or equivalent RF design andtest experience
and 2+ years electronic component sales and/or marketing experience

(preferably in RF/Microwave semiconductors and amplifiers). Reg ‘;{etfe'g::"lt:;ut’ti;@elsess
We offer a competitive salary, bonus and benefits package. ™
Please forward your resume to: Human Resources #022, 800']OB LINK

E-MAIL: rac@rell.com., FAX: 630-208-2554 Specializing in Sales, Marketing,
Richardson Electronics, Ltd., Technical, Engineering, Operations
40W267 Keslinger Road LaFox, IL 60147 & Executive Placements

EOE-M/F/D/V, Nonsmoking environment. Gables One Tower, Suite 801
1320 S. Dixie Highway
Coral Gables, FL. 33146

joblink@aol.com

Richardson

Electronics, Ltd. Fax Resume to (800) JOB-FAXX

= TEMEX ELECTRONICS, INC.
AP_E_X_ Wireless, Inc., a leader in

the field of low cost Part 15 data communica-
tions design, is expanding in Boulder, CO and
is seeking a talented . . .

Temex Electronics, Inc., a leading manufacturer of Monolithic and
Discrete crystal filters is looking for qualified individuals to fill the following

A positions:
RF DESIGN ENGINEER:
* 3+ years experience in the design of low Sr. R.F. Filter Engineer
cost RF transmitters and receivers.
« Circuit level experience from UHF to low Qualified candidates should have a minimum of two years related experience
microwave frequencies. with design and manufacture in the 5.0-200.0 MHz frequency range, along with

« Familiar with PLL synthesizers, spread = EF OSSR, Cearces

spectrum, and FCC Part 15 regulations.

Sales/Marketing Manager
o BS/MSEE required. / 9 9

’P?ease respond to: Qualified candidates should have a minimum of five years related experience.
Manager wiil be responsible to market and sell Temex products as well as
APEX working with our affiliate companies in Europe to market and sell their products

in the U.S.

WIRELESS, INC.
A subsidiary of Apex Systems, Inc.

MAJOR PRODUCTS: Crystals, Crystal Filters, Oscillators, Rubidium Atomic Clocks,
HY-Q Ceramic Chip Capacitors, Microwave Ferrite Materials.

Excellent salary and comprehensive benefits package. Please fax or mail

resume to:
R.F. ENGINEERS: NATIONWIDE
R.F./CELLULARNVIRESLESS/PCN/PCS Temex Electronics, Inc.
CDMA/TDMA/SPREAD SPECTRUM/VSAT
STAFF & MANAGEMENT POSITIONS 3030 W. Deer Valley Road
Ty Rlesp%nd tg CTH, Ltd. Phoenlx, AZ 85027
arlem Ave-Glenview, IL 60025 . 4 &
Ph. 847/657-0102 Fax 847/657-0061 Fax: 602-780-9699
email <cth@ais.net> Attn: Mr. Gholson
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AREER OUPPORTUNITIES |

CRYSTAL
AND
OSCILLATOR

ENGINEERS

> Crystal Design and Process Engineers
Experience in the design and
manufacture of AT cut resonators
required. Strip or inverted mesa
resonator experience a plus.

> Crystal Oscillutor Engineers
Experience in the design and
manufacture of TCXO's and VCXO's
required. Hybrid design and
manufacturing experience a plus.

Hy-Q International is a worldwide
manufacturer of frequency control
products. If you are an experienced
engineer looking for the opportunity
1o use all of your talents, then we
would like to talk with you.

Please send your resume, with salary
requirement to:

Hy-Q International (USA), Inc.
James Buchanan

1438 Cox Ave.

Erlanger, KY 41018

WE ARE AN EQUAL OPPORTUNITY EMPLOYER

PCS/PCN/CELLULAR/CDPD
RF/HW/SW/FW/DSP
Terminals/Systems

FITZPARTRICK & RSSOLIARTES

16540 East Ashbrook Dr, » Fountain Hills, AZ 85268-2832
E-Mail: FITZPAT @ix.netcom.com

J
|

FAX: (602) 956-7644

MANAGEMENT
RECRUITERS®
OF BOULDER, INC.

The search and recruiting specialists

WINDY BRADFIELD

RF / MICROWAVE SPECIALIST

CONTINENTAL BLDG., SUITE 301
1401 WALNUT STREET, P.O. BOX 4657
BOULDER, COLORADO 80306
(303) 447-9900
FAX(303) 447-9536

. BroapBanp

TEcHNoLoGIES, INc.

BROADBAND HAS BEEN LOOKING
FORWARD TO THE FUTURE...
AND Now IT’S HERE

At BroadBand Technologies, we developed the Fiber Loop Access
(FLX®) System, which transforms the telephone network into an Inter-
active Information Superhighway. The only Fiber-In-The-Loop system
providing on-demand integrated voice, data and switched digital video,
FLX uses phone lines to bring interactive cable TV, pay-per-view, home
shopping, education and telemedicine to homes in a customized easy-
to-use manner. Working with major telecommunications companies,
we are now in the first stages of deployment. Join us in the most exciting
period of our company’s growth, in one of the following openings:

ANALOG HARDWARE DESIGN ENGINEER

Individual will work with highly motivated team of engineers designing
next generation subscriber-drop technology to take advantage of in-
creased bandwidth from Fiber-To-The-Curb systems. BSEE with 5 years
in Analog Design required. Experience with Digital Transmission over
twisted-pair drops (1-30MHZ) required. In depth knowledge of analog
and digital filtering techniques is required as is experience with SPICE
models and simulations. Knowledge of ATM, SONET, and Telephony
standards and experience with Cadence Design Tools preferred.

OPTICAL COMPONENT ENGINEER

BSEE or equivalent to work with the specification and qualification of
purchased optical components for Fiber-In-The-Loop systems with
emphasis on both low cost and quality. Requires knowledge of the
physical layer requirements for communication lasers and photo-detec-
tors, industry practice and trends in packaging, and optical component
testing methodologies. Will interface with circuit and system designers
to turn functional requirements into detail component specifications,
interact with vendors to meet requirements in a cost effective manner
and perform required functionality qualification testing. Knowledge of
optical component reliability testing methodologies, optical system
design, and lab testing automation a plus.

As a member of our dynamic team, you’ll enjoy revolutionary technical
challenge and the visibility that promotes career advancement, as well
as the rewards of an attractive salary/benefits package. You may mail,
fax or email your resume to: Human Resources, BROADBAND
TECHNOLOGIES, INC., P.O. Box 13737, Research Triangle Park,
NC27709-3737, Fax: (919) 544-3459, email: jobs @ bbt.com, Website:
http://www.bbt.com. An Equal Opportunity Employer

At The Forefront of Video Dialtone Technology!

CAREER OPPORTUNITIES
WORLDWIDE

RF Communications (Test, Design, Applications),
Cellular & Wireless System & Equip.
Design, CATV, Data Transmission, ICS,
Digitat & Analog Design Engineers, Electro-
Optics. Active Components, many more.
Resume to: PeterAnsara, c/oABF, PO 239, W.
Spfld., MA01090. Tel (413) 733-0791 Fax (413)
731-1466 or pa@ansara.com. See our home
page: http://www.ansara.com

MIDWEST C@ OPENINGS

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
BS/MS, 2-8+yrs. experience, base-band to 3.0 Ghz, inany of the
following: Receivers, Transmitters, Power Amplifiers, Synthe-
sizers, Spread Spectrum, RF ASIC/MMIC Design, Modems,
Communications DSP. Reply with assured confidentiality to:
Don C. Gallagher
Gallagher & Associates
2033 McCoy Road, Suite 206, Sun Prarie, W) 53596
(608) 837-5647 Fax (608) 837-6096
Review many of our engineering openings on the Web at:
hitp://www.midwestcareers.com

F Design
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IETLY) svstems, inc. )

The industry leader in aerial target command
& control systems, has immediate openings
1o support existing long-term contracts.

PROJECT ENGINEER (RF & DIGITAL)
RF DESIGN ENGINEERS

-IFF Transponders

-C-Band Transponders

-X-Band Transponders

-UHF Transponders
HARDWARE ENGINEER

-Real-time Micro Processors
HARDWARE SYSTEM ENGINEER

We are an aggressive, growth-oriented
company with a full range of benefits including
401(k) and profit sharing. To be a part of this
exciting team send a resume or apply at:

65 Hill Ave., Ft. Walton Bch, FL 32548, Pre-
employment drug screen req.

AA/M/FIVNH

modulators, demodulators, PLL's, VEO's. Skills

include: PCS, PCN, Spread Spectrum, OSP,

CDPD, TDMA, CDMA, GPSK, QAM & others.
Digital/Analog, DC to 2 GHz.

Nationwide. Call or write. Fees paid.
P.O. Box 339 Weatherford, TX 76086
(800) 742-4947 » Fax: (817) 594-1337
E-Mail: 72774.3617 @ compuserve.com

C Dl@
CDI Telecommunications is part of
a large public corporation (NYSE)

serving customers nationwide.

We are seeking experienced personnel
for the following positions:

CELLULAR & PCS

Call: (800) 669-1890 ext. 396

[ "N;“..‘ A e o, o P 65

P.O. Box 4056 Dept. RFD
l Scottsdale, AZ 85261-4056
E.O.E.

k ITS Corporation

A Subsisiary of ADC Telecommunications,

"Accelerating the migration to broadband
infrastructures'’

ITS Corporation, a subsidiary of ADC
Telecommunications Inc., one of the world's fastest
growing telecommunications firms, has openings in
the Pittsburgh area. ITS Corporation designs and
manufactures broadband wireless and broadcast
television transmitter systems. We are seeking
candidates for the following position:
RF DESIGN ENGINEER

This position involves the design and development
of circuits for a line of UHF/VHF television
transmitters. A BSEE is required. Please send
resume and salary requirement to:

ITS CORPORATION

HR DEPARTMENT
375 VALLEY BROOK ROAD
MCMURRAY, PA 15317

FAX (412) 941-1603
EOE

PropUCTS & SERVICES

PRODUCT DEVELOPMENT

For successful, proven OEM product development,
depend on LOCUS —your strategic partner for:

© Proouct Derinimon, DesiGn & ProbucTioN
o RF Systems / RFID / SpreaD SPECTRUM
o DSP/ DigitaL Ranio/ RF ASICs

o [nnovanive, Cost EFFECTIVE SoLuTIONS

© RapIp TIME 7O MARKEY

® ONGOING PRODUCT SUPPORT

o CoMmMUNICATIONS / MEDICAL / CONSUMER

For quality products the 15 time, contact:

’; loCUS

LOCUS Incorporated
1842 Hoffiman Street
Madison, WI 53704
Phone: 608/244-0500
Fax: 608/244-0528

Email: sales@locusinc.com
hetp://www.locusinc.com
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PART 15 WIRELESS DESIGNS
Use one of our & Spread Spectrum
proven RF

Systems
dgﬂgns for your next | g portable,
wireless project. Apex| o power,
offers aver 71) years Small Size Devices
of combined wireless
design experience and
extensive lest and
simulation
capabilities

® Rf ideniification
Devices

& Pagers
u GPS
B Keviess Entry

2400 CeNTRAL AVE., Suite A, Boulper£CG) 80301

(303) 443-6699 FAX (303) 443-4974
E Mai: 75017.3 1204 COMPUSERVE.COM

v
P4
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* RF / Analog & Digita Circuit Design

* Hardware / Software Design

* Cellular / PCS System Design

Send resume to address below
ALL LEVELS OF POSITIONS FILLED GLOBALLY
Employer inquiries welcome.

Communication Resources, Inc.
The Communication Personnel Specialists
P.0. Box 141397, Cincinnati, OH 45250

606-491-5410 FAX 606-491-4340
E-Mail, Careercom@AQOL.com

ENGINEERING
 OPPORTUNITIES )

Nationwide positions available for
Engineering, R & D and Management
candidates with our Communications
Clients in Venture Capitol to Fortune
100 corporations.

Reply confidentially to:

EXECUTIVE SEARCH NETWORK
7 14E. Milner St. - Dept. RF3
Arlington Heights, I 60004

Fax (847) 394-1841 / 1891 (alternate)

E-mail: esn@ais.net

 RECRUITMENT

Our clients are hiring RF engineers with
the following skills:
Wireless Telecomm,
Cellular, Mobile, Tele-
phony, NPCS, spread
spectrum, DSP, AMPS,
SMR, GSM, CDPD,
TDMA, CDMA, WLAN,
WPBX, Transmitters,
Recievers, modulators,
demodulators, low
noise amps, mixers,
oscillators, filters, DDS,
synthesizers, 900/1900
MHz.

& Never a fee
to applicants

@ Positions
EVEILEDI
nationwide

& Send email,
fax or call
Randy Brei today!

Brei & Associates, Inc.
P.O. Box 445 Marion, IA 52302-0445
(319) 377-9196 Fax (319) 377-9219
RBREI@NETINS.NET
http://www.NETINS.NET/showcase/RDBREI/

A-COMM ELECTRONICS

Refurbished Test Equipment
DC 26¢hz HP GR Wavetek Tektronix
Send for Catalog Listing:

7198 S. Quince Street
Englewood, CO 80112
303-290-8012 ¢ FAX 303-290-8133

Place Your Classified Ad Today
Contact Terri Stenson
303-220-4288
Fax: 303-793-0454
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Antenna Engineer
Senior Antenna Engineer

Responsible for design of new antenna
systems and the modification of current
products for new requirements in the
Broadcast, Land-Mobile Commun-
ications, Cellular, and PCS fields. The
position requires a BSEE (MSEE and
graduate level antenna courses preferred)
with a minimum of 3 years experience in
antenna design. Practical experience in
the electric and mechanical design of
antennas for commercial applications is
required, and specific experience with
UHF or L-Band frequency antennas is
desirable. Good interpersonal commun-
ication skills are expected in order to
facilitate the passage of designs through
Documentation and Production. A
working knowledge of RF/microwave
software is a plus. Position and salary is
commensurate with experience.

For immediate consideration, mail or FAX
your resume and cover letter to: Human
Resources Manager, Scala Electronic
Corporation, PO Box 4580, Medford, OR
97501. FAX: (541) 779-3991. EOE.

| SCALA |

PROFESSIONAL ANTENNA SYSTEMS FOR
BROQADCAST AND COMMUNICANIONS

AREER OPPORTUNITIES

® Caurornia B Colorabo
# Arizona » Texas
# OreGoN #® WasHINGTON

RF-Wireless Communication
Digital Cellular, Cordless PCN

DSP: Video, Audio, Multimedia
Custom VLS| Design-CMOS

IC Design: Digital, Analog, Mixed Signal

ASIC/FPGA Design (VHDL, XILINX)

ROBERT MILLER & ASSOCIATES

5850 Oberlin Drive #310 » San Diego, CA 92121

PH: 619-566-4325
FAX: 619-566-4376
email: millerasc@aol.com

RF DESIGN

radio - data - phone

RF design from circuit to
system level.

Lanni Johnson, CPC

OF ALBUQU 8

505-262-187
FAX 505-268-4954
Excel of Albuquerque, Inc.
see us at www.excelalb.com
1700 Louisiana NE, Suite 210
Albuquerque, New Mexico 87110

F Design

Axonn Corporation is the leading supplier of high performance, low cost, embedded
spread spectrum technology. Axonn's Fortune 500 customers integrate our designs into
an impressive array of innovative, very high volume applications. Our designers work
hand-in-hand with engineers woridwide to create future product lines. In addition, Axonn
continually researches new, patentable RF communication techniques.

RF DESIGN ENGINEERS

Positions are available for experienced RF Design engineers. Responsibilities include
custom design of spread spectrum transmitter and receiver products, and developing
RF circuit concepts for high volume manufacturing. Applicants should be proficient with
RF design software and possess the aptitude to evaluate designs for performance, cost
and ease of manufacturing. Applicants should possess the ability to employ layout
software to develop RF circuit boards and evaluate prototypes to determine compliance
with specifications. The ideal candidate should have:

* Minimum 3 years hands-on experience designing transmitters and receivers
operating at 900 and/or 2400 MHz

¢ FCC Part 15 application experience

» Surface mount experience

* Specific design and test experience in

--Modulators --Mixers
--Frequency Multipliers --Amplifiers
--Synthesizers --Filters
--Oscillators --RF ASICs
* Proficiency with circuit simulators (SPICE) and modeling software (Touchstone,
Eagleware)

* Management/supervision experience desirable for senior staff positions

A competitive benefits package is available with these positions.

A If you want challenge, variety, design creativity, and the growth

/‘XONN opportunity available in a smaller company, FAX your resume to Ger Hill
e at (504) 282-0999. Visit our Web Page at http://www.axonn.com.

READY

WHEN YOU ARE

g As soon as you’re ready, you can reach over 40,000° technical

Professionals from all segments of the marketplace rely on RF Design for
the latest in industry developments and for your ad message.

Don’t keep them waiting. Call Lori Christie today and put your 2
advertising message directly in front of your customers. ,

vivivivivivivivivivivivinr

professionals with the subscriber list from RF Design.

*Based on the D ber 1995 BPA Intemnational S

Lori Christie 913-967-1875S - Fax 913-967-1897

RFdesign.
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BUyers’ Glulcde

Perissue  Total/Year  All orders must be prepaid. You can forward
Regular Listing $22.00 $264.00  your check or charge your ad to:
Additional Line $19.00 $228.00 — @ @‘{
The Buyers' Guide is a convenient guide to suppliers  Bold Listing $25.00 $300.00 mam | W [ -
of products and services available for design and Additional Line $21.00 $252.00  For information on closing dates and details on a
development engineers. Buyers' Guide listings are 1"Ad $200.00 $2,400.00  special Introductory Offer, call 1-303-220-4288.
sold on an annual basis at the rates shown. Drop Out in White $25.00 $300.00  Ask for Terri Stenson.
DISCRETE COMPONENTS MODULAR COMPONENTS
CAPACITORS OSCILLATORS
Vacuum
MET N i Ave., N ,CT 06850 ............... 852-1231 CRYSTAL OSCILLATORS
COMET North America, 11 Belden Ave., Norwalk, CT 0 (203) 852-1 MLPEY_FISHER ‘]

Surcom Assaciates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008 ..... (619) 438-4420
Variahle

COMET North America, 11 Belden Ave., Norwalk, CT 06850 ............... (203) 852-1231
CRYSTALS/RESONATORS

eLdl

SC-cut Crystal Resonators

Notech Electronics Ltd
For your SC-cut crystals requirement frequency 4-20 Mhz 3rd overtone, High Q, low
aging 5x10" - 1x107'° per day, calibration +0.5 ppm, G-sensitivity up to <3x10"'%g
Holders HC37, HC40.

11 Beith Hadfus St., Jerusalem 95483 lsraelJ‘el. +972-2-65|(m;g Fax.+972-2-6510292 |
Quartz

0ak Frequency Control Group
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 .................... (717) 468-3411
email: sales@ofc.com web site: http://www.ofc.com

FUNDAMENTALLY Better! [V I3 @ 8 224 |

‘AT’ Crystals for all of your FILTER SUBSIDIARY OF MATEC
and OSCILLATOR requirements ¢ Ideal for SONET - SDH - ATM
« Wide spur-free areas ¢ Superior spurious suppression

« Pullability up to 1000 ppm . .9268.
« Fundamental Crystals to 350 MHz Ezaa)I(I:. 7711 -;12255355; ,ﬁ;j

489 East North Street « Carlisle, PA 17013

Quartz Crystal Products
Crystals ¢ Clock Oscillators ¢ VCXO ¢ TCXO ¢ OCXO

Andhra Electronics (Pvt.) Limited
34 & 35 IDA Kakinada 533 005 INDIA
Tel +91-884-79407 Fax +91-884-61145 or +91-44-484-0041

DIODES
Loral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851 ....(508) 256-4113 ext.3311
Varactor

Knox Semiconductor, Inc.

13 Quarry Rd., P.O. Box 609, Rockport, ME 04856
HIGH POWER DIODE SWITCHES
Hill Engineering, 461 Boston Rd., Topsfield, MA 01983 ..
INTEGRATED CIRCUITS/MCM
California Eastern Laboratories,

4590 Patrick Henry Dr., Santa Clara, CA 95054-1817(408) 988-3500 Fax (408) 988-0279
Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763 .................. (516) 732-3448

RF, Analog & Mixed-Signal ASICs

Full-Custom Designed ICs: Blpolar, CMOS, BiCMOS
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switch Cap Circuits

RT G, Inc.

AMPLIFIERS
Broadband
Dressler HF Technik Gmbit,
Werther Str. 14-16, D-52224, Stolberg, Germany+49-2402-71091 Fax: (-71095)FILTERS
Delta Microwave Inc., 840 Vira Alondra, Camarillo, CA 93012............. (805) 987-6892

RF Microwave
Microwave Circuits, Inc., 6856 Eastern Ave., NW, Washington, D.C. 20012..... (800) 642-2587

... {207) 236-6076 Fax (207) 236-9558

(508) 887-5754 Fax 887-7244

TEL: (310) 534-3016 - FAX: (310) 534-3728
PO. Box 3986, Torrance, CA 90510 « E-MAIL: sales@rtg.com
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m ACMOS TTL to 200 MHz
m HCMOS TTL to 80 MHz

m ECL to 630 MHz FUNDAMENTAL Crystals to 350 MHz
® VCXOs to 200 MHz

& SMD to 300 MHz 800-982-5737 (ext. 244)
Valpey-Fisher Corporation » 75 South Street » Hopkinton, MA 01748 Fax: 508-497-6377

Crystal

Oak Frequency Control Group,
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 .................... (717) 468-341
email: sales@ofc.com web site: hitp://www.ofc.com

Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752

VCOs & Synthesizers
www.wireless-radio.com
IRELESS RADI
OS CILLATORSN\

PH 313-669-2901 FAX 313-669-2902

SYSTEM SUBASSEMBLIES

PRINTED CIRCUIT BOARDS
CALL SOUTHWEST CIRCUITS NOW! (800) 279-5572 ;

+PROTOTYPES AND SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS
+ALL POPULAR MICROWAVE LAMINATES: PTFE - TEFLON - DUROID - GX
*MULTI-LAYERS - QUICK TURN - EXOTICS

Southwest Circuits, 3760 E. 43rd Place, Tucson, AZ 85713
TEL (602) 745-8515 FAX (602) 747-8334 MODEM (602) 747-5108

ANTENNAS
Sinclair Technologies, Inc., Oriskang Dr., Tonawanda, NY 14150 ........ (800) 288-27¢

RF TRANSMISSION COMPONENTS

Custom & Specialty
Myers Engineering International, Inc.

A SUBSIDIARY OF M4TEC

. (512) 450-140

P.0. Box 15908, Ft. Lauderdale, FL 33318 ........ (954) 345-5000 Fax: (954) 345-501
Site
DAPA, Deleware Park Centre, Suite 6, Olean, NY 14760 .................... (800) 325-DAI
FILTER ASSEMBLIES
Low Pass
Cail Specialty Co.

2730 Carolean Ind. Or., PO Box 978, State College, PA 16801 .......... (814) 234-70.

ISOLATORS/CIRCULATORS
=== AEROTEK COMPANY LIMITED

Manufacturers of Circulators and Isolators
Coaxial and Drop-in types, 400 MHz-18 GHz

“TOP QUALITY, REASONABLE PRICE”

S 1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand.
AEROQTEK Tel: (662) 3114448, 332-5035 Fax: (662) 332-5034

Coaxial Connectors, Inc.

1500 N.W. 62nd St., Ste. 501, Ft. Lauderdale, FL 33309 .........c.ccccooevevinns (305) 772-26
PRECISION RF CONNECTORS
Berg Electronics,2100 Earlywood, Franklin, IN 46131(317) 738-2800 Fax: (317) 738-28
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RF TRANSMISSION COMPONENTS
URGE & TRANSIENT PROTECTORS

_EB&C

ISCHER CUSTOM COMMUNICATIONS, INC. - (310)891-0635 I

Lightning Suppressors - D.C. - 26 GHz
Coaxial - Powerline - Digital

WITCHES

lectromechanical

ow-Key Microwave Corp., 1667 Walter St., Ventura, CA 93003 ................... (805) 650-0260

IBF Microwave, Inc., R. 2, Box 2524, Hardy, AR 72542 ................... (501) 856-2685
ACUUM CAPACITORS
OMET North America, 11 Belden Ave., Norwalk, CT 06850 ............... {203) 852-1231

ACUUM TUBES
RUSSIAN POWER TUBES
RUSSIAN MICROWAVE TUBES

Quality Engineering and Manufacturing

Tel: (800) 578-3852 e Fax. (415) 233-0439
%%tnlgv.:!:g 3000 Alpine Road « Portola Valley. CA 94028

IATTMETERS & LOADS

B\

Wattmeters, Hements, Directional
Couplers, Loads, Attenuators, etc.

HENRY RADIO TOLL-FREE (800) 877-7979
2050 S Bundy Dr., Los Angeles, CA 90025 + Phone (310) 820-1234 - FAX 310-826-7790
MG TS SCERTE T v S T - < P S SoChiu reafy 4. W R

'AVEGUIDES & COMPONENTS
ectromechanical

BF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542  ............ (501) 856-2685

MATERIALS AND HARDWARE

ACKAGING/CRYSTAL HOLDERS

ystal Holders

lited Glass to Metal Sealing, Inc.,

11A Executive Park Dr., North Billerica, MA 01862

> BOARDS
|minates. Polyester Copper Clad
isteel Industrial Laminates, P.O. Box 910, Collierville, TN 38027

PRODUCT DEVELOPMENT

JSTOM OEM PRODUCT DEVELOPMENT/SUPPLY
cus, Inc.1842 Hoffman St., Madison, W1 53704 ...............cc...o...... (608) 244-0500

.. (608) 670-6494

(901) 853-5070

cal Instruments, 4 Goodyear St Irvine CA 92718
{TENNA TEST & RF INSTRUMENTATION
ritsu Wiltron Co.,

190 Jarvis Dr., Morgan Hill, CA 95037 .............. (408) 776-8300 Fax (408)776-1744
ayson Electronics,

106 Enterprise Dr., Forest, VA 24551

................... (800) 722-2528

(800) 800-7463 Fax (804) 385-7692

AC/EMI TESTING

V Rheinland of North America, Inc.,

|2 Commerce Road, Newtown, CT 06470 .......... (203) 426-0888 Fax (203) 270-8883
* DESIGN CONSULTANTS

trix Micro Systems, Inc., P.0. Box 675, Northport, NY 11768 ........... (516) 754-1155
{F/Microwave Circuit Design, PC Design, Prototyping ................ email: fk@ix.netfcom.com

* & MICROWAVE INSTRUMENTS

Guided Wave Solutions
W

sales@guidewave.com e http://www.guidewave.com

Products That Make Waves. ..

317)-842-WAVE

design ® test ® hardware  software

" Design

SOFTWARE & SYSTEMS, CAD/CAE

Circuit Simulation

ingSoft Ltd.-the providers of the RF Designe (416) 730-9611
213 Dunview Ave., North York, ON M2N-4H9, Canada ........................ Fax: (416) 226-0861

SYSTEM SIMULATION

RHR Laboratories, 207 Harding Bivd. W,, Richmond Hill, Ontario, CN L4C 8X6 ........ (905) 884-2392

Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 .................... (800) 631-1113
Makers of TESLA for Windows Simulator ...... Fax (770) 664-5817 intl (770) 751-9785

Produsis & Serviess Dirsgtory

The Products & Services annual basis.

Directory is a convenient For information on rates,
guide to suppliers of prod-
ucts and services for the
EMC/ESD industry. Prod-
ucts & Services Directory

closing dates and details
“SI&UESIGN listings are sold on an

on a special Introductory
Offer, call 1-303-220-4288.

Ask for Terri Stenson.

ELECTRONIC COMPONENTS AND EQUIPMENT

EMI SUPPRESSION COMPONENTS
Ferrite Beads, Rods, Forms

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589 ..................... (800) 836-0427
ESD AND SURGE CONTROL COMPONENTS

Lightning Arrestors

Fischer Custom Communications, 2905 W. Lomita Bivd., Torrance, CA 90505..(310) 891-0635
EMC TEST EQUIPMENT - EMISSIONS

Absorbers

Advanced Electromagnetics, Inc., PO Box 711719, Santee, CA 92072-1719 .. (619)449-9492
Anechoic Chambers

Advanced Electromagnetics, Inc., PO Box 711719, Santee, CA 92072-1719 .. (619)449-9492
Current Probes

Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505..(310) 891-0635
Line Impedance Stabilization Networks

Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505..(310) 891-0635
Power Amplifiers

Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126
ESD TEST EQUIPMENT

ESD Event Detectors

TREK INC., 3932 Salt Works Rd., P.0. Box 728, Medina, NY 14103

Surface & Volume Resistivity Meters
TREK INC., 3932 Salt Works Rd., P.0. Box 728, Medina, NY 14103 (800) FOR-TREK

MATERIALS HARDWARE AND PACKAGING

SHIELDING MATERIALS

Conductive Adhesives

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Conductive Fiber/Fabric

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Ferrite Absorber Tiles

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589..................... (800) 836-0427
Gasketing Materials

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Laminates

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065

Sheilding Foils and Tapes
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. {800)343-1076 Fax: (617)871-0065

ESD ENVIRONMENTAL CONTROL
Antistatic or Conductive Flooring

®
norag I
TEST LABORATORIES AND CONSULTANTS

LABORATORIES

TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112 ........ (800) 888-0123

CONSULTANTS

Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul, MN 55108 .......... (612) 330-3728
EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp.

(817) 249-4180

(800) FOR-TREK

ESD Safe Rubber Flooring for Work Areas
1-800-332-NORA
Nora Rubber Flooring

TERRI STENSON - CLASSIFIED SALES MANAGER

303-220-4288  FAX 303-793-0454
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P ﬁb
MIXERS
UNPRECEDENTED
IN VALUE.

5125

All Ceramic 2to1900MHz o K (. 10-49)

JMS mixers mean unparalleled performance and reliability. Solder plated
J leads provide improved reliability of the solder connection while
significantly reducing thermal stress and leaching. All-welded
internal construction withstands reflow temperatures up

to 240°C for 5 minutes, and rugged construction enables

JMS mixers to pass tough MIL-M-28837 shock and

vibration tests. Additionally, the all-ceramic surface mount
package has a cover pull strength of 20 pounds! Other quality
features include 4.5 sigma repeatability unit-to unit,

automated assembly for low-cost and fast, guaranteed 1 week
shipment, tape and reel availability plus a 5 year Ultra-Rel™
guarantee. If value is a must...specify JMS mixers from Mini-Circuits.

Mini-Circuits...we’re redefining what VALUE is all about!

‘V

SPECIFICATIONS MIDBAND (dB, typ
LO FREQUENCY {MHZz] Conv Isolation Sea
MODEL dBm) LO/RF IF Loss LR LI (aty.1-9)
JMS-1 +7 2-500 DC-500 575 45 45 4.95
JMS-1LH +10 2-500 DC-500 575 55 45 8.45
JMS-1MH +13 2-500 DC-500 5%5! 60 45 9.45
JMS-1H +17 2-500 DC-500 5.90 50 50 11.45
JMS-2L +3 800-1000 DC-200 7.0 24 20 7.45
IMS-2 +7 20-1000 DC-1000 7.0 50 47 7.45
JMS-2LH +10 20-1 DC-1 6.5 48 35 9.45
JMS-2MH +13 20-1 DC-1 7.0 50 47 10.45
JMS-2H +17 201 DC-1 7.0 50 47 12.45
JMS-2W +7 5-1200 DC-500 6.8 60 48 7.95
JMS-11X +7 5-1900 5-1000 6.7 35 37 425"

Note: *10-49 qty

L_JMini-Circuits’

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com  C/ACLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to ¢ 740- pg. HANDBOOK « INTERNET » THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM
CUSTOM PRODUCT NEEDS..LetOurExperience Work For You. F 205 Rev Orig



CHARGE
PUMPS

GO

PLLatinum

‘L SINGLES

http://www.national.com

PLLatinum™: the industry's
highest performing PLLs.

*

Best Sink and Source

Current Matching
Widest VCO
Tuning Range

-

Charge Pump Current (mA)

VCO Tuning Voltage (V)
(PLLatinum PLLs feature exceptional charge pump balance and tuning range.)

How do you build the world's best PLL? You
start with the world's best charge pump. Just check
out the spurious output of National Semiconductor's
single and dual frequency synthesizers.

Because you need a low leakage charge pumg
National has designed the best. We guarantee the
lowest TRI-STATE® leakage spec in the industry.

With wider VCO tuning range and highly repeat
able PLL loop performance, you can turn the volume
down. No need for extra filtering requirements thai
add more parts.

Plus, our PLLatinum family of PLLs are so wel
balanced, they absolutely eliminate dead-zone.

Pumped? Call us for a complete information kit
with a product selection guide and free samples.

1-800-272-9959, Ext.67 1

*In Europe call +49 (0) 180 532 78 32 (English) or +49 (0) 180 530 85 8
(German); in Japan call 81-43-299-2300; in Southeast Asia call 852-2737-1600.

National Semiconductor

Moving and shaping the furtur:

© 1996 National Semiconductor Corporation. PLLatinum is a trademark
and TRI-STATE is a registered trademark of National Semiconductor
Corporation. All rights reserved.
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