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Backintheold days,
when the first cellular
phones hit the road, life was
simple: 12 volts, period.

Not anymore. With over a
dozen major manufacturers offering
a wide variety of models, it’s a chal-
lenge to supply them with a range
of RF power amplifiers to do the job.

But we've met that challenge;
our RFIC power amplifiers will
work in many of the latest, newest,
smallest analog and digital cell
phones. And with battery voltages
from 3.3 to 5.8 volts and output

We've got

your number.

In short, we've got
B your number.

And that’s not all: based
on our MSAG®-Lite technology, our
line of RFIC power amplifiers can
help you reduce total system size
enough to actually add more features
in the same space. Cell phone talk
time can be extended by as much as
30% compared to using Si discretes
or modules. Plus, you can lighten up
the entire system.

And all of this at a very
affordable number.

Want to hear more?
Here's one more number you'll need:

power levels as high as 1.2 watts.

ACTUAL
SIZE

¢ TTTarc

703-563-3949.
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[FR SPECTRUM ANALYZERS.

POWERFUL, ACCURATE, PORTABLE

, AFFORDABLE

.

AND THEY NEVER SLEEP

9 kHz to 26.5 GHz

Interfering signals, distortion, fluctuating power levels,
frequency drift. ..

Detecting and identifying these and other problems
in RF and microwave communications systems can be very
difficult when the symptoms occur randomly over long
periods of time. Yet, if undetected, they can degrade or
disrupt system performance resulting in unreliable opera-
tion, down time and added expense to your operations.

The AN90O family of spectrum analyzers are designed
to help you quickly track down system problems. Even
intermittent problems can be detected and captured
automatically with the AN900's unique unattended moni-
toring feature.

Other built-in AN900 features including a sensitive
AM/FM receiver, high speed sweep, digital oscilloscope, and
FFT analyzer provide powerful diagnostic capabilities that
enable you to effectively analyze the source of problems.

So, before you lose any more sleep, contact IFR or one
of our representatives to learn how the AN90( family of
spectrum analyzers can help solve your RF and microwave
system test problems. Ask about our rental program, too.

1-800-835-2352

CRAFTED WITH PRIDE IN
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THE WORLD'S LARGEST SELECTION

2""1' ,06"1 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 communications, 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 production 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 G

48 pages of the most up-to-date and complete product and
specification information about Mini-Circutts surface mount
components.The RF/AF Microwave Handbook is packed with
740 pages of articles, selection guides and detailed
specifications for Mini-Circuits companents.

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

L JMini-Circuits’

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661

For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY + EEM « MINI-CIRCUITS' 740- pg. HANDBOOK.

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 194 Rev Orig
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SURFACE-MOUNT or PLUG-IN ... 8375

Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock
and vibration stresses of MIL-M-28837, or 1o 200 cycles of thermal shock from -55° to
+100°C...they'll survive without any change in specs. They are mighty tough mixers!

Available with LO drive levels from +7 to +17dBm, performance features include very
low conversion loss flat over the entire band, high isolation (L-R, L-1), and well-matched
VSWR at all ports

All-welded internal and external construction is used to assemble and package the
TUF-unitinits tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly

TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented
“skinny" sigma (6) unit-to-unit repeatability as shown in the Table.

Tough, tiny, and with tight repeatability ... Mini-Circuits' Ultra-Rel™ TUF-mixers with a
tive-year guarantee, priced from $3.95...available only from Mini-Circuits

ULTRA-REL MIXERS

5-YR. GUARANTEE

with extra long life due to unique HP monolithic

diode construction, 300°C high temp. storage, 1000 cycles
thermal shock, vibration, acceleration, and mechanical
shock exceeding MIL requirements.

actual sze

SPECIFICATIONS
Model LO Freq. @ Conv. Loss Isol.
Power LO/RF _(dB) L-R
(dBm) (MHz) X 6 (dB)
TUF-3 7 015-400 498 034 46
TUF-3LH 10 48 037 51
TUF-3MH 13 50 033 46
TUF-3H 17 50 033 50
TUF-1 7 2-600 6582 019 42
TUF-1LH 10 60 017 50
TUF-tMH 13 63 012 50
TUF-1H 17 59 018 50
TUF-2 7 50-1000 573 0.30 47
TUF-2LH 10 52041018 44
TUF-2MH 13 60 025 47
TUF-2H 17 62 022 47
TUF-5 7 20-1500 658 0.40 42
TUF-5LH 10 69 027 42
TUE-5MH 13 70 025 41
TUF-5H 17 75, 0N7 50
TUF-860 7 860-1050 62 037 36
TUF-860LH 10 63 027 35
TUF-860MH 13 68 032 35
TUF-860H 17 68 031 38
TUF-11A 7 1400-1900 683 030 33
TUF-11ALH 10 70 020 36
TUF-11AMH 13 74 020 8
TUF-11AH 07/ 73 028 35

*To specity surtace-mount models, add SM after P/N shown
B X = Average conversion loss at upper end of midband (fy/2)
6 = Sigma or standard deviation

= - - - ®
Mini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661

For detailed specs on all Mini-Circuits products refer to » THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM » MINI-CIRCUITS’ 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.
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A Low Cost CDMA Trans-
mitter Using the AX602
ASIC, Microcontroller and
Minimal RF Circuitry

This article describes the use of a low cost
spread spectrum ASIC for FCC Part 15
compliant transmitters. The device is used
with supporting control and RF mixer,
multiplier and amplifier circuits to make a
complete transmitter with a very low parts

cost.
—David J. Beal and Gerard J. Hill

A Layman’s Guide to RF

Our readers offer their suggestions for non-technical explanations of var-
ious RF functions. The electromagnetic spectrum, wave behavior, modu-
lation, shielding and interference are among the subjects tackled. Is this
really a layman’s guide? Read it and see for yourself.

cover story

38

Next Generation EM Simulator Provides Open
and Packaged Environment Analysis

Electromagnetic simulation computer tools are powerful assistants in the
design of waveguide, microstrip and stripline circuits, including the
enclosures they are housed in. This article describes the features and
applications of Compact Software’s recently-introduced Microwave
Explorer package. — Peter Petre, Krishamoorthy Kottapalli,

Ali Sadigh, and Todd Westerhoff

tutorial

52

Path Loss and Antenna Gain
Elementary Calculations

This tutorial describes the basic performance factors and their math-
ematical relationships. This information is essential for the design of
radio systems, particularly short-range systems, where performance
must be maximized within strict cost and power consumption budgets.

— Frank L. Egenstafer
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HIGH POWER
QUADRATURE
HYBRIDS

FREQ. RANGE 100-1000 MHz
POWER 250 WATTS CW

TYPICAL SPECIFICATIONS
MODEL QH3198 100-300 MHZ

MODEL QH3199 300-1000 MHZ
OB e mvrm it vms orsvseo 0.5db. max.
AMP.BAL.......cocvmrveierrnnns + 0.3db max.
ISOLATION .....cooorivmrrrererenenne 20db typ.
PHASE :...x...ccnivciinnictocionns i 90 + 2deg.
VISMIRE ..o iivintedimen s ey 1.3:1 max.
CONNECTORS ........cocovvvrvrecrrcenrernvaienenes N

WERLATONE offers a full
line of quadrature hybrids
covering the 2-1000MHz fre-
quency range at power lev-
els to 1000 watts.

BROADBAND HIGH POWER
* DIRECTIONAL COUPLERS
* POWER COMBINERS
* HYBRID JUNCTIONS

WERLATONE INC.
DECADES AHEAD
P.O. Box 47
Brewster, NY 10509
Tel. (914) 279 6187
FAX. (914) 279 7404
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RF editorial

Computer
Engineering
and Electro-
magnetics

By Gary A. Breed
Editor

Wireless communication products,
perhaps using the spread spectrum
systems featured in this issue, are a
marriage of computer technology with
radio communications. I was reminded
of this recently in a letter from my
friend and RF Design Editorial Board
member Bob Zavrel. Bob managed to
supply some specifics for an idea that I
have long held — most computer
designers don’t have a good “feel” for
electromagnetics, a problem that now
needs to be addressed with some
urgency.

Cellular radio equipment hasn’t had
many problems with computer/radio
compatibility. I'll bet that success has
come because traditional radio compa-
nies are making the equipment! How-
ever, many of the next generation of
wireless products simply add a minia-
ture radio to existing computing equip-
ment — a very different situation!

Many of these new applications are
for small, portable equipment which
use a PCMCIA card (or IC card) slot
for extra memory, applications pro-
grams, or connections to peripherals.
These companies are beginning to
request that the radio “peripheral”
also be in a PCMCIA card form factor.
Imagine the problems that must be
solved to put a radio in a slot intended
for memory or telephone modem appli-
cations. That’s just what the computer
companies are asking for.

Electromagnetic naivete is nothing
new for the computer industry. Most
early PCs, and many current products,
simply use lots of sheet metal, alu-
minum foil, and EMC consultants’
time to “fix” radiated emissions prob-
lems to meet FCC requirements.

The problem with integrated radio
and computer products is far more

|/,

serious. To quote Bob, “...the unit
must perform the paradox of effective
antenna and shield.” FCC require-
ments require that unwanted emis-
sions be suppressed, while at the same
time, the desired signals must be
transmitted. Add the potential for self-
interference from the radio into the
computer and you can see the magni-
tude of the problem.

I really didn’t intend to pick on com-
puter engineers so severely — the
problem of new features that are sim-
ply tacked onto existing equipment is
a common occurance. I once had a car
where the headlight, wipers, high-
beam, heater, cruise and turn signal
controls bore little relationship to each
other or to the driving position. Who-
ever designed that vehicle must have
put them in any available empty place
on the dashboard or steering column.

If we are going to design successful
products for the increasingly competi-
tive wireless market, such thinking
must be avoided. Computer designers
must add wireless communications to
the generic functions of computation,
memory, I/0 and data storage that
they have been accustomed to. The
same effort that goes into a fast, effi-
cient bus structure must be applied to
the radio section, as well.

To you digital designers who haven’t
thrown this issue in the trash after my
“attack,” welcome to the world of RF!
You will find new and fascinating chal-
lenges as you combine computing and
communications in a single package.

Note: The “layman’s” explanations of
RF concepts I requested in my Novem-
ber 1994 editorial are presented on
page 34 of this issue — I think you will
find them quite interesting!

February 1995



ULTRA-BROADBAND
RF POWER AMPLIFIER SYSTEMS

ALL SOLID-STATE MOS-FET RF AMPLIFIER SYSTEMS

SPECIAL
MODEL R OUTPUT __ FREQUENCY RANGE  GAIN  USA PRICE
700LC __1.5WCW __ .003-1000 MHz _ 33dB 1,795
704FC  4WCW 5-1000 MHz ~ 33dB 2,095
210LC  10W CW .008-225 MHz ~ 40dB 2,495
710FC  10W CW 1-1000 MHz ~ 40dB 6,695
*727LC  10WCW  .006-1000 MHz ~ 44dB 7,950
713FC 15W CW 20-1000 MHz ~ 42dB 5,680
225LC  25W CW 01-225 MHz ~ 40dB 3,295
*737LC  25W CW 01-1000 MHz ~ 45dB 9,995
712FC  25WCW  200-1000 MHz ~ 45dB
714FC 30W CW 20-1000 MHz ~ 45dB
250LC  50W CW 01-225 MHz ~ 47dB
715FC  S0WCW  200-1000 MHz  47dB
707FC S50WCW  400-1000 MHz  50dB
716FC  50W CW 20-1000MHz ~ 47dB
*747LC  50W CW 01-1000 MHz ~ 47dB
MODEL 7100LC WITH IEEE 488 116FC  100W CW 01-225 MHz ~ 50dB
709FC  100WCW  500-1000 MHz  50dB
717FC 100WCW  200-1000 MHz ~ 50dB
EM’_ EME_ ”FI 718FC  100W CW 20-1000 MHz ~ 50dB
7100LC  100W CW 80-1000 MHz ~ 50dB
*757LC  100W CW .01-1000 MHz ~ 50dB
122FC  250W CW 01-225 MHz ~ 550B
723FC  300WCW  500-1000 MHz  55dB
LASOOV  500W CW 10-100 MHz  56dB
ac o . LASO0UF  500W CW 100-500 MHz ~ 57dB
LA500G 500WCW  500-1000 MHz  57dB
peration LA1000V 1000W CW 10-100 MHz  60dB
LA1000UF  1000W CW 100-500 MHz ~ 60dB

Fully Protected LA1000G 1000WCW  500-1000 MHz  60dB

LS-1000 1000WCW  .01-1000 MHz 60dB  $230,000

Drive Mismatched Loads RUGGED VACUUM TUBE DISTRIBUTED AMPLIFIERS

116C  100W CW 01-220MHz 50d8 § 9,995
No VSWR Shutdown 122C  200W CW 01-220MHz 53dB  $ 12,950
134C  500W CW 01-220MHz 57dB  $ 20,500

Al_c ﬂat Gai“ nesponse 137C 1000W CW .01-220 MHz 60dB  $ 28,950

140C 2000W CW .01-220 MHz 64dB $ 46,500
H Warranty: Full 18 months all parts. Vacuum tubes 90 days.
nemOte Fllll(:tlﬂlls * = Indicates Dual-Band System (coaxial band switching)
Lowest Prices

IEEE Interface Capability

A

[PYNE ] A T E

1 800-344-3341 The Worid's Most Complete

(206) 485-3000 m(206) 486-9657

21820-87th S.E. Woodinvile, WA 8072 USA Line of RF Power Aﬂm's

OUNTRY REPRESENTATIVE __ TELEPHONE NO. _FACSIMILE NO.
FRANCE ~ KMP ELECTRONICS 146450945 146452403
SERMANY  EMCO ELEKTRONIK 898562071 898597785
SWEDEN MAT & TEST TEK. 87926100 87923190

INFO/CARD 31




MIT=. |, IF SIGNAL
LOGARITHMIC AMPLIFIERS » FREQUENCY DISCRIMINATORS

Successive Detection Logarithmic Ampli ifiers
Operating frequencies from 10 to 500 MHz
Standard models up to 80 dB dynamic range
Custom models up to 100 dB dynamic range
Linearity from +0.5 dB

Center Bandwidth Dynamic Rise
Frequency (3 dB) Range Time Linearity
Model Number (MHz) (MHz, Min.) (dB, Min.) (ns, Max.) (xdB, Max.)

LIFD-3010-080 30 10 -70 to +5 110 1
LIFD-3010P-80 30 10 -80to O 100 0.5
LIFD-6010-70 60 10 -70to O 65 1
LIFD-6020P-80 60 20 -80to 0 50 0.5
LIFD-12020-80 120 -80to O 50 1
LIFD-16040P-70 160 -65 to +5 25 0.5
LIFD-16040-70 160 -70to O 30 1
LIFD-300100-60 300 -60t0 0 10 1

New Low-Noise Logarithmic Amplifiers
* Ultrafast rise time to 1 ns
* Operating frequencies from 250 to 2000 MHz
* Improved sensitivity from 6 dB typical noise figure

Center Bandwidth Dynamic Rise
Frequency (3 dB) Range Time Linearity
Model Number (MHz) (MHz, Min.) (dB, Min.)  (ns, Max.) (xdB, Max.)

MLIF-500/100-70 500 100 -70to 0 10
MLIF-750/500-62 750 500 -65t0 0 2
MLIF-1000/250-60 1000 250 -60to O 2
MLIF-1000/500-65 1000 500 -65to 3 5]
MLIF-1500/1000-60 1500 1000 -60to 0 !
MLIF-1575/20-40* 1S%3) 20 -38t0 3 N/A

* 1.25” x 1" package available for RSSI module used in GPS applications

Frequency.Discriminators
* Operating frequencies from 21 to 1000 MHz
* Peak-to-peak bandwidths up to 75%
¢ Linearity, from +1.0%

o vEa Center Linear Rise
" 123-20/10C Frequency Bandwidth Sensitivity Time Linearlty
v 123 MM Model Number (MHz) (MHz, Min.) (mV, MHz) (ns, Max.) (=%, Max.)

& FMDM-21.4/4-5 4 1000 150
9 FMDM-30/6-8 6 1000 120
FMDM--60/10-15 60 10 250 75
FMDM-160/35-15 160 35 100 30

] FMDM-160/50-25 160 50 20 17.5
~ FMDM-300/100-20 300 100 20 20
= FMDM-1000/300-70 1000 300 10 5)

All models are available with a variety of custom options, including:
custom frequencies, special packaging, gain and phase tracking, and
integrated assemblies combining multiple functions.
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DCESSING COMPONENTS

AGC AMPLIFIERS + LIMITING AMPLIFIERS * VGC AMPLIFIERS

- Constant Phase Limiting Amplifiers
e Operating frequencies from 10 to 600 MHz
¢ Standard models up to 70 dB dynamic range
e Maximum phase deviation as low as +1.5°

Center Bandwidth Dynamic Phase ' Output
Frequency (3 dB) Range Change Power
Model Number (MHz) (MHz, Min.) (dB, Min.) (zDeg., Max.) (dBm, Min.)

LCPM-30/10-70 -70t0 O
LCPM-60/20-70 -70t0 0
LCPM-60/14-65 -70to -5
LCPM-160/40-65 -70to -5
LCPM-160/40-70 -651t05
LCPM-300/50-55 -55t0 0
LCPM-500/100-45 -45t0 0

Variable Gain Control Linear Amplifiers

e Operating frequencies from 21 to 850 MHz
e Standard models up to 75 dB of gain control range

Center Bandwidth Dynamic Noise P Out@
Frequency (3 dB) Range Figure 1dB Compr.
Model Number (MHz) (MHz, Min.) (dB, Min.) (dB, Maxf) (dBm, Min.) L Nmerarm

VGC-7-30/10 -80 to -10 g, “S,6.70/20
VGC-7-60/20 -85 to -10 et e
VGC-7-70/10 -60 to -10
VGC-6-70/20 -50 to +10
VGC-75-140/40 7510 -10
VGC-6-160/40 6510 -5
VGC-7-250/100 -70 o -10
VGC-4-720/100 -4010 0
VGC-4-850/100 -4010 0

DO NNSAED S

Automatic Gain Control-Linear Amplifiers
» Operating frequencies from 21 to 850 MHz
e Standard models up to 75 dB of gain control range

Center Bandwidth Output Power Dynamic
Frequency (3 dB) Power Variation Range
Model Number (MH2z) (MHz, Min.) (dBm, Min.) (dB, Max.) (dBm, Min.)

AGC-7P-30/15 10 -60 to +5
AGC-8-70/20 10 7510 0
AGC-6-70/30 3 65t0-5 &
AGC-6-140/30 4 -5 1t0 -5 FReq °C:8-70/20p
AGC-4S-140/55 5 -4010 0 SN 7ot

AGC-55-370/100 5
AGC-5-387/175 3

-60 to -10
-60 to -15

For'available options, custom design information, technical questions,
or any additional information, please contact Boris Benger at

{516) 436-7400, extension 140.
‘ ==a . ]
M l I ] q 100 Davids Drive, Hauppauge, NY 11788
TEL: (516) 436-7400 « FAX: (516} 436-7430
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Elements,
Oscillators. &
Accessories

siver ([ 11
1951

P.O. Box 26330, 10 North Lee
Oklahoma City, OK 73126-0330

| Reliability

Custom Crystals

Lifetime
Warranty

70 KHz - 200 MHz

A

Customer Service

¢ Sales
1-800-725-1426

Fax

1-800-322-9426

INFO/CARD 8

* Takes your Gerber or HPGL files
and produces Analog, Digital, RF
or Microwave circuit board
prototypes.

* Windows software with program-
mable insulation width, multiple
tool rub out, and full tool
management.

* Small footprint from a fully
integrated system package.

* Environmentally safe - uses NO
chemicals.

The LPKF Protomat 91S System provides faster turnaround and better
throughput of circuit board prototypes than other methods. There is NO
better value in prototype PCB fabrication systems-here’s why:

INFO/CARD9

¢ Fast payback - typically 3-12 mos.
® Full 1 year warranty

FREE PCB INFO PACK
CALL TODAY 1-800-345-LPKF

(800) 345-5753 FAX request to: (503) 297-2820

CAD/CAM
SYSTEMS INC.

6840 SW Canyon Dr. Portland, OR 97225
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6' G i e
Synergy offers a wide 2772
range selection of low-cost 4 ’ 1
RF impedance transformers for 5 i il
a wide variety of signal processing &277%
applications. These transformers ’ 1
come in various transformation ratios, 3 #

from 1:1 up to 36:1, and in a large selection
of package styles . . . surface mount - plug-in -

1

SUINUOJISNYHEL ¢

connectorized . . . all competitively priced. z' ettt !
Frequency ranges cover 0.01 MHz up to 1200 MHz
in various bandwidths. 6 ’ 1
’
| =0 4.
And, as always, the experienced Synergy Applications Zec >
Engineering Team is ready to answer technical questions and
help with your high volume or custom designs for transformers,
mixers, power dividers, couplers, filters, modulators, and VCOs.
0.01 250 600
MHz\ /MHZ\ ,MHZ \ }
20 200 300 500 1200
MHz MHz MHz MHz MHz
\ 120 / \ 350 /
MHz MHz
T 2AYANY O Y N R
31Nt
201 McLean Boul d, Paterson, NJ 07504
cean Sou Ve, MICROWAVE CORPORATION
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(GIGATRONICS

SYNTHESIZED
RF SiGNAL

(GENERATORS

Yes, Giga-tronics is a new name in
RF synthesizers.

But this new choice may be
your best choice.

Because an RF synthesizer
from Giga-tronics is an incredible
value. You get proven performance
and reliability at a low price,
backed by an experienced service
organization.

Here are the specifics.
Performance.

Check the charts. Giga-tronics
offers four instruments, each with
its own unique combination of
performance and capability.

The 606lA is ideal for
accurate and affordable gen-
eral purpose RF testing.

The 6062A adds the
modulation capability you
need to generate complex

© 1994 Giga-tronics Incorporated

signals for communications and
radar testing.

And the 6080A and 6082A
give you the performance and
capability to test sophisticated
systems accurately and quickly.

It's easy to command the
power and capability of each

instrument from the front panel.

And the low profile, standard
rack size and IEEE-488 interface
make each instrument ideal for

ATE applications.

Giga-tronics May Not Be The First Name
You Think Of For RF Synthesizers,
But It Should Be.

S5B PHASE NOISE {dBc/Hz) AT 1 GHz

001 010 100 1000 100,00
OFFSET FREQUENCY FROM CARRIER {kHz)

Reliability.
The john Fluke Manufacturing
Company initially developed and
introduced this line of synthe-
sized RF signal generators. To
date, thousands have performed
flawlessly in
- the field.
The
instru-
ments
incorpo-
rate self-
testing,

Giga-tronics offers you a full line of RF synthesizers
with proven performance and reliability at low prices.




Specifications Giga-tronics Giga-tronics Giga-tronics Giga-tronics
6061A 60624 6060A 60824
Frequency
Range 0l to 1050 MHz .) 0 2100 MHz 01 to 1056 MHz 1102112 MKz
Switching speed <100 ms <100 ms <}00 ms <100 ms
Spectral Purity®
Spurious <-60 dBc <-54 dBc <-100 dBc <.94 dBc
Subharmonics None <-45 dBc None <-45 dBc
Phase Noise™
@ 20 kHz offset <-117 dBc/Hz <-110 dBe/Hz <-131 dBc/Hz <-125 dBo/Hz
Residual FM* <12Hz <24 Hz <|.SHz <3 Hz
internal diagnostics and modular (Bandwidth) (5to 3kHz) (.5 to I kHz) (.3 10 3kHz) (310 I kHz)
design for easy fault isolation. e
i Range* +13 to -147 dBm +13 to -147 dBm +17 10 -140 dBm | +I3 to -140 dBm
Service. Accuracy t1 dB>127 dBm | 41.5dB>-127dBm | &l dB>127 dBm | &} dB >-127 dBm
If a problem occurs, our technical Reverse Power Protection 50 Watts/50 Vdc 25 Wauts/25 Vdc 50 Watts/50 Vdc | 25 Wauts/25 Vdc
support staff can often help you Agiplinide $GERAtoR
% Depth 0-99.9% 0-99.9% 0-99.9% 0-99.9%
find and fix it over the phone. Distortion @ 30% % % <4 5% <15%
If you need to return an Frequency Modulation
instrument for service, we can Max. Deviation* 100 kHz 400 kHz 4 MHz 8 MHz
3 s Distortion <I% <1% <I% @ 50% Dev. | <I% @ 50% Dev.
take care of it at our factory in
Calif 4 f Phase Modulation NA
sl - o Bl b Max. Deviation*® 40 Rad. 40/400 Rad. 80/800 Rad.
worldwide service centers. ST s NA
Experience, On/off >80 dB >40/60 dB >80 dB
: A Rise/fall time <15 ns <15 ns (Typ 7.5 ns) { <15 ns (Typ 7.5 ns)
Granted, Glga LEOmCE Ty be a Minimum Pulse Width <Qps <30 ns <30 ns
new name for RF synthesizers, Internal Modulation Source | | 400, 1000 Hz 400,100 Hz | 0.1 Hzt0 200 kHz | 0.1 Hz 0 200 kHz
but it’s a trusted name to Level Range NA NA 010 4 Vpk 0 to 4 Vpk
microwave test professi onals. Waveforms Sine Sine Sine/Sq/Tri/Pulse Sine/Sq/TriPulse
y " g Programmable Yes Yes Yes Yes
Giga-tronics has a |4-year his- : : - - -
Memory Locations (NVM) 50 Full Function 50 Fult Function 50 Full Function 50 Full Function

tory of building test and measure-
ment gear for the most demand-
ing requirements. We've shipped

thousands of instruments for use

*Specifications for the 606 1A and 6080A are at | GHz, and specifications for the 6062A and 6082A are at 2 GHz Phase noise is

typical for the 6061 A and 6062A.

in testing communications, radar

may be your best choice.

Call us toll free at 800 726
GIGA (4442). We'll send you
more information and arrange

and EW systems.

Value.

What makes a
Giga-tronics RF for a demonstration.
Signal Generator

such an incredible

Giga-tronics
value is its blend of
proven performance Giga-tronics Incorporated
4650 Norris Canyon Road
San Ramon, California 94583
Telephone: 800 726 4442 or
510 328 4650
Telefax: 510 328 4700
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and reliability at a
low price.
Take a closer look
at Giga-tronics. The new
choice for RF synthesizers




RF letters

Letters should be addressed to:
Editor, RF Design, 6300 S. Syra-
cuse Way, Suite 650, Englewood,
CO 80111. Letters may be edited
for length and clarity.

Broadband Impedance
Matching Update

Editor:

My article “Broadband Impedance
Matching — Fast and Simple” in
November’s RF Design used a fre-
quently referenced matching problem
to illustrate my three different solu-
tions (pg. 50). Since then, I have dis-
covered that the best of those solu-
tions previously has been published
by Dr. Steven Sussman-Fort in “The
Computer-Aided Design of Microwave
Matching Circuits”, Intl. J. Microwave
and Millimeter-Wave Computer-Aided
Engineering, Vol. 1, No. 3, pp. 288-
305, 1991, example 2.

Your readers may wish to know
that Dr. Sussman-Fort’s CiAO (Cir-
cuit and Analysis Optimization) pro-

gram obtained this result using two
direct-search strategies, a special
objective function, and initial values
from a Butterworth filter. Dr. Suss-
man-Fort may be reached at (516)
689-6582.

Direct-search optimizers explore
matching element values in initially
wide-ranging adaptive patterns which
eventually reduce in size. Many of my
associates over the years reported bet-
ter matching results by those methods
than by the more efficient and precise
gradient optimizers. Indeed, I finally
concluded from those reports that an
exhaustive grid search (GRABIM)
would provide the best chance of
locating the (presumed) global solu-
tion, to be followed by a precise
bounded, minimax gradient optimiza-
tion.

Finally, the 2-3 minute running
times for each GRABIM search on
486DX2-66 PCs were recently
observed to be only one fourth as long
on the fastest Pentium PC currently
available, a trend that encourages

more thorough exhaustive grid
searches.

Thomas R. Cuthbert, Jr.
Plano, TX

125 - 150 - 250 and 500 Wat
50 and 75 Ohm
DC-3 GHz

QUALITY
Reliability

EXCELLENCE
PERFORMANCE

JInnevation

We Are The

FW Industries, Inc.

’f:;,r \\»!E 5134 Commerce Square Drive

Indianapolis, Indiana 46237

A
"9“4‘

Tel. 317-887-1340 » Fax 317-881-6790
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RF calendar

February

March

April

RF Design

15-17

22-23

27-1

8-15

20-24

26-29

28-29

3-8

19-21

IEEE Solid-State Circuits Conference

San Francisco, CA
Information: Electronic Industries Association, EIA
Components Group, 2001 Pennsylvania, Avenue N.-W.,
Washington, DC 20006-1813. Tel: (202) 457-4930.

Radar/EW Conference

McLean, VA
Information: Association of Old Crows Convention
Department, The AOC Building, 1000 North Payne St.,
Alexandria, VA 22314-1696. Tel: (703) 549-1600.

Second International Conference on Data
Transmission

London, UK
Information: DT 95 Secretariat, IEE Conference Services,
Savoy Place, London WC2R OBL, UK. Tel: 44-071-344
5478/5477. Fax: 44-071-497 3633.

CeBIT 95 Hannover

Hannover, Germany
Information: Mette Fisker Petersen, Project Manager,
Hannover Fairs USA, Inc., 103 Carnegie Center, Prince-
ton, NJ 08540. Tel: (609) 987-1202. Fax: (609) 987-0092.

The 11th Annual Review of Progress in Applied
Computational Electromagnetics

Monterey, CA
Information: Ray Luebbers, Department of Electrical
Engineering, Pennsylvania State University, University
Park, PA 16802. Tel: (814) 865-2362. Fax: (814) 865-7065.

Fifth IEE Conference on Telecommunications
London, UK

Information: ICT 95 Secretariat, IEE Conference Services,

Savoy Place, London WC2R OBL, UK. Tel: 44-071-344

5478/5477. Fax: 44-071-497 3633.

95 Mid-Lantic Electronics Show and Conference
King of Prussia, PA

Information: Judith Ginsberg, Show Manager.

Tel: (610) 828-2271.

Hannover Fair 95

Hannover, Germany
Information: Hannover Fairs USA, Inc. 103 Carnegie
Center, Princeton, NJ 08540. Tel: (609) 987-1202.
Fax: (609) 987-0092.

Fourth International Conference & Exhibition on
Multichip Modules

Denver, CO
Information: International Symposium on Multichip
Modules 95, Conference Management, ISHM- The Micro

electronics Society, 1850 Centennial Park Drive, Suite 105,
Reston, VA 22091. Tel: (800) 5635-ISHM or (703) 758-1060.

Fax: (703) 758-1066.

& L A
1mofrnybn cloc

100-600 MHz
OSCILLATORS

VCXO'’s between 100 s GGONMZ

Ideal for:

®\WORKSTATION Pixel Clock
®TEST & MEASUREMENT
oRF COMMUNICATIONS

Typical specifications are:

Stability +50 PPM

Op.Temp. -40°to +85°C

Input +5.0 VDC or -5.2 VDC
Output ACMOS* or ECL 10K
Aging <5.0 PPM/yr.
Packages** 4 PIN DIP<400MHz

16 PIN DIP>400 MHz

*ACMOS frequency to 140 MHz
**14/4 PIN DIP (.80x.5x.4) to 400 MHz
16 PIN DIP (.98x.8x.4) to 600 MHz

Oscillatek manufactures a
complete line of military,
aerospace and commercial:

0OCXO’s & OVCXO's
TCXO'’s & VCXO'’s
HYBRID CLOCKS
QPL CLOCKS

OSCILLATEK

A{DOVER) TECHNOLOGIES COMPANY

620 NORTH LINDENWOOD
OLATHE, KS 66062
FAX (913)829-3505
PH. (913)829-1777
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RUGGED CONSTRUCTION AUTOMATED ASSEMBLY

passes MIL-M-28837 for low-cost and
shock and vibration tests. 1 week shipment guaranteed!
4.5 SIGMA
REPEATABILITY
ALL-WELDED
INTERNAL CONSTRUCTION -

withstands up to 240°C for 5 min.

ALL CERAMIC PACKAGE
cover pull strength

in excess of 20 Ibs. \
SURFACE MOUNT —\
.28"x.31” board area.
Available in tape and reel.

ULTRA-REL™ MIXERS
5 YEAR GUARANTEE

<

J-LipD

improves reliability of the
solder connection. Leaching and
thermal stress is significantly reduced.

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

The RF/F Microwave Handbook is packed with 740 ragses of aticles, selection guides and detaled
spsecifications for Mint-Circuits companents

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




&7 MXERs
UNPRECEDENTED

IN VALUE.

$/25

All Ceramic 2 to1900MHz  «on K (qty. 1049)

Mini-Circuits JMS mixers are at the forefront of the industry for performance,

‘ ' reliability and value! With all-welded construction, these low cost ceramic
mixers feature the functional J lead designed for strain relief...and set the

pace for ruggedness required to go through surface mount reflow soldering

/ and agueous wash.
- From cellular to satellite applications, this is the tough, reliable surface
\ mount mixer you demand! JMS. . .from Mini-Circuits! &3
Mini-Circuits...we’re redefining what VALUE is all about!

4 i SPECIFICATIONS B, Typ)
L LC Freq. (MHz ol $ea
w w Mode (dBm) )Y/ L (qty. 1-9)
> > JMS-1 7 4 4.95
2 5. o JMS-1LH 4
o IJMS-TMH . 9.4

Vo e

\ AS-21 +3 4
. _ JM 87 45
' ‘v JM ; 9.45
~ JMS-2MH 4 10
\ 1 JMS-2H v ; A

~ JMS-11X +7 1.25
*

L JMini-Circuits’

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
For detailed specs on all Mini-Circuits products refer to s THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK.

CUSTOM PRODUCT NEEDS.. Let Our Experience Work For You. F 181 Rev Orig
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RF courses

Analog and Digital Cellular Networks: CDMA versus
TDMA
March 6-8, 1995, Washington, DC
Analyzing Communications System Performance
March 13-16, 1995, Washington, DC
Information: The George Washington University, Continu-
ing Engineering Education, Academic Center, Room T-308,
801 22nd Street, N.W., Washington, DC 20052.
Tel: (202) 994-6106 or (800) 424-9773. Fax: (202) 872-0645.

RF Component Modeling

February 20-24, 1995, Middletown, NJ
Applied RF Techniques, I/B,

February 22-24, 1995, Middletown, NJ
RF/MW Circuit Design I

March 6-10, 1995 Switzerland
RF/MW Circuit Design I1

March 13-17, 1995 Switzerland
Information: Besser Associates, 4600 El Camino Real, Suite
210, Los Altos, CA 94022. Tel: (415) 949-3300.
Fax: (415) 949-4400.

High-Resolution Microwave Imaging: Principles and
Applications

February 21-24, 1995, Los Angeles, CA
Information: UCLA Extension, Engineering Short Courses,
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024.
Tel: (310) 825-1047. Fax: (310) 206-2815.

DSP Without Tears
February 20-22, 1995, Ft. Lauderdale, FL
April 5-7, 1995, San Jose, CA
Information: Z Domain Technologies, Inc., 325 Pine Isle
Court, Alpharetta, GA 30202. Tel: (800) 967-5034,
(404) 587-4812. Fax: (404) 518-8368.

High-Speed Communication Networking

February 20-24, 1995, Tempe, AZ
Information: Arizona State University, Center for Profes-
sional Development Box 877506, Tempe, AZ 85287—7506.
Tel: (602) 965-1740. Fax: (602) 965-8653.

Inherently Conductive Polymers: An Emerging
Technology

February 15-17, 1995, Boston, MA
Information: Dr. M. Aldissi, Advanced Polymer Courses,
P.O. Box 463, Winooksi, VT 05404-0463. Tel: (617)
479-5587.

Wireless and Mobile Networks: From Theory to
Practical Implementation

February 23-24, 1995, Chicago, IL

February 27-28, 1995, Baltimore, MD
Information: Lori Milhaven, Project Leader, International
Institute for Learning, 110 East 59th St., Sixth Floor, New
York, NY 10022-1380. Tel: (800) 325-1533 or (212)
758-0103. Fax: (212) 909-0558.

\

220 SPECTRUM ANALYZER

10% of
the COST

§¢
90% of the
FUNCTIONALITY

NOW FOR $395, USING YOUR
OSCILLOSCOPE DISPLAY:
DYNAMIC RANGE >90DB

VARIABLE BANDWIDTH
FREQ 20 Khz TO 200 Mhz

TRACKING GENERATOR
MARKER GENERATOR
AC AND DC OPERATION

TO ORDER CALL:
DC TO LIGHT
(406) 586-5399 fax (406) 586-6556 N
P.0. BOX 7140 BOZEMAN, MT 59771
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THE NEW HIGH

FREQUENCY VCXO FOR
SONET, SDH & ATM.

139.264 MHz and 155.520 MHz

&j’

VG 6700 Series

Frequencies:
139.264 MHz and 155.520 MHz
non-standard available

Accuracy: +15ppm

Size: 24.9 X 20.3 X 12mm max.
Double DIL-16 standard
Frequency Stability: +35ppm
Output: ECL

Deviation: £120ppm
with excellent linearity and
incremental-slope sensitivity

RALTROI

ELECTRONICS CORP.

2315 NW 107 AVENUE
MIAMI, FLORIDA 33172 U.S.A.
FAX (305) 594-3973

(305) 593-6033

ONLY RALTRON HAS IT ALL

Crystals / Crystal Oscillators
Crystal Filters / Ceramic Resonators
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RF news

The Mobile and Portable Radio
Research Group (MPRG) and Vir-
ginia Tech’s Center for Transporta-
tion Research (CTR) are developing
the communications architecture for
the Virginia Tech Smart Road, a six-
mile section of highway designed and
built from the ground up to incorpo-
rate intelligent vehicle highway sys-
tem (IVHS) technology.

Construction on the Smart Road,
which will connect Blacksburg with I-
81 south of Roancke, VA will begin in
1996, with the first phase tentatively
scheduled for completion in 1997.
The project is expected to last four
and a half years.

The goal of the Smart Road is to
provide a national test bed for infra-
structure-based IVHS technologies,
and to give both vendors and end
users an opportunity to communicate
needs and solve technological prob-
lems that does not currently exist.
Now, vendors testing IVHS technolo-
gy are repeating their efforts, since
vendors must comply with the test
requirements for each individual
state. “In Virginia alone, I know of at
least three cases where there’s been
repeated testing.” says Robert James,
of the Center for Transportation
Research. “We will help vendors
develop their products, and offer a
service to end users, to help marry
those two sets of needs.”

The Road will be used to test vehi-

Virginia Tech on the “Smart Road” to IVHS

cle-to-vehicle, vehicle-to-roadside, and
roadside to traffic management center
communication. Testing of IVHS sen-
sors, automated commercial vehicle
weigh stations, traffic management
models, and automated highway sys-
tem concepts will be possible, in addi-
tion to the testing of advanced IVHS
communications systems.

The Smart Road is a beacon-based
approach. Information passes
between a command center and vehi-
cles via beacons along the highway.
Roadside-to-vehicle and vehicle-to-
vehicle communications must be
wireless, while roadside-to-command
center communications will utilize
fiber optics, cellular, and cable tech-
nologies.

Vendors will be able to have their
technologies tested and evaluated
based on a common set of standards
developed by MPRG and the CTR.
Technologies will be evaluated on
the basis of their price, compatibility
and upgradability, with emphasis on
helping vendors meet their end
user’s needs.

The Smart Road represents an
excellent opportunity for vendors to
shorten the time-to-market of their
IVHS technologies. For more infor-
mation on the Smart Road, contact
Dr. Jeff Reed at the MPRG, (703)
231-2972, or Robert James at the
Center for Transportation Research,

(703) 231-7740.

The International Academy

of Broadcasting Opens

The International Academy of
Broadcasting opened September 23 in
Montreux, Switzerland. The IAB is an
independent institution of higher edu-
cation offering post-graduate studies
in broadcasting. The IAB teaches its
students how to manage a broadcast-
ing organization, foster its survival, its
evolution, and its expansion. Students
are taught by experts in broadcasting
and the academic world, who share
their experience and their vision of the
broadcast media. Two years of studies
are concentrated into one single acade-
mic year. Information of the Interna-
tional Academy of Broadcasting may
be obtained from The International
Academy of Broadcasting, 11, avenue
de Florimont, CH-1820 Montreux
(Switzerland), tel: +41 21 961 16 60,
telefax: +41 21 961 16 65.

RF Design

New NIST Optoelectronics
Division

The Optoelectronics Division of the
Electronics and Engineering Laborato-
ry will provide its industry customers
with comprehensive and technically
advanced measurement capabilities,
primary standard, and traceability to
those standards. Four groups make up
the Optoelectronics Division: Sources
and Detectors, Fiber and Integrated
Optics, Optical Components, and
Optoelectronic Manufacturing. For
more information, contact Div. 815,
NIST, Boulder, CO 80303-3328, tel:
(303) 497-5342, fax: (303) 497-3387.

Call for Articles

The Applied Computational Electro-
magnetics Society announces a special
issue of the ACES Journal on Applied
Mathematics, meeting the challenges
presented by computational electro-

magnetics. The deadline for papers is
June 30, 1995. Suggested topics are
integral equation and integro-differen-
tial equations, Eigenfunction expan-
sions, selfadjoint and non-selfadjoint
operator approximation, singularity
expansion method, diffraction and
asymptotics, variational principles,
finite element methods, the radiation
boundary problem, solution of large
scale linear systems, Eigenvalue esti-
mation, optimization, conjugate and bi-
conjugate gradient methods, GMRES,
and numerical evaluation of integrals
with oscillatory or singular integrands.
Mail one hard copy to each Guest Edi-
tor: Eugene Tomer, Applied Mathemat-
ics and Computing, 150 Hernandez
Avenue, San Francisco, CA 94127, tel
(415) 665-9555, Fax: (415) 731-3551,
E-mail: etomer@netcom.com; and
Andrew F. Peterson, School of Electri-
cal Engineering, Georgia Institute of
Technology, Atlanta, GA 30332, tel:
(404) 853-9831, fax: (404) 853-9171, E-
mail: ap16@prism.gatech.edu.

Call For Papers

The Technical Program Committee
of Surface Mount International 95 is
seeking papers for presentation at its
fifth annual conference to take place
August 27-31, 1995. The committee
invites papers that present new devel-
opments in microelectronics packag-
ing, manufacturing processes, solder-
ing technology, manufacturing test,
ball grid array, and PCMCIA cards.
Abstracts are due by February 15,
1995. For information on presenting a
paper at Surface Mount International,
contact Martin Barton at (214)
424-8805.

New Areas in NIST Advanced

Technology Program

NIST announced six new areas of
technology for which companies and
consortia can propose projects to
receive nearly $800 million in support
under the Advanced Technology Pro-
gram. The new programs include digi-
tal video information networks, a five
year $120 million program to help
develop interoperable digital video
capabilities for emerging information
networks through techniques for
encoding, converting, and transcribing
video data. The program will help
firms use the information network to
allow any video-based information
product to travel via wire, optical
fiber, satellite, or broadcast seamlessly
into TVs and information appliances.
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RF news e

Business Briefs

Bell Atlantic Delivers Real-Time Two-Way Interactive Video Over
Existing Phone Lines - Bell Atlantic achieved a technology milestone with
the delivery of interactive real-time, high-quality, full-motion encoded video
over existing telephone lines at a distance of over 450 miles. The interactive
video used off-the-shelf routing equipment, and commercially available hard-
ware and software. Previously, interactive video had only been sent using
higher bandwidth facilities.

Motorola Creates New Mobile Software Organization - Motorola’s Wire-
less Data Group (WDG) introduced Mobile Software Products, an organization
within WDG that delivers advanced software development tools, mobile com-
munications servers, and applications for wireless communications. The prod-
ucts will be distributed as AirMobile products, and will be based on a common
architecture that allows them to work on all major wireless wide-area data
networks.

Oak Industries Expands McCoy Joint Venture — Oak Industries, Inc. and
the SURAL Group announced that they have expanded their McCoy Interna-
tional joint venture, which manufactures quartz crystal blanks used in pagers
and cellular phones. Oak will invest additional capital to increase production
capacity and will receive a 50 percent equity position in the operation.

Cadence Introduces Silicon Synthesis - Cadence Design Systems, Inc.
unveiled the details of Silicon Synthesis™, the industry’s first technology to
merge placement and logic optimization algorithms into a single-step process
for logic designers. The system eliminates iterations typically incurred using
methodologies based on estimation for deep submicron design.

Tektronix Announces Comprehensive PCS Measurement Solution -
Tektronix now has available a broad range of measurement solutions critical to
rapid development and deployment of personal communication services (PCS) in
the US and Canada. PCS mobile phone and base station manufacturers can
design and verify compliance with the upbanded global system for mobile com-
munications (GSM) standard, which extends GSM to the 1800-2000 MHz band
being auctioned by the FCC.

Siemens to Underwrite IEEE Award for Engineering Excellence -
Beginning in 1995, Siemens will underwrite the Institute of Electrical and
Electronics Engineers (IEEE) medal for Engineering Excellence over the next
10 years. Total funding for the award is expected to reach $180,000. The
award may be conferred by the Institute’s Board of Directors each year, and
consists of a gold medal, bronze replica, certificate, and $10,000; funding is
administered by the IEEE Foundation.

R & D Circuits Goes On-line with BBS - R & D Circuits has gone on-line
with its own electronic bulletin board. The bulletin board will make it easier
for R & D Circuits customers to order prototype printed circuit boards. The
bulletin board runs 24 hours a day by modem or via an Internet E-mail link.
The modem telephone number is (908) 549-7332.

Proxim and LXE Form Wireless Alliance - Proxim, Inc, and LXE, Inc.
have entered into a strategic alliance. The two companies will work together
on a variety of joint product efforts as well as initiating a broader alliance to
achieve interoperability among 2.4 GHz frequency hopping LAN systems.

Motorola Sets Sail as Official Supplier to America3 — Motorola has
signed on as an official supplier to America3, the first all female sailing team
to compete in the 143-year history of the America’s cup, sailing’s most coveted
prize. Motorola will provide America3 with cellular and radio communications
equipment for transmitting real-time information from the race yachts to the
team’s headquarters and support vessels during the actual races.

22

Contracts

Andrew to Build Digital System for
Hong Kong Mass Transit — Andrew
Corporation has been awarded a con-
tract in excess of $45 million by the
Mass Transit Railway Corporation of
Hong Kong to design and build an
underground cellular and paging sys-
tem extension for the Hong Kong
Metro. Work will be completed by 1997.

Telecom Analysis Systems and
Motorola Join Forces - Telecom
Analysis Systems
| has signed an
agreement with
Motorola to incor-
porate Motorola's
R-2600 communi-
cations systems
analyzer with
TAS Equipment
and software for
wireless commu-
nications test
applications. TAS
and Motorola are
also exploring
engineering
enhancements to address additional
wireless testing applications.

MFS Network Technologies to
Supply AVI Subsystem - MFS Net-
work Technologies, Inc. has been
selected by Lockheed Information
Management Services Company, Inc.
to supply Automatic Vehicle Identifi-
cation (AVI) technology for electronic
toll collection in Orange County, CA.
The agreement is worth $7 million.

Harris Wins UK Radio Order -
Harris Corporation has won a $1.5 mil-
lion order to supply the United King-
dom’s newest independent national
radio network with advanced broadcast
transmitters and other equipment.
Harris’ Broadeast Division will provide
Talk Radio UK with transmitters fea-
turing advanced digital modulation
technology that improves AM broadcast
quality and efficiency.

Advance Circuits Licenses Form-
Factor Technology - Advance Cir-
cuits has signed a licensing agreement
for FormFactor’s proprietary technolo-
gies for interconnecting semiconduc-
tors and laminate packages to printed
circuit boards. The agreement grants
Advance Circuits rights to manufac-
ture laminate-based semiconductor
packages using these processes.
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RF' industry insight

Radio Engineering Education

By Andy Kellett
Technical Editor

Companies are combing universities
and their competitor’s ranks to find RF
engineers. At the same time, few EE
department cover RF at the under-
graduate level, and many graduate
programs face reduced funding. For
industry, trying to find RF design engi-
neers, and for students, looking for RF
design instruction, it is catch as catch
can.

Graduate Education

Graduate programs have tradition-
ally been the place where RF engi-
neers get the bulk of their formal
training. Funding for research is spot-
ty — in some fields researchers see
very little money flowing towards
them, while people in other fields have

to turn research projects away.

Dr. Ted Rappaport of the Mobile
Portable Radio Research Group at Vir-
ginia Polytechnic Institute has been
“deluged with requests” to do research
in RF propagation. Meanwhile another
professor states that, “funding has
gone down the tubes.”

Much of the decline in university
research funding has been the result
of Department of Defense cutbacks.
“By and large we are going towards
more funding from industry,” says Dr.
Majid Belkerdid, Associate Professor
of Electrical Engineering at the Uni-
versity of Central Florida (UCF).
However, Belkerdid says that industry
funding is at low levels and the
requirements are high.

At the Georgia Institute of Technol-
ogy (Georgia Tech), David Hertling,
Professor of Electrical and Computer
Engineering, says that the number of
grad students studying RF topics is
increasing, even though funding has
decreased. Hertling says the presence
of university-linked labs like the Geor-
gia Tech Research Institute and Lin-
coln Labs at MIT help. At these facili-
ties, industry can find research part-
nerships suited to industry needs, and
graduate students can get experience.

Undergraduate Education

The number of EE undergraduate
programs offering series of classes cov-
ering RF design has never been large,
and that is still a fact today. Until late
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in their undergraduate careers, most
EE students are busy studying the
basics of electricity and are blissfully
unaware of RF engineering as a sub-
field. However, there are more reasons
for the lack of RF engineering pro-
grams at the undergraduate level.

Part of the reason, according to
UCF's Belkerdid, is the cost of equip-
ment. “To get a network analyzer, you
are talking 50K, so very few schools
have that equipment,” says Belkerdid.
Another reason could be the student's
apprehension about studying a field
where laws held near and dear to their
heart no longer apply. “In RF there is
no ground, and Ohm’s law doesn’t
work any more,” says Belkerdid
explaining what might scare some stu-
dents away from RF.

Nevertheless, there are certain
schools where undergraduates can
take RF engineering courses. Georgia
Tech is probably the best known
school for RF education at the under-
graduate level, but Georgia Tech's
Hertling points out that one- and two-

course RF design "programs” can be
found in universities across the coun-
try. “All it takes is one good person
who teaches a good course at any
school,” says Hertling. “At the Univer-
sity of Illinois there was a professor
Albright who got me and a number of
other people started,” says Hertling.

Education and Employment

The people who hire RF engineers
help shape the RF educational system.
When asked where her company got
RF engineers, Rebecca Shaw, Manager
of Recruiting for Harris RF Communi-
cations said, “Wherever we can.”

Companies do recruit at various uni-
versities. Often individual students
are targeted for recruitment, says
Tony Coleman, Personnel Manager for
the Communication Components Divi-
sion at Hewlett-Packard. “We set up
fairly good relationships with the
instructors of the schools where we
recruit, and the faculty ends up recom-
mending people to us.”

Belkerdid says companies are will-

ing to hire someone with problem solv-
ing abilities and train then on RF and
microwaves later. “They can send them
to short courses, like [the courses
offered] at RF Expos, or a lot of people
will send them to a course by someone
like Les Besser,” says Belkerdid. “You
always set aside six months to a year
for the learning curve, even if they are
experienced,” says Harris’ Shaw.
Students are increasingly aware of
the demand for RF engineers, and
more are looking for RF programs,
particularly at the graduate level.
“Students right now are very practi-
cal,” says Dr. Jeff Reed, Assistant Pro-
fessor and Associate Director of the
Mobile Portable Radio Research Group
at Virginia Tech, “They are very con-
cerned about getting a job.”
Companies seeking RF engineers
and students interested in learning
about RF have to do the same thing to
find what they want — look around.
However, if more schools help students
find what they want, industry will get
get more of what they want. RF
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RF featured technology

A Low Cost CDMA Transmitter Using
the AX602 ASIC, Microcontroller and
Minimal RF Circuitry

By David J. Beal and Gerard J. Hill
Axonn Corporation

As competition increases in the wire-
less markets, engineers are increasing-
ly attempting to find low cost, FCC
Part 15.247 compliant transmitter
designs for high volume consumer
applications including fire and securi-
ty, remote monitoring, and point of
sale. The following describes the con-
trol and RF elements of such a design
(shown in Figure 1) which is com-
prised of three primary elements: the
AX602 spread spectrum core ASIC, a
microcontroller, and associated RF cir-
cuitry.

he AX602 custom IC is a mixed

analog/digital full custom design
optimized for low-cost small-size full-
performance direct sequence spread
spectrum systems; it provides the core
functionality of such system. A block
diagram of this ASIC and required
external components is shown in Fig-
ure 2.

Since the ASIC performs all of the
processing functions required to imple-
ment chipping, data modulation, cyclic
redundancy check (CRC) calculation
and up-converted voltage output con-
trol, as well as providing a divided
external clock signal, the microcon-
troller may be one of many available
low-cost slow-speed devices depending
on the product application.

The RF circuitry consists of up-con-
version, modulation, amplification and
filtering stages as required to generate
the desired signal from the RF square
wave output of the AX602. Figure 3
illustrates one possible RF configura-
tion utilizing the AX602 square wave
output.

The schematic shown in Figure 4 is
an implementation of the block dia-
gram shown in Figure 3. Transmitters
at a parts cost of approximately $6.00
are currently finding high volume
commercial applications; these designs

incorporate a proprietary BPSK modu-
lator, which replaces the level shifter
and mixer shown below, at a cost of
approximately $0.50. This modulator
design has been made available to a
number of licensees.

The circuit essentially performs a
multiplication and modulation trans-
fer function on the AX602 RF output.
The 14.X MHz clock output provided
by the AX602 on pin 22 is bandpass
filtered to select the seventh harmonic
(= 100 MHz) which is input to a multi-
plier and filtered to yield = 300 MHz.
This signal is input to the LO port of a
mixer; BPSK modulation is applied by
passing a pseudo-random, 20 mA sig-
nal into the IF port of the mixer. From
the mixer’s RF output port, the 300
MHz spread signal is multiplied to =
915 MHz, amplified, and again filtered
to meet FCC emissions requirements.
Other output frequencies (e.g. 2.4
GHz) may be produced by other combi-
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Figure 1. Low cost transmitter block diagram.
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Figure 2. Block diagra;n—of the AX602 spread spec-

trum core ASIC functionality.
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Figure 3. Low cost RF circuit configuration.

nations of base clock frequency and
odd multiplication values.

The AX602 allows the transmitter to
modulate data by either a modulo-2
addition of data bits to the pseudo-
random sequence generated by the
AX602 and applying the combined out-
put to the BPSK modulator; or by
applying only the pseudo-random
sequence to the BPSK modulator and
modulating data by on/off keying
(OOK) of subsequent amplifier stages.
The ASIC provides complementary
Mod+ and Mod- outputs to control the
BPSK modulator, an RF key output
for OOK control of amplifier stages,
and an RF enable signal for overall RF
circuitry enable.

Transmitter Modes of
Operation

A typical transmitter will operate in
four modes: programming, sleep,
active, and transmit. The following
paragraphs describe each of these
modes as they apply to an event detec-
tor transmitter with a design based on
the block diagram in Figure 1.

After initial AX602 and microcon-
troller reset, the microcontroller pro-
grams all operational parameters
including transmit data rate, data
modulation type, CRC enable, voltage
pump operational characteristics, and
event input enable. Only the individ-
ual transmitter specific parameters
remain to be programmed into micro-
controller RAM or optional external
EEROM.

Programming Mode

Following manufacturing and test,
but prior to installation at the end-
user location, the transmitter must be
programmed with transmitter-specific

28

parameters which generally include
transmitter family ID, transmitter
individual ID, transmitter type, chip-
ping sequence selection, supervisory
transmission period, and alarm para-
meters (burst interval and number of
transmissions in each burst).

The AX602 may be programmed
through either a direct serial input
connection or through the magnetic
programming interface. The ASIC con-
tains circuitry that wakes-up the
microcontroller when a programming
device has been directly connected, or
detected through the magnetic pro-
gramming interface. Once activated,
the microcontroller controls the trans-
fer of data (transparently through the
AX602) from the programming device
at a data rate up to 9.6 kBaud. Follow-
ing programming and on every subse-
quent wake-up, the microcontroller
reads the stored transmitter specific
datafrom on-board RAM or, in the
event of power failure, external
EEROM.

The direct serial connection provides
a two way communications path
between the programming device (e.g.
an IBM PC) and the transmitter. Typi-
cally implemented as a three-pin con-
nector, this path allows access to both
command and status registers and is
often used by programming software
to display battery status and CRC
byte information.

The ASIC’s magnetic programming
interface supports one-way communi-
cation and allows field service person-
nel to enter parametric and local data
via an electrically and physically iso-
lated magnetic loop. This facilitates
tamper- and moisture-proof housings
by eliminating openings needed to
access a programming connector. This

interface provides both gain and data
detection and yields logic level data
output to the microcontroller. The
interface is transparent, allowing any
data format to be used with data mod-
ulation by OOK at any data rate up to
9.6 kBaud.

The sensitivity of the AX602 to the
magnetic input has been intentionally
set to a low level to prevent accidental
wake-ups due to stray magnetic fields
or nearby, high-power transmitters.
The system can also differentiate
between a real programming signal
and noise on the pick-up loop to avoid
the possibility of being mispro-
grammed by an EMI source. The oper-
ational distance from the magnetic
programming device is a function of
the strength of its magnetic field; for
small +9V cell operated programmers,
this equates to several inches.

The magnetic programming inter-
face draws less than 1 uA when not
active and can be completely disabled
by the microcontroller after initial pro-
gramming is complete.

Sleep Mode

In a typical transmitter application,
sleep mode is invoked between trans-
missions in order to reduce average
current consumption and extend bat-
tery life. During the active cycle imme-
diately prior to the sleep mode, the
microprocessor programs a wake-up
timer value into the AX602 which
decrements when the device is asleep.
When the counter reaches zero, it ini-
tiates an internal wake-up which then
initiates a microcontroller wake-up
and reset.

Sleep mode is managed by a low
power, programmable clock divider and
on-chip oscillator utilizing an external
32 kHz miniature watch crystal. Wake-
up intervals may be programmed from
50 ms to 15 minutes. The current con-
sumption of the wake-up oscillator and
its associated divider chain is less than
3 nA at 2.7 volts.

While the chip is in its low-power
sleep mode a 1 Hz, 50 percent duty
cycle output is provided for use as an
external real time reference or as a
trigger for an external data sample.

The sleep mode is normally exited
through any one of three events: the
programming input senses an incom-
ing message (if enabled); the program-
mable wake-up timer reaches zero; or
any of the four external event inputs
(as enabled) transition from high-to-
low, or low-to-high (as programmed).
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Wake-up States (Active and
Transmit Modes)

Once sleep mode is exited, the state
control generator enables the DC to
DC converter which pumps the output
voltage up to the desired level. Next,
the state control generator enables the
RF oscillator; once this oscillator has
stabilized, the AX602 generates an
external reset pulse which is used to
wake-up the microcontroller (and any
other attached device). After the
microcontroller is reset, the transmit-
ter enters active mode at which time
the microcontroller polls the AX602
status registers to determine what
prompted the wake-up and to deter-
mine what action is required according
to programming.

During all wake-up modes, the
microcontroller directs transmitter
operation through the AX602 interface
with polls for information from status
(read) registers, and with operations
and configuration commands sent to
any of the command (write) registers.

If the transmitter is activated
because the AX602 programming
input senses an incoming message, it
will go into programming mode.

If the transmitter is active because
the programmable wake-up timer has
reached its terminal count, it broad-
casts a periodic general status (super-
visory) message to assure the system
(receiver) that the transmitter is func-
tional. This message generally includes
family and individual ID, general sta-
tus information, and may include a
transmission sequence number which
helps the host system to determine if a
transmission has been missed. The
supervisory message is important to
ensure that the transmitter is func-
tional and would broadcast an alarm
burst transmission if an event occurs,
and to monitor the status of the bat-
tery via a battery low detection circuit.

If the transmitter is active because
an event detector has closed, it will
broadcast an alarm burst consisting of
the programmed number of transmis-
sions at the specified time interval. The
alarm burst generally includes family
and individual ID, alarm state informa-
tion, and general status information,
and may also include a transmission
sequence number.

During transmit mode, the micro-
controller will set the control parame-
ters and enable the RF output block.
The AX602 synchronizes the data sup-
plied by the microcontroller with the
desired chipping sequence; simultane-
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Figure 4. Low cost transmitter schematic.

ously, a 16 bit CRC is generated for
error detection/error correction. This
CRC is appended to the input data
stream for broadcast as part of the on-
air data packet. These signals (data,
chipping modulation, and CRC) are
then output for routing to an external
RF modulator.

Once the transmission is complete,
the microcontroller typically re-pro-
grams the wake-up timer and re-
enters the sleep mode to conserve bat-
tery life.

Direct Sequence Generator

Full implementation of code division
multiple access “multi-channel” opera-
tion is supported by the transmitter.
The ASIC generates direct sequence
linear maximal length sequence chip
codes (LMLS) using an eight position
linear recursive shift register with
programmable feedback taps and ini-
tial states supporting programmable
code lengths up to 255 chips.

The clock for the direct sequence
block is programmable from 1/3 to
1/32 of the high frequency RF oscilla-
tor, resulting in a selectable code rate
of up to 5 megachips per second.
Incoming data bits from the microcon-
troller are synchronized to a fixed
position in the chip code sequence.

Two types of data modulation are

supported by the AX602: on-off keying
(OOK) and binary phase shift keying
(BPSK). Each of these two methods
supports data rates from approxi-
mately 1 kb/s to 320 kb/s.

For OOK data modulation, RF ener-
gy is transmitted during periods
when the data bit being sent is a “17,
and shut off when the data is a “0”.
The AX602 IC performs this function
by enabling the RF KEY signal dur-
ing “1” bit times, and disabling the
RF KEY signal during “0” bit times.
The CHIP CODE lines actively gener-
ate the programmed chipping code
during “1” bit times, and are set to
the key rest state during “0” bit
times.

For BPSK data modulation, RF
energy is transmitted continuously
from the beginning to the end of a
complete message transmission by
enabling the RF KEY signal at the
beginning of a transmission until the
transmission is complete. The AX602
performs BPSK modulation by exclu-
sive-oring the chipping code sequence
with the data bits and outputting the
result on the CHIP CODE lines. The
CHIP CODE signal lines generate the
BPSK stream continuously until a
transmission is complete, at which
time they return to the programmed
key rest state.
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RF Oscillator

The RF oscillator is the source for
the external RF output, chip code gen-
erator, microcontroller clock divider,
and voltage pump clock source. This
oscillator is designed to minimize drift
over temperature and voltage varia-
tions and uses an external parallel
resonant, fundamental mode crystal
which can range in frequency from
3.58 MHz to 15 MHz.

The AX602 external RF output pro-
vides a clean square wave from which
the desired odd harmonic may be
selected using a bandpass filter for
later modulation and upconversion to
the desired RF output frequency.

The RF oscillator is disabled during
the sleep mode.

Microcontroller Clock

The microcontroller clock signal is
generated by the AX602 as a sub-mul-
tiple of the RF oscillator crystal fre-
quency. The divider can be pro-
grammed to divide by 1, 2, 4, or 8, but
upon first power-up or reset is initially
set to 8 to allow slower external
devices to function; after initial reset
the microcontroller can command the
AX602 into a lower divide ratio to
accelerate operations as required.

DC to DC Converter
(Voltage Pump)

The AX602 includes on-board DC to
DC converter control circuitry. This
voltage pump is used to provide exter-
nal components such as the micro-
processor, RF circuitry, and sensors
with regulated voltage. The V-pump
offers the designer flexibility with
respect to battery selection by allow-
ing any input voltage from 2.0 to 5.5
VvDC

The V-pump configuration requires
five principal external parts: one
resistor; one NPN switching transis-
tor; an axial lead iron core inductor; a
Schottky diode; and a low ESR capaci-
tor. Depending on the ambient tem-
perature, battery chemistry, value
and type of external components
selected, a regulated voltage can be
provided from 3.7 V to 5.5 V to a load
ranging from 40 mA to 150 mA.

The DC-DC converter is a pulse
width modulation based design utiliz-
ing a digital control loop for voltage
regulation. The switching frequency is
internally synchronized with the
transmit data rate in order to mini-
mize potentially harmful harmeonical-
ly related byproducts. On-time duty

32

cycles greater than 70 percent are
prevented in order to avoid latch-up
under low input voltage and high out-
put current conditions. Typical effi-
ciencies range from 65 percent to 91
percent depending on input and out-
put voltage, output load, and the type
of external components utilized.

Optimizations for Battery
Operation

The AX602 incorporates optimiza-
tions for battery operation including a
proprietary programming scheme
which is used to optimize V-pump
operations during transmission.

Battery-low detection is especially
critical in applications involving secu-
rity or fire detection and monitoring.
The battery-low detection circuitry
informs the system device (receiver
and associated processor or control
panel) when the transmitter’s battery
should be replaced. The battery-low
detection circuit samples the battery
voltage 2 ms after the start of each
transmission (since the transmitter’s
maximum current drain typically
occurs during data transmission) and
indicates a low battery on the follow-
ing transmission if the sampled volt-
age is below 2.0 VDC, or optionally at
any higher value as set by an external
resistor.

Data/Event Inputs

Data/event inputs are used to inter-
face the transmitter to the sensing
device (e.g. door SPST switch, smoke
detector, door bell, motion detectors,
photoelectric switches, tamper switch,
etc.). An active data/event alarm
input line, which is not locked out,
will cause the AX602 IC to wake from
sleep mode and start the microcon-
troller.

Four data/event inputs are available
on the AX602N28 (28 pin SOIC), and
two inputs are available on the
AX602N20 (20 pin SOIC). These
inputs are low leakage CMOS, inde-
pendently Schmidt triggered, and sta-
tic protected. Each input is readable
and configurable through the micro-
controller interface and can be indi-
vidually programmed to initiate a
wake-up sequence upon detection of
either a low or a high input level, or
can be completely disabled (lock-out).

The data event lockout feature
allows the user to block alarm states
on any of the four data/event alarm
input lines. If the lockout is enabled
for a given alarm input, then an

active state on the alarm line will be
blocked from causing a wake-up.

Watchdog Timer

The watchdog timer will reset both
the AX602 and the external microcon-
troller in the case of system failure,
and is applied if the ASIC is active for
a period longer than two seconds (i.e.
an error condition).

Conclusion

Devices and technologies currently
exist which enable the designer to
produce CDMA transmitters which
are low cost, high performance and
compact in size. The AX602 ASIC per-
forms the processes and calculations
required for chipping and data modu-
lation, sleep counter and supervisory
maintenance, and CRC calculation as
well as RF circuit control, voltage
multiplication, and low battery detec-
tion. When combined with a low cost
microcontroller, RF circuitry, and a
small number of discrete components,
a full performance direct sequence
spread spectrum transmitter operat-
ing over the commercial temperature
range may be produced for less than
$6.00 in parts cost. Units operating
over the full industrial temperature
range may be produced for slightly
more.
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without a heavyweight price

If you’ve done any hobby computer-aided design, you’ve
probably used CAD mainly for designing and enhancing
your antenna system. Now with your PC and ARRL Radio
Designer you’ll be able to build, test and evaluate audio and
radio circuits without warming up your soldering iron,
running out of parts, or investing in a benchful of expensive
test equipment.

Here’s what you and ARRL Radio Designer

will accomplish quickly and easily:

® Model passive and small-signal linear circuits from audio to RF.
® Do “what if” circuit modifications without tedious cut-and-try
experimentation and measurement.

® Predict and analyze the performance of linear, small-signal
active and passive dc, audio and RF circuitry, including amplifiers,
filters, matching networks and power splitters and combiners.

® Enter circuits in netlist form using the text-based Circuit Editor.
® Optimize circuit performance to meet goals you specify.

® Display the signal level at any point in a simulated circuit with
Voltage Probe.

® Simulate component value variations due to temperature and
tolerance with Monte Carlo statistical analysis.

® Simulate circuit performance in response to a steady-state
time-domain signal using impulse, step, pulsed carrier or user-
defined stimuli.

® Synthesize matching networks with Circles, an interactive
Smith® Chart utility.

® Use manufacturer-supplied noise and S-parameter device data
for highly realistic circuit simulations.

ARRL Radio Designer 1.0’s 28 Circuit elements include

* Active devices (bipolar and field-effect transistors, operational amplifier)
* “Black box” elements (two-terminal impedance specified by resistance
and reactance; two-terminal one port specified by admittance, impedance
or reflection coefficient; three-terminal two-port specified by admittance,
impedance or S parameters)

s Controlled sources (current-controlled current, current-controlled
voltage, voltage-controlled current, voltage-controlied voitage)

¢ Lossy capacitors, inductors, coaxial cables and transmission lines
* Transformers (ideal two- and three-winding types, specifiable in terms of
turns ratio or impedance)

Technical Specifications for ARRL Radio Designer 1.0 Analysis:

Maximum number of nodes per circuit block* 250

Range of node-number values 0 through 999
Maximum number of ports per circuit block 30

Maximum number of frequency steps 512

Maximum number of statistical histograms 20

* The number of circuit blocks allowed depends on their complexity;
generally, 50 or more circuit blocks may be defined in a single ARRL Radio
Designer netlist.

ARRL Radio Designer is a derivative of Super-Compact®, an industry-standard linear
circuit simulator by Compact Software of Paterson, New Jersey.

ARRL 225 main st. - Newington, CT 06111-1494
Phone (203) 666-1541
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ARRL Radio Designer simulates and reports

® S, Y, Z, group delay and voltage probe parameters for
n-port networks;

® Chain (ABCD), hybrid (H), inverse hybrid (G), gain, voltage
gain, and stability parameters for two-port networks;

® Magnitude of reflection coefficient, phase of refiection
coefficient, VSWR and return loss parameters for one-port
networks;

® Gain, gain matching and noise parameters; and

* Complex S, Y, Z, H, G, chain (A), gain matching, noise
matching and voltage probe parameters.

ARRL Radio Designer reports can be—

® Rectangular and polar graphs—onscreen and via any

Windows™ compatible printer, in the colors, fonts and line

weights you specify

® Tables—onscreen, in file form and via any Windows™
compatible printer

Minimym s

ystem requi
ARRL Radio Deslgnqer":g" ol
* 386, 486 or Pentiymm 1BM
(math Coprocessor strongly

* 8 Mbytes of RAM
. ;Vl:cTosoft Windows 31or higher
-5-inch, high-density floppy drive

1 "

PC or 100% Compatible
recommended)

We re pleased to offer
ARRL Radio Designer as your doorway into a new
phase of ham radio’s growing computer tradition.
The package includes two 3.5” diskettes, circuit

examples and a comprehensive reference manual.

ARRL Order No. 4882 Retail $150 (add $5 for UPS delivery).




RF reader feedback

A Layman’s Guide to RF

As promused in the November 1994
Editorial, here are our readers’ sugges-
tions for explaining RF to non-engi-
neers. Here are excerpts from the faxes
and letters submitted. They have been
edited for length, and in some cases
only one of several analogies was
selected for publication. Unfortunately,
there isn’t room to publish all of them.

Also as promised, we selected one
name at random from all the sugges-
tions submitted. Thomas Webb of
Texas Instruments is the winner of a
set of nine RF Design handbooks.

What is RF?

Radio frequency energy is a type of
AC, or altenating current, electricity.
It differs from the electricity in your
electrical outlet only in that its fre-
quency is much higher. That is, it
alternates (changes direction) much
more frequently.

Its utility lies in the fact that it can
bridge the gap between two points
without the help of wires. It leaps
from one antenna to another much
like light waves travel from a flash-
light to the object at which it is point-
ed. When it leaves the antenna it is an
invisible field, like the one that sur-
rounds a magnet.

Thomas W. Webb
Texas Instruments

Circuit Analogy

I use the old standby of a water pipe
for the circuit with the water being the
RF. Resistors are like faucets that can
let less or more water through, capaci-
tors are like selective gates that can
let water through but keep out trash
(DC), and inductors are also like
faucets. For modulation I use a big oar
causing waves in the water which can
mean something to an expert. Demod-
ulation is like a wall with a series of
tubes at various levels getting their
share of the water depending on the
height and strength/duration of the
wave. They then use the water they
received to turn wheels, etc.

John W. Frank
Millersville, MD

34

AM, FM and Broadcasting

I have to explain principles of RF to
laymen when they come through our
radio stations on a tour. I find that the
explanation must be simple, not neces-
sarily 100 percent correct. Here are
some things people can relate to:

The antenna transmits radio energy
like the speakers of a stereo system.
The radio energy can not be seen or
heard, but it can be received on a piece
of wire and fed into your radio.

AM goes up and down (moving your
hands closer and further apart in a
vertical direction). FM goes side to
side (Again move your hands closer
and further apart, but horizontally).

If you could see radio waves, AM
would look like a single color that gets

brighter and weaker in time with
music being played. FM would look
like a light that is always the same
brightness, but changes color in time
with the music.

John Marocchi
Franklin Communications

RF Interference

Many of the problems involved in
radio technology center on the fact
that we all share the same pond in
which waves are transmitted. Trans-
mitters must be designed to send out
waves only on the frequency they are
licensed to operate. If they accidental-
ly send out waves, even small ones, on
other frequencies they can cause inter-

In 1936 I became fascinated by the
phenomena of radiation and propaga-
tion. But, in this day of instant world-
wide radio and TV coverage, cellular
telephones and pagers, it is hard to
describe the wonder of being able to
build a crystal set and listen to music
and news that was not accessible to
the general community. Can you
explain RF to non-engineers? No, I
can’t, and I don’t think anyone can —
you sorta have to “be there.”

I was fortunate enough to hear
Richard Feynman speak, and he
gave an explanation that comes pret-
ty close to my view:

Almost all things in nature emit
some form of waves. Whether ocean
waves, sound waves or light waves,
they are defined by the distance
between successive peaks, called
wavelength. Waves have a most
interesting property in that a num-
ber of waves can pass through the
same environment and not disturb
other waves. For example, your eye-
ball receives light that bounces off a
person across the room, and your
brain sorts it out so you can identify
that person. At the same time, a per-
son on your left can receive light
reflected off a person standing on
your right, from these tiny waves
that passed through the same space

The Wonder of RF

without distorting the image of the
person you are looking at.

All the time that you are receiving
these light waves, other waves are
passing through the same space.
Infrared waves are longer wave-
lengths; they can help a pit viper
find warm-blooded mice at consider-
able distance, yet we can only detect
them at very short distances (as
heat). At still longer wavelengths,
radio frequency waves are also there
all the time. If you don’t believe it,
all you have to do is stick a short
wire in this space, attach a small box
with a couple of knobs on it (a radio
receiver) and adjust it until it match-
es the wavelength of these electro-
magnetic waves that come “sloshing”
across the wire — the BBC, Radio
Moscow or a local NOAA weather
broadcast. The amazing thing is that
they are all really there, and we
don’t know it until we turn on the
box and find the right wavelength.

Quoting from my notes, Feynman
said, “We all know this is happening,
but you have to stop and think about
it to really get the pleasure about the
complexity, the inconceivable nature
of nature.”

Daniel McMillin
Greensboro, NC
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Chips and Diodes

All Noise Com diodes deliver 7TYP|CAL STANDARD MODELS

symmetrical white Gaussian

- noise and flat output power MODEL FREQUENCY RANGE
versus frequency. Noise Com NC 204 0.1 Hz - 500 MHz
diodes are available in a wide NC 302 10 Hz - 3 GHz
variety of package styles, and NC 401 100 MHz - 18 GHz
in special configurations on NC 406 18 GHz - 110 GHz

request.

Drop in Modules for BITE

The NC 500 senes drop-in
noise modules in TO-8 cans

TYPICAL STANDARD MODELS

are an economical solution for | MODEL FREQUENCY RANGE | OUTPUT El_\lRi
built-in test requirements. NC 501/15 | 0.2 MHz - 500 MHz 31dB

These devices contain com- NC 506/15 | 0.2 MHz — 5 GHz 31 dB

plete biasing networks and NC 511/15 | 0.2 MHz - 500 MHz 51 dB

need no external components. NC 513/15 | 0.2 MHz - 2 GHz 51 dB

Also available are TO-39 and

surface mount packages.
Broadband Amplified Modules

The NC 2000 series amplified
noise modules are an excellent

.~ TYPICAL STANDARD MODELS

choice when a high level noise MODEL FREQUENCY RANGE OUTPUT
output is desired and the noise ™ N 2101 100 Hz - 20 kHz 0.15 Vrms
source is to be mounted on NC 2105 | 500 Hz - 10 MHz 0.15 Vrms
a circuit board. 24 pin pack- NC 2201 | 1MHz - 100 MHz +5 dBm
ages are standard, 14 pins NC 2601 1 MHz - 2 GHz -5 dBm
are available.

The NC 1000 series amplified
noise modules produce white

TYPICAL STANDARD MODELS

— et

Gaussian noise from -14 dBmto = MODEL FREQUENCY RANGE OUTPUT
+13dBm at frequencies upto 6 NC 11014 | 10 Hz - 20 kHz +13 dBm
GHz. They are designed for NC 1107A | 100 Hz- 100 MHz +13 dBm
coaxial test systems, and are NC 1112B | 20 MHz - 2 GHz 0 dBm
available with several bias volt- NC 1126A 2 GHz - 6 GHz -14 dBm

ages and connector options.

Broadband Precision, Calibrated Coaxial

Noise Com's NC 346 series is
designed for precision noise

TYPICAL STANDARD MIODELS

FREQUENCY RANGE l OUTPUT ENR

figure measurement applications. . MODEL

These products are available with NC 346A 0.01 GHz - 18 GHz 6 dB
coaxial or waveguide outputs. For = ne 3468 0.01 GHz - 18 GHz 15 dB
OEM applications, the NC 3200 NC 346D 0.01 GHz - 18 GHz 25 dB
series provides high performance NC 346Ka 15 dB

in a small ruggedized package.

The NC 5000 series noise
sources feature outstanding

| 0.1 GHz - 40 GHz

Broadband Calibrated Millimeter-wave

TYPICAL STANDARD MODELS

stability and convenience in | MODEL FREQUENCY RANGE | WAVEGUIDE
waveguide bands up to 110 NC 5142 18 GHz - 26.5 GHz WR-42
GHz. NC 5128 26 GHz - 40 GHz WR-28

NC 5115 50 GHz - 75 GHz WR-15

NC 5110 75 GHz - 110 GHz WR-10



Coaxial with Built-in Isolators

The NC 3400 series are TYPICAL STANDARD MODELS
precision calibrated noise - e R I
sources for extreme accuracy MODEL FREQUENCY RANGE OUTPUT ENR
and flatness enhanced by NC 3404 2 - 4 GHz 30-36
their low VSWR 1.25:1. NC 3405 4 - 8 GHz 30-35

NC 3406 8 - 12 GHz 28-33

NC 3407 12-18 GHz 26-32

BER Testing Equipment

| |

The UFX BER accurately sets and dis= [ o=y | e i ]
plays Eb/No, C/N, C/No, or C/l between | TYP|CAL STANDARD MODELS
auserelipglibdisinalland inemialy MODEL FREQUENCY RANGE | APPLICATION
generated white Gaussian noise. The

UFX-BER can be used for back to back UFX-BER-70 50 MHz - 90 MHz General

or IF loop-back testing with extreme UFX-BER-IBS/IDR| 50 - 90; 100 - 180 MHz | IBS/IDR

precision over a broad range of input UFX-BER-836 824 MHz - 849 MHz CDMA

or output power. Eb/No values can be UFX-BER-1850 | 1800 MHz-1900 MHz | DCS-1800

entered directly from the front panel or by ————— B ~

IEEE-488 bus.

Amplifier Test Station

The UFX-NPR series instruments perform [_ : TYPJCALgTANQARD M QDELS 7

automatic distortion measurements in
NOISEL g a& o mobile telephone (CDMA and FDM)

MODEL ‘ FREQUENCY RANGE

base stations, satellite communications

systems, CATV, and other equipment UFX-NPR-70 50 MHz - 90 MHz
operating in multi-signal environments. UFX-NPR-CATV | 50 MHz - 1.0 GHz
Some models are available with tunable UFX-NPR-1700 1.6 GHz- 1.9 GHz
measurement frequency or with multiple UFX-NPR-2400 2.2 GHz- 2.6 GHz
measurement frequencies. UFX-NPR-11900 | 10.95 GHz - 12.8 GHz

Broadband Noise Generators

The NC 6000 and NC 8000 series noise ; o TYP]CAL STANDARD_MODEPS ] j

generating instruments are designed for

3pplications on the test bench or incorpo- |yl | FREQUENCY RANGE | OUTPUT POWER
rated with other equipment to provide a

wide variety of functions. Each instrument NC 6107 100 Hz - 100 MHz +13 dBm
contains a precision noise source, amplifi- NC 6110 100 Hz - 1500 MHz +10 dBm
cation, and step attenuators to provide NC 6124 2 GHz - 4 GHz -10 dBm

repeatable symmetrical white Gaussian NC 8107 250 kHz - 100 MHz +30 dBm
noise with variable output power. - -

The new UFX-7000 series noise gener- ,__—“ TYP'CAL §TAN DARD MODE LS!

ating instruments are extremely easy
to use, combining dedicated keys for
control of operations and programming,

MODEL TFREQUENCY RANGE | OUTPUT POWER

with a large 4 x 20 character LCD dis- UFX-7107 | 10 Hz - 100 MHz +13 dBm
play. Control of output power, filter set- UFX-7108 | 100 Hz - 500 MHz +10 dBm
tings, and attenuator step size for both UFX-7110 | 100 Hz - 1500 MHz +10 dBm
the noise and the signal ( for units with UFX-7218 |2 GHz - 18 GHz -20 dBm
internal combiners) is performed from UFX-7909 | 1 MHz - 300 MHz +30 dBm

the front panel or remotely using the
|IEEE-488 interface.

NOIS Noise Com Inc.
M E. 49 Midland Ave., Paramus, NJ 07652
Tel: 201-261-8797 « Fax: 201-261-8339
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CUSTOM & STOCK
Crystals
Crystal filters
L/C filters
Monolithics
12 years manufacturing

MONOLITHIC CRYSTAL FILTER KITS

10.7 MHz 21.4 MHz 45 MHz
Prototyping kits worth their weight in gold to
the RF designer.

10.7 MHz & 21.4 MHz kits contain:
3 dB BW (kHz)

2 pole qty. 4 pole qty.
7.5 2 755 2
13 2 13 P
15 2 15 P
30 2 30 2

45 MHz kit contains:
3 dB BW (kHz)
2 pole qty.

7.5 2
15 2
30 2

4 pole qty.
7.5 2
15 2
30 2
Call or FAX now for
delivery from stock!
MCFPK-10.7 § 85.00

MCFPK-21.4 $ 95.00
MCFPK- 45 $125.00

mﬂlléa%ﬁab!e >

prices subject to change

Temex Electronics, Inc.
3030 W. Deer Valley Rd.

Phoenix, AZ 85027 (602) 780 - 1995  FAX (602) 780 - 2431
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ference to receivers trying to operate
on that other frequency. Likewise,
receivers must be carefully designed to
accept only signals on the desired fre-
quency while rejecting other signals
that may be very close to the same fre-
quency, and very much stronger.
Other interference problems are
caused by the fact that all circuits that
have electrical vibrations will produce
and receive radio waves, even if we
don’t want them to. Computers switch
electrical currents on and off very
quickly, generating radio waves that
can interfere with nearby receivers.
Even a hair dryer creates radio waves.
Likewise, non-radio equipment can be
disrupted by nearby radio transmit-
ters even if they are operating correct-
ly. The radio waves can be so strong
that vibrating currents are set up in
the circuits even though we have no
desire for them to receive radio sig-
nals. Shielding and filtering is needed
to contain the unwanted radio waves.

Mark Kolber

Shielding Attenuation

“Why does high frequency energy
penetrate apertures more easily than
low frequency energy” Suppose you
had a chain link fence surrounding
your property, and from your home a
dozen children had a countless num-
ber of balls of random sizes (e.g., mar-
bles, ping pong balls, tennis balls,
beach balls, basketballs). All of the
children throw the balls at the same
speed toward the fence.

Now, suppose that the smaller size of
the ball corresponds to higher frequen-
cy (smaller ball = shorter wavelength).
Obviously, as the ball gets smaller, the
chance of the ball passing through the
fence increases. The ratio of the num-
ber of balls thrown that actually pass
through is analogous to the attenua-
tion of the fence as a function of ball
diameter. Therefore, the attenuation of
beach balls is infinite, and the attenua-
tion of marbles and BBs is very low.

If this analogy doesn’t help bring
home the concept that electromagnet-
ics are as real any any visible phenom-
enon, I proceed with second, slightly
more poignant response: “Sure you
can’t see it, but 50 bucks says you
won’t stick your head in a microwave
oven for five seconds.”

Allan D. Pincus
W.L. Gore & Associates

Frequency Conversion

Most people are familiar with the
spinning wheel effect, where the
spokes on a wheel appear to “stand
still” when the spins at just the right
speed (rotational frequency). This is
because of a sampling process per-
formed by the human brain. Also
familiar is the same effect, even more
dramatic, when a strobe light is used
to “freeze frame” a wheel. A rapidly
clockwise rotating wheel can be made
to appear to rotate slowly clockwise or
slowly counterclockwise as the strobe
flash is adjusted slightly faster or
slower that the speed of the wheel.

(This also demonstrates why “negative
frequencies” are real!)

Robert Tso
S. San Gabriel, CA

ERP

Imagine in the center of a round
table there is a 60 watt light bulb.
Anywhere you sit around the table you
will see the same amount of light
(power). Now, put a reflector on the
bulb. Behind the reflector you will see
less light, and in front of the reflector
you will see more light. Notice that we
did not change the size of the light
bulb. ERP is the same, we are talking
about keeping the energy the same,
but focusing it to where we need it.

Bill Unger
TVOntario

AM Modulation

The principle of a variac is easy to
comprehend for most laymen, perhaps
easier than a potentiometer. A demon-
stration with a light bulb will cinch the
idea. Hang a pendulum on the variac
knob and watch the brightness of the
bulb vary sinusoidally. If a “micro-
phone diaphragm” could be placed on
the end of the pendulum, ignoring the
acousto-mechanical problems, the con-
cept of sound modulation would be
demonstrated. A photocell will “demod-
ulate” the light bulb’s modulation.

Ralph Burgess
MIT
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Erase your design
problems with the
industry's smallest 3V
and 5V Si and GaAs
RFIC amplifiers.

When it comes to cost effec-
tive RFIC amplifiers for your
wireless applications, we've

got your size.

Our ultra-miniature SOT-363
(SC-70) package requires half

smallest package on the
market—and only 15% of the
space of an SO-8 package.
Making it ideal for compact,
handheld designs.

Extend battery life with these
low-current 3V and 5V gain
blocks for applications to 6
GHz. All backed by HP's
reputation for quality and our
track record of shipping
millions of building block

The biggest news In
RFIC amplifiers
comes In
the smallest
package.

And Penstock has 20 offices
nationwide staffed with
engineers to help you design-in
these products with free
samples.

Call HP at 1-800-537-7715,

ext. 9007 for a Selection Guide
and Data Sheets.

For immediate free samples,
call 1-800-PENSTOCK.

In Northern California, (408) 730-0330
In Canada, (613) 592-6088

the board space of the next RFICs per month.
Typical Performance P_E,"_S chuK
Part Frequency Voltage Current NF  Gain 1P3 Package S @

Number Range V) (mA) (dB) (dB) (dBm) (IEC) »
INA-30311 DC-1000 3 6.3 3.5 13 - 2 SOT-143 m )
INA-50311 DC-1000 5 17 3.6 19 +10 SOT-143 ’ ” m
INA-51063 DC-2400 5 12 3.0 2056 + 6 SOT-363 (bﬁ HEWLETT
INA-52063* DC-1600 5 30 3.6 20 +17 SOT-363
MGA-86563 500-6000 5 15 1.6 20 +15 SOT-363 PACKARD
MGA-87563 5004000 3 4.5 1.6 14 + 8 SOT-363 HP Europe, fax 31-2503-52977

P . HP Canada, call 1-800-387-3867 ext 9007

*March availability
C6CMI501



RF cover story

Next Generation EM Simulator
Provides Open and Packaged
Environment Analysis

By Peter Petre, Krishnamoorthy Kottapalli, Ali Sadigh, and Todd Westerhoff

Compact Software

Electromagnetic (EM) simulators let
designers analyze complex RF/
microwave circuits and antennas to
predict EM field distribution and
extract S parameter data. EM simula-
tions can also accurately predict elec-
tromagnetic effects such as inter-trace
coupling, radiation and package reso-
nance. The term “electromagnetic sim-
ulator” is used because the tool pre-
dicts electromagnetic fields and cur-
rent density within the circuit by solv-
ing Maxwell’s equations.

n practice, simple forms of electro-

magnetic coupling are handled by
models in popular circuit simulators.
For example, the Super-Compact
MCPL model can be used to predict
EM coupling between adjacent, paral-
lel transmission lines. However, all
such circuit simulator models have
inherent limitations for supported
geometries, the frequency at which
they can be used, conductor width,
height, etc. In contrast, EM simulators
accurately model circuits and anten-
nas of arbitrary shape and size, and
are not limited by circuit parameters.

Electromagnetic simulators model
design behavior under two different
sets of conditions. Closed environment
simulations model the behavior of the
circuit within its IC package. This is
important for high frequency circuits

because resonances that affect the cir-
cuit's behavior can occur within the
package. Open environment simula-
tions model the behavior of the circuit
without the package. These simula-
tions predict the energy radiated by
the circuit into free space and are
often used to predict the behavior of
antenna designs. This aspect of EM
simulation is important because
antenna radiation cannot be analyzed
without the use of an EM simulator.

Full-wave EM simulators solve
Maxwell's equations by enforcing vari-
ous boundary conditions and develop-
ing integro-differential operator equa-
tions for the unknown EM fields or
current density. Network input ports
are excited by known incident fields or
voltage/current sources. The simulator
then solves the operator equations
numerically for the unknown electric
and/or magnetic fields and induced
current density on the metallization.
The operator equation is solved by dis-
cretizing (meshing) the unknown elec-
tric/magnetic fields or current density.
By solving the operator equation at
each frequency, the simulator deter-
mines the way electromagnetic fields
or currents are distributed, where and
how much electromagnetic coupling
will occur, and what, if any, energy
will be radiated by the circuit.

An EM simulator generates a math-

ematical model based on a physical
(layout) description of the circuit. A
detailed description of the layered sub-
strate is extracted and passed to the
EM simulator for analysis. This
description includes the complex per-
meability and permittivity of the sub-
strate layers, the metallization pat-
tern on the different layers, and the
location of vias and vertical strips. The
layout circuit description is usually
obtained from a layout program in
standard file formats such as GDS II.

Once the simulation is complete,
designers can view current density
plots and extract equivalent S parame-
ters for use with circuit simulators.
Using this technique, layout data can
be extracted for EM simulation and
analysis, with the resulting S parame-
ters plugged back into a circuit simu-
lator as a "black box" model.

A commercial EM simulator should
be able to analyze microwave circuits
in both open and closed environments.
Packaged environment analysis is
used to analyze the effects the package
top cover and sidewalls have on the
design. This helps ensure that a cir-
cuit will not resonate within its final
environment. Open environment
analysis is used for predicting the
behavior of antennas and also analyz-
ing circuits without considering the
effects of the package. Most commer-

microstrip lines

Eigure 1. Typical circuit suited for 2D analysis.
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Figure 2. Microwave horn example requiring full 3D
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Figure 3. Hermetic bead transition in MMIC circuit requiring 3D analysis.

cial implementations of EM tools ana-
lyze only a single environment; some
tools model open environments while
others model closed environments,
because the mathematical formula-
tions and treatments of boundary con-
ditions for open and closed environ-
ments are different. Simulators that
analyze only closed environments have
been used to approximate open envi-
ronment conditions. However, this
method is unsatisfactory because the
result is always only an approximation
and the associated accuracy is unpre-
dictable.

Compact Software's Microwave
Explorer 3.0 is a full-wave EM simula-
tor that includes two different simula-
tion engines. One engine is dedicated
to open environment analysis and the
other is dedicated to closed environ-
ment analysis. The two engines run
from a common graphical user inter-
face and access a common netlist. The
user is able to switch between the dif-
ferent engines at the touch of a button.
Explorer 3.0 is uniquely suited for ana-
lyzing both open and packaged arbi-
trary planar microwave circuits as well
as microstrip antennas. Microwave
Explorer can also be used efficiently for
EMI/EMC analyses, characterizing
effects such as cross-talk, inter-ele-
ment coupling, and radiation.

Types of EM simulation

Full-wave EM simulation can be car-
ried out as a two dimensional (2D),
three dimensional (3D), or 2.5 dimen-
sional (2.5D) analysis, depending upon
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the geometrical complexity of the cir-
cuit being modeled. The decision to
use 2D, 2.5D, or 3D analysis is made
based on the dimensionality of the
actual circuit or antenna. Although
every fabricated circuit or antenna has
three actual dimensions, certain appli-
cations can be accurately analyzed
with a 2D or 2.5D mathematical
model. The advantage from the user's
standpoint is that 2D and 2.5D analy-
sis are substantially faster than a full
3D analysis. To clarify this point, we
will review the geometric models for
2D and 2.5D analysis noting the geom-
etry restrictions.

Figure 1 shows a typical 2D geome-
try consisting of a coupled microstrip
line above a grounded dielectric sub-
strate. This structure has 2D geometry
because it is assumed that the lines
are uniform along the y-axis (perpen-
dicular to the plane of the cross-sec-
tion). No discontinuities in the line can
be modeled since the cross-section is
constant. This circuit can be readily
analyzed using 2D full-wave tech-
niques. The 2D operator equation can
be derived for the unknown EM field
components or unknown surface cur-
rent density. The 2D meshing algo-
rithm is used to discretize the cross-
sectional area of the structure for both
the field and current.

2D EM simulation is often used to
analyze trace coupling of microstrip
lines with arbitrary metallization
cross sections. This type of analysis is
common in PCB layouts and high
speed digital circuit design. An exam-
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Figure 4. MMIC circuit suited to
2.5D analysis.

ple of 2D analysis is the multiple cou-
pled line (MCPL) model in the Super-
Compact linear frequency-domain sim-
ulator. This model is actually a minia-
ture self-contained 2D EM simulator.

The most general type of electromag-
netic simulator is the 3D simulator,
which can model any arbitrary 3D
geometry. Because 3D simulators
model the electromagnetic fields or the
equivalent volume currents in the
complete 3D volume, they provide
accurate results, but require long com-
putation time and large amounts of
computer memory. A typical example
requiring 3D analysis is the
microwave horn shown in Figure 2. A
3D simulation would be used to deter-
mine the electromagnetic field distrib-
ution inside and outside the structure,
from which the radiation pattern and
efficiency can be determined. A full 3D
analysis is required because this
structure has varying dimensions in
the X, Y and Z directions.

3D electromagnetic simulators are
also used to examine microstrip cir-
cuits with inhomogeneous substrates,
waveguide discontinuities, and various
3D connectors and transitions. An
example of a MMIC structure requir-
ing 3D analysis is the hermetic bead
transition shown in Figure 3. This
structure requires 3D EM simulation
because the dielectric substrate is not
homogeneous (there are air gaps in
the substrate), and there is a disconti-
nuity in the vertical direction (the
dielectric ring is located in the vertical
metal wall).

2.5D electromagnetic simulators
represent a tradeoff between 2D and
3D electromagnetic simulation and are
targeted for a specific class of circuits.
2.5D electromagnetic simulators take
advantage of the fact that microstrip
circuits and antennas are usually pla-
nar in nature. Although the planar
geometries in MMIC circuits are arbi-
trary, these circuits are fabricated in
"planes” of regular thickness and spac-
ing. Novel EM analysis techniques can
be used to characterize planar circuits.
These techniques have the advantage
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of providing 3D accuracy in a fraction
of the time typically required for 3D
analysis. To differentiate between cir-
cuits which can be analyzed by this
2.5D technique and the circuits which
can only be analyzed by a 3D simula-
tor, a new type of geometry has been
introduced, called 2.5D geometry.

2.5D geometry consists of a planar
layered substrate with arbitrarily
shaped metallization on the surfaces
of the various layers. Vertical connec-
tions, such as vias and vertical strips,
run between the different metal lay-
ers. The substrate can be a set of
homogeneous dielectric and/or mag-
netic, lossy/lossless layers. Advanced
2.5D EM simulators can also accurate-
ly model the finite thickness of the
metallization, bond wires, air bridges,
and arbitrarily shaped via holes. A
typical 2.5D structure is shown in Fig-
ure 4.

2.5D EM simulation is the most pop-
ular form of simulation, since it can
model most practical MMIC circuits
and microstrip antennas. One of the
biggest advantages of 2.5D simulation
is that it uses a 2D meshing algo-
rithm, which greatly simplifies the
meshing required to analyze the cir-
cuit. The use of 2D meshing generates
the operator equation with fewer
unknowns, thus providing fast results
(typically several orders of magnitude
faster than full-wave 3D analysis)
with no loss of accuracy.

EM Algorithms and Tradeoffs

From the designer's point of view,
one of the most important issues is the
numerical technique implemented by
the EM simulator being used. This is
important because the numerical tech-
nique determines the accuracy and
speed of the calculations. The most
common numerical techniques imple-
mented in commercially available EM
simulators are the finite difference
(FD) technique, the finite element
method (FEM), the various forms of
the integral equation (IE) technique,
the finite difference time domain
(FDTD) technique, and the mode
matching technique.

The FEM, FD and FDTD methods
can be used for 2D, 2.5D, and 3D
analysis. These methods are well suit-
ed for closed environment analysis
where the package size is not signifi-
cantly greater than the circuit size.
Metal sheets are used to form the
shape of the metal package and the
"perfect electric conductor” condition is

enforced on these surfaces. The effi-
ciency of the analysis is heavily depen-
dent on the ratio between the circuit
and package size. If the package is
much bigger than the circuit inside,
large numbers of unknowns are creat-
ed and the numerical solution requires
large amounts of memory and compu-
tational time. The "small circuit in
large package" problem is often man-
ageable for 2D analysis, but not for
2.5D and 3D analysis.

The FEM, FD and FDTD methods
cannot be used to accurately and effi-
ciently model an open environment,
although considerable research effort
is being directed towards this problem.
Various techniques have been devel-
oped to terminate the volume of the
analysis as close as possible to the cir-
cuit of interest by enforcing proper
boundary conditions. These are usual-
ly the first- and second-order absorb-
ing boundary conditions and other
numerically derived conditions. Keep-
ing the analysis volume close to the
circuit size is critical, because this
determines the necessary number of
unknowns and therefore the required
memory and computational time.

Integral equation (IE) techniques
usually formulate the operator equa-
tion for the electric, magnetic or com-
bined fields in either the space or spec-
tral domain. IE techniques are effi-
cient for 2D and 2.5D analysis,
although applying the IE technique to
3D problems requires excessive
amounts of memory and computation-
al time. For 2.5D EM simulation, the
two most popular formulations of IE
are the electric field integral equation
(EFIE) formulation in the space
domain and the EFIE formulation in
the spectral domain. The space
domain EFIE can be used efficiently
for the analysis of open microstrip cir-
cuits and antennas, while the spectral
domain EFIE can be used efficiently
for the analysis of packaged microstrip
circuits.The EFIE formulation in the
space domain calculates the surface
electric current density on the metal
portion of the circuit, assuming that
the EM waves can propagate into free
space above the circuit. Modeling the
effect of the package on the circuit per-
formance using the space domain
EFIE is difficult and inefficient,
because additional equivalent surface
currents must be set up all over the
metal package. This increases the nec-
essary number of unknowns to the
point where memory and computation-
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E- Series I/Q Modulator with
30 dBc (min.) Suppression

40 - 1100 MHz frequency coverage in
various narrow band configurations.
High 3 1 and 5 | suppression. Single
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High IP3 Mixers

Low cost, 800 - 1000 MHz surface
mount mixers. Designed for wireless
applications. + 17 dBm L.O. power
+ 29 dBm typ. third order intercept.
7.5 dBm max. conversion loss.

Low Cost Surface Mount
Transformers

Broad product offering of impedance
matching devices. 10 MHz - 2.5 GHz.
Small size (0.15 in. / 3.81 mm sq.) ETC
Series transformers designed for wireless

Low cost surface mount package,
available in tape and reel.

P/N EKIN2 Series

ESMD Series

Richardson Elecoronies $( \

applications. Balun transformer steps up
or down impedances or transitions
from balanced to unbalanced systems.
ETC Series

Richardson Electronics 800-348-5580

Tomorrow’s RF & Microwave
Design Solutions Are On
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ponents in the indus-
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Of course, our commitment
to solutions doesn’t stop
there. Our team of dedicated

applications engineers has
over 200 years of combined
RF and DC experience.
These seasoned profession-
als stand ready to give you
the technical support you
need to solve your design
challenge.
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today. And get a jump on

tomorrow.
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Richardson
Electronics, Ltd.
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Figure 7a. Layout of Wilkinson
power divider.

al time requirements become unac-
ceptable.

The EFIE formulation in the spec-
tral domain is very efficient for ana-
lyzing packaged microstrip circuits, as
this technique was specifically devel-
oped to solve these type of problems.
The original technique was not well
suited for the analysis of open circuits
and antennas. In the 3.0 release of
Microwave Explorer, Compact Soft-
ware has extended the spectral
domain technique for efficient analysis
of open environments. The key issue
was extending the formulation to accu-
rately and efficiently analyze
microstrip antennas. These antennas
are very sensitive to the simulation
accuracy, especially for the value of
the input impedance.

Microwave Explorer

Microwave Explorer version 3.0
introduces a unique feature among
EM simulation tools that allows the
user to select whether the circuit
should be analyzed inside its metal
package or in an open environment.
Closed environment analysis includes
the effects of package resonances and
side walls while open environment
analysis models EM waves radiating
into free-space or into a user definable
homogeneous half space.

Developing a single simulation
engine to provide both open and closed
environment analysis is difficult and
involves tradeoffs in speed and accura-
cy. Rather than compromise accuracy
or performance, Microwave Explorer
3.0 employs two different simulation
engines, one tuned for closed environ-
ment analysis, the other for open envi-
ronment simulation. The use of two
simulation engines creates its own set
of technical challenges. Both simulator
engines must produce exactly the same
S parameters for low frequency simu-
lations, independent of the circuit
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Figure 7b. Current distribution at
16 GHz.

being analyzed. Another challenge is
maintaining the same level of efficien-
cy for both open and closed simulation.
Both of the simulation engines in
Microwave Explorer 3.0 are based on
the periodic structure approach. Com-
pact Software has extended the basic
periodic structure approach to support
packaged environment analysis and
the analysis of single circuit elements
in the open environment. Various
novel methods including averaging
techniques combined with efficient fast
Fourier transforms, and an open exci-
tation/de-embedding procedure have
been implemented in the open environ-
ment simulation engine. The use of
two simulation engines provides a good
compromise between open and closed
environment analysis, allowing each
engine to provide accurate results
without sacrificing performance.

The open environment simulation
engine models EM effects such as sur-
face wave losses and parasitic radia-
tion. This helps designers optimize the
size and shape of microstrip antennas.
This also allows designers to verify
and modify circuits containing sensi-
tive microwave circuit elements such
as filters, phase bridges and meander
lines. The simulator can accurately
predict the parasitic radiation of and
the coupling between circuit elements.

The closed environment simulation
engine predicts the effects of side walls
and package resonance. The top and
bottom package covers can be lossy,
allowing designers to examine the
effects of the device package on the cir-
cuit performance and to redesign the
package, if necessary. Microwave
Explorer lets designers optimize the
locations of the circuit elements within
the package to obtain maximum circuit
performance. A unique "Box Mode Pre-
Processor"” quickly determines if the
package is resonant in the frequency
range and, if so, the Q of the package.

Figure 8. S parameters of power
divider.

This lets designers quickly determine
if a potential problem exists, without
requiring a full simulation.

Both the open and packaged simula-
tion engines perform accurate full-
wave EM analysis of any arbitrarily
shaped 2.5D structure. There is no
limit on the frequency range that can
be analyzed, nor is there a limit on
substrate parameters such as thick-
ness, permittivity, loss tangent, bulk
resistivity, or permeability. Designers
can analyze circuits with an unlimited
number of layers and ports, limited
only by the computer hardware.
Microwave Explorer has a unique and
accurate de-embedding procedure to
remove the port discontinuities and/or
compute the S parameters from a
user-defined reference plane.

The graphical user interface plots
the circuit’s current distribution using
a color graphic current visualization in
different resolutions. After simulation,
resultant S parameters for the circuit
can be extracted and output to a file in
Super-Compact or Touchstone format.

Application Examples

To illustrate the capability of the
open and closed environment simula-
tion engines in Microwave Explorer
3.0, this section reviews various appli-
cation examples, including microstrip
antennas, microstrip power dividers
and coplanar waveguide filters.

Power Divider

This microstrip compact two-way
Wilkinson power divider is designed
on a GaAs substrate. The layout of
this circuit is shown in Figure 7a. This
circuit takes the input power at P1
and evenly divides the power delivered
to output ports P2 and P3. Metal
bridges are used to connect each
inductor to its respective output port.
The isolation resistor is used to isolate
ports P2 and P3 from each other. Fig-
ure 7b shows the current distribution
on metal 1 at 16 GHz. Figure 8 shows
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Sub-Miniature Antennas for
PCMCIA Applications
Available with rotating / swivel ca-
pabilities allowing polarization
adjustment for transmitting and
receiving voice data in a multi-path
environment. Frequency bands:
Amps, ARDIS, ISM and WLAN.
Custom and specific interconnect
options available.

M/A-COM, Inc.  1-800-366-2266
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GaAs MMIC Switches for
Mobile and Portable Radios
Low cost, high power (4W), GaAs
MMIC single-pole, double-throw
switches designed for maximum
power dissipation. Applications
include T/R switching, antenna di-
versity and changeover functions.
Wide bandwidth (DC-2.5 GHz), for
voice, data and LAN applications.
P/N SW-277 / SW-279

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.51

Low Voltage,

Low Noise Transistor

This high fr, low noise transistor
operates on a 3-5 volt supply.
Noise figure is < 1.5dB @ 1.5 GHz.
This transistor family is designed
for any battery powered RF com-
munication system including wire-
less subscriber applications

P/N MA4T6365

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.52

1

OSMT: Microwave Surface
Mount Interconnect System
The OSMT has a mated height of
42 mm,and a VSWR of 12:1 a 2 GHz,
and 14:1 max at 6 GHz. Applica-
tions include Cellular, GPS and
WLAN. Plugs are supplied in tape
and reel packages and cable jacks
are available in pigtails or jumpers.
OSMT Plug Receptacle

P/N 2367-0000-54

Right Angle Jack Cable Pigtail

P/N 9950-2200-23

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO. 55

In the race to the marketplace
it's easy to spot people using our
wireless data transm15510n solutions.

In today’s intensely competitive wireless
environment, the race goes to the swift (and the
smart). That's why so many smart companies
are turning to M/A-COM to help make their

¥ wireless apphcahons a reality.
After all, weve been

microwave and millimeter
wave technology for

Successful com-
panies have
learned that
M/A-COM has proven,
cost-effective solutions that work
today —across the spectrum.

You'll find our products are already hard at
work around the world in both LANs and
WANS. Connecting everything from pen-based
computers to bar code scanners to personal

| leaders and innovators in RF,

more than 40 years.

communicators. And while today we're helping
you with data and voice trans-

mission, we're also ready to
take you into the realm of
integrated data, voice and
video applications.

So if you're looking for more
than a supplier, if you're looking
for a strategic partner that will
help you with product develop-
ment, innovative solutions and
high-volume low-cost manufacturing,
look to M/A-COM. We'll give you such a
competitive advantage, it'll almost be unfair.

To learn more, call us at 1-800-366-2266.

In Europe, +44 (0344) 869 595. In Asia,
+81 (03) 3226-1671.

INFO/CARD 6



Low Cost Switch

SPDT TR Switch has low distortion at 5 Watts

+55 dBm
+3 to +8V

* High Third Order Intercept
* Single Positive Supply
* TTL/CMOS Control
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The HMC15488 is a low-cost 5 Watt
SPDT switch for use in low distortion
transmit-receive applications including
the 900MHz and 1.8-2.2GHz bands.
The design provides improved
intermodulation performance for appli-
cations requiring up to 5 Watt power
levels. On-chip circuitry allows single
positive supply operation at very low DC
current with control inputs compatibie
with CMOS and most TTL logic families.

Functional Diagram

RF2 GND  GND RF1

Hittite Product Selection Guide

Mixers Switches

Mixers Variable Attenuators

Bi-Phase Modulators Variable Gain Amplifiers

Sensors/Sources Power Amplitiers

uency Doublers (N

Figure 9. Layout geometry of
patch antenna.

MS* 1 Moceled <O+

U811 Momsured:

For ordering information, contact: ]
] » a7 . ’ VISA
Hittite Microwave Corporation wessss
I I e 21 Cabot Road, Woburn MA 01801
i Phone: (617)933-7267 Fax: (617)932-8903  \Gammeke
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Figure 10. Input match of patch
antenna.

the transmission coefficient between
port 1 and 2 (S,), and the input reflec-
tion coefficients at ports 1 (S;;) and
port 2 (S,,) in the frequency band f =
8-16 GHz. The divider was originally
designed to give -3 dB transmission
between port 1 and 2, also between
port 1 and 3, while the calculated S,
parameter shows a variation between
-3.4 dB and -4.4 dB.

Patch Antenna

This edge-fed rectangular microstrip
patch antenna is 16.0 mm x 12.448
mm. The microstrip patch antenna is
asymmetrically fed by a microstrip line
of width 2.334 mm. The substrate has
a thickness of 0.794 mm with relative
dielectric constant = 2.2. Figure 9
shows the geometry input to
Microwave Explorer. Figure 10 shows
the measured and calculated input
impedance of the antenna in the 5.0 -
20.0 GHz frequency range. There is
excellent agreement between the mea-
sured and simulated input impedance
all over the frequency band. Figure 11
shows the current distribution on the
microstrip antenna at the second reso-
nant mode (the current has a maxi-
mum at the center of the shortest edge
of the antenna). For this mode there is
a reasonable impedance match
between the feeding line and the
antenna (—18 dB). Figure 12 shows the
current distribution on the antenna at
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Figure 11. Current distribution at
second resonance mode.

the resonant mode which occurs near
the frequency f = 18.3 GHz. From the
current plot it is easy to conclude that
this mode is a higher order mode where
the longest edge of the antenna has a
resonant length at this frequency.

Coplanar Waveguide

This circuit is a coplanar waveguide
(CPW) band reject filter. This filter
was designed to have no transmission
at 18 GHz and good transmission at
36 GHz. The main assumption behind
this design is that the CPW line
behaves as a unimodal transmission
line. To eliminate the coupled slotline
mode for the CPW shunt stub, air-
bridges are used to equate the poten-
tial of the two ground planes. Under
this assumption each stub acts as a
short circuit at f = 18 GHz, thereby
allowing no transmission between
ports 1 and 2 at this frequency. The
stub acts as an open circuit at f = 36
GHz thereby allowing good transmis-

Figur 12. Current distribution at
18.3 GHz.

sion. Figure 13 shows the current dis-
tribution on the metal portion of the
CPW filter at f = 36 GHz. The current
plot shows that the stub acts as an
open circuit at this frequency, because
the current has a maximum at the
center of the stub and there is high
current everywhere on the center line.
Figure 14 shows the measured and
calculated S, parameter of the CPW
filter with the air-bridges in the fre-
quency band f = 10-40 GHz. The figure
shows excellent agreement between
the measured and calculated data.

Conclusion

Electromagnetic simulation is a
valuable tool for the characterization
of RF and microwave circuits. EM sim-
ulators allow designers to analytically
characterize circuits to determine S
parameters, EM coupling and radia-
tion. By characterizing designs analyt-
ically rather than empirically, EM
tools help shorten the overall design

Compct Software
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Figure 14. Modeled and measured S,, CPW filter.

RF Design

Figure 13. Current distribution in
coplanar waveguide at 36 GHz.

cycle and improve product quality.
MMIC circuits and microstrip anten-
nas can be accurately analyzed with
2.5D EM simulation tools, which are
orders of magnitude faster than tradi-
tional 3D analysis tools. While most
2.5D simulation tools restrict design-
ers to either open or closed environ-
ment analysis, Microwave Explorer
3.0 provides two different simulation
engines. This gives designers the
choice of analyzing either type of envi-
ronment without sacrificing simula-
tion speed or accuracy. Compact Soft-
ware’s "Next Generation EM Simula-
tor" provides open and packaged envi-
ronment analysis. RF
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RF products

PCS, PCN, GSM Test Sets

Tektronix has announced the
availability of a series of digital
radio communications test
sets, each of which can be used
for PCS (DCS 1900), PCN
(DCS 1800) and GSM applica-
tions. The CMDS55 tests mobile
phones by completely simulat-
ing the operation of a base sta-
tion. Two transmitters are pro-
vided for true simulation of call
setups and handoffs to differ-
ent channels, time slots and
powers. An autotest function
allows initiation of complete
testing routines with a single
button for fast go/no-go testing
of mobile telephones. The
CMD57 base station test set
provides a variety of operating
modes and interfacing capabili-
ties for complete base station
verification and troubleshoot-

ing, with the functions of both
a spectrum analyzer and a sig-
nal generator. The CTRP
series provides full GSM-com-
pliance test capability, and
allows detailed analysis and
control for testing the signaling
and RF performance of mobile
phones and base stations. A
key application of the series is
interoperability testing of
mobile phones and base sta-
tions from different manufac-
turers. These products were
developed with Rohde &
Schwarz. All these products
are available for ordering
today. The CMD55 is U.S.
priced at $28,440, The CMD57
at $32,800, the CRTP series
begins at $238,700.

Tektronix, Inc.

INFO/CARD #220

1W,5V Power
Stage

Celeritek has announced a
low-cost, 1 watt power stage
that operates from a +5 V sup-
ply. The CFK2062 series is a
family of high-gain FETSs intend-
ed for driver amplifier applica-
tions in the 1.7 to 2.5 GHz
range. The device is externally
biased, allowing use in systems
that require saturated or linear
power stages, and as such can
be used with all types of digital

efficiency minimizes the need
for heat sinking. For many wire-
less design applications, match-
ing is very simple and can be
achieved with as few as two
capacitors. Manufactured with
Celeritek’s proprietary power
FET process, the CFK2062 is
assembled in an industry stan-
dard SOIC-8-compatible power
package. Samples are available
from stock. Production quanti-
ties of 1,000 are available in 30
to 45 days ARO and are priced
at $26.00 per unit.

Celeritek, Inc.

INFO/CARD #219
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Thin Film Chip

Inductors

The KL73 series of thin film
chip inductors from KOA Speer
Electronics is designed to satis-
fy the high frequency and small
size requirements common in

wireless and telecommunica-
tions applications. The series
has SRF's up to 3,000 MHz, and
come in 0805 and 1206 sizes.
KL73 inductors are manufac-
tured to provide consistent per-
formance characteristics within
each lot and from lot to lot.
These inductors are available in
either 2% or 5% tolerances
and are manufactured to imped-
ance analyzer standards. The
rugged construction and tape
and reel packaging of the KL73
inductors are well suited for
automated assembly operations
using pick and place equipment.
KOA Speer Electronics, Inc.
INFO/CARD #218

SMD TCXO

The FOX789A, an SMD tem-
perature compensated oscillator
with an optional voltage control
on pin 1, is now available
through Fox Electronics. With
its industry standard package
size and footprint, this TCXO is
useful in existing designs where
cost effectiveness and high
capacity are important. The
oscillator is available in fre-
quencies from 9.600000 to
20.000000 MHz. Supply voltage
is 5.0 V +5.0%, and operating
temperature range is —40 to +85
°C. Frequency stability over -30
to +75°C is +2.5 ppm, and over
supply voltage change of 5.0 V

+0.3 V is 0.3 ppm. The output
wave form is a clipped sine
wave with amplitude of 1.0 V
peak-peak. The optional voltage
control (FOX789E) adds +5.0
ppm control with control voltage
of 2.5 V x2.0V. Maximum cur-
rent consumption for the
FOX789A is 2.0 mA.

Fox Electronics

INFO/CARD #217

RFID Kit

Deister Electronics has intro-
duced the Minireader, a hard-
ware package that will enable
engineers to incorporate RF
proximity technology into their

automatic identification designs.
The Minireader is available as a
chip set or as a fully integrated
proximity reader that measures
less than 1.75 in2. The m3394b
ASIC reader chip can write data
directly into the transponder,
and contains a transmitter and
all necessary drivers for activat-
ing the transponders, as well as
a filtered receiver and amplifier
for response signals. The
transponders can store up to 106
bytes. The transponders operate
at 125 kHz. A Minireader
Design Kit, containing a com-
plete reader, RS-232 serial
interface, demonstration soft-
ware, documentation and six dif-
ferent types of transponders is
available for $200.00.

Deister Electronics USA Inc.
INFO/CARD #216
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SIGNAL SOURCES

TCXO Replacement

The 210 OCXO series from MTI is avail-
able in frequencies from 1.2 to 80 MHz and
can be used as a replacement for any 14-
pin DIP clock oscillator or TCXO. Stability
is better than
+0.25 ppm over
a 100°C temper-
ature range.
The unit warms
up in less than
three minutes
and consumes
less than 0.7 W
at 25°C. The
device measures
18.3 x 13.2 x 12.0 mm (0.720 x 0.520 x
0.472 inches) and is available with either a
12 or 5 volt supply.
MTI - Milliren Technologies, Inc.
INFO/CARD #215

VCXOs

KVG offers a series of voltage controlled
oscillators which are especially designed to
meet the requirements of phase locked
loops for clock recovery and frequency syn-
thesis. The VCXOs have spurious suppres-
sion of up to 60 dB. Tuning ranges from
150 ppm up to +200 ppm, with excellent
tuning linearity. The oscillators are manu-
factured in all ISDN and ATM standard
frequencies up to 622 MHz.

KVG GmbH
INFO/CARD #214

Reduced EMI Oscillators
SaRonix’ line of true bipolar TTL crystal
clock oscillators and VCXOs reduce EMI
because of their reduced voltage swing,
reduced signal overshoot and lower power
supply transients. The S1227 oscillator line
is compatible with the AT&T 127-type
oscillator family and is available from 0.5
to 34 MHz. The S1527 VCXO line corre-
sponds to the AT&T 127-type VCXO family
and is available from 2.5 to 33 MHz with
+100 ppm minimum pullability. Prices in
the 1000 piece quantities are $1.50 to $4.00
for the S1227 series and $13.00 to $25.00
for the S1527.
SaRonix
INFO/CARD #213

1150 - 1520 MHz VCO
Z-Communications has introduced the
V503MCO01 miniature surface mount VCO
for earthstation applications in the 1150 to
1520 MHZ region. The V503MCO01 delivers
8.5 +1 dBm into a 5092 load while drawing
less than 30 mA from a 12 VDC supply.
Tuning is achieved with a control voltage
from 1 to 11 V, with excellent tuning lin-
earity. The VCO comes in Z-Communica-
tions’ industry standard MINI surface
mount package measuring 0.50 x 0.50 x

RF Design

0.20 inches.
Z-Communications, Inc.
INFO/CARD #212

SIGNAL PROCESSING
COMPONENTS

Coaxial Transfer Relay
Coaxial transfer function relay model

RTL-SR004 require 40% less actuating cur-

rent than conven-

tional designs,
offer a 30% reduc-
tion in height, and
operate from a 28
VDC supply. Oper-
ating frequency is
DC to 3000 MHz.
Nominal imped-
ance is 50 €, with
VSWR less than
1.2:1, insertion
loss less than 0.2
dB, and isolation

il
better than 70 dB. The through-hole mount-
ed devices are offered with type N connec-
tors. Price is less than $225 in quantity.
RelComm Technologies, Inc.

INFO/CARD #211

3.0 GHz Attenuator

A new series of miniature 50 Q coaxial
attenuators from Elcom Systems can be
used from DC to 3.0 GHz. They are avail-
able in SMA, SMB, BNC, and TNC connec-
tors, in 1 dB steps from 1 dB to 10 dB, and
in 2 dB steps from 10 dB to 20 dB. They
have 0.5 dB accuracy from DC to 2.5 GHz,
and 1 dB accuracy from 2.5 GHz to 3.0
GHz. Nominal VSWR is 1.2:1. Elcom Sys-
tems Model AT-53-dB/Conn costs $19.50 to
$26.00 each in 1 to 24 piece quantities.
Elcom Systems, Inc.

INFO/CARD #210

Miniature CDMA Filter

Part number 854596 is a CDMA sub-
scriber SAW filter measuring only 19 x 6.5
x 1.78 mm. The filter features low profile,
surface mount packaging, quartz stability,
excellent out-of-band rejection, low phase
and amplitude variation, superior triple
transit suppression, and low cost. The filter
is hermetically sealed in a ceramic surface
mount package. Impedance matching is
done externally.
Sawtek, Inc.
INFO/CARD #209

Broadband 1P8T Switch
Model 3816-K12 operates over the fre-
quency range of 0.5 to 18.0 GHz. This
absorptive 1P8T switch offers minimum
isolation of 60 dB, with max. VSWR of 1.8:1
in all states. Switching speed is < 2 us with
0.5 W average CW power. Control is via 4-
bit BDC TTL and operates off +5 and —12

Sprague-Goodman
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Glass and Quartz
Pistoncaps’

* Designed to meet MIL-C-14409D

* QPL models

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

» Cap ranges: 0.5-3.0 pF to 1.0-120 pF

¢ Zero backlash multiturn adjust
mechanism

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

¢ Qto 1500 at 20 MHz

* Wide variety of configurations for PC
and panel mounting

* Voltage ratings from 500 to 5000 V

Phone, fax or write today for
Engineering Bulletin SG-205

SPRAGUE
G00DMAN
1700 Shames Drive Westbury NY 11590

Tel: 516-334-8700 * Fax 516-334-8771
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Filmtrim®
Single Turn Plastic
Trimmer Capacitors

* Cap ranges: 1.0-5.0 pF to 25-500 pF
* Qto 5000 at 1 MHz
* Operating temp:
PTFE, Polycarbonate, Polyimide:
-40° to +85°C
Polypropylene: -40° to +70°C
High temp PTFE: -40° to +125°C
* 6 sizes from 5 mm to 16 mm
* More stable with temperature than
other single turn trimmers
Phone, fax or write today for
Engineering Bulletin SG-402

['spracuE |
1 600DmAN |

1700 Shames Drive Westbury, NY 11590
Tel: 516-334 8700 « Fax 516-334-8771
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Visit us at Wireless Symposium, Booth #422.
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VDC. Size is 4.0 x 1.5 x 0.40 inches. In
quantities from 1 to 4, the switch sells for
$1,600.00.

Robinson Laboratories, Inc.

INFO/CARD #208

AMPLIFIERS

Television Amplifier

Motorola has announced a high power,
solid state class A amplifier, specifically
designed for television transposers and
transmitter applications. Offering instanta-
neous broadband capability, the
MRFA2600 operates in the frequency range
of 470 to 860 MHz. This device is specified
at 26.5 V, with a minimum output power of
25 W at 1 dB compression and a minimum
small signal gain of 10.5 dB. The amplifier
measures 4.5 x 3.3 x 0.5 inches. Price is
$1,254.40 in low volumes.
Motorola Semiconductor
INFO/CARD #207

Drop-In Broadband Amps

A line of drop-in amplifiers from
Microwave Solutions operate in popular
broadbands. These miniature amplifiers
have gains ranging from 6 to 11 dB, with
output powers from +10 to +18 dBm. Typi-
cal current consumption ranges from 35 to
230 mA. The amplifiers are available in K-
band, X-band, C-band, and S-band.
Microwave Solutions Inc.
INFO/CARD #206

CDMA Base Station Amp
Model SSPA8689-12/15191 is a low dis-
tortion amplifier designed for CDMA modu-
lated carriers used in cellular systems. The
amplifier delivers 25 W total average out-
put power (150 W peak) with 32 dBc spec-
trum degradation in a 1.25 MHz CDMA
channel. Gain is 30 dB =1 dB, with gain
flatness across 869 to 894 MHz of +0.5 dB.
Input and output VSWR are 1.5:1. DC
power consumption is 9 A at 28 VDC. The
air-cooled amplifier is housed in a 9 x § x
2.5 inch box.
Microwave Power Devices, Inc.
INFO/CARD #205

Board Mounted Log Amp
Miteq's LIFD series logarithmic ampli-
fiers are now available for installation on
printed circuit boards with a VME format.
These logarithmic amplifiers utilize Miteq's
successive detection logging circuits, pro-
viding up to 80 dB of dynamic range in
bands from 10 to 350 MHz and linearity
from +0.5 dB. This amplifier supports rise
times from 12 ns, making it well suited for
most radar applications. The 0.4 inch
height chassis meets the VME standard.
Miteq
INFO/CARD #204
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SEMICONDUCTORS

2400 MHz GaAs FET

RF Products has announced a family of
2400 MHz, 6.0 V, class A GaAs FET tran-
sistors specifically designed for surface
mount, wireless
z - power amplifier
applications. The

3 \41- ,__; GaAs-200-3 pro-

vides 2 W of class A
output power with
10.0 dB of gain
from a 6.0 V sup-
ply. Also available
are 1 W, 0.5 W, and
0.25 W versions.
The GaAs-200-3 is
packaged in an economical, high dissipa-
tion, ceramic SO-8 surface mount package.
Price is $38.00 each in 100 piece qty.

RF Products, inc.

INFO/CARD #203

Spread Spectrum IC

The S20043 is a single IC transceiver
that can send and receive data at rates to 2
Mbps with direct sequence chipping rates
near 64 MHz. The programmable IC allows
a wide variation of direct sequence psuedo-
random noise (PN) codes in lengths from 3
to 2047 and can be programmed for data
rates from less than 100 bps to 2 Mbps.
Complete packet management is program-
mable, allowing the IC to independently
handle the packet protocol, preamble, error
checking, and scrambling. The IC can also
control center frequency selection, gain set-
tings, antenna selection, and other config-
urable characteristics of the radio. Samples
will be available in 2Q95. Pricing for the
520043 is $23.50 in volumes of 10,000.
American Microsystems, Inc.
INFO/CARD #202

Tunnel Diode Detectors
Narrow or broadband tunnel diode detec-
tors from Metelics are designed to work
between 0.8 and 14.5 GHz. Tunnel diode
detectors offer low temperature drift, high
sensitivity, low VSWR and excellent flat-
ness. Both positive and negative output
polarities are available. These detectors are
available in several epoxy sealed drop-in or
surface mount packages.
Metelics Corp.
INFO/CARD #201

110 MHz Op Amp

Comlinear has announced the CLC405
and CLC407 op amps, offering low-cost,
low-power, and 110 MHz 3 dB bandwidth.
The CLC405 offers the standard op amp
configuration, while the CLC407 features
internal resistors, allowing gain settings of
+1 and +2 with no external resistors.The
two op amps feature very fast TTL-compati-

ble enable/disable (18 ns turn-off and 40 ns
turn-on times) allowing them to be used in
high-speed multiplexing. Differential gain
and phase are 0.01%/0.25°, and frequency
response is flat to 0.1 dB up to 50 MHz.
Price begins at $1.59.

Comlinear Corp.

INFO/CARD #200

950 MHz Video Buffer

The MAX4005 high-speed video buffer
provides a trimmed 75 Q output resistor to
minimize reflections while driving cables. A
JFET input provides 10 pA input current
and differential gain and phase of 0.11%
and 0.03°. Gain is flat to within 0.1 dB up
to 60 MHz. The MAX4005 is available in
an 8-pin SO package. Prices start at $2.75
in quantities of 1000.
Maxim Integrated Products
INFO/CARD #199

TEST EQUIPMENT

Communications

Test Set

Hewlett-Packard's HP 8920B can reduce
test time by 15 to 30 percent of what it
takes when using rack-and-stack equip-
ment. With a 20 MHz puP and a 32-bit data
link, the test set is optimized for manufac-
turers of cellular phones, trunked mobiles,
pagers and cordless phones. Several fea-
tures, including program storage on PCM-
CIA cards, are designed to speed test times.
Performance specifications include: +1 dB
output level accuracy, 5% power measure-
ment accuracy, and 4 to 7 Hz residual FM.
Price for the HP 8920B begins at $19,000.
Hewlett-Packard Co.
INFO/CARD #198

VXlbus Chassis

Four major features have been added to
Racal Instruments' VXIbus chassis model
1261A+. The enhanced features of the 13-
slot, C-size mainframe were implemented
to increase the effectiveness of the complete
system, to boost reliability, and to reduce
and simplify maintenance. The new fea-
tures are plugable power supplies, cable
access holes, occupied-slot-only cooling, and
configurable system reset.

Racal Instruments, Inc.
INFO/CARD #197

4 Gsps A/D Board

Gage Applied Sciences has introduced
the CompuScope 250 ETS, an 8-bit A/D
card with up to 4 Gsps equivalent time
sampling. The card is a state-of-the-art,
IBM PC XT compatible ISA bus card capa-
ble of performing dual-channel, A/D conver-
sion. As the sampling rate of the card is
much faster than what the ISA bus can
handle, the A/D data is stored in on-board
memory, storing up to 8 million samples.



The card comes with GageScope software,
which enables the card to be operated like
an oscilloscope. CompuScope 250 ETS - 32k
is available for $3,995.

Gage Applied Sciences Inc.

INFO/CARD #196

Fault Location Software
Wiltron announces an upgrade of the

model 2300-12 distance-to-fault location

software for the 68-Series synthesized

generators. The software uses the frequen-

cy domain reflectometry technique. The

software also compensates for cable atten-

uation.

Anritsu Wiltron Sales Co.

INFO/CARD #195

LabView®
Instrument Drivers

Boonton Electronics has developed
instrument drivers for LabView. The dri-
vers can be used with the company's Model
4400 peak power meter, Model 4220 and
Model 4300 power meters, Model 9200B RF
voltmeter, Model 1121 audio analyzer, and
Model 8201 modulation analyzer.

Boonton Electronics Corp.
INFO/CARD #194

CABLES &
CONNECTORS

45° SMA Adapter

A SMA male to female 45° radius angle

adapter meets all requirements of MIL-C-
39012. VSWR is less than 1.15:1 through
18 GHz. The adapter is available in passi-
vated stainless steel.

United Microwave Products, Inc.
INFO/CARD #193

CrimpedCable Connectors
Trompeter Electronics has introduced
the PL75MC tool crimp cable connector
line. These connectors require only four
steps for cable assembly, and the
redesigned crimp results in higher cable
retention. The connectors are offered with
2-lug, 3-lug, 4-lug, and threaded keyings.
The PL75MC are designed to meet or
exceed the requirements of MIL-C-49142;
category G. Cost is $9.95 in 1000 piece
quantities.
Trompeter Electronics, Inc.
INFO/CARD #192

RF Design

Class A rf amplifiers deserve
Class A directional couplers.

10 kHz to 1,000 MHz, 50 to 15,000 watts cw, to 50 kW pulse

Twenty-five years of building outstanding
rf power amplifiers has also taught us a
thing or two about couplers. Things that
give weight to the following recommen-
dation: To monitor the output of any
power amplifier in the ranges shown
above, couple it to your power meter,
scope, spectrum analyzer, DVM, or
other measuring instrument through
one of the AR dual-directional couplers
you'll find listed below.

With all our couplers, you can moni-
tor both forward and reflected power—
very important in the harsh VSWR
environment of EMC susceptibility test-
ing. And, even if you may accidentally
have bought someone else’s power
amplifier, you can still enjoy the band-
width, directivity, and low loss of your
AR dual-directional coupler. Plus the
two-year AR warranty.

2
/ B:ovfdns e //
Call toll-free (800-933-8181) |$iok pBany |
d talk i ith th licati | “TPERig VER |
and talk it over with the applications / 2.5'“ /
engineer who'll answer the phone. [AnnT /
.2 69 EN34 /
89 . ‘,995,,
. b w iy
DC2500 DC3001 DC3010 DC4000 DC5000 DC6000 DC6180 DC6280
Frequency 10kHz- 100kHz- 10kHz- 10kHz- 220- 400- 80- 80-
range 220MHz 1000MHz 1000MHz 100MHz 400MHz 1000MHz 1000MHz 1000MHz
Power 2500 cw 50 cw 50 cw 15,000 cw 2500 cw 1500 cw 600 cw 1500 cw

(max. watts) | 5000 peak 1000 peak 1000 peak

50,000 peak | 5000 peak 3000 peak 1000 peak

3000 peak

- 160 School House Road, Souderton, PA 18964-9990 USA;
"?(‘2,"‘ V;:; . "mpllﬂm phone 215-7238181; fax 215-723-5688. In Europe, call EMV:

Coupling

\3ctor 50+ 1dB 40+06dB | 40:06dB | 601 1dB 50+ 1dB 50+ 1dB 60+ 1dB 63:+1dB

Directivity

typical 25dB 25dB 2548 25dB 254d8 25dB 2508 2508

minimum 20dB 2048 20dB 20dB 2008 20dB 2008 2008

Insertion

loss, max, 0.15d8 0.54d8 0.6d8 0.1d8 0.2 dB 0.2d8 0.15d8 0.15d8
= 9450

Y REBSBARCH Muuich, 059619-8054; London, 1908-566556; Paris, 1-64461-6329.
INFO/CARD 35



RF tutorial

Path Loss and Antenna Gain

Elementary Calculations

By Frank L. Egenstafer
American Meter Co.

The path loss equations developed in
this article are limited to free space
functions, in the interest of simplicity.
Including horizontal, vertical and com-
plex path loss reflection equations
severely limits the initial learning
process. Equations utilized are held to
simple, second-order algebraic expres-
sions, though these are thoroughly
manipulated. Measurements to confirm
the accuracy of the equations were per-
formed using an RF transponder and
interrogator designed to comply with
FCC regulations and a tape measure to
measure path lengths. A few calibration
measurements were performed at pro-
fessional testing labs.

A utomatic meter reading of utilities

y means of radio waves requires a
transmitter/receiver at both ends of the
system. The transmitter/receiver at the
utility is defined as a transponder and
the transmitter/receiver at the other
end is called an interrogator. The
transponder is a low power, low cost,
energy-starved device that encodes the
meter readings for transmission to the
interrogator and operates under the
interrogator’s control. The interrogator
operates under control of a computer
that contains the serial number of the

C

P, ANT

AF dB
d8CL

P, ANT - AFdB

Z P, at Receiver
P, - AF - dBCL

Figure 1. Receiving antenna
chain.
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transponders and the routing informa-
tion pertinent to the location of the
transponders.

An interrogator mounted on a vehicle
of some sort is called a mobile inter-
rogator unit, or MIU. Incorporated with
the computer in the MIU is dead-reck-
oning system that uses magnetic wheel
sensors and an electronic compass in
conjunction with a geographical data-
base of streets and highways to calcu-
late vehicle position.

The transponder is interrogated by a
coded transmission from the interroga-
tor, which wakes up the transponder,
and it, in turn, transmits the index set-
tings, its serial number and system sta-
tus codes to the receiver in the inter-
rogator. These codes are then stored in
the computer for eventual down loading
and customer billing. All the transmit-
ters operating in this system were
designed to meet FCC requirements.
On the other hand, the receivers and
associated antennas were designed to
meet system communication require-
ments and had to perform as well as
physically possible.

Since utility meters are randomly
located, the RF path from the inter-
rogator to the transponders is rarely
line-of-sight. However, since each com-
munication would represent a special
analysis and be too complex for useful-
ness we strive for maximum line-of-
sight as a performance measure.

Definitions

Isotropic Antenna — Radiates uni-
formly in all directions. This is not a
real, constructable antenna, rather, its
easily calculated theoretical parame-
ters are used as a reference for other
antenna’s performance. For example,
the power gain of the isotropic antenna
is defined as 1; a dipole antenna’s gain
is 1.64 above isotropic. Therefore, a
dipole antenna with a gain of 1.64
isotropic has a gain “dB above isotrop-
ic’of 10 log 1.64 or 2.15 dB. The above
distinction will become important when
articles indiscriminately interchange

the nomenclature.

The power density (Pd) at a point due
to power transmitted (P,) by a transmit-
ting antenna with power gain (G,) at a
range (R) in meters is given by:

_ PGy

o 1)

d

The effective area of an antenna (A)
and it's power gain (G,) ( for a receiving
antenna) is given by:
szr 2)

4n

A=

The power received (P,) by an antenna
is:

P =P,A 3)
Combine equations 1, 2 and 3.
_ PG, X6, )
" 4nR? 4n
where:

A is wavelength in meters and f is fre-
quency in MHz.

/
F\.{ (

AF dB

P, - AFt - DBCL

dBCL ¥ P,-dBCL

Z, P, at Transmitter

Figure 2. Transmitting antenna
chain.
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VNA Ampiffiers +17.5dBm, 05t025GHz .$299 .,

Very New Amplifiers...at a very affordable %C
price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very 1
small, yet incredibly powerful (+17.5dBm typ. output at 1dB . 5 Out

compression). The SOIC-8 pin surface mount units operate 3 6
directly from a +3V to +5V single DC supply with 18dB typ.
gain and cover the popular 0.50-2.50GHz wireless band.
These units are very easy to use because all capacitors are —
internal and RF/DC connections are separate, eliminating the

need for both external coupling capacitors and an RF choke. You can buy these very
new amplifiers for the low price of just $2.95 ea., gty. 1000. Development aty.10, only
$4.95ea.! So, call Mini-Circuits today for immediate off-the-shelf availability and
guaranteed 1 week shipment.

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

Freq.(GHz2) 5-8 810 1020 2025
Gain (dB) typ 140 170 180 16.0
Max. Qutput (dBm)

@1dB Comp. typ. +18.0 +185 +17.5 +17.0
1P 3rd Order

(dBm) typ. +27 +27 +27 +27

VSWR Output typ.  1.5:1 1.7 1,7/ 1.5:1
VSWR Input typ 6.4:11 281 201 el

DC Power.: +5.0V for specified performance.
Curent,(mA): 85typ., 105 max.

Thermal Resistance. Junction-to-case: 125° C/W
Price ($) ea. : 2.95 (gty. 1000}, 4.95 (aty. 10).

*All specs at 25°C (case temp. 35°).

Available in Tape and Reel.

oMTTF at 150°C max. junction temp.: 3x 10" hrs.typ.
“Case" is defined as mounting surface of leads.

[ JMini-Circuits’

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661

INFO/CARD 36

For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM ¢ MINI-CIRCUITS’ 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.
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L—C and transmission line filter
design and analysis for your
PC compatible

Can your filter
software do this ?

0 ~ Termination — 50 Ohms
1 95.613 pFd.
2 L. 75.853 nHy.
3 [ 34.054 pFd.
4 C  15.749 pkd.
5 ‘i 82.327 pFd.
6.)— C — L — 54.012 p¥Fd.

68.076 nHy.
8 C  43.054 pFd.
9 C 96.821 pFd.
10.—C — 1L =] 31.719 pFd.

99.475 nHy.
12 C  43.296 pFd.
13 C —T 93.618 pFd.
14 . 36.772 nHy.
15 C ——ﬂ 141.2 de.
16 Source 50 Ohms

At B P T2 MIS T 7P P File LOSwRe
Marker <> aowe Lover Upper Somrch lntery Basge Tull et Dlap Zero Thelp

PCFILT CAN!

(It can do the
easy filters too!)

* 7 years in developient.

* Practical and extremely flexible.

¢ Internal analysis and optimization.

* Pole placers or lowpass reference scaling,
* Voltage and current distribution analysis

* Multiplexers, equalizers, coaxaal tubulars, etc.

* $1495 including | yvear
total support and updates

ALK Engineering

1310 Emerson Ave.
Salisbury, Maryland 21801
(410) H546-5573

(410) 860—9069 Fax
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P, 300/f )

2L _ GGy = 5
LT '( 4nR ) gy
Collecting terms:

G‘G ~E71(300/ 4n)?

Bl 569.9316

B, - Ht6r pape ®

The elements of equation 6 may be
rearranged and solved for any term as
required by the problem at hand.

The logarithmic form of (5) is defined
as the propagation loss, (dBPL).

dBPL = 10 1og5 = (7
Pt
GGy ('3&)2

101
6 2R an

dBPL = 10 log G, + 10 log Gr — 20 log f
—20 log R + 27.558 8)

The path loss is taken from the power
output point of the transmitter to the
signal input of the receiver and
includes everything between these
points, like the antennas, cables, space

and any other losses encountered.

Equation 5 is an inverse square law
with range. This means every doubling
of range deceases received power by
one-fourth and the electric field
strength by one-half. The equation also
shows that the transmission loss
increases with the square of the fre-
quency, so that higher gain antennas
are required at higher frequencies.

If the antenna power gains in (8)
were referenced to a dipole antenna
instead of an isotropic antenna, one
only has to multlply G, and Gr in (8) by
the power gain of a dlpole over an
isotropic antenna, which is 1.64.

The electric ﬁeld strength in V/m and
the power density , Pd, in W/m at any
point are related by (9) where 120rn is
the resistance of free space (377 ohms).

E2
P =
4" 120n 2
Recall equation 1
P.G
PGy
4 4rtR2 ®
Combine 9 and 1 and solve for R2,
r2 = PtG:30 (10)
E2

HF POWER AMPLIFIERS

Hien Revinsuy, Gommerciar Quaciry

s —

¢ 1.8 to 30 MHz
¢ 1500 to 10,000 Watts

HENRY HF Power Amplifiers
have been the reliability
standard for 30 years.
Thousands are in use at
commercial, government,
and military installations
around the world.

If you require trouble-free,
24-hour-per-day, year-round
operation, call or write today
for prices and specifications.

TOLL-FREE (800) 877-7979

I:IEHRY RADIO

2 }. ; 2050 South Bundy Drive
,' - .".‘; -‘\ J ' LosAngeles, CA 90025
A% \ 74
N N Phone (310) 820-1234
e’ FAX 310-826-7790
INFO/CARD 38
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To Us, It's Duck Soup.

LN
N

Everyone involved in the wireless communications industry is being spoon-fed
a steady diet of acronyms. It’s enough to drive everybody just a little crackers.

We have made it our business to digest all of the
technological entrees being added to this rapidly
expanding global menu. As a result, the terminology has
become second nature.

Because we speak the industry’s language, no translation is
necessary. Simply communicate your ideas regarding an
antenna or battery application and our turnkey engineering

capabilities will transform those ideas into reality. PR eI e
(800)-228-4563 (402) 467-4491

FAX (800) 848-3825 (402) 467-4528

INFO/CARD 39



Combine 10 and 11 which eliminates P,
and G,.

P_f2 = E2 Gr 18.9977 (12)

Solve equation 12 for each of the ele-
ments except f. All of the elements of
(12) are associated with activity at the
receiving antenna.

The E is the E field at both the
receiving and transmitting antennas
and will be identified as En The follow-
ing equations dc not include cable loss
in antenna system.

The power received by the antenna as
a result of E field generated is:

 E;®G,18.9977

PL 2 (13)
Receiver antenna power gain is:
2
L et 14)
E(218.9977

The electric field strength received by
the antenna is:

P

B et st £ 5
£77VG,18.9977

(15)

Recall (10) and solve for all the ele-
ments. All of the elements of (10) are
associated with activity at the trans-
mitting antenna. These equations also
do not account for cable loss.

Given an electric field strength, the
range can be calculated from:

_[P,G,30
E¢

R (16)

The electric field at range R is given by:
~ P,G,30

E
{ R an

The value of P, based on G, and the E
field at range R is:
B Ef2R2
v 306G,
The power gain of the transmitting
antenna is:

(18)

_E/°R? (19)
t "~ 30P,

Recall equation 7.

10164 = ABPL: )
Py
This expression for path loss is made
more useful with a little manipulation.
Change dB to the numerical value for
calculation.
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Pr

| S SR Ty
‘" log"'(dBPL/ 10) £0)

Receiver Antenna-Factor

The antenna-factor in dB is simply a
measure of how many volts an antenna
will output when placed in a defined
electric field. The antenna factor value
varies with frequency and is unique for
every type of antenna. The antenna fac-
tor (AF) is also used to calculate the
electric field intensity E; by measuring
the voltage at Z of the receiver.

The antenna factor, in dB, is simply
the loss created by the antenna in con-
verting the E field to a voltage.

In developing the equation for the
antenna factor, AF we can start by
examining Figure 1 where we will con-
vert the E field in V/m into power
across the receiver input Z.

If you consider that the E field sets
up a current in the antenna system
which consists of the antenna (AF), the
cable loss (dBCL) and the system load
Z, and if you think of the AF and the
caule as resistors, the initial value of
the E field will decrease as you go
down the system into Z;, where we
measure P, and conversely, if we start
at ZQ and go up the system, the value of
E wll tend to increase until we reach
the E field value.

Development of the Receiver
Antenna Factor Formula

In Figure 1 start at Z, and go up the
system. Neglect the cable loss for now.
Power received (P ) is:

2
P e, VP Zg 1)
Zy

However, E is influenced by the anten-
na factor AF which is in dB, so convert
AF(dB) to log }(AFdB/20) for calcula-
tion purposes.

E2 (22)
P, = =) 2
Zylog " (AF/20)
P, 1 (23)

E2  7,log N(AF/20)2

Recall equation 12 which is associat-
ed with activity at the receiving anten-
na and rearrange the terms as in (23).

P,  G,18.9977 (24)
E’ i
Combine (23) and (24) to eliminate

P /E2

f2
log~'(AF/20)2 - (25)
e ) = 746G, 18.9977

Since we are looking for power, multi-
ply by 10 log and solve for AF.

AF(dB) = 20 log f - 10 log Z, — (26)
10 log Gr — 12.79

Convert AF(dB) to the numeric form by
applying log-{(AFdB/20).

AF(numeric) = log~! ((20 log f - @n
10 log G, — 12.79)/20)

AFn(numeric) = log~1 (AFdB/20)  (28)

dBi =10log G, (28a)
Therefore,
G, = log"! (dB¥/10) (28b)

These are the equations for deriving
AF when the antenna gain G, is given
in terms of power, numeric, or dBi gain.
From (26) and (28):

AF(dB) = 20 log f — 29.78 — dBi (29)

This is the equation for deriving the
antenna factor when the antenna gain
is given in dBi.

There is another equation, not
derived, that will give the AFn(numer-
ic) when G, is given in numeric terms.

AF(numeric) = (9.76 / ),/G, (30)

Power at the Antenna and Z,

Referring to Figure 1 we may calcu-
late P (at ant), P, (at Z), AF, E, dBCL,
E(at ant) or E(at Z) by either defining
or measuring the required parameters
and utilizing the formulas to follow
shortly.

In many cases the system under test
is calibrated, so that parameters Zy,
dBCL, and AF are known. In that case,
the measurement of E(at Z) is an indi-
rect measurement of the E field (E)
generated by a transmitter under test,
such as in the case of FCC measure-
ments.

The analysis of this concept is the
same as described in the “Receiver
Antenna Factor Concepts” section
where the E field sets up a current in
the antenna system.

E(at Zy) or E{at ant) are simply the
sums of the voltage drops along the
resistor strings indicated by Figure |
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and converting the dB values to their
numerical form.

E(at Zg) = Eqlog™! (AF+dBCLY20) (31)
E(at ant) = (E at Zy) log™! (32)
((AF+dBCL)/20)

The next set of equations were devel-
oped by using P, = E?/R.

E(at ant.)?

P, (at ant.) = 5 (33)
(10871 (AF /20)) 2,
P (at ant.) = 34
2
_1(dBCL
(E(atZo)log ( o ))

Zy
The power form

P (at ant) = P (at ZXlog~' dBCL/10) (35)
P (at Z,) = P (at ant¥(log~! dBCL/10) (36)

The last equation uses the whole
antenna string because we are going
from Z, to E; to find P (at Z).

P, (at Zg) -
E¢(at ant. )2
h
(log"1(AF + dBCL/ 20)] Zq

37

Transmitter AF Formula
Examination of Figure 2 reveals that:

(39)

The effects of the antenna on the power
transmitted are contained in the anten-
na factor, AF,. Convert AF, from loga-
rithmic form (dB) to a simple factor by
remembering: AF(dB)= 20log (AF)).

2
e - e (40)
(10871 AF, / 20) Z,
P 1
=% 1)

Ee? (1027 AF, /20)220

Recall equation 18, rearranging the
terms as in equation 41:

P, R?

m—re = ——— (42)
E.2 30G,
Combine equations 41 and 42
2
e e (43)

30G, (10g—1 AF, /20)220

RF Design

RZ%(log™! AF/20)*Z, = 30 G, (44)
Take the log of both sides and multi-
ply by 10 to return to the decibel form:
—-AF(dB) = 10 log G, —20 log R—  (45)
10 log Z; + 14.77

The antenna factor is calculated by
looking out through the antenna for
both transmitting and receiving anten-
na factors. The signal level after the

antenna is smaller than the signal level
before the antenna, hence, AF, is nega-
tive. The numeric form of AFt(éB) is:

AF, (numeric) = log~! (-AF (dB)/20) (45)

These are the formulas for the trans-
mitter antenna factor. P

Calculating P, and E, from AF
In this case }}c sets up the current in

Pack more components into smaller
designs with the world’s smallest
chip inductors. Available in a wide
range of inductances, these low
profile devices give your design
important advantages.

0805 package for higher Qs
® E-12 Series pitch NOW from 1.2
to 470nH

SRF. Inherently more reliable and
consistent versus wire wound types
= Tape and reel packaging for high
volume, low cost automated
manufacturing =

® 5% tolerance available

L

Two of the World’s
Smalle§t Footprints

—

The North American Ant

But Only Toko Has the Inductance You Need

® (603 package for smallest size and

® [deal for high frequency designs up
to 3GHz eliminates coupling between
parts, delivering the highest possible

<= TOKO

Toko America, Inc. 1250 Feehanville Drive Mt. Prospect, IL 60056

The TOKO LL1608 Chip Inductor
Actual Size

Call 1-800-PIK-TOKO today for
specifications, samples, and
prototyping kits. We'll also include a
FREE RF Spectrum Chart, your
complete product guide to
applications across the RF Spectrum.

Q-Frequency Characteristics
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48 Hour

CNC Milled
RF Enclosures

Whether it's
a Simple
Enclosure

or a
complicated
one...

Try us, we
can help you
with your prototype or
production needs.

Just fax, modem or send us
a diskette with your file in
DXF format and we will
make the enclosure for you.

In-house Iridite conductive
finish available.

CNC EXPRESS

5410 NW Milan Dairy Rd.
Miami, FL 33166

Phone:(305) 888-9644
Fax: (305) 888-9877
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Transponder
Receiver sensitivity @ 451.15 MHz (AM) =

-60 dBm 223.6x106V 1.0x 10°W
Power output @415 MHz (FM) =

~5 dBm 125.7x 103V 316x 108 W

Portable interrogator
Receiver sensitivity @ 461 MHz (FM) =

—100 dBm 2.236x106 V 100 x 10°15 W
Power output @415.15 MHz (AM) =
+31.6dBm 8544V 146 W

Mobile Interrogator
Receiver sensitivity @ 461 MHz (FM) =

~112dBm 561.7x109 V 631 x 1015 W
Power output @415.15 MHz (AM) =
+37 dBm 158V 50w

Table 1. System component spec-
ifications.

the antenna and creates the E field (Ep.
Remember the sign of AF, is negative

and that AF, is in dB.
Pi(at ant.) = (46)
(& at Zg)(1og ™ - dBCL / 20))”

Zy
P (at ant) = 47)
P,(at ZyXlog~! ~-dBCL/10)
ol log?fia;;glt;; 10 )
Ey(atag)= 49)

E¢(at ant. )2
Zo log"1(AF, — dBCL / 20)?

Eflat ant) = E(at ZXlog™! |1AF, - (50)
dBCL/201!)

E¢(at ant.) (51)
log “!|AF, — dBCL/ 20|
When the terms are expressed in

dBm, simply add the terms. P, is dBm,
AF is dB and dBCL is dB.

E(at Zg) =

TRACE Automatic Meter Reading
System

With the TRACE Automatic Meter
Reading System we have three compo-
nents that must be FCC certified; the
transponder which transmits FM at
415 MHz and receives AM at 451 MHz,
the portable interrogator (PI) which
transmits AM at 951 MHz and receives
at FM 415 MHz and the MIU which
transmits AM at 451 MHz and receives
FM at 415 MHz.

The equations we have acquired so
far will permit us to calculate the
antenna gains, path losses or the range
in meters or feet between the elements
of the system — but only for line-of-
sight communications.

The information we have at hand is

the sensitivity of each receiver, the
output power of each transmitter, the
distance used in FCC testing and the
range of reliable line-of-sight commu-
nication between the various compo-
nents of the system.

The determination of antenna gain
and path loss values require both accu-
rate field strength measurements and
accurate distance measurements.
However when working with transmit-
ters and receivers, where only the
upper limits are dictated by FCC regu-
lations, and field tests are only carried
out on a few units, predicting the com-
munication range between any two
units is only possible to within tens of
feet or more, and only in an unob-
structed straight line.

System Component Specifica-
tions

Table 1 shows the various devices'
power outputs and sensitivities.

The transponder antenna is an inte-
gral part of the whole unit and simul-
taneously serves as both the receiving
and transmitting element. The capaci-
tance “top hat” is 3 1/2” by 2 1/4”
mounted on a chassis and circuit board
for an overall unit size of 4” wide x 2”
deep by 3 1/4 ” high.

The PI antenna is a commercially
available 1/4 wavelength whip selected
for 415 to 451 MHz and serves as both
the transmitting and receiving anten-
na.

The MIU uses separate, roof mount-
ed 1/2 wave receiving and transmitting
antennas.

The first step in the testing program
is to measure the field strength of the
three transmitters in pyV/m at 3 m.
From that accurate information we
then calculate the power gain (G,) of
the three transmitting antennas. ‘I‘he
next step is to determine, by field mea-
surement, the reliable line-of sight
communication range in meters,
between the portable interrogator (PI)
and the transponder. From that infor-
mation, we can then calculate the
receiving antenna power gains of both
units.

The reliable line-of-sight range of the
MIU and transponder is then field
tested. These three units were all test-
ed to insure their compliance with
applicable FCC regulations relative to
either field strength at 3 m or RF
power output.

Problems And Solutions

When using a calibrated receiving
antenna to measure the E field at
three meters, the G, value of the trans-
mitting antenna is very accurate
because there are no reflections and
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D(-2000 MHz

AMPLIFIERS

In plastic and ceramic packages, for low-cost solutions to dozens of
application requirements, select Mini-Circuits surface mount or flatpack wide-
band monolithic amplifiers. For example, cascade three MAR-2 monolithic
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz amplifier for less than
$4.50. Design values and circuit board layout available on request.

It's just as easy to create an amplifier that meets other specific needs, whether
it be low noise, high gain, or medium power. Select from our wide assortment
of models (see chart), sketch a simple interconnect layout, and the design is
done. Each model is characterized with S parameter data included in our 740
page RF/IF Designer's Handbook or available from our applications department.

Al Mini-Circuits amplifiers feature tight unit-to-unit repeatability, high reliability, a
one year guarantee, tape and reel packaging for SMD, off-the-shelf
availability, with prices starting at only 99¢.

Mini-Circuits monolithic amplifiers. . .for innovative do-it-yourself problem solvers.

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

DESIGNER'S AMPLIFIER KITS
DAK-2: § of each MAR model (35 pieces) only $59.95
DAK-2SM: 5 of each MAR-SM model (35 pieces) only $61.95 Typical Circuit Arrangement

DAK-3: 3 of each MAR, MAR-SM, MAV-11, Rbias

MAV-11SM (48 pieces) only $59.95 e Vee
DESIGNER'S CHIP CAPACITOR KIT ) 1 T RFC (optional)
KCAP-1: 50 of 17 values, 10pf to 0.14f (850 pieces) Chlock 3 Satock

only $99.95 IN o—{}— o-d—{}— OUT

CHIP COUPLING CAPACITORS AT 12¢ ea. (50 min.)} "™M2 vy
Size {mils)  Value s
B0OX50 10, 22, 47, 68, 100, 220, 470, 680,

1000, 2200, 4700, 6800, 10,000 pf
120x60 022, .047, .068, .1 uf
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Price only
Expires 12/1/96
from ea. (qty.50)
Freq. GAN MAX. Power NF Price
MHz) (Typ.dB) (@1dBCompr) oB  Sea
MODEL DCTO Al 100MHz dBm Typ) (Qty. 50)
o R 1T 1000 185 15 55 .99
MAR-2 2000 125 45 65 135
MR MAR-3 2000 125 10.0 60 145
MAR-4 1000 83 12.5 GIGRRISS
I wre 2000 200 20 30 129
AR MAR-7 2000 135 55 56N N5
M MAR-8 1000 325 12.5 33 170
W RAM 1000 190 15 55 *6.40
] 2000 125 45 65 *6.40
RAM RAM-3 2000 125 10.0 6.0 *6.40
RAM-4 1000 85 12.5 65 *6.40
RAM-5 2000 200 2.0 28 *6.40
RAM-7 2000 135 515 45 *6.40
RAM-8 1000 325 125 30 *6.40
L MAV-1 1000 185 15 55 1.10
MAV MAV-2 1500 125 45 65 140
MAV-3 1500 125 100 60 150
MAV-4 1000 83 1.5 70 160
MAV-5SM 50-1500 8.0 18.0 65 207
MW MAV-11 101000 127 17.5 S A1)
VAM-3 2000 115 90 60 1.45
v VAM-B 2000 195 2.0 30 129
VAM-7 2000 130 515 50 175
*Qty. 10

MAR & MAV MODELS: Plastic flat pack...for surface mount, add SM
suffix to mode! number and 5¢ to price. Example: MAR-25M....$1.40.
MAV-5SM available plastic surface mount only.
RAM MODELS: Ceramic surface mount.

VAM MODELS: Piastic surface mount.

- - - =» ®
Mini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661

For detailed specs on all Mini-Circuits products refer to s THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM * MINI-CIRCUITS' 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.
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Testing Lab Receiving Antenna:
AF = 21, Gr = 1.4392 @ 415 MHz

the effects of angle of propagation for
the transmitting antenna are not
apparent at three meters. However,
measurements of the receiving anten-
na’s G_occur at some range R, which is
much farther than three meters.

Since the transmitted wave is usual-
ly propagated at an angle above the
horizon, one may increase the reliable
range of communication, R, by raising
the height of the receiver. It is easy to

see that this measurement must have
some physical rules or constraints in
order to establish a repeatable or
meaningful receiver antenna gain (G)
value. Therefore, the receiver antenna
gain formulas specify a range and
height. It’s apparent that the receiver
gain (G,) calculations are not as neat
as the 3 meter transmitter calcula-
tions, but they are still very useful in
evaluation of performance.

from FEI

munications

The AHB102D-3 series of monolithic HBT Darlington amplifiers is

designed for use as a general purpose 50 Ohm gain block from
DC to 3 GHz for commercial applications. They are available in
chip form and ceramic or plastic packaging.

23

N
N

Gain (dB)
T

L.ow Cbér
GaAs MMIC.

® Gain: 22 dB typical

* Noise Figure: <5 dB
* P1dB > 10 dBm
* Unconditionally stable

0 o o
“Il Amplifiers
19 I
A 1
Frequency (GHz)
FEATURES:

® RF Frequency: DC to 3 GHz

excellence of TRW.

Get superior performance from the latest MMIC technology,
backed by the high quality engineering and manufacturing

FEl Communications, Inc. ==

,FB A Subsidiary of Frequency Electronics, Inc. 7 IXwy
@ 55 Charles Lindbergh Bivd., Mitchel Field, NY 11553

TEL: 516-794-4500 » FAX: 516-794-4340
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Cable Loss, Receiving Antenna:
dBCL = 2.8 dB, 1.38 numeric

Transponder Qutput Power:
Pt=316x 10-6 W

Range Between Antennas:
R = 3 meters

Signal Level Received:
E=0032V/m@3m

System Impedance:
50 Q

Table 2. Parameters for transpon-
der transmitting antenna power
gain measurement.

Example 1. Transponder Transmit-
ting Antenna Power Gain

The transponder is put in constant
transmit. The signal is measured via
the test lab antenna. Table 2 shows the
known parameters.

Equation 19 is the simplest approach
to a solution. P_ in this example is the
power received {)y the test lab antenna.
The missing information required to
solve (7) is P (at ant) of the receive
antenna, that may be calculated by
using either (12) or (33)

P_=E2G(18.9977)/f2 (12)

~ 0.032%(1.4392)(18.9977)
4152
=162.6784 x 109 W

E2
e Zo log L(AF / 20)2 by g
. 0.0322
(log~1(21/20))250
=162.6784 x 109 W
P f2R2 (7

G = =
' 569.9316(P, XG,)
(162.6784 x 102)415232
569.9316(316 x 1075 (1. 4392)

G, = 0.9728

To find P (at Z;) of the test receiver
use equation 36 which includes the
effect of the cable (dBCL) in the receiv-
ing antenna listed previously as 2.8 dB.

P(at Zy) = (36)
P (at ant¥(log~! -dBCL/10)

P (at Z,) = 162.6784/(log ! -2.8/10)
P(at Z,) = 853748 x 109 W

However only the voltage at the
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Testing Lab Receiving Antenna:

receiver was known, as in most real
test situations, then P, could be calcu-
lated by using equation 34.

P_(at ant) =

(34)
-1 SN
(E(at Z9)10g ™ (dBCL/20)) /z0
Convert P (at Zy) to a voltage:
E=\P,Z,
From equation 34
E(at Zo) = P, (at Zg)Zg = (1)

\/’50(85. 3748 10-9j E

2.066x 1073 V

which is the sensitivity of the receiver.
This is 2066 uV; because we are only
working 3 meters away, this is a rea-
sonable value.

P.(at ant.) = (33)

2
(2.066 (log™ 2.8/ 20))
50
162.6784x 107 W

Transmitting-Antenna AF and
Electric Field

Since this is a transmitting antenna
calculate AF, using equation 44.
AF(dB) = 10 log G, - 20 log R (44)
—101log Zy + 14.77
AF,(dB) = 10 log 0.9728 — 20 log 3 - 10
log 50 + 14.77
AF,(dB) =-11.88
AFt(numeric) = 0.25468

Close the loop by calculating Efat ant)
from (32). Let dBCL = 0.

E{at ant) = E(at Zy
(log™! 1 AFt — dBCL/201)
Since P, is given as 316 x 1075 watts,

(32)

E = /316 x 1075 (50)

E(at Zy) = 0.1257 volts

E(at ant)= (0.1257)(log™! —11.88/20)
E(at ant) = 0.032 volts,

which is the value of the E field mea-
sured at three meters.

Example 2. Pl Transmitting Anten-
na Power Gain

The PI is put in constant transmit,
and the signal is measured via the test-
ing lab receiving antenna. Table 3

RF Design

shows the known parameters.We again
use equation 19
E¢’R?2

0P
_ 164232
30(1.46)

The power gain of the PI transmit-
ting antenna G, = 0.5527

We now utilize (12) to find the power
received (P,) at the test lab receiving
antenna and then use equation 33 to
calculate P, based on the antenna fac-
tor (AF=21.8 dB) and then use (7) to
calculate G,. The result will be equal to
the value oi)tained from (19). P, is the
power received by the test lab antenna.

19)

=0.5527

E%G,18.9977
f2
_ 1.64%1.414(18.997)
451.10°

P.(at ant) = (13)

P (at ant)= 355.05 x 10-% watts at the
receiving antenna.

AF =21.8,Gr = 1.414 @ 451.1 MHz
Cable Loss, Receiving Antenna:
dBCL = 3dB
PI Output Power:
Pt = 1.46W
Range Between Antennas:
R = 3 meters
Signal Level Received:
E=164V/m@3m
System Impedance:
50 Q

Table 3. Parameters for Pl trans-
mitting antenna power gain mea-

surement.

Calculate P, from the antenna factor

using (33):
2
P, (at ant) = E¢ _(lat ant) 2
Zo(log™' AF /20)
1.642

~ 50(log™1 21.8/20)?

P (at ant) = 355.05 x 107 watts at the

receiving antenna.

We now solve (7) to find G, of the PI

(33)

N 7

)
R +
—

;’,(/ =
10 MHz 100 MHz

Introducing one of the world’s
smallest common mode EMI filters.

Our M2022-A has an 1812-size
ceramic body and provides more than
20 dB attenuation from 30 to 500 MHz.
Inductance is 4.2 pH per winding.

Compared to equivalent toroidal

We've cut your common mode
EMI problems down to size.

designs, this filter is much smaller
and less expensive.

DC current capacity is rated at
500 mA, while maximum DCR is
only 800 mOhms. Custom filters
witﬁ special combinations of imped-
ance, frequency response and current
handling are also available.

For our complete EMI/RFI filter
products catalog, call 800/322-2645.

1102 Silver Lake Road, Cary IL. 60013
800/322-2645 FAX 708/639-1469
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Specified and Measured Parameters:

transmitter antennas:
P f2R?
* ~ 569.9316(P,)(G,)
_ 855.06 x 1075451.1232
569.9316(1 46)(1.414)

G, = 0.5527 PI transmitter antenna
power gain.

)]

Now find P (at ant) of the receiving
antenna utilizing equations 36 and 34.

P (at Zy) = (36)
P (at ant)/(log~* dBCL/10)

P,(at Z,) = 355.05 x 10-6/(log"! 3/10)

P (at Zy) = 177.9477 x 1086 W

Convert P (at Z,) to a voltage:

= 50(177.9477 x 10-6)
=94.326x 103 V
Include the 3 dB of cable loss:

P.(at ant) = (34)
2: 7
(94. 326 x 10~*(log ™ dBCL/ 20)) [z

P.(at ant) =
(94.326 x 10—3(log‘1 3/ 20))2 /50 =

355.05x10°% W

This is the same value we calculated
using equation 33

Pl Transmitting Antenna AF and
Electric Field
Calculate AF, from equation 45:

AF;=101og G, - 20 log R - (45)
10log Z, + 14.77

AF, = 10 log 0.5527 — 20 log 3 - 10 log
50 + 14.77

Af, = -14.3375 dB

AF(numeric) = log~! (-14.34)= 0.1918

Close the loop by calculating Efat ant)
from 50:

Eflat ant) = E(at Zy)(log™! |AF, + (50)
dBCL/201

Let dBCL = 0. Since P, is given as 1.46
watts —

E = J146(50) e

E(at Z;) = 8.594 V
E(at ant) = (8.544)log! 1-14.3375/201

62

PI Transmitter Output Power:
Pt =146 W, 31.674 dBm

Transponder Receiver Sensitivity:
Pr=1.0x109W, 60 dBm

Range from PI to Transponder:
R =457.4 m, 1500 ft.

Frequency:
f=451.15 MHz

Calculated Parameters:

PI Transmitter Ant. Power Gain:

Gt = 0.5527

Table 4. Transponder receiver
antenna power gain measurement
parameters

E{at ant) of the PI = 1.639 V

Even though electric field at the
transmitting and receiving antennas
were calculated to be the same, the
equations can still be considered accu-
rate. This is because for measurements
at a range of only three meters, a very
accurate measurement would have to
be made to see a difference in the calcu-
lated electric field strengths.

Example 3. Transponder Receiver
Antenna Power Gain

In this situation the reliable commu-
nication range between the PI to the
Transponder is established by field
testing, and the range measured is
used to calculate the power gain G, of
the transponder receiver antenna
Table 4 shows the known parameters.

Since the path loss is taken from the
power output point of the transmitter
to the signal input of the receiver, the
P, or power received element of (6)
may utilize the sensitivity value of the
transponder receiver, 1.0 x 109 watts.

P, f2R?
"~ 569.9316(P, XG,)

_ 1.0x1079451 15%457.42
569.9316(1.46)(0.5527)

6

G, = 0.0926, the transponder receiver
antenna power gain.

Use equation 26 to calculate AF of
the transponder receiver antenna.

AF(dB) = 20 log f - 10 log Z, (26)
-12.79 - 10 log G,

AF(dB) = 20 log 451.15 - 10 log 50 —
12.79 - 10 log 0.0926

AF = 33.64 dB

AF, = log~1(33.64/20) = 48.08

Now use equation 17 to calculate the E
field (Ep) at 457.4 meters.

L \‘30(Pt)(Gt) i an
R
\/30(1.46)(0.5527)

=0.00959 V
457.4

Now calculate P (at ant) using equation
33 which should equal the sensitivity
value assigned to the transponder.

E(at ant)2
= 2
50(1og AF/ 20)

P.(at ant) = (33)

0.009592
=1 2
50(1og 33.64/ 20)

P_(at Ant) = 7.967 x 10710 W, which
equals ~60.987 dBm. The specification
for the transponder sensitivity is —60
dBm.

Calculate E(at Z) using 21.

E(at Zo) B -\’prZo =
/50(7.967 x 10719) = 19958 x 106 V

Calculate E(at ant) using (32) to con-
firm the value found previously.

Edat ant) = Ef at Zy)log~! AF/20) (32)
E{at ant) = (199.58 x 10-6)(log™"
33.64/20) = 0.00959 V

Example 4. Communication Range
From Transponder To MIU

In this exercise we will use known
antenna gains and circuit parameters
(some measured, some specified, and
others calculated) to determine the
communication range from the
transponder to the MIU. Table 5 shows
the known parameters for the
transponder and MIU.

The commercial receiving antenna
on the MIU is specified for a gain of 5
dBi at 415 MHz. This converts to a
power gain, from equation (48), of: G_ =
(log™! dBi/10) = 3.16.

If we use equation (186) to solve for R
we will first have to calculate Ef which
is by definition equlvalent to the sensi-
tivity of the receiver in volts. Since P,
has been specified we will convert it to
a voltage, E;, and solve (16).

E=P,Z = e
50(6.31x1071%) =5.62x 1077 V
However this is E(at Z o) and we

want E(at ant), the value of which will
be increased by the AF in the direction
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Transponder Parameters:

Frequency = 415 MHz specified

Pt =316 x 108 W, -5 dBm meas. or spec.
Gt = 09772 calculated
AFt =-11.88dB calculated

Eflat ant) = 0.032 V measured at 3 m
MIU Parameters

Receiver Sensitivity = -112 dBm measured
Gr=3.16 specified
AF = 17.58 dB; AFn = 7.57 calculated

Table 5. Transponder and MIU
parameters for range calculation.

we are going. Use equation 32 to solve
for E(at ant).

E(at ant) = E(at Z,Xlog! (AF +
dBC1./20))

E(at ant) = (5.62 x 10~"Xlog™! 17.58/20)
=425%x108V

Now to equation 16.

R _ V30(P)(Gy)
B E

36(316 x 104‘)(0.9772)

4.25x107°
Range = 22,674 meters (74,281 feet)

(32)

(16)

This range is optimistic because of var-
ious factors not covered in this article.

Try checking the answer by using (6)
which uses all of the parameters.

Where are the Losses?

For this analysis we will use the
information calculated in communicat-
ing from the PI to the transponder at
457.4 meters.

The total path loss between the PI
and the transponder is taken from the
power output point of the transmitter
to the signal input point of the receiver.

In this discussion the path loss is
given by equation 7:

dBPL = 10log = = )
Py

About the Author

Frank Egenstafer’s background
in electronics has been circuit
design from DC to 2 GHz, and from
relays and stepper switches to vac-
uum tubes and transistors. he has
mostly worked on the “bench”,
even in the several managerial
positions he has enjoyed. He
attended Drexel Institute in
Philadelphia. He can be reached at
(304) 562-6582.
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10x107°
146

Therefore if the total loss is —-91 64
dB and we add the sum of the antenna
factors for each antenna, which in this
case is, AF(total) = —14.34 for the
transmitter and —(+33.64) the receiver,
we get an over the air 457.8 meter
path loss of only 43.66 dB. The rest of
the —91.64 dB or 47.97 dB is lost in the

10log =-91.64 dB

antenna system. If these antenna sys-
tems included cable losses the num-
bers get worse.

Conclusion

Look to improving your antenna for
increased communication range. RF
Bibliography

Reference Data For Radio Engineers
Howard W. Sams ITT

A Special Commitment

Since 1965, COMET has been committed to one objective —
keeping our customers satisfied with the highest quality

vacuum capacitors available.

Our experienced technical staff is dedicated to the
advancement of capacitor technology, and will meet your
custom requests with a design proposal in a matter of days.
And, while we do specialize in made-to-order designs, we
also stock a number of popular capacitor types for your

off-the-shelf needs.

Call COMET when you have a special design request, want
expert technical service, or need a replacement capacitor now.

&

COMET NORTH AMERICA, INC.

11 Belden Ave. * Norwalk, CT 06850

(203) 852-1231 « FAX (203) 838-3827
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B RF LITERATURE/PRODUCT SHOWCASE 8

TCXO’s IN “NO TIML

&

W
Hy4)

Frequency: 8 MHz. to 30 MHz
Available Outputs: Clipped Sinewave; TTL; HCMOS
Supply Voltage: 5 vdc
Stability:  +0.5ppm 0°to 50°C

+2.0ppm  -40°C to +85°C

*other stability options available
Various voltage control options available

Dimensions: Length 0.8"
Width 0.8
Height 0.4°

Typical Detivery: Stock to 6 weeks ARO

H y- Q International (USA), Inc.

1438 Cox Avenue « Erlanger, Kentucky 41018
Phone: 606-283-5000 « Fax: 606-283-0883

es” TCX0

250V

SINGLE LAYER PARALLEL PLATE
CHIP CAPACITORS

Tecdia's uniquelz designed and crafted safety
margin around the top electrode:

prevents shorts

increases DWV

insures reliability

TECDIA

2672 Bayshore Parkway, Ste. 702

Mountain View, CA 94043

Tel: (415) 967-2828 Fax: (415) 967-8428
Outside California Call Toll Free 1-800-TECDIA1

S —
]

DIELECTRIC FILTERS DESIGNED FOR
HIGH FREQUENCY RF APPLICATIONS

Toko's dielectric filters offer high Qs,
low loss, and a compact design Provided
in SMD or PIN designs, they are available
in 2-5 poles, from 700-2500MHz, with
50Q input/output impedance. Manufac-
tured for excellent repeatability, and
without moving parts, they offer superior
mechanical stability and reliability.
Call 1-800/PIK/TOKO

TOKO AMERICA, INC.
1250 Feehanville Drive ¢ Mt. Prospect, IL 60056-6023
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RF MICROWAVE PCB DESIGN
INSIDE AutoCAD®

r‘-g&
LA‘T;{/;?

EPD - Electronics Packaging Designer: Adds an
intelligent PCB layout tool to AutoCAD®

® Excellent for RF/Microwave & Hybrid Design

® Automatic Parts, FAB, Rats, Netcheck, DRC’s

® Advanced Edge Vecior programs

® Pour complex groundplanes (Pos. or Neg.)

® No limits to complex geometrics

Auto Schematic Capture - Finally! One that really
works in AutoCAD®

GerbArt - AutoCAD® - Gerber Translator

® Recommended by Gerber Systems

DEMO PACKAGES AVAILABLE:

CAD Design Services, Inc.
(h 2806-C Soquel Avenue
Santa Cruz, CA 95062
phone:(408) 462-6494 fax:(408) 475-0738
AutoCAD" is a Registered Trade Mark of Autodesk, INC.

SEE US @ PC Design Conf. BTH. #722

RF POWER AMPLIFIERS

200 W + 150-200 Mtiz » 55% Efficiency ¢ 35dB Gain

1 MHz-2GHz
* Small Size » High Efficiency ¢ Durable

1W-1KW

* Module and Rack Mount Systems

e Customization Available

RF POWER  AMPLIFIERS

651 Via Alondra, #712
Camarillo. CA 90312 USA
TEL: (805) 388-8454
FAX: (805) 389-5393
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RF Design Product Showcase

RF DesiGN is pleased to announce the
availability of the Product Showcase sec-
tion. Your ad in this new monthly adver-
tising section will allow you to:

<+ Introduce New Products
> Boost Awareness of Existing Lines

< Reach Prime Prospects — more than
40,000 readers who are design and R
& D engineers, engineering managers
and corporate staff in the military,
aerospace, communications and elec-
tronics industries

* Achieve Four Color Impact in this
highly visible cost-effective section

< Get our Reader Reply Service Free
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WILMANCO
MOORPARK, CA. 93021

v/ LOW COST - HIGH PERFORMANCE

v THICK FILM HYBRID CONSTRUCTION

v MACHINED ALUMINUM HOUSING-
NICKEL PLATED

v FREQUENCY RANGE: 10 MHz TO 4 GHz

v POWER OUT: +10 dBm MIN

Wilma”ca 5350 Kazuko Court, Moorpark, CA 93021

(805) 523-2390 FAX (805} 523-0065
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PROFESSIONAL SOFTWARE LIBRAR!

Save time and money 39 proven public domain anc
shareware programs have been selected and evaluated for
you by The Engineers® Club. On six high density 5-1/4”
diskettes for DOS. An economical, quick reference source.

INCLUDED ARE THE FOLLOWING PROGRAMS & MORI

General RF circuit design solvers including;
HPCAD  RFTOOLS DIMSTRIP  SPURIOUS

NOVA and SPICE circuit simulation programs

Many math and plotting utilities including;

MATHCAD-DEMO CURVEFIT XY-PLOT
Mechanical Engineering programs including;
HEATSINK MECHENGS1 PHYSICALC

Programs for designing Antennas, Power
supplies, filters, systems, drafting and PCB's

49.95 plus $4.50 Shipping
Californians Pingse add Sales Tax
VISA & Maste  rd accopted (include expiration date)

TRE ENGINEKEERS CLUSB
1737 Silverwood Drive- San Jose, CA - 95124 - Voice (408)445-2902
FAX (408) 265- 2410 — On-line Service MODEM (408) 265-3353
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TESLA
Communication
Simulation

Still Only $695!

Why is TESLA winning all these awards? It’s

simple and easy to use, yet it does full RF

non-linear, mixed analog & digital simu-

lation. Why not see for yourself? Call now:
800-631-1113

TESOFT Inc. 404-751-9785 Fax404-664-5817

PO Box 305 Roswell GA 30077
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Unleash the power

of your PC!
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Only Compact Software
offers a complete family

Processi1ng database...done

of RF and microwave design tools for Windows!

Frequency-Domain Simulation - Compact Software offers a
complete family of linear and nonlinear circuit simulation tools
for the PC. The Super-Compact linear simulator offers
accurate analysis and optimization of circuits from DC through
millimeter-wave frequencies. The Microwave Harmonica
nonlinear simulator builds on this foundation by adding
harmonic-balance nonlinear analysis and optimization.
Microwave Scope completes the family by adding models of
optoelectronic devices including laser diodes, detectors, and
fiber-optic links.

Time-Domain Simulation - Compact's Super-Spice
simulator combines the traditional capabilities of SPICE with
high frequency models for active devices and microstrip
discontinuties. A unique electromagnetic field solver provides
accurate modeling of inter-trace coupling effects.

Schematic Capture - Compact’'s Serenade Schematic
Editor makes capturing RF and Microwave designs quick and
easy. Complete symbol libraries are included for both device
and layout features, allowing designers to drive the complete
capture-simulate-layout process.

INFO/CARD 7

Physical Layout - Serenade Layout, based on AutoCAD,
uses information from the designer’s schematic to
automatically generate a finished layout. Data is quickly
post-processed to popular manufacturing formats.

System Simulation - The Microwave Success system
simulator allows entire systems to be simulated and optimized.

Device Modeling - Compact’s Netcom and Scout programs
allow data to be acquired from popular vector network
analyzers and fitted to popular device models for simulation.

Best of all, Compact’s entire family of high-performance
PC CAD software is available NOW!

= Compact
= Software

KAVICROWAVEi. RF and LIGHTWAVE CAD SOLUTIONS

201 McLean Blvd. « Paterson, New Jersey 07504
TEL: (201) 881-1200 » FAX: (201) 881-8361




RF product forum

RF Power Amplifiers Move from
Defense into Commercial Markets

This month the product forum high-
lights the market changes affecting RF
power amplifiers. Several manufactur-
ers offer their opinions regarding
today’s marketplace and trends in the
industry.

Milcom International

We at Milcom International of
Irvine, CA believe the wireless market-
place will continue to grow at an accel-
erated pace spurred by the transition
from analog to digital systems. Key
technologies required are very linear
amplifiers for TDMA, CDMA, Microcell
and multichannel repeater applica-
tions, primarily for ESMR, cellular,
and paging in the domestic, Pacific
Rim, Eastern European and South
American markets. The future is in
PCN applications as the industry con-
verts to wireless local area networks.

Milcom will participate with our new
MCA8000-250 PA, which is based on
our existing field-proven technology.
Whether used separately or mounted
in a rack, this 11.375” x 5.5” x 16”
multi-channel amplifier with plug-in
capability of eight or more modules
can support any increased power
and/or system redundancy require-
ments. Each 250 W peak module is
completely self-contained as a class
AB feedforward amplifier with inter-
modulation 60 dB below carrier levels.

Amplifier Research

Donald R. Shepherd, President of
Amplifier Research (Souderton, PA),
sees a strong market for at least the
next five years, driven largely by the
need for high-performance amplifiers
in testing for RF susceptibility. "The
sharp transition from military to com-
mercial communications products has
finally brought home the vital impor-
tance of keeping wireless products
such as portable phones, pagers, even
remote-actuated door locks in cars
immune to interference from other
mobile devices," he points out.

"The Europeans really forced the
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kit

Amplifier Research’s equipment
“package”: RF power amplifier,
antenna, and field monitoring
system.

issue, setting standards of immunity
for products which could be sold to the
European market. We're happy about
that, because other manufacturers will
now have to scramble to catch up with
the quality level we've imposed on our-
selves for 25 years. You now have to
prove that your amplifier will actually
deliver the rated power across the
bandwidth — a problem we've never
had."

"It's becoming increasingly impor-
tant for a test-equipment supplier to
provide a complete package that will
deliver a field of 10, 50, 100, or 200
volts/meter for susceptibility testing in
a shielded room. The supplier who can
deliver the whole package — RF power
amplifier, antenna, and field-monitor-
ing equipment — will have a clear
advantage.”

Instruments for Industry

The market as we knew it has
changed. In the 80s, the EMC market
was defense driven (about 40 percent
market share). Today the commercial
side dominates. The companies who
communicate with this new breed of

EMC engineer should show moderate
growth. The market as we know it
today is 25 percent defense, 25 percent
automotive, 35 percent commercial,
and 15 percent other. There is only a 5
percent increase in the total market.
Most of the growth in the commercial
market has been offset by the 15 per-
cent decline in the defense side.

The largest changes have been in
off-shore sales compared with US
sales. This ratio has reversed from
60/40 for US sales to 60/40 in favor of
foreign sales, and is increasing. The
other noticeable shift has been in
amplifier wattage; there is now more
interest below the 100 watt level than
before.

The key application is IEC 801; this
regulation dominates trade shows and
publication seminars. I foresee moder-
ate growth for the next two to three
quarters, then a slight fall off as the
requirement subsides. Real growth
will come with the commercial mar-
ket, plus additional defense spending,
and the emergence of the medical
market. IFI provides the customer
with an amplifier that accommodates
the broadest frequency range, and a
product line that allows the customer
to select very basic models or fully
automated systems.

Kalmus Engineering, Inc.

For the past two to three years, we
have noticed a definite increase in
applications requiring RF power
amplifiers. In fact, our records show
an increase of more than double for
this year over 92-93, in spite of the
fact that the NMR/MRI business has
fallen off sharply.

EMC (mostly in Europe) and commu-
nications are leading the pack and
should continue to do so for at least the
next three to five years. The new CE
Marking directive has created a new
demand for RF power amplifiers and
associated hardware (antennas, field
sensors, chambers, etc.), keeping the
manufacturers of this equipment busy
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2.5KHz-8GHz AMPLIFIERS

(3 Piece Set)

Expand laboratory capabilties and put a full spectrum of power
at your fingertips with Mini-Circuits 2.5KHz to 8GHz medium
power amplifier set. Each ultra-wideband set contains three
individual heat sinked RF amplifiers with at least +20dBm output
and overlapping frequency response range capabilities ; 2.5KHz

$ ) to 500MHz, 10MHz to 4.2GHz and 2GHz to 8GHz. Applications
{Setof 3, 1:9 g§.) for these amplifiers include increasing the signal levels to power

only +20dBm Power Output, 20dB Gain  meters, spectrum analyzers, frequency counters and network
analyzers as well as boosting signal generator outputs.
£ & PO‘&: 8“%\;3‘, VD|C P&fo Prl?cdiv You can buy these amplifiers individually at Mini-Circuits already

AT My o) Sambesn ! - v b CToype' “ 9‘28)) low prices, or own the full spectrum set for the money saving
ZHL-6A 0025-500 21 +23 24 350 BNC 199 pnce of Oﬂly $1095 (1 9 qty) ! To order from stock with a guarantee
ZHL 10420 10-4200 25 +20 +15 330 SMA 495 to ship within one week, call Mini-Circuits today ! (3
ZRON-8G  2000:8000 20 +20 +15 310 SMA 495
Set of 3 Amplifiers # KZHL-318: $1095 (1-9 aty.) Mini-Circuits...we're redefining what VALUE is all about!

] ] @ - ®
C_JMini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY « EEM * MINI-CIRCUITS’ 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.

INFO/CARD 26
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for years to come. The MOSFET has
Just about replaced the vacuum tube in
the 10 kHz to 220 MHz bandwidth up
to a 1000 watts power output.

Kalmus manufactures EMC ampli-
fiers, in particular the popular 80-
1000 MHz, 100 watt model 7100LC
and the 1000 watt model LS1000L,
covering 10 kHz to 1000 MHz. RF

For RF power amplifier information,
circle these Info/Card numbers:

AML Communications 224
Ameritron 225
Amplifier Research 226
Brounley Associates 227
California Amplifier, Inc. 228
Doty Scientific 229
ENI 230
Erbtec Engineering, Inc. 231
ETO, Inc. 232
Green Mountain Radio Res. Co. 233
Harris RF Communications 234
Henry Radio. Inc. 235

Instruments for Industry 236
ITS Electronics, Inc. 237
Kalmus Engineering, Inc. 238
LCF Enterprises 239
Logimetrics, Inc. 240
MCL, Inc. 241
Microwave Power Devices 242
Milcom International 243
Power Systems Technology 244
RF Power Labs 245
Richardson Electronics 246
Silicon Valley Power Ampl. 247
ST Keltec Corp. 248
Sunair Electronics, Inc. 249
Trontech, Inc. 250
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'Solid State Class
Low Distortion Driver Amplifiers... for Hi
IMD Testing...GSM, DECT and Beyond

e Instruments or modules  Multi-octave bandwidths e Various power levels
e Low bandpass ripple  Automatic circuit protection
o Built-in thermal protection @ Dual amplifier packages for two-tone testing

! 600 1000 144 1800 2200 600
2-50W | 1-500 MHz
[ L{mooo MHz
o | 800-1600 MHz
2-100W 1 1

1000-2000 MHz

800-2000 MHz

10-50W

—
1600-2450 MHz

7

Optimize your design performance and reliability. Rely on PST for high product
quality and complete technical support, delivered on-time at competitive prices.
For immediate assistance: Call (516) 777-8900

Comtech Microwave Products Corp. 105 Baylis Road, Melville, NY 11747 Fax: (516) 777-8877

man
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RF BOOKS
We have the books you need!
...like these recent releases:

Spread Spectrum
Systems — The third
edition of this SS clas-
sic by Robert Dixon
contains new informa-
tion on commercial
applications like PCS,
GPS and WLAN:S.

(573 pp) JW-2: $75.00

SPREAD
SPECTRUM
SYSTEMS

MR RTINS

Frequency Synthesiz-
er Design Handbook
Author James Crawford
covers PLL, DDS and
hybrid systems, with
computation methods
and design examples for
all methods.

(489 pp) AH-3: $88.00

1 Spectrum Guide —
U.S. frequency alloca-
tions from 30 MHz: to
300 GHz are compiled
in this book by Bennet
Z. Kobb, explaining
B cach service, with notes
on future usage plans.

(123 pp) NS-1: $35.00

DIO FREQUENCY"
Awtocaniofs iv

' UNITED StATES " o -+
30 MHz2300 GHL *

Call or write for our catalog of

books on communications systems,
RF design and EMC

Order by phone, fax or mail!

P

CRESTONE

ENGINEERING
rT——e—

Crestone Engineering
5910 S. University Bivd.
Bidg. C-18 #360
Littleton, Colorado 80121
Tel: (303) 770-4709
Fax: [303) 721-1021

VISA * Master Card ® American Express/Optima

SN,
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RF marketplace

Classified display ads are available at $115 per column inch. Frequency rates available for multiple
insertions. Please call for further information, 1-800-443-4969, ask for Jon Tuck. Or fax your ad copy for a

rate quote to (404) 618-0342.

Nationwide opportunities in the
CELLULAR/WIRELESS industry.
Debra Sola-Furnari
TELE-TECH SEARCH
4773 Split Rail Place
W. Melbourne, FL 32904
(407) 951-4200 FAX (407) 951-0808
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NCS Jobline has a Job for You!
2897 Mapleton Ave Suite 1A
Boulder, CO 80301
303-440-5110
ncs@jobline.com
See Career Magazine on the Internet at
http://www.careermag.com/careermag/
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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
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RF Design

1-800-443-4969

OPPORTUNITIES

1OWA B MIDWEST ————
MIDWEST S~ OPENINGS

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
B.S./M.S., 2 to 8+ yean experience. base-band t0 3.0 GHz, in any of
the following: Receivers, Transmitters, Power Amplifiess, Synthe-
sizers, Spread Spectrum. RF ASIC/MMIC Design, Modems, Com-
munications DSP. Desire strong analytical skills and experience in
RF circuit simulation using modem RF CAE tools. Multiple open-
ings with top commercial companies in attractive Midwest locations.
Reply with assured confidentiality to:
DON GALLAGHER MSEE
Gallagher & Associates
1145 Linn Ridge RD. MT. Vemon, 1A 52314

Phone: 319-895-8042 Fax:  319-895-6455

RF Engincering Recruiting for Midwest Clients Since 1987
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| .u-t: - 4_?‘0-..4-,4% ¥ { g!,.” 5oy
SFA® 'v =N — Attt g oe
Full-Featured Conversion System Design

Waypoint =7 TxRx Designer
Software.. o 74
1950 Bavaria Dr. #317 ‘iﬂ nly $149.9¢
Colorado Springs, CO 80918 Please call or wnte for
(719) 598-9892 information.
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R.F. Engineers

CELLULAR/MICROWAVE/PCS
.. National & International
Representing Opportunities In The Country's
Leading Communication Corporations.

— Relucation Available —

All Fees Paid By Our Clients.

Advanced Communication Search
1189 Richmond Road ¢ Mahwah, NJ 07430
Tel (201) 818-1479 » Fax (201) 818-1510
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National & International
Wireless, Microwave, Etc.

Over 20 years service in the
Communications Industry.
All Levels, Relocation Available
Fees paid by employers
Call Elaine Cohen or Steve Young
1-800-875-2230 Fax: 714-250-8535

Fortune Communications Group
18552 MacArthur Blvd. Suite 345
Irvine, California 92715
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RF Design

AREFER OPPORTUNITIES

R.F. Engineers

RF Development

Shure Brothers, Inc. is seeking a motivated RF Development Engineer for the
design and development of new wireless microphone products. Responsibili-
ties will include electronics design from the system to circuit levels, compre-
hensive product testing and providing manufacturing support.

Candidates should possess a BSEE or MSEE and have at least 2 years of expe-
rience in radio frequency circuit design. Familiarity with antennas, audio and
digital circuitry is preferred but not required.

We offer a competitive salary and benefits package which includes tuition reim-
bursement and 401(k). Send your resume with salary history confidentially to:
Personnel—RF, 222 Hartrey Ave., Evanston, IL 60202. Equal Opportunity

Employer.

THE SOUND OF PROFESSIONALS®.. WORLDWIDE

"" :
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2o —We Pick U Success Where

"'.‘.:"‘::\_ _—The Others Leave Off

-
When it comes to innovation in the cellular commu-
nications industry, Ericsson GE goes beyond what
the competition achieves. Our long tradition of
developing revolutionary breakthroughs in
telecommunications technology includes the cre-
ation of the world's first digital portable telephone. Today. we
continue to design. manufacture and aggressively market an entire
family of award-winning digital/analog cellular products from our
state-of-the art R&D facility located in Research Triangle Park,
NC. Presently. we have the following opportunities:

Project Managers

Responsible for project management of assigned digital cellutar
or land mobile communication products, including cross-
functional interfaces with marketing, engineering and manufac-
turing. Will ensure timely tracking and integration of all
resources for the development and production of new products.
Successful candidates will have a BSEE with 5 or more years of
directly related experience. Job Number: 94RTP-56.

Sr. RF Design Engineer

Responsible for the specification, design and development of
transmitier/receiver RF hardware for digital/analog mobile cel-
lular equipment. Successful candidates will have a BSEE and at
least 5 years of directly applicable experience including RF sys-
tems, receiver or transmitter design. Broad knowledge of RF
circuits and systems in mobile and cellular phones a plus.

Job Number: 94RTP-24.

RF Systems Design Engineer

Responsible for RF component design as well as hardware and
software inlegration of advanced digital land mobile communi-
cations equipment. Successful candidates will have a BSEE and
3 or more years of directly related experience. Broad knowledge
of RF circuits and systems in mobile and cellular phones a plus.
Job Number: 94RTP-68.

Sr. Audio/ Acoustic Engineer

Will be responsible for writing test plans. conducting electro-
acoustic telephone and loudspeaker tests, automating tests and
operaling acoustic measurements laboratory. Must understand
digital and analog audio filtering techniques and demonstrate a
capacity 1o solve electro-mechanical acoustic problems. Should
have a knowledge of IEEE. ELA and CCITT electro-acoustic
telephone standards and electro-acoustic measurements.
Successful candidate will have a BSEE with 5 or more years of
related experience and an emphasis on RF systems.

Job Number: 94RTP-P57

We offer an excellent salary and benefits package in addition 1o
tremendous opportunities for career advancement. For immedi-
ate consideration. please send resume referencing Job Number
to: Ernie W. Leskovec, Ericsson GE Mobhile
Communications, Inc., One Triangle Drive, P.0. Box 13969,
Mail Drop RF294, Research Triangle Park, NC 27709.
Principals only—please no agency referrals. An Equal
Opportunity/Affirmative Action Employer, MF/HDCP.

ERICSSON Z | B

For The High Tech-Knowledgeable ™

INFO/CARD 83

RF 1C DEesiGN ENGINEER

We are seeking engineers experienced in linear high
frequency integrated circuit design, who have applied their
skills to the development of low-noise amplifiers, mixers or
oscillators in silicon bipolar or BICMOS technologies.

microunity

-eeeoo.. Please submit your resume and cover letter to: ...
MicroUnity Systems Engineering, Inc.
Wireless Project Team ® 255 Caspian Drive
Sunnyvale, CA 94089-1015
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SUNBELT OPPORTUNITIES

Several of our growing commercial major electronic companies located in the
southeast have asked us to identify candidates in the mid-level experience range.

1) BSEE - RF Receiver design, Sat Comm, Commercial wireless product
Design/Development

2) BSEE ~ RF evaluation/QA engineer - Spearhead products through design QA.

3) BSEE - RF Circuit Design Engineer — Frequency Synthesizers

4) BSEE - Section Manager Analog IC Design

5) MSEE - MMIC for Military Systems — L. Band thru KU Band (2-18 GHtz) -
Knowledge of non-linear modeling.

##-o-r-t-un-e
PERSONNEL CONSULTANTS OF RALEIGH, INC.
P.O. Box 98388R ¢ Raleigh, NC 27624-8388

\ Phone: 919-848-9929 ¢ Fax: 919-848-1062 /

Stan Deckelbaum
INFO/CARD 85

MO0

=
(e New Ju ] Sr Oscillator Design: Development of frequency sources for digital microwave
(e Yon Yoo radio based on soft-board microstnp circuit technology. Requires circuit design

knowledge of oscillators, frequency multipliers, amplifiers, synthesizers and con-
Q9 trol loops. Osecillator designs include fixed (crystal, DRO) and variable (VCO,
QOO VCDRO) frequency types. Responsible for development from initlal specification

DD | through docufnemanun release.
.. YOUR CAREER

Design and Sr. Design Engineers: Design and develop advanced microwave
subsystems and components for application in communications; perform subsys-

tem level design of ampiifiers, filtters, switches, limiters, mixers and oscillators, and
supenvision desirable Positions require a BSEE or equivalent and min. 2 yrs. expe-
nience in microwave of RF Design.

Cellular Basestation: Will design RF circuits for commercial basestation product line, Design
r ies include of components & circuit sy

& analysis, schematic capture, supervising PCB layout, & test, evaluation & integration of design.
BSEE, MSEE desirable plus 5-10 yrs. exp. In design and development of commercial radio products.

RF Hybrid Assembly Engineer: BSEE with 5 years related expenence in thick and thin film hybnd
assembly techniques. (poSition to develop low cost multi-chip assemblies using SI/GaAs components)
Test Engineering: BSee with minimum 3 years expenence, preferably in Microwave tast. {positions to
develop test plans and design test fixtures.

i Engl : Lead the design and 't of a wide variety of antennas
and y oth and array systems using microstrip, stripline, and
waveguide technologies. BS/MSEE with 5 years experience.

Propagation Engineer: Five-ten years of experience in propagation measurement and modeling for cel-
lular and pe ion sy operating from 800 to 2000 MHz. Related expenence in plan-
ning cellular systems and modeling analog and digital col tion systems I1s i

Filter Design Engineer: B.S. Minimum 3 years experience in the design and development of
Broad Band, b-line strip line, gital, low pass and high pass filters, multiplexers, diode
switches, (phase shitters), attenuators and b-sy il

RF Design Engineer: Responsible for design of analog and Rf systems and circuits for consumer and
commercial digital wireless products. Expernience with low-cost design techriques for frequency synthe-
sizers, power amplifiers, up/down converters and baseband circurts for digital communications systems.
Famitianty with ime diwiston duplex or COMA a plus.

RF Engineer — GSM: We are seeking RF engineers with a BSEE (MSEE
preferred), 2+ years RF development experience, Including RF circult
design, and d with il , VCO, PLL mixer, noise,
modulation, ﬂllarrng matching, linear and non-linear distortion.

RF Device Modeling Englneer: MS degree (PhD preferred) & minimum 5 yrs.

axp. in device modeling. Extract DC & RF parameters on BipolarACMOS (GaAs
& mixed mode lechnology desired). Charactenze RF Trasistors for use in linear
{splce) & non-linear {harmonic balance simulators).

MMIC Engineer: Develop LS band GAA's MMIC power amplifiers
b for wireless Requires: M.S. or

BSEE, +2 years experience with GAA's MMIC design, simula-
tion, packaging and test.

COMMUNICATIONS
‘ EXECUTIVE SEARCH

800 Turnpike St. « North Andover, MA 08145
We specialize in the placement of communications both nationally and internationally.
FOR THESE AND OTHER OPENINGS
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627

INFO/CARD 86
February 1995



FOR THE BIGGEST STRIDES
IN CELLULAR TECHNOLOGY,
LOOK TO AN INDUSTRY GIANT

The future of cellular technology will be
dominated by a player already recognized
throughout the industry for its innovation
and leadership: Hughes Network Systems
(HNS). A powerhouse in the design and
production of digital cellular, satellite

and enterprise networking technologies,
we stand head and shoulders above the
competition.

And the demand for our technology has
never been greater. With one of the largest
cellular contract wins in-house, we have
immediate openings at our headquarters
in Germantown, Maryland where you can
immediately contribute to the development
and production of leading-edge cellular
systems.

WIRELESS/RF SYSTEMS ENGINEERS
Perform overall systems engineering and
design for cellular systems, including RF
propagation, site selection analysis and
configuration of cellular equipment. 30%
potential travel. Requires:

* RF engineering design experience

* Microwave interconnections

* Antenna selection, T1 links

* Switch capacity requirements

* Vendor equipment analysis

PRODUCT QUALIFICATION

Lead technical staff for qualifying products,
starting in the review of requirements. Will
attend design reviews, participate in inte-
gration testing, and clear emergency field
problems. Responsible for Acceptance Tests
and Product Regression Tests. Requires:

* Knowledge of one of more of the follow-
ing: RE data, switching, LAN, routers

¢ Familiarity with AMPS, TDMA, CDPD

* Heavy emphasis on testing, debugging

* Data process methodologies a must

* Hardware design and software real-time
design

DIRECTOR OF PRODUCT
MANAGEMENT

Will identify and specify hardware and soft-
ware features for the GMH 2000 digital
cellular/wireless telephony systems.
Requires:

* Broad knowledge of cellular/telephony/
LAN/router systems

* Previous product line management or
product planning experience

* Feature planning, software and hardware
development

* Excellent written and oral presentation
skills

HARDWARE/FIELD ENGINEERS

Will commission cell sites for voice and
data, and debug installed equipment to
make sites operational with proper fre-
quency and power levels. Extensive travel
required. Requires:

* Troubleshoot RF and cellular equipment
¢ T1 line checkout

* Drive testing

INTERNATIONAL APPLICATION
ENGINEERS

Will be member of a team involved in
international deployment, system start-up
and on-site support of the Digital Cellular
product line and be involved in the hard-
ware and systems aspects of customer sys-
tems. Extensive travel required. Requires:

* Experience in cellular and/or microwave
communications

* Understanding of the theory of cellular
and other communication systems

* Commissioning cell sites, debugging
systems

* Experience with acceptance tests
and testing of software communication
systems

APPLICATIONS/FIELD ENGINEERS
Will provide field support for cellular
systems; debug of software parameters
associated with making cellular systems
operational; and perform system integra-
tion of multiple cell sites, switch, LANSs,
hardware and database. Extensive travel
required. Requires:

* Acceptance test experience

* Installation and testing of software

* Debugging experience

NETWORK PLANNER

Will establish configurations for cell sites
and MTSOs based on traffic and site con-
ditions and develop site configurations,
wiring diagrams and bill of materials.
Requires:

¢ 1-3 years' in network planning

* DC power systerus, antennas, patch
bays, transmission equipment

¢ Experience with T1 lines, DACS

* Experience with troubleshooting cellular/
telephony systems

WIRELESS SYSTEMS ENGINEERS
Provide overall systems engineering and
performance analysis for PCS and Cellular
systems with an emphasis on performance
prediction and system design. Requires:

* RF Engineering

¢ Digital Communication Theory

* Modeling

* Experience with one or more of the fol-
lowing: DCS 1900, AMPS, IS-54, GSM,
CDMA

SOFTWARE TECHNICAL DIRECTORS
Will perform systems design, development
and testing for a Wireless software
product and serve as a project/team
leader giving technical direction to meet
milestones. Requires:

¢ 10-12 years’ experience with C/Unix
and embedded development

* Experience in the communications
industry, preferably cellular/wireless

* Proven success as a project/team leader
or as a director

* Ability to manage several projects simul-
taneously under deadline pressures
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HARDWARE ENGINEERS,

MANAGERS, PROGRAM LEADERS

Multiple positions are available for candi-

dates with skills in one or more of the fol-

lowing:

* DSP/Image Processing, Algorithm
Implementation

= ASIC/VLSI, Gate Arrays using Verilog

» Complex board-level design using FPGA,
PLD, TTL

* RF, Modems, Voice, Synthesizers,
Amplifiers

* Agency certification, UL, CSA, FCC

SOFTWARE DEVELOPERS

A variety of positions are available with
our Digital Cellular development group
for individuals to work on such projects
as real-time applications and network
management cevelopment. All positions
require experience in one or more of the
following: C, C+ +, Assembly, Pascal,
Fortran. Positions include:

* Network Management: VAX/VMS, GUI,
00D, X-Windows/Motif, SNMP

* Real-time Embedded: 1960, 68xxx,
80xxx, VRTX, VxWorks, Device Drivers
UNIX/UX platforms

* Protocols: TCP/IP, IS-54, GSM, SS7,
X.25, SNA

*» Testing: system verification and feature

integration

Line Management: High-level technical

direction and feature development

OPEN HOUSE

HNS will be holding Career Open
Houses in the following locations:
* Chicago - February 6

¢ Dallas - February 13

* Ft. Lauderdale - February 20

* Ottawa - February 27

Watch each city’s local newspaper
for complete details.

HNS offers an excellent compensation
package, including a 401(k) plan and
more. For consideration, fax your resume
to: (301) 428-2833. Or mail to: Hughes
Network Systems, Dept. ATRADE, 11717
Exploration Lane, Germantown, MD
20876. An equal opportunity employer.

HUGHES

NETWORK SYSTEMS
EaeEe e

A unit of
GM Hughes Electronics

THE BEST CAREERS IN NETWORKING



ITS ==
CORPORATION

Visibly Better Technology

ITS Corporation is a leading manufacturer
of television transmitter systems located in
a suburb of Pitisburgh. Our total workforce
has grown from 110 employees in 1992, to
167 employees in 1993 with 268 current
employees. Siaffing protections for 1995
indicate continued growth. We are seeking
candidates for the following position:

DESIGN ENGINEER

An experienced design engineer with RF
and video circuit expereience. BSEE
required. Substantial growth opportunity for
the right candidate.

Interested candidates should
Sforward their resune with salary
history to:

ITS CORPORATION
Human Resources Departinent
375 Valley Brook Road
McMurray, PA 15317-3345
FAX:(412)941-4603

TS is an equal opportunity employer and
provides a smoke-free work environmen;.
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The leading systems design and
integrator for the cable television
and telecommunications industry is
looking or the following seasoned
professionals for its Atlanta, GA loca-
tion. ANTEC emphasizes multimedia
technology and access to The Infor-
mation Superhighway.

Two divisions of Antec - Antec
Engineering and Electronic System
Products - are looking to fill the follow-
ing positions:

Sr. Analog or RF Engineers

Solid knowledge of Analog/RF prod-
uct design concepts such as Modula-
tion, Ampilification, Filtering, Mixing
and Noise. A familiarity with FSK,
BPSK, QPSK, QAM, & VSB demodula-
tors and modulators, is desirable.
Requires excellent analytical skills
with the ability to design and simu-
late active and passive circuitry.

Please respond to:

ANTEC ENGINEERING & ESP
DEPT. HR-ANTEC-RF
5720 PEACHTREE PARKWAY
NORCROSS, GA 30092
OR FAX TO (404)441-2477

Recruiting RF Engineers?

The best buy for your advertising dollar is RF
DESIGN, the ONLY technical publication written
exclusively for engineers working in the impor-
tant wireless market.

For information on how to reach over 40,000 RF
engineers and engineering managers, call Jon
Tuck at (404) 618-0217 or fax (404) 618-0312.
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GLENAYRE ELECTRONICS, a prominent world-wide manufacturer of
equipment for wireless personal communications services such as radio
paging switches,transmitters, controllers and voice processing systems,
has the following immediate opportunities in our RF division:

Lead RF Design Engineer — Responsible for the design of high per-
formance narrow band PCS receivers in the 900 Mhz band. Familiar-
ity with paging standards and protocols such as POCSAG, FLEX,
REFLEX is desired. Requires BSEE or equivalent and a min.of 5
years experience in the design of receivers or related products,
including proficiency in LNA, mixers, filter, oscillator and demodu-
lator design. DSP knowledge a plus, project mgt, skills are preferred.

Sr. Engineers — Responsible for exciter design and project engineer-
ing. The successful candidates will have expertise in exciter design
such as VCO’s, mixers, filters, DDS, DSP, rf amps, synthesizers, etc.
Requires BSEE and three years design experience. MSEE preferred.

GLENAYRE offers excellent benefits and a competitive salary com-
mensurate with experience. Qualified applicants send resume and

Glenayre

Attn: Human Resources
One Quintron Way
Quincy, IL 62301

An Equal Opportunity Emplover by Choice
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| CAREER OPPORTUNITIES -

WIRELESS ENGINEERING OPPORTUNITIES
with

MOBILE SYSTEMS INTERNATIONAL

Mobile Systems International (MSI) currently has engineering positions open for RF and Network
engineers. MSI is a world class company with a reputation for providing high quality advanced
consulting support to telecommunications, PCS/PCN, ESMR, Cellular, and Paging operators, as well
as other wireless system operators worldwide. MSI offers a wide range of services covering CDMA,
GSM, 1S-54 TDMA, AMPS, MIRS, Paging, and other wireless technologies. Typical services
provided to our customers include:

* Radio, Signaling, and Network System Planning and Design
* System Dimensioning

* Technology and Vendor Selection

* System Design Audits

* New Technology Integration

» System Performance Monitoring

 Strategic and Management Consultancy

MSI offers the opportunity not only to be involved with all of the newest wireless technologies but to
also work with a group of highly qualified and experienced engineers. At MSI our engineering team
takes pride in holding themselves to the highest engineering standards. Applicants must possess a
BSEE or MSEE degree with a minimum of 1 year experience in the wireless engineering industry,
and must be innovative as well as highly detail and results oriented. Excellent presentation and
technical writing skills are also required. Other useful skills include knowledge of DOS and UNIX
operating systems, microwave engineering, networking of wireless communications systems
including GSM, IS-41 and SS7, development of RF propagation models, traffic engineering, and
knowledge of antenna and receiver design principles. Travel may be required.

We at MSI are committed to further expanding our RF and Network engineering consultancy by the
addition of experienced, well qualified wireless engineers. Engineers are needed in our Chicago,
Dallas, Atlanta and Washington DC offices as well as other customer locations throughout North and
South America and Asia. If you are a highly motivated engineer who meets the above mentioned
qualifications MSI could be the career move you are seeking. Please send your resume in strictest
confidence to the address below. MSI is an equal opportunity employer.

MOBILE SYSTEMS INTERNATIONAL
Personnel Department
One Lincoln Centre, Ste 200
Oakbrook Terrace, IL 60181
Fax: (708)261-3028
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RF Design is THE PLACE to
REACH PRIME
PROSPECTS — more than
40,000 readers who are
design and R&D engi-
neers, engineering man-
agers and corporate staff
in the military, aerospace,
communications and elec-
tronics industries.

For rates and closing

dates, call Jon Tuck at

(404) 618-0217 or fax
(404) 618-0342.

RF design

MICROWAVE FILTER
DESIGN ENGINEER

A Maryland Corporation is seeking
a Filter Design Engineer to design
and develop a wide variety of
Microwave Filters and Multiplexers.
The candidate must have an
extensive knowledge of transmis-
sion line fundamentals. Direct
hands-on experience in the design
and testing of combline, interdigi-
tal, and cavity filters, as well as
filters in microstrip and stripline
topologies, is required. Familiarity

with CAD design tools, as well as
good mechanical ability, is also
required. The candidate must pos-
sess BSEE or equivalent, and have
a minimum of six years of applica-

ble experience.
ERE

Please respond in confidence, with
salary requirements and references,
to the following address:

Attn: Jon Tuck
Special Advertising
BOX: MFDE
6151 Powers Ferry Rd. N.W.
Atlanta, GA 30339

INFO/CARD 92
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Jon Tuck
1-800-443-4969

SERVING THE TOP CLIENTS IN THE
WIRELESS INDUSTRY SINCE 1988

INTERNATIONAL & DOMESTIC

Judy Wachs, President
Phone 212.691.2491
Facsimile 212.691.1670

INFO/CARD 93

A telecommunications giant that

“says all the right things fo all the right people™

A ENGINEERS

If you're the person we’re looking for - brilliant, competitive, goal focused -
you no doubt want assurances from any company you might consider joining
that it knows where the future is going and has the bandwidth to run circles
around the cybercrowd. We can assure you that we have something very

special going for us.

Northern Telecom has a reputation for consistently coming up with ‘the big
idea’ in a range of areas from digital switching through optical fiber transmis-
sion - and now wireless and broadband technology. Our world-class
wireless portfolio establishes us as the premier supplier of cellular and PCS
systems - as a matter of fact industry insiders agree that we are ahead of the

technology curve in PCS.

After the upcoming FCC spectrum auctions, customers will be scrambling to
build a new generation of PCS systems. Let’s just say we’re ideally positioned
to support them - with families of products for each of the new PCS
technologies - 1900 MHz, GSM, CDMA and PDMA to name a few.

Our incredible success and position of dominance in one of today's hottest
technologies means we're here to talk opportunities in Texas, California

and North Carolina.

As a member of our team, you’ll develop expertise in the emerging 1900 MHz
PCS as well as existing cellular technologies. You’re not limited to one tech-
nology or aligned with one carrier who focuses activity on one market sector.

A BS in Electrical Engineering or Physics is required; an advanced degree
is highly desirable. You must have three plus years of experience in telecom-
munications with a minimum of one year in the cellular field - plus a good
understanding of radio technology and system design.

We offer excellent compensation and benefits - and superior career
development opportunities.

To learn more about the opportunities we have available in Texas, California
and North Carolina, simply fax your resume to 1-800-546-8092, Attn:

Job # ENA171RFD.

Or, if you prefer, mail to Northern Telecom/BNR, U.S. Resourcing Center,
Attn: job # ENA171RFD, P.O. Box 13010, Dept. 1175/NTP, Research Triangle

Park, NC 27709.

northern
telecoim

BNR W

The research subsidiary
of Northern Telecom

Northern Telecom and BNR are equal opportunity
employers proud to support and maintain a smoke and drug-free environment.

INFO/CARD 94
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EMC Specialist

Hewlett-Packard Company has a challenging opportunity for a career-oriented
EMC Specialist to be a member of its state-of-the-art commercial EMC test and
design group at its Vancouver, Washington site. This facility, located near Port-
land, Oregon, designs and manufactures the popular DeskJet line of thermal
inkjet printers.

You will supervise final product qualification, FCC submittal activities, adminis-
tration of the production audit program and production engineering support. In
addition, you will represent the division in relations with worldwide regulatory
agencies and contribute to the design and construction of a 10 meter semi-
anechoic chamber.

Requires at least an AAS degree in Electrical Engineering or equivalent with a
minimum of 2 years’ experience in commercial EMC test and product certifica
tion to FCC Part 15 Class B, ANSI C63.4 and CISPR 22 test standards. Expert
ence in managing EMC qualification tests, FCC Class [ and II Permissive
Change Tests and generating FCC Class B submittal reports is a must.

Join HP in Vancouver and enjoy not only an exciting working environment but
the advantages of the Pacific Northwest - affordable housing, a wide variety of
accessible recreation, and easy commutes. For immediate consideration,
please send your resume to: Hewlett-Packard Employment Response
Center, Attn: Ad #1031, 3000 Hanover Street, MS 20AZ, Palo Alto,
CA 94304-1181. Hewlett-Packard Company is an equal opportunity
employer dedicated to affirmative action and work force diversity.

A ciciare
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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 404-587-4812. Hours: 9 - 5 EST.

Also, a 2-day ADVANCED class in DSP is available on a
limited basis -- call for more details.

By taking this 3-Day Course, you will really

learn DSP. Guaranteed!

C —— =

Coming to a City Near You:

Denver, Chicago, San Jose, Long Beach, Ft. Lauderdale

INFO/CARD 96

ODUCTS
& SERVICES

A-Comm ELECTRONICS
Refurbished Test Equipment
DC-26ghz HP GR Wavetek Tektronix
= Send for Catalog listing =
7198 S ee
Englewood 80112
303 290 8012 Fax 303 290 8133

e ———

INFO/CARD 97
The Problem Solver
Fully Integrated Product Design Facility

Microwave, RF, Analog, Digital, and Mechanical Design
Fast Response - Exceptional Results

Geotek Design Services
18512 Carrot St. Suite 108, Spring, TX 77379
Ph(713)376-4606 - FAX(713)251-3860

INFO/CARD 107

_NOLAN LABORATORIES, INC.
Consulting, Design, Test and Manufacture
FOR

RF, Microwave, Antennas, Electromagnet-

ics, EMI/RFI, Bioelectromagnetic Sensors

Design and Support for Manufacturability

James A. Nolan, MSEE PO Box 567

President Conifer, CO 80433-0567
(303) 838-0057

INFO/CARD 98
4 WHAT CAN

5.
KINTRONIC @ LABS, INC.

OFFER YOU?

HIGH QUALITY, AFFORDABLY RICE[I

[oesion Jras [rest, suppon]
OF WHAT?

Custom Antennas

*Mica Capacitors*
(Cornell Dubiier)

sVacuum
Capacitors*
(Jennings)

*Rigid Transmission
Line & Accessories

‘In Stock Ready For
Immediate Delivery

RF Components (VHF, UHF &
(LF, MF & HF Bands) | Microwave Bands)
eInductors *High Gain,

*RF Switches Verticaily Polarized,
*AF Patch Panels Series Fed Arrays
*RF Chokes *Wide Band,

Omnidirectional,
Vertically Polarized
Biconicals
*Tunable Discones
Utilizing A
Patented Design
*Covert Designs
For Indoor Or
Outdoor
Applications

Noinsorai

Kintronic Laboratories, Inc.
P.O Box 845
Bristol, TN. 37621-0845
Phone: 615-878-3141
Fax: 615-878-4224

=,
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ProODUCTS & SERVICES

FCC AUCTION
INDUSTRY IMPACT REPORT

Will the FCC Auctions change the
communications business? Absolutely!
This independent, exhaustive study is
must reading if you’re a frequency user.

($89.95 + $2.50 pstg)

Cynetics Corp.
3824 Jet Drive, Rapid City SD 57709
605-394-6430, FAX-6456

INFO/CARD 100

R.F. SHIELDED ROOM - FOR SALE

FEATURES:

= Room Size: 16" X 16" X 10" high. {Door size: 4° X 7')
{Manufactured by: “Energy Sheilding Inc.}

« Price: CDN $10,000.00 neg.

* Disassembly and delivery not incl.

For further details, please call: Nick @ Ext. 228

SCIEX - Division of MDS Health Group Ltd.

55 Gien Cameron Road, Thomnhill, Ontario, Canada L37 1P2
Tel: {905)881-4647 = Fax: {905)881-9832

INFO/CARD 101

1-800-443-4969

EMC RFI
Ask for application notes, specifications,sales & warranty info.

255 Spectrum Probe 30 KHz to 2.5 MHz $279
107 Probe 1-100 MHz $249 ($279 extra shieiding)

- 1% SPECTRUM PROBE ©

This low circult ioading SCOp€ pPro

produces a 60 dB Spectrum analyzer
display on your inexpensive scope

Accessory Current Adapters: IA5 $19

SMITH DESIGN (215) 661-9107
207 E.Prospect Ave,N.Wales, PA 19454

A7 $29

INFO/CARD 102

RF design

Introduces the
Yellow Page
Directory Section

CALL

1-800-443-4969
FOR DETAILS ON AN
EXCITING
INTRODUCTORY
OFFER!

COMTRONIX SYSTEMS, INC.
CUSTOMIZED
SOLID STATEHIGH POWERED#VHE/UHF

AMPLIFIERS

DESIGNED AND BUILT TO YOUR SPECIFICATIONS

UP TO 200 WATTS
HIGHEST QUALITY/BEST PRICES

CALL OR SEND FOR INFORMATION  TEL413/785-1313 FAX 413/739-1352

Product Definition, Design, and Production
RF Systems / Spread Spectrum
Microprocessor Based Designs

DSP / Digital Radio

Harris and Hitachi Authorized Design Center

1842 Hoffman St. Madison, W1 53704
(608) 244-0500 FAX (608) 244-0528

LOCUS

INCORPORATED

INFO/CARD 103
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1GHz RF
SIGNAL GENERATOR

AM/FM, 100 KHz through 1 GHz
Quality crafted in the USA

Finally, a synthesized signal generator that’'s
designed to help you generate more than just si
erator you can
meant to do- provide a ve

work done, easier and faster.

als. The Ram:
ord, the signal generator that's designed to do what a signal generator is 1
stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz.
For the price, you wouldn't expect any more. But, there is more to the RSG-10. An intelli-
gent microprocessor controlled/programmable memory, for example, can store up to 20 of
your most commonly used test set-ups. And unlike other units, just one touch of the memory
exchange button is all it takes to quickly shift from one test setup to another. You get more

At $2495, the Ramsey RSG-10 is your profit generator.

RAMSEY ELECTRONICS

793 CANNING PARKWAY, VICTOR, NY 14584
Fax: (716] 9244555
TELEX: 466735 RAMSEY CI

ORDER DIRECT—CALL 1-800-446-2295

* STD. 5 AND 10 MHZ OCXO

e~ |

sey RSG-10, is the signal gen-

UKYS,

ELECT%’IONlcs

* TCXO « VCXO - TC-VCXO

* VCO’s » CLOCK OSCILLATORS

* CUSTOMIZED CRYSTAL FILTERS
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ

“Where pour dreams torn inte reslity *

e L/C FILTERS

. &2

16406 N. Cave Creek Rd. #5

Phone & Fax (602) 971-3301

* STANDARD IF FREQUENCYCRYSTALS
* SURFACE MOUNT AND LEADED
PACKAGE

Call or Fax requirements.

Phoenix, AZ 85032-2919

INFO/CARD 105
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RF design

The Buyers' Guide is a convenient guide to suppliers ~ Bold Listing
of products and services available for design and Additional Line
development engineers. Buyers' Guide listings are 1" Ad

Regular Listing
Additional Line

B

ersg@uice

Perlssue  Total/Year All orders must be prepaid. You can forward
$22.00 $264.00 your check or charge your ad to:
$19.00 $228.00 3
$25.00 $300.00 m
$21.00 $252.00 For information on closing dates and details on a
$200.00  $2,400.00 special Introductory Offer, call 1-800-443-4969.

=

sold on an annual basis at the rates shown. Drop Out in White $25.00 $300.00  Ask for your yellow page representative. |
DISCRETE COMPONENTS INTEGRATED CIRCUITS/MCM
&I]\_PACITORS NEC wireless Semiconductor Products
nip Cipal Cahe 1 Qinna ;
Sprague Goadman , 134 Fulton Ave., Garden City Park, NY 11040-5395............... (516) 746-1385 Small Signal & Power GaAs FETs  Small Signal & Power Bipolars
jable Silicon & GaAs MMICs. Amplifiers, Prescaters, Downconverters
Comet North America, 11 Belden Ave., Norwalk, CT 66850 ..............coecveneennn. (203) 852-1231 . . :
California Eastern Laboratories
TRIMMER CAPACITORS 4590 Patrick Henry Dr Santa Clara CA 95054 1817 408-988-3500 FAX 408-988 0279
’
SPRAGUE INDUCTORS AND Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763 ........occoeeonorne(516) 732-3448
CJUIRIALRSIAN| MICROWAVE TUNERS I
1700 Shames Drive, Westbury, NY 11590 High Power ’
Tel: 516-334-8700 * Fax: 516-334-8771 Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147 ............... (800) 348-5580
TRANSISTORS
Vacuum RF Power Bipolar
Comet North America, 11 Belden Ave., Norwalk, CT 06850 .............ccoceeveeeenens (203) 852-1231 on ) . '
Richardson Electronics, Ltd., 40W267 Keslinger ., LaFox, IL 60147 (800) 348-5580 :léhlgr?:m EIEeTclromcs, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147 ............... (800) 348-5580
SEIISSERAICS, (e, ARG, SN2 A, OGN, O JRO0S. .. (M) SPE00 Richardson Electronics, Lid., 40W267 Keslinger R., LaFox, IL 60147 ............. (800) 348-5580
Al i | MODULARCOMPONENTS |
H.K. Crystals Co., Unit H, 22/F, Shield Ind. Ctr., MODULAR COMPONENTS
34-36 Chai Wan Kok St.,, TW. HK. ...ooooeivnnennnnniinns Tel (852) 4120121 Fax (852) 4985908 AMPLIFIERS
Jan Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017................ocvvvveernnns 800) JAN-XTAL
” - iy Broadband
C (\ l Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ......(908) 542-113 Fax (908) 542-1118
ybrid
EE g%)sl(t}(-)lm 265{:{? S Richardson Electronics, Ld., 40W267 Keslinger Rd., LaFox, IL 60147 ............... (800) 348-5580
z- z
Oscillators and Elements LEILSTIEIRS
Reeves-Hotfman, 400 W. North St., Carlisle, PA17013..........oovvvviiiriiiiiinnnn (717) 243-5929
. Saw
Sales and Service: 1'800'725 '1426 Phonon Corp., 7 Herman Dr., PO Box 549, Simshury, CT 06070........................ (203) 651-0211
Quartz SAW Components & Subsystems............ccccoiiniiiiiiin, Fax (203) 651-8618
Bamar Cyrstal Co., 201 Blackford Ave., Middlesex, NJ 08846 ...... R — (800) 526-3935 MIXERS
Merrimac Industries, Inc.,
QUARTZ CRYSTAL 41 Fairfield P1., W. Caldwell, NJ 07006 ................ovvvnes (201) 575-1300 Fax (201) §75-0531
American KSS Inc. ProDuUCTS MODULATORS
Head Office Eastern Regional Office Southern Regional Office FSK
1735 Technology Dr. #790 401 E. Louther St. 5696 Peachtree Parkway Merrimac Industries, Inc.,
San Jose, CA 95110 Carlisle, PA 17013 Norcross, GA 30092 41 Fairfield PI., W. Catdwell, NJ 07006 ........................ (201) 575-1300 Fax (201) 575-0531
Tel: (408) 437-9577 Tel: (717) 243-6008 Tel: (404) 263-3768 1&0
| Fax: (408) 437-1717 Fax: (717) 2434343 Fax: (404) 263-3769 Merrimac Industries, Inc.,
Oak Frequency Control Group 41 Fairfield PI., W. Caldwell, N 07006 ......................... {201) 575-1300 Fax (201) 575-0531
100 Watts St., PO Box B, Mt. Holly Springs, PA17065..............covvverviinreiinns (717) 486-3411 OSCILLATORS
2 REEVES-HOFFMAN . REEVES-HOFFMAN
For your AT Crystal requirements, including High ' .
y y STPHSI g Mg For your Crystal Oscillator requirements, Clocks,
Frequency Fundamental Oscillator Crystals up to ; ? ] ] £
: TCXO's, VCXO's, OCXQO’s, Hybrid & Discrete.
155.52 MHz and Filter Crystals to 150 MHz HFF.
400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 400 W. North St., Carlisie, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079
DIODES Crystal
PIN Jan Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017.............ccccccoeininnns (80D) JAN-XTAL
ol y Qak Frequency Control Group,
Riphakdson Electfanics, Ltd., 40W267 Kestinger Ra., LaFOk, IL 60147 vevvvvvvce. (ALY SRS 100 Wats St., PO Box B, M. Holly Springs, PA17065..............oovvvvrrrrrerrere. (717) 486-3411
INDUCTORS Wilmanco, 5350 Kazuko Ct., Moorpark, CA 93021...........ccovvevvirveniiineneennnnad (805) 523-2390
k tal
Ferrite Cores : v 3
Spraque Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395............... (516) 746-1385 Electronic Surveillance Co., Inc. 33328 Howe Ln. Creswell OR97426.............. (503) 895-5071
Fixed
Sprague Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395............... (516) 746-1385 SYSTEM SUBASSEMBLIES
Varighle AMPLIFIERS
oil Speciality Co., Broadhand
2730 Carolean Industrial Dr., PO Box 978, State College PA 16801.................. (814) 234-7044 Sroadband . . "
Sprague Goodman, 134 Fultan Ave., Garden City Park, NY 11030-5395.............. (516) 746-1385 Trontech, Inc., 381 Industrial Way East, Eatontown, N 07724....(308) 542-1133 Fax (308) 542-1118

RF Design
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SYSTEM SUBASSEMBLIES

LNA
Trontech, Inc., 381 Industrial Way East Eatontown, NJ 07724 (908) 542-1133 Fax (908) 542-1118
I

PACIFIC AMPLIFIER CORP. (805) 375-5773

* LO-MED-HI-POWER LINEAR AMPLIFICATION
e CELLULAR, TELEPHONY MULTI CHANNEL USE
*-30 dBc STANDARD; -60 dBc FEED FORWARD

RF Power

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ....(908) 542-1133 Fax (308) 542-1118
High Dynamic Ran

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ....(908) 542-1133 Fax (908) 542-1118

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

SYNTHESIZERS
Sciteq Electronics, 4775 View Ridge Ave., San Diego, CA 92123 ... e (619) 292-0500

RF TRANSMISSION COMPONENTS

CABLE ASSEMBLIES
Kaman Instrumentation, 1500 Garden of the Gods, Colorado Springs, CO 80907 ....(719) 599-1821

DIRECTIONAL COUPLERS
Merrimac Industrles, Inc.,
41 Fairfield Pl., W. Caldwell, NJ 07006.......................... (201) 575-1300 Fax(201) 575-0531
FILTER ASSEMBLIES
= = REEVES-HOFFMAN
= "= DWVSION DYNAMICS CORPORATION OF AMERICA

For your Crystal Filter requirements from 1 KHz to
150 MHz Fundamentals and up utilizing Overtone
Crystals.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 |

— -
MICROWAVE CONNECTORS
Southwest Microwave, Inc., 2922 S. Roosevelt St., Tempe, AZ 85282 ................ {800) 587-5995
MULTICOUPLERS
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 .....(908) 542-1133 Fax (908) 542-1118
PHASE SHIFTERS
Merrimac Industries, Inc.,

41 Fairfield PI., W. Caldwell, NJ 07006 ........................ (201) 575-1300 Fax (201) 575-0531
POWER DIVIDERS/COMBINERS
Merrimac Industries, Inc.,

41 Fairtield PI., W. Caldwell, NJ 07006 ......................... (201) 575-1300 Fax (201) 575-0531
RF CONNECTORS
ITT Cannon RF Products, 585 E.Main ST., New Britain, CT 06051 ............cccovvvvcvvenrrnnn (800) 532-3750
Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532 800-MOLEX78
Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147 ............... (800) 348-5580
SWITCHES
Electromechanical
Dow-Key Microwave Corp., 1667 Walter St., Ventura, CA 93003 ............c.c.coocoovevvnvncc (805) 650-0260

VACUUM CAPACITORS
Comet North America, 11 Belden Ave., Norwalk, CT 06850 .(203) 852-1231

CAD/CAE SOFTWARE & SYSTEMS SOFTWARE

Waypoint Software, 1950 Bavaria Drive, #317, Colorado Springs, CO 80918........ {719) 598-9592

SYSTEM SIMULATION

Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 ..................c.c.oco.nd (800) 631-1113
Makers of TESLA Com Simulator ...........cccoociennie Fax (404) 664-5817 Intl (404) 751-9785
78

MATERIALS AND HARDWARE

COMPONENTS/HYBRID PACKAGES
Reeves-Hoffman, 400 W. North St., Carlisle, PA17013.......ccoooeeviivviiniiiiinennnnd (717) 243-5929

CRYSTAL BLANKS
Reeves-Hoffman, 400 W. North St., Carlisle PA17013......  ......coccoiiiienins (717) 243-5929

TEST EQUIPMENT

Instrument Repair Labs, Inc., 2100 W. 6th Ave., Broomfield, C0 80020.............. (800) 345-6140
Quality Reconditioned TEST EQUIPMENT
b

HP, Tektronix, Fluke, Wavetek, Wiltron, etc.
Oscopes, Analyzers, Signal Generators, Multimeters
1 —  Sales and Rentals
We also buy your surplus test equipment!

CTX2IT57] Phone: 800-336-7723 + Fax: 707-928-1963

PRA, inc., 8320 E. Gelding Dr., #103, Scotisdale, AZ 85260 ...................c..... (602) 991-4180
Test & Measurement Systems.............cccceeveiiinnneen. Fax (602) 991-4362
Racal Instruments, 4 Goodyear St., Irvine, CA 92718..........ccc.ccvereomnimcccriicninnacnionns (800) 722-3262

SPECTRUM ANALYZERS
DC TO LIGHT, P.0. Box 7140, Bozeman, MT 59771 . (406) 586-5399 Fax (406) 586-6556

ANTENNA MEASUREMENT SYSTEMS
Jef Consultants, Inc., 8501 Beck Rd., Bldg. 2227, Belleville, M} 48111-1254 ...... (313) 482-5505

ANTENNA DESIGN & MEASUREMENT

Antenna Design Specialists, 1171 Melayn Dr., Lebanon, OH 45036 ..(513) 932-3385
CONSULTANTS
Management Recruiters of Boulder ...............ccceeevvnne Fax (303) 447-9536 Tel (303) 447-9900

Windy Bradfield CSAM, Bob SUNM ............cccomiiiiiiiiceciiiceenc et
Gotdman Research, 12705 Monfort, Dallas, TX 75230 (214) 788-1122

RF Design & Modeling — Spice, EEsof, Wireless .....................ccccuercnen...... WNJUBDA@PRODIGY.COM
EMC/EMI TESTING
Liberty BEL EMC SVCS., P.0. Box 5431, MS20, Compton, CA 90224 .................. (310) 537-4235
Above MS20 represents RF Design
EQUIPMENT CALIBRATION
instrument Repair Labs, Inc., 2100 W. 6th Ave., Broomfield, CO 80020 .............. (800) 345-6140
INSTRUMENT RENTAL/LEASING
Naptech, 12312 Hwy 175, Cobb, CA 95423.................................(800) 336-7723 Fax (707) 928-1963
OEM PRODUCTS
Locus, Inc., 1842 Hoffman St., Madison W1 83704 ..............ccoeviiiiininiinnnnd (608) 244-0500
TELEMETRY SYSTEMS & ENGINEERING
Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471 ................. (713) 344-9000

DIGITAL SIGNAL PROCESSING

SYSTEMS DEVELOPMENT REAL TIME
Adaptive Technology, Inc., 309 Curtis St., Syracuse, NY 13208....(800) 724-6968 Fax (315) 472-3279

RF design

INTRODUCES THE
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CALL
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RF Iiterature

Amplifier Catalog

A 66-page catalog from Microwave Solu-
tions provides information on their low-
noise, broadband, high and medium power,
communications band, and special product
amplifiers. Specifications listed include fre-
quency range, noise figure, power and gain.
Microwave Solutions, Inc.
INFO/CARD #190

RF CAD System Brochure
Compact Software offers a brochure
describing their PC/Windows-based Sere-
nade 6.5 software for integrated RF,
microwave and lightwave design. Serenade
software includes schematic capture, linear
or nonlinear frequency domain simulation,
simulation libraries and optional physical
design software tools. The eight-page, color
document describes the different stages of
the design process and how the different
software tools are integrated.
Compact Software
INFO/CARD #189

Ceramic Capacitor Catalog
Republic Electronics’ 33-page catalog
gives electrical and mechanical specifica-
tions for their lines of ceramic capacitors,
Ultra-Q ceramic capacitors, and single-
plate Beta capacitors. Included in
Republics’ standard ceramic capacitor line
are high-reliability, high-voltage, tempera-
ture compensating and NPO capacitors.
Republic Electronics Corp.
INFO/CARD #188

High-Frequency ASIC

Development

Maxim’s High Frequency ASIC Develop-
ment Handbook introduces their high-fre-
quency ASIC capabilities for semi-custom
arrays, full custom, and multichip module
designs. Maxim’s high performance bipolar
and complementary bipolar processes, with
F,'s up to 27 GHz, are described. Sections
covering Maxim’s QuickChip and Full Cus-
tom IC design approaches are included, as
are sections covering software design tools
and hybrid design.
Maxim Integrated Products
INFO/CARD #187

PTFE/Composite Materials

A series of technical data sheets on its
frequency-matched PTFE laminated circuit
board materials is now available from
Arlon. Full descriptions of composition,
advantages, electrical and mechanical prop-
erties are available in the data sheets for
DiClad®, CuClad®, IsoClad®, AR Series®,
Epsilam 10%, and CLTE® materials.
Arlon, Materials for Electronics Div.
INFO/CARD #186

Standards Catalog

Global Engineering Documents offers the
1995 EIA/TIA catalog. The latest edition of
the catalog has nearly 50 new and revised
EIA and EIA/TIA Standards, Interim Stan-

RF Design

dards, JEDEC Standards and related engi-
neering documents and publications pub-
lished by the Electronic Industries Associa-
tion and the Telecommunications Industry
Association.

Global Engineering Documents
INFO/CARD #185

DSP Reference

A 657-page DSP reference book pub-
lished by Prentice Hall and Analog Devices
is now available. Digital Signal Processing
Applications Using the ADSP-2100 Family,
Volume 2 contains twelve chapters of new
applications as well as useful information
on how to use the ADSP-2100 family of 16-
bit fixed-point DSPs. Analog Devices’ retail
selling price for the book is $30.
Analog Devices Literature Center
INFO/CARD #184

Capacitor Market Report
World Information Technologies has
released its study, Electronic and Electrical
Capacitors U.S. Markets, Technologies and
Opportunities: 1994-1999 Analysis and
Forecasts. The 136-page report, containing
91 tables, segments the U.S. market for all
types of capacitors according to capacitor
technology/product category, geographic
area and end-use markets.
World Information Technologies, Inc.
INFO/CARD #183

Frequency Control Products
A six-page selection guide from SaRonix
greatly facilitates the task of finding the
best quartz crystal, oscillator or VCXO for
the application, be it computer, networking,
data/telecommunications or wireless com-
munications. The guide covers a wide range
of metal, ceramic and plastic packaged
quartz crystals, oscillators and VCXOs, with
frequencies from 32 kHz to 622.08 MHz.
SaRonix
INFO/CARD #182

SMT-Product Catalog

M-tron offers a 40-page catalog devoted
exclusively to surface-mount products.
Included are complete descriptions and
specifications for: microprocessor crystals,
AT strip crystals, high-frequency funda-
mentals, crystal products for extreme envi-
ronments, microprocessor clock oscillators,
clock oscillators utilizing strip crystal capa-
bilities, and oscillators designed to with-
stand harsh environments.

M-tron Industries, Inc.
INFO/CARD #181

Crystal Oscillators

Vectron’s 79-page handbook and catalog
contains specifications for their lines of clock
and sinewave oscillators, TCXOs, OCXOs,
VCXO0s/VCOs, and Sonet/SDH clock recov-
ery devices. Also discussed are Vectron’s
capabilities, and a section describing phase
noise and phase noise measurements.
Vectron Laboratories, Inc.
INFO/CARD #180

New!

Wideband
PLL

1.6 GHz Low-Power Q3216 PLL

If your application involves:

e VSAT, DBS and GPS

e Test Equipment

¢ Digital Radios and
Modems

* Frequency Hopping
Systems

hY
el
Q’y Call us today
for a free copy of the

Q3216 Technical Data
Sheet

The New Q3216 PLL

v Requires only < .5 W
power nominal
v DC to 1.6 GHz operation
v Three interface options
- Serial
- Parallel
- 8-bit bus
v/ 100 MHz phase/frequency
detector {no dead zone!)
v +10/11 dual modulus
prescaler
v Wide range of
programmable divide
ratios

v’ Parts in stock today!
v/ Evaluation boards also
available

UALCOMV
MLSI Products

10555 Sorrento Valley Road
San Diego, CA 92121-1617
Tel: (619) 597-5005
Fax: (619) 452-9096
Or, send us a message via E-mail
to: visi-products@qualcomm.com

INFO/CARD 47
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RF Design
Software

Programs from RF Design
provided on disk for your convenience

Program for the Macintosh!
Special Disk — RFD-0195-MAC
Oops! We forgot to list this last month:
“Impedance Matching with a Smith
Chart Program for the Macintosh,” by
Steve Salvage. This program puts the
powerful visual Smitﬁ Chart tool on a
Macinstoch screen, with a wide range of
display options for impedance and
admittance, components, and line sec-

tions. For System 6.7 and higher.

Keeping Up With Techneology!

Call for Papers:
RF Expo East 1995

August 21-23, 1995
Baltimore Convention Center
Baltimore, Maryland

January Disk — RFD-0195

“Crystal Oscillator Compensation in a
DDS/PLL Application” by Francois
Methot. The program PLLREPV3 is a
microcontroller program that will com-
pensate for a known crystal’s tempera-
ture curve in the author’s system. A
1994 RF Design Awards entry

December Disk — RFD-1294

“Ladder Filter Design Made Simple”
by Richard Yaeger. The program LAD-
DER designs lumped-element all-pole
ladder filters. 14 lowpass, highpass and
bandpass architectures are included. A
1994 RF Design Awards Entry.

Monthly program disks:

Suggested Topics

Although any RF-related subject is a valuable addition to
our technical program, the following areas are of special
interest to RF engineers right now:

Wireless Data Communications
Low-Cost Design Techniques
Efficient Use of CAD Tools
Digital Modulation Methods
ISM-Band Applications
Design for PCS Systems
New Components for Wirelsss
Medical and Scientific Applications
Manufacturing Methods

Our format is in one-hour time slots, which allows plenty
of time to cover a topics thoroughly and completely.

Session Chairs Wanted!

$25.00 (U.S.) $30.00 (foreign)

Yearly Disk Sets and
Annual Subscriptions Available:
Call for More Information

Session moderators are needed to introduce speakers and
to guide the question-and-answer period. The benefits are
the same as for speakers, and your contribution to a
smoothly-running conference is especially valuable. When
you offer your services, please indicate the areas of RF

RF Design Software has been
available since 1989 —
call or write for our full catalog!

All orders must be pre-paid by check,
money order, or major charge card.
All checks must be in U.S. dollars and
payable to a bank located in the U.S.
Prices include shipping.

RF Design Software
Argus Direct Marketing Dept.
6151 Powers Ferry Rd., N.W.

Atlanta, GA 30339-2941

Tel: (404) 618-0398

Fax: (404) 618-0347

engineering you are most interested in.

Rewards and Benefits

All of our speakers receive free admission to the technical
papers and exhibition, plus a copy of the Conference Pro-
ceedings. This does not include our full-day courses or
any travel or lodging. A breakfast is held for each day’s
speakers and Session Chairmen.

The greatest benefit is in the appreciation of your RF engi-
neering colleagues, as you share your particular expertise
with them in our interactive presentation forum.

Attention Colleges & Universities
We can distribute software developed at
your institution. We will prepare disks
and manuals and market the software,
with a substational percentage of sales

returned to you to support your programs.

Submit a 150-word abstract by February 28 to:

RF Expo East 1995
RF Design Magazine
6300 S. Syracuse Way, Suite 650
Englewood, Colorado 80111
Fax: 303-267-0234
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RF software

EM/CAE Integration

HP EEsof has announced that its most
recent release of Momentum, HP’s planar
electromagnetic simulator, is now available
completely integrated in its Series IV high-
frequency computer-aided engineering
(CAE) design suite. Release 2.0 contains
many new features which are also available
to users of Momentum for HP’s Microwave
Design System. New features of Momen-
tum include adaptive frequency sampling,
edge meshing, far-field plots, internal
ports, and a SPICE model generator. HP
Momentum 2.0 is priced from $24,000 and
will be available in May 1995.

HP EEsof

INFO/CARD #175

Low-Cost RF CAD

The ARRL now offers the ARRL Radio
Designer, a RF CAD package which models
passive and small-signal linear circuits
from audio to RF. The software allows
users to enter circuits via a netlist editor,
optimize circuit performance, and simulate
component value variations using Monte
Carlo analysis. Circuit elements include
active devices; user-defined “black-box” ele-
ments; controlled sources; lossy capacitors,
inductors, coaxial cables and transmission
lines; and transformers. The ARRL Radio
Designer 1.0 can be used on 386 or higher
PCs, with 8 Mb of RAM, Windows™ 3.1 or
higher, 3.5 inch HD drive, § Mb of hard
drive space, and a mouse or other pointing
device. Price is $150.
American Radio Relay League
INFO/CARD #174

Model Library

Compact Software has announced that it
has released a new Nonlinear Device
Library for use with its popular nonlinear
frequency-domain simulators, Microwave
Harmonica and Microwave Scope. The
library contains extracted model informa-
tion for over 87 popular GaAsFET and
bipolar devices. All the models have been
extracted an validated using Compact’s in-
house microwave laboratory. The Nonlin-
ear Device Library is designed to be used
with the 4.5 (workstation) and 6.5 (PC/Win-
dows) versions of Compact’s nonlinear cir-
cuit simulators, and is available for imme-
diate delivery.
Compact Software
INFO/CARD #173

Mixed Mode Simulation

A new version of Intusoft’s ICAP/4 Win-
dows includes an expanded set of built-in
SPICE models and a digital logic simulator
capable of providing native mixed mode
simulation. Current ICAP/4Windows own-
ers may update to the new version for $295.
Those that bought ICAP/4Windows after
October can get the upgrade free-of-charge
by sending in their free update card.
Intusoft
INFO/CARD #172

RF Design

Warm-up (3x10*) | 10 minutes
Freq. Range | 32kHz-50MHz| 32kHz-32MHz

Input/Output | 15 Volts/7 dBm into 50Q
or 15V/5V HCMOS

To order a Free catalog, or for complete
engineering assistance, call:

(203) 853.4433
Fax: (203) 849-1423

b ) A
VECTRON

-

The Crystal Oscillator Company

VECTRON LABORATORIES, INC.
P.0. Box 5160. Norwalk, CT 06856-5160.

a TECUNOLOCIES COMPANY

INFO/CARD 53
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RF advertising index

ADVERTISER PAGE # READER SVC # ADVERTISER PAGE # READER SVC #
A-Comm Electronics 75 97 Locus Incorporated..........c..occooieiiiiiiinninnnnccinene 76 104
Advanced Communication Search 69 80 LPKF CAD/CAM Systems, Inc. 12 9
ALK Engineering 54 .37 M/A Com (3 divisions) 45 6, 50, 51, 52, 55
American Broadcasting System 58 16 Management Recruiters of Boulder, Inc. 69 76
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Geotek Design Services 75 107 Smith Design .. 76 102
Giga-tronics Inc. 14-15 .11 Southwest gi]rcuit,s 42 28
Glenayre......c..c..ccccmnnnne 72 90 Sprague Goodman . |, WRp—— 33, 34
Henry Radio 54. 38 Surcom Associates 42 29
Hewlett-Packard 75 95 Synergy Microwave 13 10
Hittite Microwave Corp. 46 32 Tecdia 64 66
Hughes Network Systems 71 87 Tele-Tech Search 69 75
Hy-Q International 64 65 Temex........... 35 23
IFR Systems Inc. 3 2 HeseftImew. . b ol L. L sl n R e v e doeed i/ 8 SR ——————-—" 12!
Int’l Crystal Mfg. 12 8 The Engineering Club 64 70
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Advance Circuits 19
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American Microsystems, Inc. 50
American Radio Relay League 81
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Amplifier Research 64
Analog Devices Literature Center 79
Andrew Corporation 19
Anritsu Wiltron Sales Co. 51
Applied Computational
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Arlon, Materials for Electronics Div.79
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Bell Atlantic Mobile 19
Boonton Electronics Corp. 51
Brounley Associates 65
Cadence Design Systems, Inc. 19
California Amplifier, Inc. 65
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Center for Transportation Research 18
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Elcom Systems, Inc. 49
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Global Engineering Documents 79
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Harris RF Communications 25, 65
Harris Corporation 19
Henry Radio, Inc. 65
Hewlett-Packard Co. 25, 50
HP-EEsof 81
Instruments for Industry 64
International Academy of

Broadcasting 18
Intusoft 81
ITS Electronics, Inc. 65
Kalmus Engineering 64
KOA Speer Electronics, Inc. 48
KVG GmbH 49
LCF Enterprises 65
Logimetrics, Inc. 65
LXE, Inc. 19
MCL, Inc. 65
Maxim Integrated Products 50, 79
Metelics Corp. 50
MFS Network Technologies 19

Microwave Power Devices, Inc. 50, 65

Microwave Solutions, Inc. 50, 79
Milcom International 64
MTI-Milliren Technologies, Inc. 49
MIT-Lincoln Labs 24
MITEQ Corp. 50

Motorola Cellular Subscriber Group 19

Motorola 19
Motorola Semiconductor 50
Motorola Wireless Data Group 19
MPRG at Virginia Tech 18
M-tron Industries, Inc. 79

NIST 18
Oak Industries, Inc. 19
Power Systems Technology 65
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New System 32 Software...

- Typical design flow
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=M/FILTER= SuperSta mulatos >G )
REAL-TIME CIRCUIT SIMULATION CIRCUIT SYNTHESIS =MATCH=

2« Accurate models

2 Huge library

’¢ Easy nodal entry

J¢ Schematic entry

-« Tune by tapping

2« Super-fast optimization
J¢ Unrestricted noise

J¢ Statistical analysis

J¢ 3-D plotting

=OSCIUWATOR=
=FILTER=

=A/FILTER=

=SuperStar=

HIGH-SP€ED SIMULATOR

=FILTER= (L-C filters)
“ Coupled-resonator, zig-zag, symmetric,
Blinchikoff, conventional, other structures
X All popular transfer shapes
J¢ Group-delay equalizers

=M/FILTER= (microwave fiiters)

Jc End, edge, hairpin, combline, elliptic,
interdigital, stepped-Z, lowpass,
bandstop, highpass

J¢ Microstrip, rod, stripline, coax, generic

2 Layout generation

=0OSCILLATOR=

J L-C, SAW, crystal, T-line
X VCOs

- Noise estimation

../;#
4
L

INFO/CARD 48

EAGLEWARE

~¢ Multiple algorithms

Jc General synthesis & order
- Active or passive

J¢ Arbitrary terminations

=A/FILTER= (active filters)
J¢ Multiple structures
2 All popular transfer shapes
J¢ Non-ideal op-amps

System 32 available for.

m MICROSOFT ~ MICROSOFT
WINDOWS ~ WINDOWSNT

Windows versions are 32-bit
Complete packages from $695
Money-back guarantee

Free technical support

No annual fees

SAME PRICES INTERNATIONALLY
DIRECT SALES & USER SUPPORT
BY FAX, PHONE OR LETTER

Eagleware Corporation # 1750 Mountain Glen * Stone Min, GA 30087 » USA

TEL (404) 939-0156 +* FAX (404) 939-0157




Switches Without Glitches.

LT1203 CMOS MUX

LTC Video Multiplexers Have 90dB Isolation.

LTC’s family of video multiplexers deliver profes- For multiplexing where more output current is needed
sional quality solutions on your PC board without such as cable driving, the LT1204 4-input Video Multiplexer
cascading switches to improve channel has an on-chip 7SMHz Current Feedback
separation and isolation. The LT1203, M.D_O/ v Amplifier with SOmA output drive and

GND
Vini EN

LT1204 and LT1205 provide 90dB of 0.1dB gain flatness to 30MHz. A unique
isolation at 10MHz on real printed circuit - sy bootstrapping feature allows you to create
boards. Forget those old switch buffers LT1203 larger multiplexers (8:1, 16:1) by just con-

1 1 1 1

too, because all LTC multiplexers include | [ ; | necting the LT 1204’s outputs together, and

buffers, are easily expandable and operate | |, | | you still get 90dB isolation at IOMHz on

on +5V to +15V supplies. Switching iy o ‘+ | your PC board.

glitches are almost invisible. The 2-input | - 3.:? So, for multimedia, graphics or

and 4-input LT1203/05 switch channels in | 9 . broadcast quality video, make LTC your

only 25nsec and unlike CMOS switches, :m | [rose[ a first stop for ALL of your multiplexer

are virtually glitch-free at both outputand | | - E A0 needs. Pricing starts at $2.96 in 1000-

input. — piece quantities for the LT1203CS8. The
The LT1203/1205 are ideally suited LT1204CN is $4.78 and the surface mount

for high speed graphics, multimedia, video routers or LT1205CS starts at $5.06, both in 1000-piece quantities.

crosspoint applications delivering 150MHz bandwidth, For details, contact Linear Technology Corporation,

0.1dB gain flatness to 30MHz and Differential 1630 McCarthy Boulevard, Milpitas, California 95035/

Gain/Phase of 0.02%/0.02° for true color fidelity. 408-432-1900. For literature only, call 1-800-4-LINEAR.

LT LR

FROM YOUR MIND TO YOUR MARKET
AND EVERYTHING IN BETWEEN.

INFO/CARD 49 - Call Me. I'm interested. INFO/CARD 56 - Please send literature.





