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Wavecom mechanical switches

You decide what

they can do.

With Wavecom mechanical switches, you
can pick and choose among a long list of
options to get almost any functions you
need. Very often, you can pack into one
switch capabilities that might otherwise
require two or three components.

The basic switches offer one of the most
complete lines in the business, including
SP1T to SP12T and transfer switches —
with a variety of frequency ranges up
to 26.5 GHz and all ideal for ATE
applications.

Options. Options. Options.

Available options are virtually
endless. Terminations, indica-
tor circuitry, suppression diodes,
TTL logic (high and low), man-
ual override, self de-energizing
circuitry, MOSFET driver, BCD
TTL decoder, choices on termin-
als, mounting, actuation, RF
connectors, voltage, you name
it. And we’ll help you put the
options together to meet your
application needs. Exactly.

All switches designed to meet
MIL-S-3928 and MIL-E-5400.

Each offers space level reliability. And that
means a guarantee of 1,000,000 operations,
with no ifs, ands, or buts.

Specs are outstanding. A good example is
the 026 SPDT RF coaxial switch.

Freg.  VSWR Insertion loss lIsolation

(GHz) (max) {max) (min)
DC-3 1.2:1 0.2d8B 80dB
3-8 1.3:11 03 70
8-12.4 1.4:1 0.4 60
12.4-18  1.5:1 0.5 60
18-26.5 1.6:1 0.6 50

For more information, or a free
catalog, call or write
Loral Microwave-Wavecom,
9036 Winnetka Avenue,
Northridge, CA 91324,
Tel: (818) 882-3010.
Fax: (818) 709-8204.
TLX: 650-240-8147-MCl.
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AN930 i
SPECTRUM ANALYZER

At last, a high performance microwave spectrum
analyzer that’s truly portable and affordable.

Featuring low-order, preselected mixing and a highly
stable synthesized RF system, the AN930 provides superior
amplitude and frequency measurement performance over its
entire 9 kHz to 22 GHz frequency range. Support for external
mixers extends the AN930 measurement range beyond
22 GHz. A high impedance input permits measurement of
baseband signals to 0 Hz and 40 volts peak amplitude.

Logical front panel controls on the AN930 reduce most
measurements to a few simple steps. A powerful micro-
processor provides advanced tools to simplify the solution
of many complex measurements. The large,
easy-to-read, 7-inch display speeds viewing
and interpretation of measurements.
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STANDARD FEATURES INCLUDE:
+30 dBm to —120 dBm measurement range, 300 Hz to
25 MHz analog resolution bandwidth, 3 Hz to 100 Hz
digital resolution bandwidth, built-in 1 Hz resolution
frequency counter, high speed time-domain sweep
with pretrigger and delayed trigger, sensitive AM/FM
receiver, RS-232 and IEEE-488 interfaces, and operation
from DC power.
OPTIONAL FEATURES INCLUDE:
Rechargeable battery pack, built-in 2.9 GHz tracking
generator, internal memory expansion (up to 99 traces
and control setups plus 64 kbyte user-definable macro
storage memory), 200 Hz to 1 MHz supplemental
resolution bandwidth filters including EMI bandwidth
filters, quasi-peak detector, and 0.02 ppm high stability
time base.

For more information or a demonstration, contact
your local IFR distributor or representative, or call IFR
directly at 316/522-4981.

IFR SYSTEMS, INC.
10200 West York Street / Wichitg, Kansas 67215-8935 U.S.A.
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623

INFOQ/CARD 2
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DAICO noi ships GaAs MMIC <. DAICO GaAs MMIC Switches
aA lifi rs . Attenuators Confiy |  Max Typ Typ  |Package
mpne © al and : { Type vration “'eq_’GHz 1oss/dB Iso/dB Style Comments
Swrtches whlch are avallable as P 1-0 | SPDT-R ? 5 2% Chip ; Low Cost
’ chlps 0r already paqkaged attd- 542156 | SPOTRT | 4 0. 28 Chip | On Chip Term _|
msauch |[sorar | 5 0 lap|
we can dellver from stock.m as’ ‘ AP35 [SPSTR | 12 - Chip 1 i
littlea524 hours" S P3542450 [DPDT-R | 6 | Chip | 7
I pche‘ quallty, dehvery and v SRS TR b | Chip_| 0.67mm Squared |
P35-4252-0 | SPAT ) v 4 Chip
performance are your ob]ectlves . B = .
then call DAICO at 310/631- 1143 " " oo T N »
Ext 24§ for more lnformatlon * DAICO GaAs MMIC Amplifiers .
4 }‘nq-lency Typ Typ Noise Typ Package
- + I'!ange/GHz Gain/dB | Figure |Power/dBm| Style l Comments
P35-41000 | 9.053.5 10 6.0 2 Chip |
. : r ‘“m- 41010 | 0535 9 4.5 22 | Chip | Self-Biased |
DAICO INDUSTRIES, .INC . . P3 4I 4-0 0.05 -(i 18 6.0 13 7(4‘1!? § Low VSWRs
- = X P354105-0 | 0.8-1.8 21 35 8 Chip |
2433 East Dl Arno Boulevars, - P3040 | 16| 15 46 20 | Chip ]
Rancho Dominguez; CA 90220 P3511400 | 18 5.5 ) 15 | Chip Pos.GainSipe |
" Telephone 310/631-1143 P35-415 15§ 15 | Chip  AGC
P35416 b 0 8 | 1 Chip  Low VSWRs
o 2 = ; VRS

X 310/631-8078
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HIGH POWER
COUPLER

100,000:1 BANDWIDTH

TYPICAL SPECIFICATIONS
MODEL €2630
FREQUENCY RANGE ... .01-1000MHz

COUPLING .......ovvvvrnmiirinenernnenenes 40db
FLATNESS ......coovvvvnvrnnnnnennnnnnns +0.6db
DIRECTIVITY ...ooovvvvvvvirinennn, 20db MIN
VSWR (ML) ...covomenrnieeneeeinennnes 1.3:1
POWER .....cooeoieieeireanenennes 100 W.CW.
RTRA ST MEURYTT

NEED MORE POWER? We
cover the same frequency
range at 1 KW with just
two 50db couplers.

MODEL C1460 .01-250 MHz
MODEL C2675 200-1000 MHz
1% .

s el s o)

our products employ...
WERLATONE WIDEBAND
TECHNOLOGY for no
compromise high power
multi-octave performance.

WERLATONE, INC.
DECADES AHEAD

P.O. Box 47 Brewster, N.Y. 10509
TEL. (914) 279 6187
FAX. (914) 279 7404
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RF editorial

Let’s Invest
the ‘‘Peace
Dividend”™’
Wisely

By Gary A. Breed
Editor

y now, it is a foregone conclusion

that military spending will continue
to be cut, with no foreign superpower
able to threaten us head-to-head. We
can also safely assume that the Federal
government will continue to spend
money in all other areas at an unabated
pace. We are stuck with irresponsible
fiscal management in all three branches
of government.

I'd like to add my two cents worth to
the discussion of how to handle a
significant reduction in military spend-
ing, before it all gets frittered away into
the proverbial *‘black hole."

Before we spend any of the money
we have saved, be sure some of it is
used to pay the mortgage. Voodoo
economics has seriously eroded our
financial stability. If things get much
worse, the Japanese will no longer be
such a power —Americans won'’t have
enough money to buy their cars and
VCRs! Use some defense dollars to get
the debt under control, then spend our
taxes more responsibly.

Then, maintain appropriate levels of
spending for truly defensive military
systems. Electronic surveillance is one
such system, requiring the observation
and analysis of many different threats
around the world. We need to develop
efficient, selective systems that don’t
waste time ‘‘reading the mail”’ on rou-
tine communications, but can still locate
and zero in on renegade dictators,
terrorists and international criminals.

Maintaining a defensive arsenal of
weapons and well-trained armed forces
is as important as ever. Even if there are
no more Desert Storm style wars, there
will be U.N peacekeeping forces and
occasional threats from belligerent na-

tions. Readiness is essential, 30,000
nuclear warheads are not.

Next, if we are so worried about
economic threats from Japan and other
Far East nations, why aren't we doing
something about it here at home? We
should ali realize that it no longer is
cheap labor that keeps Japan economi-
cally strong; it is a combination of
long-range planning, smart marketing,
goal-setting, manufacturing methods
and work habits. Innovation is still the
strength of the U.S. Let's invest in a new
generation of imaginative products like
holographic TV or worldwide handheld
telephones, but establish long-term mar-
keting plans and efficient production
techniques to keep our overseas com-
petitors from getting rich on ideas we
develop.

The RF marketplace that supports us
is doing OK. Some applications are
great, some are depressed. Fascinating
new technology is waiting to be devel-
oped. In order to take advantage of the
potential markets for these technolo-
gies, we have to be willing to do what
it takes. We (through our Federal govern-
ment) must get our financial house
in order, establish real priorities on
military, foreign and domestic pro-
grams, then tax and spend as required
rather than as campaign contributors
require. The savings from a reduced
military budget can help get this process
started.

March 1992



Up to 1000 MIHz
Up to +5 dBm
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Noise Com introduces high-power
drop-in noise sources...from stock.

When you neeq the finest high-output noise ] SRR S qu@sm_ > NS TR
sources in a 14-pin package for PC board NC 2201 | NC2301 | NC2401 | NG2501
mounting — and you need them fast - look to Frequency
Noise Com, the leader in noise source technology. | range (MHz) s o a0 | Mt ]

Our NC 2000 amplified noise sources deliver Output - 0 0 5
up to +5 dBm output from 1 to 100 MHz. They're power (dBm)
available in +15 VDC or +12 VDC models, as Flatness (dB) +/-1
well as with TTL control, MIL-E-5400T Load impedance (ohms) 50
performance, and with other custom features. Operating voltage (VDC) 120r15

And if you need them fast, we'll ship them to Operating temperature (°C) -0to +85
you the same day. Just give Noise Com a call at Temperature coefficient 0.025 dB/°C
(201) 261-8797, and ask for Gary Simonyan. Package L2l
NOIS Noise Com now offers noise

M E. 49 Midland Avenue, Paramus, New Jersey 07652 source calibration traceable
(201) 261-8797 » FAX: (201) 261-8339 to NIST too!

Number One in Noise Sources. Please see us at RF Expo West, Booth #734. INFOICARD 5



Crystek manufactures Frequency Control Products that span the entire
Frequency spectrum needed for today's system designer, whether the
requirement is for a Crystal at 1.000 Megahertz or an Oscillator at 1.000
Gigahertz.

With our in-house Quartz Crystal manufacturing we have the ability to
respond quickly and accurately to your requirements and develop unique
oscillator designs to fit the ever changing electronic technology.

Call CRYSTEK today with your required specifications and if we are not
able to provide you with the specific device we will recommend another

manufacturer. 1048
12dBm 10086 MHz MMz w
-
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Crystek Corporation
DIVISION OF WHITEHALL CORPORATION

822 PO. Box 06135 - Fort Myers, FL 33906-6135
Phone: (813) 936-2109 - FAX: (813) 939-4226

“~___ [ Write or call us today for our 18-page free catalog! TOLL FREE: 1-800-237-3061
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CELLULAR, PCN & GSM
SOLID STATE AMPLIFIERS

Amplidyne manufactures Solid State Amplifiers for
the Cellular, PCN, GSM and Inmarsat applications.
Amplifiers are manufactured to MIL-I-45208 specifi-
cations for reliable operation in present state-of-the-
art systems.

CELLULAR BASE STATION AMPLIFIERS

MODEL SERIES FREQUENCY APPLICATION
AMPOBIS XX 821-85) MHz LNA 45 dB GAIN

1.8 dB3 NF
AMPOSBI-I9 869-894 MHz MED PWR 40 dB GAIN

DRIVER AMPLIFIER
Custom designed units with $0 watt output power available,

PON APPLICATION AMPLIFIERS

MODEL SERIES FREQUENCY APPLICATION
AMPITXX-XXI 17 TO |8 Ghz LNA BASE STATION
RECEIVER AMP
AMPITXX-XN 17 TO LK Gy HAND HELD AMP
SWITCHED
AMP20XX-X) 2010 2.3 Glir SPREAD SPECTRUM INMARSA L BAND POMWER
HAND HELD Ty AMP
AMP20NX-NX L7 TO 18 Gz THGH EFFICIENCY MODEL SERITS  FREQUENCY APPLICATION
AR POWER AMP AMPIGAN-XX 15 TO 2058 WAT
GSM AMPLIFIERS 168 GHlz OPTIONS
AMP20NXAX 20 1O 20050 WAT
MODEL SURIES FREQUENCY APPLICATION 2.5 GHy OPTIONS
AMPIOXXANXL §90-960 MHz LNA BASE STATION
DRIVER AMP
AMPOIN AN 890-960 Mz DRIVER AMP OTHER BANDS AND POWER LEVELS AVAILABLE
50 WATT OLT PWR CALL OR FAX YOUR REQUIREMENTS TODAY

AMPLIDYNE , INC.

Your Total Amplifier Resource UNIT 9/10, BLDG. 7, ILENE COURT, BELLE MEAD, NJ 08502
PHONE: (908) 359-6710 FAX: (908) 359-3262
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ONE BYTE

TUNES ME
IN... FAST!

Our High Q Hopping Filters are
great whenever you need
tunable, narrowband RF
selectivity. These PIN
diode tuned filters use
no varactors. Conse-
quently, they achieve
high intercept perfor-
mance and excellent
selectivity with
low loss.

OUTSTANDING

FEATURES ~
* "Off the shelf" delivery 7
of standard bands

*3dB BW: 1% to 30%

* 10uS tune time

* 1 Watt RF power inband
* +40 dBm IP3 inband

» 251 tune positions/band
* Internal decoding and drivers
e Less than 2 in3-world's tiniest
°1.5MHzto 1 GHz:

1.5t0 4 MHz 90to 200 MHz
4to 10 MHz 200 to 400 MHz
10to 30 MHz 400 to 700 MHz
30to 90 MHz .700to 1.0 GHz

—

C ORPORATI ON

4480 LAKE FOREST DRIVE  CINCINNATI, OHI0 45242
PHONE/513 563-1133 « FAX/513 563-4345
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RF letters

Letters should be addressed to:
Editor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111. Letters may be edited or
excerpted for length or clarity.

Another Remote Control Method
Editor:

After reading ‘A Low Cost UHF AM
Receiver’’ (RF Design, November 1991),
| thought your readers might be inter-
ested in ailternative approach to control-
ling devices in the home beyond the
visible range of a conventional IR re-
mote control. The method is a dual
IR/UHF remote control, which is avail-
able on some high-end IRDs (Integrated
Receiver/Descramblers), the indoor part
of a home satellite audio/video system.

For this application, the conventionatl
(and inexpensive) IR remote control was
modified by including a UHF oscillator
and loop antenna. The oscillator is pulse
code modulated by the same digital
code that drives the LED. The receiver
is a low cost TV tuner, fix-tuned to the
UHF oscillator frequency. The incre-
mental cost of this feature is probably
under $15; $1 for the oscillator and $14
for the tuner and demodulator. The
signal processing requires some soft-
ware modification, but since the IRD
already has a microprocessor there is
no additional hardware cost.

With IR remote control already wide-
spread, the addition of UHF signalling
is a natural extension.

Michael Neidich
New York, NY

Can Cellular Systems Increase
Spectrum Efficiency?
Editor:

The San Francisco Bay area has
experienced a series of major catastro-
phes due to fire and earthquake. Re-
sponse those disasters exposed prob-
lems with land mobile radio systems,
which led to the use of alternate forms
of radio communications for emergency
traffic.

Radio amateurs have played an im-
portant role in disaster situations be-
cause amateurs and their equipment
have a measure of flexibility that land
mobile can not equal. Recently, certain
agencies have equipped vehicles with
both land mobile and cellular telephone
equipment. This development merits
consideration.

| submit that public agencies can have
the flexibility they need with cellular
technology. | would further suggest that

this can best be accomplished by having
one common technology and spectrum
for all cellular users.

Clearly, public safety agencies must
have priority over other users, especially
in an emergency. This priority can be
added to the programming of the cellular
system and activated by a key or code
on the phones used by these agencies.
Calls can still have any of the desired
features of such systems like scram-
bling, speed dialing, voice mail, call
forwarding, etc. In emergencies, the
public safety users can bump civilian
users, which parallels existing tele-
phone practice. In major emergencies,
portable cells can be brought in to
satisfy increased communications load
and provide connection to outside sys-
tems by wire, fiber optics or satellite.

A major public benefit is that cells
could be justified for areas not presently
served, supporting both agencies and
subscribers. Of course, there will always
be a few areas not served. In these
areas, amateur radio will continue to
serve the public by providing emergency
communications when other systems
cannot be used.

Giving 800 MHz spectrum to land
mobile users was the right idea at the
time, but the time has now come to
share that spectrum in a cellular system
that will best meet the needs of all users.

Robert G. Huenemann
La Honda, CA

An Addendum to our Calendar

In the RF Design 1992 calendar
mailed with our December issue, we did
not have the year of death for Jacques
Curie, co-discoverer of the principle of
piezoelectricity. In our research, we
could not find this information. Our
thanks go to reader Phil Pesavento of
Henry Radio, who tells us that Jacques
Curie died in 1941, according to the
book Piezoelectricity by Kady, published
in 1946.

RF
Design

Awards

Entry Deadline
March 20

March 1992
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Low Power &
Consumption,
Monolithic
Construction,

Wide Dynamic
Range. \nen it comes to

nonlinear amplifiers, it takes more

than spec compliance to assure opti-

mum performance. Especially when

you're trying to push the limit. That's be-

cause the test of any fleet-worthy receiver
ultimately depends on how well it behaves at

the outer reaches of the response curve. Where

the difference can only be measured in qualitative
engineering terms. At AEL, this added dimension of
value shows up rather convincingly in a line of log
arithmic products that offers exceptional performance
over the 2-18 GHz range.

Please see us at RF Expo West, Booth #628.

Backed by

the traditional

AEL commitment to

quality engineering and

manufacturing, these compo

nents deliver a number of per

formance advantages including wider

dynamic range, lower power consumption,

pulse-on-pulse capability, fast recovery and

high accuracy. The results add up to a big perform-

ance edge under difficult ECM and communications
conditions. Send for details today!

S

AEL Defense Corp.

A Subsidiany ot AEL Industries. Ine

AEL Microwave / Hybrid Division
305 Richardson Road, Lansdale, PA 19446

Tel 215.822.2929
INFO/CARD 11
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March
17-19

18-20

April

12-16

21-24

22-24

27-29

May
12-14

25-27

27-29

RF Design

Eighth Annual Review of Progress in Applied Elec-
tromagnetics

Monterey, CA
Information: Perry Wheless, Dept. of Electrical Engineering,
University of Alabama, PO Box 870286, Tuscaloosa, AL 35487.
Tel: (205) 348-1757.

RF Expo West 1992

San Diego, CA
Information: Kristin Hohn, Cardiff Publishing Company, 6300
S. Syracuse Way, Suite 650, Englewood, CO 80111. Tel: (303)
220-0600, (800) 525-9154. Fax: (303) 773 -9716.

NAB ’92

Las Vegas, NV
Information: NAB, 1771 N Street, NW, Washington, DC. Tel:
(202) 429-5350. Fax: (202) 429-5406.

1992 Conference on GaAs Manufacturing Technology

San Antonio, TX
Information: Mr. Larry Varnerin, Publicity Chairman. Tel: (215)
758-4061.

EMC/ESD International

Denver, CO
Information: Kristin Hohn, 6300 S. Syracuse Way, Suite 650,
Englewood, CO 80111. Tel: (800) 525-9154. Fax: (303)
770-0253.

40th International Relay Conference

Chicago, IL
Information: International Relay Conference, Engineering
Extension, 512 E.N., Oklahoma State University, Stillwater,
OK 74078-0532. Tel: (405) 744 -5714. Fax: (405) 744-5033.

IEEE Instrumentation and Measurement Technology Con-
terence

Meadowlands Hilton, NJ
Information: Robert Myers, 3685 Motor Avenue, Ste. 240, Los
Angeles, CA 90034. Tel: (310) 287-1463. Fax: (310) 287-1851.

International Symposium on EMC

Beijing, China
Information: Professor Zhang Linchang, Northern Jiaotong
University, Beijing 100044.

46th Annual Symposium on Frequency Control

Hershey, Pennsylvania
Information: Mr. Michael Mirarchi or Ms. Barbara McGivney,
Synergistic Management Inc., 3100 Route 138, Wall Township,
NJ 07719. Tel: (908) 280-2024.

™

YoU )
DON'T HAVE

ELIP

CHIP
ATTENUATORS
ANYMORE!!"

The popular TS0300 and TS0500

Series are now available with
wrapped
metallization.

1

With our

new wraparound

metallization schemes, the
choice is yours. You can have a
compietely metallized backside
ground termination or have all
three terminations wrapped to
allow the chip to fit in the same
footprint as standard chips.

Call us today for our
new component catalog.

TECHNOLOGY, INC.

EMC Technology, inc.
1971 Oid Cuthbert Road
Cherry Hill, N.J. 08034
PH # (609) 429-7800

FAX # (609) 429-6814
j
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RF courses

Cellular Radio

March 23-26, 1992, Madison, WI
Information: University of Wisconsin - Madison, Francis P.
Drake. Tel: (608) 262-2061. Fax: (608) 263-3160.

Microwave/Millimeter Wave Monolithic Integrated Circuits
June 8-11, 1992, Los Angeles, CA
Radiation Hardening of Electronic Systems
June 8-12, 1992, Los Angeles, CA
Intormation: UCLA Short Course Program Office. Tel: (310)
825-3344. Fax: (310) 206-2815.

Modern Receiver Design
March 16-20, 1992, Washington, DC
April 6-10, 1992, London, England
lonospheric Radio Propagation for System Planners
March 17-20, 1992, Washington, DC
Lightning Protection
March 19-21, 1992, Oriando, FL
Microwave Radio Systems
March 25-27, 1992, Washington, DC
Broadband Communications Systems
April 6-10, 1992, Washington, DC
Cellular Radio Telephone Systems
April 15-17, 1992, Washington, DC
Analog/RF Fiber-Optic Communications
April 22-24, 1992, Washington, DC
Analyzing Communications System Performance
April 22-24, 1992, Washington, DC
Communications Satellite Engineering
April 27-May 1, 1992, Washington, DC
Advanced Signal Processing
April 27-May 1, 1992, Washington, BC
Mobile Digital Cellular Telecommunications
May 4-6, 1992, San Diego, CA
Grounding, Bonding, Shielding and Transient Protection
May 5-8, 1992, San Diego, CA
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Antenna Analysis, Design and Measurements

March 30-April 2, 1992, Tempe, AZ
Information: Arizona State University, Center for Pro-
fessional Development. Tel: (602) 965-1740. Fax: (602)
965-8296.

Modern Microwave Techniques
May 11-14, 1992, Bethesda, MD
Antenna Design
June 9-12, 1992, Silver Spring, MD
Radomes
June 9-12, 1992, Bethesda, MD
Antenna Measurement Techniques
June 16-19, 1992, Rockville, MD
Information: Technology Service Corporation, Lynda S. Ep-
stein, Training Coordinator. Tel: (301) 565-2970. Fax: (301)
565-0673.

RF and Microwave Circuit Design |: Linear Circuits
March 23-27, 1992, Garmisch-Partenkirchen, Germany
RF and Microwave Circuit Design lI: Non-Linear Circuits
March 23-27, 1992, Garmisch-Partenkirchen, Germany

14

RF and Microwave Circuit Design: Linear and Non-Linear

May 18-22, 1992 Garmisch-Partenkirchen, Germany
RF and Microwave Component Modeling

May 20-22, 1992, Garmisch-Partenkirchen, Germany
Advanced Digital Communications with Applications to
Telephony, Cellular Radio, LANs, ISDN, Fiber Optics and
HDTV

March 16-19, 1992, Garmisch-Partenkirchen, Germany
Broadband Telecommunication Networks: MAN, ATM,
B-ISDN, Self-Routing Switches, and Optical Networks for
Voice/Data/Image/HDTV

March 16-20, 1992, Garmisch-Partenkirchen, Germany
Modern Digital Modulation Techniques

March 16-19, 1992, Garmisch-Partenkirchen, Germany
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

Pulsed EMI
April 15-16, 1992, Washington, DC
June 25-26, 1992, Minneapolis, MN
Information: Keytek. Tel: (508) 658-0880.

Electronic Design Techniques and Analysis Required to
Meet Electromagnetic Compatibility Requirements
May 6-7, 1992, Farmington Hills, Ml
Advanced EMC Printed Circuit Board Design
May 8, 1992, Farmington Hills, Mi
Information: JASTECH. Tel: (313) 553-4734.

ELINT Analysis
April 29-May 1, 1992, Washington, DC
ELINT/EW Applications of Digital Signal Processing
April 29-May 1, 1992, Washington, DC
ELINT Interception
March 16-18, 1992, Sunnyvale, CA
Electromagnetic Propagation
March 16-18, 1992, Sunnyvale, CA
Information: Research Associates of Syracuse, John Eckmair.
Tel: (315) 455-7157.

The Smith Chart and Its Applications
March 16, 1992, San Diego, CA

Information: Besser Associates, Eva Koltai. Tel: (415) 949-

3300. Fax: (415) 949-4400.

DSP Without Tears

March 24-26, 1992, Seattle, WA

May 13-15, 1992, Arlington, VA
Information: Z-Domain Technologies. Tel: (800) 967-5034.
Fax: (404) 442-1210.

Introduction to EMI/EMC

May 4, 1992, King of Prussia, PA
Grounding, Bonding, and Shielding

May 5-6, 1992, King of Prussia, PA
Telecommunications EMI/JEMC

May 7-8, 1992, King of Prussia, PA
Understanding and Applying MIL-STD-461C

May 11-13, 1992, King of Prussia, PA
EMP Design and Transient Testing

May 14-15, 1992, King of Prussia, PA
Information: R&B Enterprises, Bob Cytron. Tel: (215) 825-1960.
Fax: (215) 834-7509.
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Model 710FC

10 Watts Output
1-1000 MHz Broadband

40 dB Gain

Only 16 Pounds
MOS-FET Efficiency
19"’ Rack Adapters

*
*
*
+ 10 dB Gain Adjust
*
*
*

Included

UPTO

200W/1000MHz

NEW from

LINEAR RF
AMPLIFIER SYSTEMS

MODEL POWER OUT FREQUENCY RANGE GAIN  SIZE (CM) WEIGHT AC LINE U.S. PRICE §
700LC 1.5W CW .003-1000 MHz 33dB  25x28x13 3.3kg 100-240V $ 1,695
704FC 4w CW .5-1000 MHz 33dB  23x18x09 2.8kg 100-240V $ 2,195
706FC 6w CW .5-1000 MHz 36dB  25x28x13 3.3kg 100-240V $.3N95
410LC 10W CW .006-400 MHz 43dB  30x35x13 4.5kg 100-240V $ 4,600
710FC 10W CW 1-1000 MHz 40dB  30x35x13 7.3kg 100-240V $ 6,695
727LC 10W CW .006-1000 MHz 43dB  48x46x13 8.5kg 100-240V $ 7,750
711FC 15W CW 400-1000 MHz 40dB  30x35x13 5.5kg 100-240V $ 3,620
720FC 25W CW 400-1000 MHz 40dB  48x46x13 8.6kg 100-240V $ 5,995
712FC 25W CW 200-1000 MHz 40dB  48x46x13 8.8kg 100-240V $ 7.350
737LC 25W CW .01-1000 MHz 45dB  48x46x13 10.5kg 100-240V $%9/986
747LC 50W CW .01-1000 MHz 47dB  48x46x26 26.5kg 100-240V $22,500
707FC 50W CW 450-1000 MHz 47dB  48x46x13 13.0kg 100-240V $ 9,995
709FC 100W CW 500-1000 MHz 48dB  44x48x18 22.5kg 100-240V $19,990
722FC 200W CW 500-1000 MHz 50dB  44x18x31 41.5kg 100-240V $31,900

Note: Models 727LC, 737LC and 747LC consist of two bands with one common input and output connector, switched

with coaxial transfer relay, manually, or by remote. Switching speed 5 milliseconds.

MODEL 704FC

21820 87TH SE
WOODINVILLE, WA 98072

Engineering International, Ltd., U.S.A

INFO/CARD 13
Please see us at RF Expo West, Booths #415, 417.

| WRH

(206) 485-9000
FAX: (206) 486-9657

MODEL 707FC



RF news

Microwave-Powered
Rover Developed

Researchers at the David Sarnoff
Research Center have developed a
rover that has the ability to receive
microwave energy from a distant source
and convert it into useful power for
locomotion. This vehicle may be the

precursor of future vehicles used for
manufacturing on the moon. The ability
to deliver power from point-to-point
without wires will be a prime considera-
tion of implementing a manufacturing
station in space. This microwave-
powered system avoids the necessity of
expensive battery units, which are heavy
to transport and require frequent re-
charging.

Power Feedback-

Technology in a Hybrid Amplifier for

- --—
High Reverse Isolation

Since 1974, Q-bit has been the industry leader in high
reverse isolation RF amplifiers.

High reverse isolation provides improved repeatability and
better VSWR when systems include poorly-behaved sources
and loads. Using Q-bit’s Power Feedback amplifiers allows
designers to achieve near-ideal system performance, regard-
less of variations in device impedance, by helping to avoid
VSWR build-up when cascading devices.

All of these amplifiers utilize patented power feedback
technology. Specify them in your next design.

Guaranteed Specifications

—»—O

[
'
)
'

U.S. Patent 4,042,887

Qutput Price
Frequency Gain 1dB Noise Reverse Intercept For
Model Range Gain Flatness Compression  Figure Isolation 3rd/2nd Power Quantity
Number (MHz) (dB) (dB p-p) {dBm) (dB) (dB) (dBm) (V/mA) 19
Rm Temp Rm Temp Rm Temp Rm Temp ARm Temp Rm Temp
QBH-103 5-300 113 04 06 220 210 68 75 26 26 37/51 36/49 15/91 95 §75
QBH-105 5300 122 04 07 8.0 70 37 40 30 30 2233 21/30 15/18 19 $65
QBH-110 5-500 150 06 10 9.0 90 30 35 25 25 23/33 22/32 1529 31 $90
QBH-126 5500 150 06 1.2 160 150 38 42 25 24 30/38 28/38 15/50 54 $95
QBH-133 10500 103 0.6 10 16.0 145 45 49 25 24 29/45 28/44 15/57 60 $90
QBH-135 3-350 143 06 10 1.0 1.0 21 24 30 30 1418 13/17 1511 11 $65
QBH-146 20-1100 13.0 08 14 6.0 50 29 31 22 22 19/27 18/24 15/17 18 $90
QB-258 10-250 47.0 1.0 15.0 2.4 65 30/40 15/70  $324
QB-442  10-400 41.5 1.0 32.0 35 75 40/50 24/550  $665
QB-744 2-200 240 1.0 30.0 7.0 48 46/60 20/440  $330
QB-815 101000 34.0 1.0 14.0 3.5 60 2535 15/70  $425
NOTES: 1) Package: QHB-XXX > Hybrid (TO-8 Package)  QB-XXX «> Modular Units with C 8

2) Temperature Range  QBH-XXX «> 85°C to +85°C

Q-bit standard product TO-8 designs, like the amplifiers above, are also
available in a flatpack with leads formed for surface-mounting as an option.

Gall us for a catalog available on a PC compatible data disk.

QB XXX => 25°C (Se0 Data Sheet for Temp. Specs.}

I Q-bit Corporation

TELEPHONE (407) 727-1838

2575 PACIFIC AVENUE NE, PALM BAY, FL 32905
TWX (510) 959-6257 « FAX (407) 727-3729

INFO/CARD 14
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The rover consists of a number of
sub-systems. They are: a 1000 element
rectifier antenna array operating at 5.8
GHz, a laser tracking system, a micro-
wave tracking system, a high power
transmitter system and a remote control
system. The rover has a maneuvering
radius of 200 feet from the remote
control and the rectifier antenna is
capable of 80 percent power conversion
efficiency under closed conditions. For
more information, please contact Public
Affairs, David Sarnoff Research Center,
CN 5300, Princeton, NJ 08543. Tel:
(609) 734-2507.

Ham Radio Scholarships Available
— The Foundation for Amateur Radio
has announced plans to award forty-five
scholarships for the academic vyear
1992-93 to assist licensed Radio Ama-
teurs. Amateurs may compete for these
awards if they plan to pursue a full-time
course of studies beyond high school
and are enrolled in or have been
accepted for enroliment at an accredited
university, college or technical school.
The awards range from $500 to $2,000
with preference given in some cases to
residents of specified geographical ar-
eas or the pursuit of certain study
programs. Additional information and
an application form can be requested
by letter or QSL card, postmarked prior
to May 31, 1992, from: FAR Scholar-
ships, 6903 Rhode Island Avenue, Col-
lege Park, MD 20740.

Quick Payback for Automatic Data
Collection Systems — A recent
survey by the Automatic Identification
Manufacturers, Inc. reveals that auto-
matic data collection systems fully pay
for themselves in 6-12 months. The
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Discover Broad Goverage

Steer straight to Alan for these V, DV, SV, SDV,
CA, CAL and HV Series attenuators. All built
for long life, stability, repeatability and full
range temperature performance. For more
information about these and our other RF/
Microwave products, call us toll free today.

Check our selection of step and variable
precision attenuators. Discover broadband
accuracy and wide DC to 18GHz frequency
coverage. Plus excellent electrical character-
istics including low insertion loss, low VSWR
and flat frequency response.

Alan Industries, Inc.

745 Greenway Drive, PO. Box 1203, Columbus, Indiana 47202 AI .‘ I'
Phone: 812-372-8869 CALL TOLL FREE: 800-423-5190 .

FAX: 812-372-5909

Manufacturers of...

Attenuators: Programmable e Rotary ® Manual Switch e Fixed  Continuously Variable
Accessories: Loads e Dividers e Terminations @ RF Fuses e Bridges
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m.‘ neWS continued

survey drew responses from the follow-
ing automatic data collection technolo-
gies: bar code, magnetic strip, voice
data collection, optical character recog-
nition, RF identification and RF data
collection. RFID applications included
systems for time and attendance and
work-in-progress. Both types of RFID
applications pay for themselves in 6 to
12 months and have an averagc cost

from $11,000 to $25,000. RFDC applica-
tions included systems for inventory
control, warehousing and distribution.
Inventory control systems pay for them-
selves in 3 to 6 months with an average
cost between $51,000 and $100,000.
Warehousing and distribution systems
also pay back in 6 to 12 months, but
cost a bit more, between $101,000 and
$400,000.

CompuThermlli

CompuTherm lll is an infrared scanning microscope which provides
non-destructive, true temperature imaging of microelectronics. The
dedicated control console displays “real time,” high resolution
temperature data automatically corrected for emissivity, narcissus

and background effects.

Temperature differences of 0.1°C are resolved accurately with a
spatial resolution of 15 microns to measure

peak junction temperatures,
capture thermal
transients

and isolate

hot spots.
Coincident
viewing

of visual

and thermal
images

identifies

areas of

interest

and

hardcopy

color

printouts gy
provide

valuable

records.

The high performance
32 bit computational structure,
coupled with extensive

software and an IEEE-488 interface

ensures complete test automation.

——

CompuTherm lllis a solution for your thermal measurement problems.
Contact Barnes today to discuss your specific application.

INFO/CARD 16
Please see us at RF Expo West, Booth #533.

88 Long Hill Cross Roads
Shelton, CT 06484

Tel: (203) 926-1777

Fax: (203) 926-1030

Oceanographic Probe Finds Dual
Uses — A new probe, equipped
with a microcomputer and designed to
help oceanographers explore remote
regions of the seas, may have a future
as an environmental watch dog, guard-
ing against illegal polluters. Sensors
within the disposable probe could be
designed to detect pollution in the water
and pinpoint the location by signaling a
satellite, which would relay the message
to a monitoring station on land. The
probe, developed by Battelle Marine
Sciences Laboratory, weighs 5 pounds
and is 32 inches in diameter. It is placed
inside a shell carrier and can be dropped
into the ocean from a ship or an airplane.
Once in the water, the shell carrier
opens, and the probe, weighted by an
anchor, begins falling to the ocean floor.
The probe is designed to measure such
things as water temperature, conductiv-
ity and depth. At a predetermined time,
the anchor wire is severed and the probe
floats to the ocean surface where it
transmits its data to a satellite. When
used as a pollutant detector, the probe
would detach from the anchor, float to
the surface and send the information to
the satellite.

On-Shore Flow Field Study Con-
tract — Radian Corporation was
recently awarded a $257,000 subcon-
tract by Galson Corporation to provide
remote atmospheric measurements us-
ing radar profiling and acoustic sound-
ing equipment for an on-shore flow field
study. To collect the atmospheric meas-
urements, a Radian LAP™-3000 915
MHz Lower Atmospheric Radar Profiler
will provide wind and temperature meas-
urements up to about 3000 meters,
while three Radian Echosonde® Doppler
acoustic sounders monitor atmospheric
mixing height conditions up to approxi-
mately 1000 meters. Radian’s support
during the field study includes equip-
ment installation and maintenance, qual-
ity assurance, data processing and
reporting.

ASTeX Acquires Assets of Gerling
Labs — Applied Science and Tech-
nology recently announced that it has
agreed in principle to acquire the assets
of Gerling Laboratories. Gerling is a
supplier of industrial microwave power
supplies and components. Terms of the
acquisition were not disclosed.

Low-Cost Radar Module Contract
— Hughes Aircraft Company has deliv-
ered the first prototypes of a new unique,
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Imagine A Single Source
For Every Frequency g
Control Need. ..

Now Imagine What
That Source Can
Do For You.

With CTS, you can specify from one of the
broadest lines of frequency control products
available anywhere—crystals, elock oscilla-
tors, VCXO's, TCXO's and ovenized oscillators.
if a standard produet won't do, our engineers
will design one that meets the requirements
of your application. But there are more
reasons for making CTS your single source
for frequency control products.

QOur cutting-edge technology assures you\—/
of the most advanced frequency control
products. The in-house production of crystals,
precision designs and strict quality control
give you an added margin of reliability.
Additienally, our technical support teams
provide a problem solving capability that
can be a real asset for your design and
engineering teams.

Get the product your application requires,
plus technical services and reliability proven
in the most demanding military, instrumenta-
tion, telecommunication and data processing
applications. Alf from a single source. Call
now for the name of your CTS Sales
Representative.

. : I S Around The World,
Your Single Source For Excellence™

CORPORATION

CTS Frequency Control Division,

400 Reimann Ave., Sandwich, IL 60548, Tel: 815/786-8411, Fax: 815/786-3743 INFO/CARD 17
Please see us at RF Expo West, Booth #535.



Sucofiex Microwave Cahle Assemhlies

Hy HUBER:SUHNER, INC.

INFO/CARD 18
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low-cost, highly reliable X-band active
array radar module to the U.S. Air Force
under a $13.3 million contract. The
prototype modules, which are miniature
radar transmitters/receivers that meas-
ure 3.82 inches long, 0.49 inches wide,
and 0.21 inches high, use Hughes
proprietary low temperature cofired ce-
ramics and advanced chip mounting
technologies.

Wiltron and Anritsu Merge Sales
Organizations — Anritsu and Wiltron
recently announced the formation of the
Anritsu Measurement Instruments Divi-
sion and the Wiltron Microwave Meas-
urement Division. These divisions and
the new sales organization comprise the
Measurement Group. All existing An-
ritsu and W.iltron sales offices and
entities will now become Anritsu Wiltron
offices.

Grace Sells Japanese Microwave
Business — W.R. Grace and Com-
pany has announced that it completed
the sale of its microwave products
business from its Japan Chemicals
Division to E&C Engineering K.K. The
transaction was valued at nearly $5
million. Completion of the sale is another
step in Grace's plan to divest of non-
strategic businesses while focusing on
core business areas within specialty
chemicals and health care.

Navy Awards Radar Measurement
Contract — The U.S. Navy has
awarded a $2.9 million contract to Flam
& Russell for a mobile, fully polarimetric,
frequency agile instrumentation radar
capable of recording coherent radar
reflectivity data while tracking airborne
targets. A wide variety of test scenarios
are supported. Frequencies may be
randomly or uniformly stepped between
9.2 and 10.4 GHz. The pulse repetition
frequency varies between 100 kHz at
long ranges to near 300 kHz at short
ranges. Data rates of up to 5 megabytes/
second are supported. In addition to
the radar data, the system also records
IRIG time and selected radio conversa-
tions between pilots and system opera-
tors.

PTI Acquires Hughes Product Line
— Piezo Technology has acquired,
through license, the designs and manu-
facturing rights of the RF Circuits Prod-
uct Line of the Hughes Aircraft Micro-
electronics Circuits Division. The prod-
ucts licensed include crystal filters and
oscillators used on major programs such
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* Power splitters and combiners
* Directional couplers
« Standard or custom microwave

MODEL NUMBER POWER GAIN SUPPLY PRICE
Watts dB Volts

RFP0550-100 100 44 50 $2,100.00
RFP0550-1000 1000 16 50 $5,040.00
RFP0800-100P50 50 30 50 $1,485.00
RFP0800-100P100 100 30 50 $1,660.00
RFP0800-100P200 200 30 50 $2,200.00
RFP800-100 600 16 50 $2,424.00
RFP01100-300 300 46 50 $3,150.00
RFP0810-600 600 16 50 $1,780.00
RFP0800-150P50 50 30 50 $1,485.00
RFP0800-150P100 100 30 50 $1,660.00
RFP0800-150P200 200 30 50 $2,200.00
RFP800-150 500 14 50 $2,424.00
RFP0800-200P50 50 30 50 $1,660.00
RFP0800-200P100 100 30 50 $2,900.00
RFP800-200 400 13 50 $3,636.00
RFP0204-4 4 20 28 $ 484.00
RFP0204-10 10 30 28 $ 685.00
RFP0204-25 25 30 28 $1,140.00
RFP0204-50 50 40 28 $1,695.00
RFP0204-100 100 40 28 $2,200.00
RFP0405-4 4 20 28 $ 435.00
RFP0405-10 10 30 28 $ 616.00
RFP0405-25 25 30 28 $1,026.00
RFP0405-50 50 40 28 $1,525.50
RFP0405-100 100 40 28 $1,980.00
RFP00105-4 4 20 28 $1,450.00
RFP00105-10 10 30 28 $2,300.00
RFP00105-25 25 30 28 $2,800.00
RFP00105-50 50 40 28 $3,752.00
RFP00105-100 100 40 28 $5,600.00
RFP0510-4 4 20 28 $2,610.00
RFP0510-10 10 30 40 $3,800.00
RFP0510-25 25 30 40 $4,900.00
RFP0510-50 50 40 40 $6,800.00
RFP0510-100 100 40 40 $9 800.00

amplifiers
* Filters
—
—
A

R.F. SOLUTIONS INC.

16055 Caputo Drive, Morgan Hill, CA 95037 Phone (408) 778-9020, FAX (408) 779-4832
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Rf‘ neWS continued

as the F-14 and F-15 radars, Phoenix
missile, STAJ radio, Phalynx radar, and
various space programs. PTl also pur-
chased the tooling and equipment nec-
essary for production and moved the
operation to its Orlando, Florida loca-
tion.

Teklogix and Exeter Form Alliance
— Teklogix, Inc. and Exeter Software,
Ltd. have entered a strategic alliance to
co-market RF data communications so-
lutions for distribution center operations.
The agreement calls for Teklogix to
supply all RF hardware, with Exeter
providing the necessary software.

Daico Receives Radar Contract —
Daico Industries recently received a
$2.4 million contract for Phased Array
Radar Multifunction Modules. The mod-
ules include Steerable Phase Shifters,
Transmit/Receive Switches and Low
Noise GaAs FET Amplifiers.

Analog Devices Wins SDi Contract
— Analog Devices has announced that
it has been awarded a five-year, $9
million contract by the U.S. Army Strate-
gic Defense Command for the develop-
ment of two radiation-hardened mixed-
signal integrated circuits. Under this
contract, Analog will develop two ultra-

If crystals are of
interest to you, we will
supply all the informa-

tion you need.

KVG - Selected
to be the best.

KVG GmbH P.0.-Box 61,

D-6924 Neckorhischofsheim, Federal Republic of Germany
Phone 07263/648-0, Telefax 07263/6196

QUARTZ CRYSTALS INFO/CARD 20
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high-performance monolithic analog-to-
digitat converters, including a low power
10-bit 1-MSPS converter and a highly
integrated 12-bit 10-MSPS converter.

Tl Places Order with EEsof —
EEsof Inc. recently announced a major
sale of its electronic-design automation
software tools to Texas Instruments
Defense Systems & Electronics Group.
Tl has selected EEsof as their primary
vendor for EDA engineering tools to be
used in the design of MMIC and hybrid
MIC devices. All products in this more
than $700,000 contract were shipped in
1991.

SCIENTIFIC

KVG Products. To solve your frequency

control problems with crystals!
Quartz crystals. 800 KHz - 300 MHz.
High temperature stability.
Resistance to shock and vibration.
Crystal filters. 400 KHz - 200 MHz.

CRYSTAL FILTERS INFO/CARD 141

Discrete and monolithic. Crystal oscillators.
0CX0.<+5x 10%; - 25... +70 °C,

PX0/VCXO0. 3 KHz - 300 MHz;

DTCXO0. 100 KHz - 17 MHz.

Low power consumption

in small cases.

KVG North America Inc.

2240 Woolbright Rd, Suite 320 , Boynton Beach, FL. 33426-6325

Phone (407) 734-9007, Fax (407) 734-9008

CRYSTAL OSCILLATORS INFO/CARD 140
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R.F. POWER AMPLIFIER SYSTEMS

e N.M.R.
e E.CM.
e RADAR

e DIATHERMY

7 1 Bt m

e F.M. BROADCAST

e PLASMA ETCHING

e COMMUNICATIONS
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OTHER PRODUCTS
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e LASER EXCITATION R
e POWER SPLITTERS
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A MASK in hand

is worth two in

the mask shop.

Have your mask in
hand one hour after
the drawing is done!!
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Use the N524000
(Microwave Laser
Photo Plotter) to
eliminate the photo

reduction process
Call NEOS for details.

NEOS

4451B Enterprise Court
Melbourne, F1. 32934
Phone: (407) 259-2090
Fax: (407) 255-0274

m:‘ HGWS continued

CAD Software Changes Name —
Effective January 1, CAD Software, Inc
has changed its name to PADS Soft-
ware, Inc. The reason for the name
change is to create market awareness
and association with the company’'s
PADS product line of EDA tools.

Ancom Now Offering Susceptibil-
ity and Immunity Testing — An-
com Electromagnetics Ltd. recently ac-
quired test instruments that allow them
to perform fully automated radiated
susceptibility and immunity tests of
small and large equipment. ANCOM’s
facilities comprise a certified TEMPEST
Test lab, and also offers the full comple-
ment of MIL-STD-461 EMI tests.

ARCO Electronics Acquires Micro-
electronics — Arco Electronics Con-
trol recently announced the acquisition
of Microelectronics Ltd. in Israel. Micro-
electronics is a manufacturer of glass,
air and porcelain capacitors.

Amador and German VDE An-
nounce Arrangement — Amador

Corporation and the German VDE Test-
ing and Certification Institute have an-
nounced a new cooperative arrange-
ment for the testing of information
technology equipment to product laws
of the German government. Under the
new arrangement, Amador will now be
able to test to German standards without
a German engineer present to approve
the testing process. Products can then
be shipped to Germany with the appro-
priate approvals already in place.

Scientific Atlanta to Upgrade EU-
ROVISION Network — Scientific At-
lanta has been selected by six member
countries in the European Broadcasting
Union (EBU) to design, manufacture,
supply and install the digital/analog
earth stations and other equipment
needed to upgrade the EUROVISION
television network. Scientific-Atlanta will
provide the EBU member in each coun-
try with large Ku-band uplink stations,
ranging in size from seven to nine
meters, as well as converters, modula-
tors, amplifiers and computerized con-

trol equipment.
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Biconical Antennas
Conical Monopoles
Dipole Antennas
Dish Antennas

E-Field Antennas,
*Ultra-Broadband

Horn Antennas

Log Periodic Dipoles The Professional’s Choice

Loop Antennas, , _ o
*Untuned Commercial andTMl,/-Oua//f:ed
*Tuned A []

H-Field Antennas JEmmmi A | 1]
*Ultra-Broadband NTENNA ESEARCH SSOCIATES, INC.

M0n0pole/Whips See Us at AFCEA, Booth 3505

Network Arrays HF/VHF/UHF/

Spiral Antennas MICROWAVE

Test Antenna Kits ANTENNAS

Calibrated Antennas 11317 Frederick Avenue,

Antenna Couplers
Multicouplers
Antenna Accessories

Beltsville, MD 20705-2088
Phone: (301) 937-8888
Telex: 374-6620

FAX: (301) 937-2796
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Only WayneKerr

Offers the Right
Selection of
RF Instruments

PSG1000 AMM2000 352C
Synthesized Automatic Spectrum
Signal Generator Modulation Meter Analyzer

10 KHz - 1 GHz
Carrier Frequency

250 KHz — 2.4 GHz
Carrier Frequency

300 KHz — 1 GHz
Frequency Range

.

Parameters 10 Hz — 9.99 KHz DC/10 Hz - 300 KHz 9 KHz - 2 MHz
Synthesized AF Modulation Rate Bandwidth
+13dBm + 500 KHz -100 to +10 dBm
RF Output Peak Deviation Range
AM, FM, PM AM, FM, PM AM, FM, Demod
Features DC-FM Low FM Noise Portable
Sinad Meter AC/DC Operation AC/DC Operation
Interfaces  IEEE-488 (standard)  IEEE-488 (standard) Printer (optional)

For today’s business environment,
Wayne Kerr now offers a broad
range of Farneli Instruments known the
world over for their price/performance.
Consider how these instruments can
meet your demanding RF test and
measurement needs.

v {
!
[ e bwmmue s e e e s

lab or field use, offers 1% accuracy for
AM/FM/PM, and measures RF and
audio frequency/level.

Forreceivertesting ...

... the PSG1000 Signal Generator
operates from 10 KHz to 1 GHz with AM,
FM, PM, and optional Pulse, plus an
audio synthesizer (10 Hz to 9.999 KHz).
The PSG1000 features a built-in,
automatic SINAD Meter and external DC
coupling for AM/FM testing of digital
pagers.

option for permanent four-color records.

Choose from the PSG1000, the
AMM2000, or the 352C. Or look at
For EMC applications ... the entire line of capable RF instru-

... the 352C Spectrum Analyzerisalow- ments now available from Wayne
cost, highly sensitive instrumentforlab ~ Kerr. For more information, applica-
For modulation analysis ... and field use. With a resolution band- tions assistance, or a free catalog on

... the AMM2000 Automatic Modulation ~ width of 9 KHz to 2 MHz, the 352C is our RF instruments, please call toll-
Meter delivers outstanding versatility and  ideal for monitoring spurious EMI free 1-800-933-9319.
performance with signals from 250 KHz  radiation in the range of 300 KHz to
to 2.4 GHz. The AMM2000, designed for 1 GHz. The 352C features a printer

== == WAYNE KERR
m 600 W. Cummings Pk
Woburn, MA 01801

A Farnell Electronics Company
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RF industry insight

Test Equipment Makers Deliver
Cost, Precision and Power

By Gary A. Breed
Editor

he makers of electronic test equip-

ment for the design, manufacture
and service of RF products have been
working at a feverish pace for the last
couple of years. As new RF applications
and new methods for their implementa-
tion have been developed, test instru-
ments have to be created or adapted to
fill specific needs.

Three clear directions can be seen in
the recent development of RF test
equipment — greater precision in the
best instruments, new attention to lower
cost instruments, and greater comput-
ing power in all instruments.

Computing Power

The personal computer boom has
helped drive the cost of processing and
control to a minimum, both with micro-
processors inside the instruments, and
ready availability of PCs for control, data
collection, and analysis. Some instru-
ments actually use PC processors. The
most recent spectrum analyzer from IFR
has what is basically a '386SX and VGA
monitor for operation and display. Many
recent Hewlett-Packard instruments in-
clude an optional keyboard to gain
access to their MS-DOS compatible
CPUs.

The other advantage of computing
power is control of operating functions
through software rather than via front
panel controls. The ergonomics of such
operation is a difficult task — just a few
years ago, instruments without tradi-
tional front panel controls were often
very non-intuitive, requiring hours with
an instruction manual before attempting
routine operations. Fortunately, this prob-
lem was addressed quickly, and the
method of using function keys (‘‘soft
keys’’) and well-organized menus has
become accepted.

Of course, computation power can
be applied to the measurements without
requiring an external computer. This
makes it possible for extensive markers,
performance limits, unique sweep re-
quirements and multi-color displays to
be implemented without major changes
to the basic instrumentation hardware.
The new Wiltron 360B is a major

upgrade to the venerable Model 360,
with may new features that have been
implemented primarily in software.

There are additional computations
that provide new insight into circuit
operation while under test, such as
averaging, mean and deviation, or com-
parison to standard reference data. New
instruments are available that are based
on digital computations, like wave ana-
lyzers from Stanford Research and
Analogic that create extremely high
resolution frequency, time and ampli-
tude analysis by means of fast Fourier
transforms (FFT), correlation or convolu-
tion.

High End Precision

The simple explanation of this aspect
of development is that maximum per-
formance will always be a goal of
instrument makers. But there is more to
the story right now. Precision timekeep-
ing is required for GPS and very high
rate data transmission. Precise charac-
terization of components is required to
provide accurate models for new, pow-
erful circuit synthesis and analysis soft-
ware tools. The Microwave Landing
System, wind-shear detection radar,
and fiber-optic communications systems
are among applications which need high
precision measurements in their devel-
opment and maintenance.

In some cases, instrument perform-
ance creates its own market. For exam-
ple, Keithley Instruments Division re-
cently introduced a new line of function
generators which use direct digital syn-
thesis (DDS) for high resolution and
precise waveform control. Gary Pinker-
ton, Director of Marketing at Keithley,
says, ‘‘I'm surprised at the predomi-
nance of phase performance demands,”’
referring to vibration analysis and ultra-
sonic applications that require multiple
waveforms with tight synchronization.

Going for Low Cost

Increased attention to competitive
product development and manufactur-
ing is another major force driving the
test equipment market. Greater capabil-
ity in production testing lets a company

ship a product sooner, with greater
confidence in its performance. But, in
order to put better instruments on the
production line, the cost had to come
down. As a result, new signal generators
from Fluke, Panasonic, Marconi, Leader
and others; sweep systems and scalar
analyzers from Wavetek, Wiltron and
Hewlett-Packard; and spectrum analyz-
ers at new low prices from Tektronix,
Anritsu and Advantest have been tar-
geted at production line customers.

A new type of instrument has shown
up at the very low end of the price
spectrum. Signal generators, power me-
ters, frequency counters, oscilloscopes,
and even spectrum analyzers can be
purchased at prices that were not
imaginable just five years ago. Many of
the manufacturers have been known
for “TV service bench’’ test equipment,
and a few are not names that have
been associated with instruments at all
— B&K Precision, Protek, Hameg,
Hitachi, Panasonic, Kenwood, Optoelec-
tronics and Global Specialties, to name
ajust a few.

These instruments are products of
rapidly advancing component technol-
ogy, with many adapting devices in-
tended for consumer products, cellular
systems, and other large-scale applica-
tions. These products represent useful
RF test equipment at very low prices for
users who understand and accept their
performance limitations.

Summary

The high pace of activity among test
equipment manufacturers is a result of
a jump in customer demand for new
applications and new price/performance
needs. This activity also seems to have
considerable inertia, with newly-devel-
oped techniques being transferred to
existing products, or leading to addi-
tional new products. As a result, RF
engineers have a greater range of test
products to choose for their labs, pro-
duction lines and service benches. RF

For reprints of this report, call Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.



RF featured technology

An Exact Method For
Impedance-Matching With

Short Transmission Lines

By Douglas B. Miron
South Dakota State University

For the impedance-matching problem,
most of the emphasis in microwave
books is on broadband (multi-octave)
networks. In practice, there are a great
many design problems that don’t require
more than 10-20 percent bandwidth,
and for which space is a primary
consideration. This article presents a
method for designing short-line match-
ing networks that gives an exact match
at the design center frequency.

t frequencies higher than 1 GHz,

lumped capacitors and inductors
are generally not available, although
there is a transition region in which a
limited range of values are available. In
the range from 400 MHz to 2 GHz, the
designer has a choice of using lumped-
element circuits, transmission-line net-
works, or a mix. Simple networks made
up to approximately imitate the lumped-
element L-section (1) with short sections
of transmission line (2,3) have frequently
been used. The range of validity of the
short-line approximations is quite lim-
ited, so the quality of the match for such
designs is often less than acceptable.
The method described here produces

Because of the periodic nature of the
impedance and transfer functions of
transmission lines, these networks must
be approached with caution. Designs
should be examined for spurious re-
sponses in the stopbands and be com-
pensated (4-6) or adjusted (2,3) on the
basis of analysis programs taking junc-
tion discontinuities into account. The
plots given in the following sections are
for lossless lines, without discontinuity
effects.

Basic Equations

A section of transmission line trans-
forms an impedance at one end, Z , to
another value, Z , at the other end,
according to the equation:

7 =7 Z, + jZ tan(pd)
n =~ 07 '+ jZ tan(Bd)

in which Z_is the wave (or characteristic)
impedance of the line, f=w/v, w being
the radian frequency of the signal, v the
wave speed on the line, and d is the line
length. In this article | will let v=c=300
Mm/s so that values for d will be
air-speed values. Equation 1 is the basic
equation from which the design results

)

frequency-response calculations in con-
junction with the normalized power given

by:
y 4RR,

Prom = R+ R + XC

)

See Figure 1 for the defining circuits.

At a fixed frequency, the designer has
two free parameters, the wave imped-
ance, Z, and the length d, so that any
pair of complex impedances can be
matched. To match R, +jX, to R,+jX,,
IStz A= R A ZE SR RS aaind
U=tan(3,d). By separating real and imagi-
nary parts, one gets two equations for
the unknowns Z  and U which can be
solved to give:
Z2=R.R, + X, X, —

(] e s 2 (3)

X, + X,
R, - R, (R,X, = X,R,)
R, - R
V) i ]
R,X, = X.R, 20 (4)

Some solutions are not physically realiz-
able because Z , must be positive and
real.

A case of special interest is X, =0; con-
version of a complex load to a real one.

an all-cascade (no stubs) solution, and  of all the following sections are derived,  _, oo _ R, X2 .
will match complex loads and sources. and also the equation to be used for the Serl k) - ©)
r - - = - - . "‘l r - - B . “
. =1l
2.
in 2.,V Z (a) ‘ '
—
J
I
€ d > |
. | Ry % 20 Yy 22 Y2 % Rz
. d
+ “ L, 1 > « da »
atching
v Z ((-D] . .
S Netuwork L FZ3 + Jxa R3 + Jxa
e
l[ ZN = RN(U) + JXN(U) |

Figure 1. Defining schematics for, a) a transmission
line section, b) normalized power.

28

Figure 2. Schematic for the two-line impedance-
matching problem.
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The 48 cent solution.

UPC1658
UPC1653 UPC1654 | UPCIGSs | UPCI6S6 To 1100MHz
To 1300MHz To 1100MHz To 900MHz To 850MHz 17dB G
| 19dB G, . 4
1848 G, 19dB G, 184B G, | 9 [ 20BN
-+ |
UPC1659 wcigrs | UPC1676 | UPC1677 UPC1678 UPC1688
600Mtz to b e 51 | Tol300MHz | Tol700MHz | Upto1900MHz | Up o 1000Miiz
2300MHz g o | v2UBG, 2%dB G, 238G, 2148 G,
4B G, | " 40BNF | P_=195Bm | P_ = 18dBm 4.0dB NF
Prescalers — From $2.20 each
' I { UPB587
UPB581 | UPBS82 [ UPB584 UPB585 ‘ UPB586 - V4B | UPBs88
-+ + §12/2 1
73 K | ¥ <) o, 50MHz 1o 1.0GHz T
500MHz to 28GHz | 500MHz 10 2.8GHz | S00MHz 10 2.5GHz | S00MHz to 25GHz | 500MHz to 2.5GHz 5 Vl =22 lO'S.SV l S00Mtiz to 2.5GHz

Freq. Convertors — From $1.58 each

IF Amplifiers — From $3.50 each

Dgpcm:\;s | * et UPC1687 UPC1668 UPC1669 UPC1670
5889(:1‘”1 ¥rogs DX to 890MHz 10t 170MHz 10 to 180Miiz 10 10 150MHz
Dm}ble B(;la: PN OB v 28dB GAIN G=1458 |  G=105B | IM of SédBc
Miser“ Applieations | | I, of 38mA 60dB Isolation [ 55dB Isolation ’ 60dB Isolation

Transistor Arrays

From $2.40 each Want to make life simpler? Reduce the parts count in your design

T E oI G with silicon MMICs from NEC. They're the low cost, no-hassle way
F=9GH2 |  F=9GMz to achieve your design goals.
Double Balanced Differental ; '
Mixer Applications | Amplifer But be aware of the side effects!
e 17 S BV O CR Reducing your parts count can also make your QC easier.
U -4 e Your overall circuit more reliable. And your assembly, whether
Differental OR/NOR -
Amplifier Functions manual or automated, faster and more efficient.
: . NEC MMICs come in chips and a variety of packages, including
Special Function MMICs | s T el e b e R
From $1.08 each hermetic, low cost plastic, surface mount and tape and reel. B3 ’
, So they're ideal for high volume automated assembly.
UPCI684 |  UPC1663 I | N e } \ '_-’ =
LEDDRIVER | VIDEO AMPLIFIER And their quality and reliability is proven: With a production
150mA | 170MHz @ A, =100 rate of 7 million a month, no one knows MMICs like NEC
Drive Cpn'enl | 1.6ns Propagation : [
PSR i | Delay Our Silicon MMIC Product Selection Guide
e MMIC pics based on 25K quanfies lists specifications for dozens of parts. Chances

are good it has just what you need. To get
® a copy, call your nearest CEL Sales Office -
NEC or circle the number below. -
: California Eastern Laboratories

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-096+: (408) 988-3500 FAX (108) 988-0279 1 Santa Clara, CA 408) 988-7846 [ 105 Angeles, CA (213) 645-0985
Bellevue, WA (206) 455-1101 7 Scottsdale. AZ (602) 945-1381 1 Richardson, TX (2H) 437-54877 1 Shawniee, KS (913) 962-2161 ' Woodridge, 11, (708) 241-3040 77 Cockevsville, M) (410) 667-1310
Peabody MA (508) 535-2885 3 Hackensack, NJ (200) 487-1155 or 487-1160 11 Palm Bay, FI. 407) 727-8045 (1 Suellville, GA 04) 978-4443 1 Nepean, Ontario, Canada (613) 726-0626

VM Cahfom Fastern Labaeatones
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1, GHz

R, - R
u=-—-‘L_--27 (6)

RIXZ 4
If X,=0 also, we have the quarter-wave
transformer case for which equation 5
reduces to:

z,=z,= [RR, Y]

This is an important limiting value for the
two-line solution given below.

The Exact Solution for Resistive
Terminations

With two lines in cascade, there are
four free parameters, the two wave
impedances and the two line lengths.
To match the resistance ratio and center
frequency, we only need two.

From the experience with the approxi-
mate solution, we know that the wave
impedance values should be the two
extremes allowed by the fabrication
technology in order to get the shortest
total line length. This leaves the line
lengths as the two free parameters for
design. At the junction of the two lines
the impedances looking each way must
be complex conjugates, as shown in

30

2.4:m Gonnectors

M/A-COM Omni Spectra offers 2.4mm
connectors from stock.

M/A-COM Omni Spectra developed the
2.4mm connector to provide mode-free
operation from dc to 50 GHz. This series
hasbeendesigned around a 2.4mm outer
conductor line size with an air dielectric
interface to ensure superior millimeter
wave performance. Tight interface control
and slot compensation give low VSWR
performance over the entire frequency

range. Reliability and durability are en-
sured by a short 4-slot female contact
with thick walls and a large outer con-
ductor bearing surface to reduce wear.
The outer conductor engages and aligns
before the center contacts mate. This
eliminates damage to the center contact
which is one of the most common failure
modes in subminiature connectors.

Rely on M/A-COM Omni Spectra, the
industry leader in RF, microwave and

millimeter wave coaxial connectors. Calt
today to receive our latest 2.4mm and
full line interconnect products catalog.

M/A-COM Omni Spectra
140 Fourth Avenue
Waitham, MA 02254-9101
Tel: USA

(617)890-4750
UK (0344)869595
Japan 03(226)1671

Please see us at RF Expo West, Booths #510, 512, 514, 516.

OMNI SPECTRA
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Snow Removal Devices

1.8dB
e \ Noise in a receiver means snow on the screen.
) ‘ With a noise figure of only 0648 at 12GHz,
1 4dB | our new NE32484A is helping keep viewers happy,
| even in peripheral transmission areas.
1.2dB i No matter what your application, our new

' family of Low Noise GaAs FETS can provide more
| margin in your LNA designs, potentially fewer
gain stages, and overall lower costs.
Better yet, with a family of devices to
work with, it's easy to match parts to your spec.
. What are your requirements? Single or dual

Pse";?;,“gsph'c , gate FETs? Chips? Plastic, low cost ceramic, or

| | , | hermetic packages? Tape and Reel? Military or

1.0dB

Noise Figure at 12GHz

0.8dB

0.6dB @ 12GHz
NEW NE32484A

0.6dB

0.4dB

|
|
1
f
|
! 4 . !

Space Qualified?
1982 ©. . v DAS SR D0 We have them all and can ship directly from
The downward trend continues onshore stock. And with device characterization

done right here in our own engineering lab, we
can shave weeks off your design cycle.

For a copy of our NEW
Part No. Freq GH)  NF (B) GaWB) | Small Signal GaAs FET Selection Guide
NE32484A 12 a0 and our latest data sheets,
NEda16 1 L e i call your nearest CEL Sales Office
NE76084 12 1.6 9.0
NE76038 i 03 130 |  orcircle the number below
NE76184A 4 0.8 12.0

California Eastern Laboratories  §

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (08) 988-3500 FAX (108) 988-0279 () Santa Clara, CA 408) 988-7846 [ Los Angeles, CA (213) 645-0985
Bellevue, WA (206) 455-1101 O Scottsdale, AZ (602) 945-1381 03 Richardson, TX (214) 437-5487 0 Shawnee, KS (913) 962-2161 1) Woodridge, I1. (708) 241-3040 O Cockeysville, MDD &10) 667-1310
Peabody, MA (508) 535-2885 T Hackensack, NJ (201) 487-1155 or 487-1160 €= Palm Bay, FL ¢107) 727-8045 01 Snellville, GA €104) 978-4443 C Nepean, Ontario, Canada (613) 726-0626

©89), Californza Bastern Labusatanes
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Figure 2. Writing the equations for these
impedances, with U=tanf d, sweating
through some algebra using symmetry
and ratios, leads to a quadratic equation
which only has one physically-realizable
solution. The solutions are expressed
as follows. The conditions are:

R ARSI =V

—ds—H l——ds—>
B 3 —d, = l—d —»

R 4.7091 n
m

Figure 4. Schematic for Example 2. Starting from the right, the design
proceeds by resonating the load with the line d, then steps up the

omin?’

impedance to R_ through d, and d,, then steps it down to 50 ohms Z,=Zoyaxr £, < £,< 4, (8)
through d, and d,. Define,
LU T YRR ORI T R P N> 7N R,Z2
- 122 _ 9
| A1 R221 Z1 >0 ©)
R
I A2=Z1<ﬁ—?—> <0 (10)
' R,Z2
|B= Z1_-2,<0 (1)
1 R122 &
R
Three New Octave Bandwidth Models ll B,=2, <§'; F ) ) (12)
ZZ RZ
- Pl 2 13
HV47T-7 HV67T-1 HV87T-4 o=z <R, zz> ¥ $%)
500 - 1000 MHz 1.0-2.0GHz 2.0-4.0GHz '
OUTPUT POWER {dBm) 1| OUTPUT POWER idam) OUTPUT POWER (dBmi C2 — 22 <.§.‘. - %) <0 (14)
O i 2 1
—\‘ ' D=R, +R & e (15)
» = + Ll — . B e 9
Mz ! ! GHz ¢ 0 ! e R1 RZ

TUNING YOLTAGE (VDCI

2 TUNING YOLTAGE (VDX)

TUNING YOLTAGE (VDC)

00 1 0 GHz 3 0 GHz 40
MODULATION SENSITIVITY
MHz/v)

MODULATION SENSITIVITY | ULATION SENSATIVITY
{MHz/v) (MHz/v)
0 GHr 4

00 1000 0 20 2

eyt ¥
K—2C1 (D +\[D?-4C,C) >0 (16)

The inequalities are given as a check for
testing your caiculations or program.
From these intermediate values the
solution for the line lengths is:

= KU, (17)

J Rizzi (Reference 3, p. 136) has another

version of these results.
Example 1 — A 4:1 Impedance
Transformer

Let R,=200, R,=50, Z,=20 and
Z,=120, all in ohms. Let f =1 GHz,
A,=clf =0.3, and m=300 mm. The calcu-
lations proceed from the above equa-

Common Specifications:
Bios Voltoge 15VDC £1%
Bias Current 30 to 50 mA
Operating Temp. =55 to +85°C

Options Available:

Alternate Bias Voltages
Lower Bias Currents

Mil-Std-883 Screening

Surface Mount configurations are available.

tions:

A, = 2860

A,=-15

B, = —119.17

B, = 360

C, = 3.6667

C,=-1152

; _ D= -40

Magnum Microwave Corporation K = 13.091
4575 Cushing Parkwqy, Fremont, CA 94538 The air-speed lengths are,
Telephone: 510/657-9898 | d, = 0.015557A = 4.6667 mm for the
Fax: 510/490-3351 | 20 ohmline

INFO/CARD 61
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d, = 0.144674_ = 43.401 mm for the 120
ohm line

Note that the total length is 48.07 mm
while the quarter-wave transformer solu-
tion is 75 mm of 100 ohm line. Figure 3
shows the power curve for this solution.

Resonating the Load with a Short
Line

Equations 5§ and 6 give a solution for
a cascade line which converts a com-
plex load to a real one. If one chooses
the wave impedance and asks what is
the shortest line length needed to pro-
duce an unspecified real input resis-
tance, the result can be very similar to
series-resonating a capacitive load or
parallel-resonating an inductive load.
These thoughts imply solving equation
5 for R,. The solution is,

1
R1 - éh; [RS e Xg + Zg
(18)

S0n
—_—

max’ 1 max’ Y4 max’ r
~N . ~n
e . R J_z. d o
min "~ 2 T T min *~ 3 T
1 i
R 4?7n
m

Figure 5. Lumped-element analogy to Figure 4.

+ \[(R3— 227 + 2Xe(R2 + 22) + ng

Equation 6 still applies for U.

el . 19
- R (19)

Since there are two possible values for

R,, one must test to see which produces

the smallest positive value of U that will

represent the shortest line.

Example 2 — Short-Line Solution
to a Complex Low Impedance
Load Problem

Consider a load consisting of 5 ohms
in parallel with 2 pF. f =3.95 GHz, and
4,=75.949 mm, the center of the lower
satellite TV band. | will assume micros-
trip on alumina allows Z_, =18 ohms and
Z,_ =91 ohms. Since the load is capaci-
tive, we can try resonating it with a
high-impedance line section, imitating
series inductance. To use equations 18
and 19, the series equivalent values of
the load are R,=4.7099 and X,=—1.1689.
Choosing Z =91 gives R,=4.7091 and a
line length d =0.15568 mm.

We now have a real resistance, which
I shail call R, to match the notation of the
last section, of about 4.7 ohms which
we want to match to 50 ohms, which |
shall now call R,. The quarter-wave
impedance value is,

Zq =[50 x 47091 = 15345 ohms (20)

andis less than Z . . A possible solution
to this problem is to step up to a value
higher than 50 ohms with one two-line

RF Design

Application Specific

Bipolars

Need quality, reliability and performance
for your specific application? Start here
and save yourself a search.

We offer a wide selection of NEC
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%~—~ e —— . Bipolar Transistors
| Part Series  Description
' NE461 Medium Power. Low Noise for UHF L-Band scrgened for space and
‘ NE617/648 K-Band oscillators aver MIL Temp ranges \ 11“[&[‘)’ requ1rements—as
%NE(HS/()BI Low Noise, Cost Effective for 1.'S Bands well as commercial devices
[ ' NE6B3 Low Power Consumption. Low Noise in chip form and a variety
[NE8S6 High Gain. Low Cost, Low Noise for L-band of packages, including
INE213 630mW for high C-Band oscillators Micro-X and tape and reel.

CEL can also provide
Y ’/ % « thesupport and characterization data

you need to accurately determine your
circuit’s performance using NEC parts.

FREE DATA FOR DESIGNERS
y For a Product Selection Guide, call,
NE C write or circle the number below.

- California Eastern Laboratories =

4590 Patrick Henry Dr., Santa Clara, CA 95056-0964  Phone (408) 988-3500 FAX (408) 988-0279
Western (408) 988-7846  Eastern (410) 667-1310 Canada (613) 726-0626
Please see us at RF Expo West, Booths #520, 522.
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The 6080 Series is the best value today in high spectral purity
RF signal generators. Phase noise at 1GHz is -131 dBc/Hz at
20 kHz offset.

Adjacent Channel
Signal

Receiver
Bandpass

Low phase noise for receiver selectivity measurements and LO
substitution is a definite plus.

S TR B, 0, B O B e ns:

Wide FM deviation to 8 MHz for surveillance receiver testing or
VCO simulation.

Besides generating precise RF signals, the 6080 Series has a
DDS modulation oscillator to generate multiple functions from
0.1 Hz to 200 kHz.

Catch the perfe

For spectral purity, versatility need for virtually
and value, Fluke 6080A and 6082A all your critical

Signal Generators are totally receiver test,
awesome. RF design, and
Short of a week off Australia’s ATE systems
barrier reef or Oahu’s North Shore, applications.
you'd be hard pressed to find more To begin
satisfying waveforms than those with, the Fluke
produced by Fluke 6080 Series 6082A and its

1GHz — 2 GHz RF Signal Generators. 1 GHz cousin,
For the price, nothing comes the 6080A, both

SSB Phase Noise (dB< i 1z BW)

1GHz. And resid-
ual FMis alow
1.5 Hz, perfect
for high perform-
ance receiver
testingand LO
substitution.

1w 0k 100 W2 1 W0z 100 k2 1 10 MH2 Output Ievel

Ortsat Froquency (N2)
When it comes to SSB phase naise, the 6080 Series of +.16 dBm
has what it takes for your tough RF communications provides the

test requirements. oomph you need

&

]

close: Not Hawaii, not Australia. Not offer nearly unheard of spectral purity  for receiver overload test and driving

evenHP in their price range. Phase noise at high level mixers. Level accuracy is
Because with the Fluke 6080 1GHzis-131dBc/Hz at 20 kHz offset.  +1dB. A special user-defined level

Series you get all the performance you ~ Non-harmonic spuriousis-100dBcat  correction register allows you to
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PHILIPS

PHILIPS

Fast pulse modulation: 15 ns edges, up to 80 dB on/eff ratio.
Perfect for radar component testing.

Amplitude accuracy is spec'd to +1dB at -127 dBm over the entire
frequency range, but typical perfermance is actually much better.

Both the 6080A and 6082A have the performance you need for

even your toughest RF test applications.

Low RF intermodulation distortion is ideal for receiver sensitivity
testing in mobile, cellular, and military applications.

ct wave,dude.

compensate for external cable losses.

Flexibility is a major plus, too.
Whether you're testing mobile, cellular,
military communications, surveillance
receivers, or doing RF design work, the
Fluke 6082A is ready to go.

Modulation versatility is standard.

Fluke 6080 Series high performance signal generators.
U.S. List Prices: 6080A $15,950; 6082A $21,950.

S0is HP 8642A/B software and rack
space compatibility. AM, FM, phase
and pulse modulation are all included,
and can be combined for complex
signal simulation.

Pulserisetimeis<15ns(7.5ns
typical). And the 6082A's on/ off ratio
is 80 dB, ideal for radar
applications.

Sound too good to be
true? Take a peek at the
Fluke 6082A and see for
yourself what the new wave
in high performance signal
generators is all about.

Please see us at RF Expo West, Booths #803, 805.

Call 1-800-44-FLUKE for the
whole picture. And in the meantime,
hang loose.

John Fluke M1g., Inc., PO. Box 9030, M/S 250E, Everett, WA
98206-9090. U.S. (206) 356-5400. Canada (416) 890-7600
Other countries: (206) 356-5500. © 1991 John Fluke Mfg

Co., Inc. Allnghts reserved. Ad no. 00156. HP* is a registered
trademark of Hewlett-Packard Co. Intormation subject to
change without notice.
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The Race for Quality. . .

They say in the race for quality there's no finish
line. But there are milestones, and we passed
some long ago:

1985 PTS introduces a 2-year warranty,
among the first in the industry.

1986 PTS introduces an 8 year flat rate
$350 service charge for any out-of-
warranty repair (covers years 3
through 10 of ownership).

From all the recent press, you might think the
concept of quality was invented in the last few
years. Well at PTS we’ve been building quality
frequency synthesizers for well over a decade,
and backing that up with our warranty and ser-
vice plan. And with more than 30,000 years of
instrument service in the field, we have a pro-
ven failure rate of less than 3% per year.

High Reliability Frequency Synthesizers

PTS manufactures a complete line of frequency
synthesizers covering the 100 KHz to 1 GHz
band with switching time as fast as 1us for our
Direct Digital (DDS) models. And plenty of other
options as well, such as resolution down to 0.1
Hz, GPIB and digital phase rotation.

Whether it’s ATE, SATCOM, EW or MRI/NMR
imaging, PTS has a frequency synthesizer to fit
your needs. PTS synthesizers carry one or more
of these approvals:

L\ O

Call (508) 486-3008 FAX (508) 486-2495

| )I(
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PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road, P.O. Box 517, Littleton, MA 01460
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Figure 6. Normalized power transfer for the system of Example 2 and

Figure 4.

network and then step down again to
50 ohms with another two-line network.
Call this intermediate match value R, .
R, must be high enough so that the
quarter-wave impedance value on the
R, side is greater than 18 ohms, but not
so high that the quarter-wave imped-
ance value on the R, side exceeds 91
ohms. These conditions are expressed
as: 2
.
R_> -mn
m R2
2
< R,
For the present case, the limits on R
are 68.803 and 165.62 ohms. As one
approaches either limit, one of the line
sections approaches a quarter wave-
length, so to achieve the best balance
in the two designs | choose the geomet-
ric mean of the two limits, R_=106.75
ohms. Figure 4 shows the line layout for
this solution. The lumped-element analo-
gies to the short-line sections are shown
in Figure 5. Familiarity with the lumped-
element design process gives us both a
guide for choosing the structure of a
short-line solution and a handle on the
behavior of such a structure when we
meetit. From equations 9-17, the lengths
are shown in Table 1.

Adjacent sections of the same wave
impedance can be combined, so that the
18 ohm middle is d,+d,=11.3 mm and
d,+d=1.9335 mm. The total air-speed
length is 23.485 mm. Figure 6 shows the
power response. The solution is a bit
longer that A /4. A quarter-wave-and-
stub system is about the same length,
and a single-stub solution using Z___for
the cascade line and Z = for an open
stub at the source end is shorter.
However, compensation of cascade line
junctions (5) can be more precise than
stub junctions (6). This example has
shown that a cascade combination of
lines can be used to match, in theory,
any load to any source using the

(1)

(22)

RF Design

equations 9-19 and inequalities 8, 21
and 22. However, technology limits can
still prevent a realizable solution. For
example, if C=20 pF, you will find the
resonated impedance too low to find an
R, to satisfy inequalities in equations
21 and 22.

Conclusion

In general there is no best solution to
all matching problems. The designer
should try alternatives, find the board
layout size, frequency response, and
manufacturing cost of each before mak-
ing a choice. The exact short-line solu-
tions and .the structure-by-lumped-
element-analogy method presented in
this article extends the range of possible
transmission line solutions for moderate
bandwidth problems. RF
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SC CUT
CRYSTALS!

PIEZO CRYSTAL

COMPANY...
THE WORLD LEADER.

Piezo’s SC cut crystals

| are the secret to optimum

Please see us at RF Expo West, Booth #1001.

precision timekeeping,

| communications,

navigation (GPS),

electronic systems, and

instrumentation.
You can expect this kind

of performance:

* Aging rates of
5x10""/day

e Warm-up within 1x10°
of final frequency in less
than 1’2 mintues

* Time domain stability to
1x10"%/second

* Vibrational sensitivity to
2x10"g

¢ Available 3 to 200 MHz

PiEZ0 CRYSTAL COMPANY is
an innovator in quartz
crystal design with over
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requirements.
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MIXERS...
On the leading edge

M/A-COM mixers continue to be an integral
part of today’s most advanced ECM, Radar
Guidance and Commercial Communications
Systems. Not surprising for a company
whose reputation is based on over forty years
of technical innovation and industry leadership.
Our vertically integrated facilities incorporate
the most sophisticated manufacturing, design
and process capabilities available. Dedicated
CAD/CAM, Computer Integrated Manufactur-
ing (CIM), Statistical Process Control (SPC),
plus our commitment to Total Quality
Management ensure your satisfaction with
each and every mixer.

Guaranteed Specifications
In addition to stringent quality control proce-
dures, each and every mixer is designed to

provide reliable performance under the most
demanding environmental conditions.

Broad Product Offering

Choose your mixers from these standard ver-
sions available as drop-in modules, with fixed
cunneclors o with iemovable connectors:
Double Balanced Mixers

Image Rejection Mixers

Single Sideband Modulators

Quadrature IF Mixers

Mixer/Preamps

Open Substrate Mixers

Or call today to discuss your leading edge

custom and package integration mixer require-
ments with our professional engineering staff.
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Part Number: 2701-14-DBL
Frequency Range
RF/LO: 6.0-18.0 GHz
IF: dc-2.0 GHz
Conversion Loss: 70dB Typ.
LO Power: 8-12 dBm
Isolation |
L-R: 25 dB Typ. |
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RF featured technology

Nonlinear Model Verification For a
Medium Power Bipolar Transistor

By Lynne Olsen and Brian M. Kirk
California Eastern Laboratories, Inc.

Models are the basic building blocks for
simulating a circuit. Benefits of accurate
circuit simulation include reduced time
to market because circuits work the first
time or require minimal tuning. Reduced
fabrication, test and rework costs are
also realized. Since simulation results
are dependent on the models used, it is
important to know how accurate they
are. This article presents the methods
used at California Eastern Laboratories
to develop a nonlinear bipolar transistor
model and verify its accuracy.

deally, the designer would like the

device manufacturer to provide a
nonlinear BJT model that can be used
for all frequencies, bias conditions and
applications, and be compatible with the
simulator the engineer is using. Unfortu-
nately, such a model does not exist,
although a model can be developed for
a narrow bias and frequency range that
will fit the actual device with 2 percent
or less error. The efforts at CEL focus
on providing a model that will simulate
the actual device over the widest bias
and frequency range possible without
sacrificing accuracy. If necessary, more
than one model is generated to accu-
rately characterize a device.

Once you have a model, how do you
know how good or accurate it is? With
no established industry standard for
nonlinear model accuracy, this article
describes how CEL determines a

Ra=12

Vg (o)

Figure 1. Linear model.

model’s accuracy. Models developed for
the NE46100 and the NE46134 are
eviuated. Actually, only one nonlinear
model is developed, a model of the chip
(NE46100). The package model
(NE46134) then consists of the nonlinear
chip model embedded in the 34 package
model. For completeness, validation of
both the chip and the chip-in-package
is presented.

The first comprehensive and publicly
available nonlinear simulator was SPICE
(Simulation Program with Integrated
Circuit Emphasis), developed at the
University of California, Berkeley in the
late 1960s and early 1970s (1). This

5|

I,=1 ap

Yy = 38677V

Figure 2. Nonlinear model.

simulator incorporated a nonlinear BJT
model referred to as the Gummel-Poon
model (2). SPICE provides the benefits
of simulating and evaluating time do-
main waveforms, power transfer curves,
intermodulation products, harmonics
and other non-linear responses. SPICE
has only recently become popular within
the RF and microwave community. In
the past few years, nonlinear simulators
have become much more affordable,
easier to use and the required hardware
has dropped tremendously in price.

Linear Versus Nonlinear Models
To use a non-linear simulator, it is
necessary to become familiar with non-

N e L

|

Figure 3. Linear BJT model.
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Nonlinear BJT model.
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Putting Microwave Technology to Work for You

AVANTEK MMICs NATURE,
AT A NATURAL PRICE

High Performance RF/
Microwave Circuits in Tiny
SMD Packages

Fresh idea. A growing family of DC te 5.0
GHz amplifiers, active mixers, and other
high performance monolithic microwave
ICs (MMICs), at design conscious prices—
as low as $0.95 each in 10,000 piece quanti-
ties. Avantek’s new ISOSAT™ process yields
a harvest of silicon MMICs in plastic SMD
packages for portable, handheld, and low-
power high-volume designs, where size and
cost are as critical as RF performance.

Cellular, Spread Spectrum,
Fiber Optics, GPS—Any RF/
Microwave Application

Avantek, the pioneer of commercial and
defense RF/microwave solid-state, offers
the ISOSAT family of plastic MMICs in bulk,
tape and reel. High-volume, low-cost cir-
cuits that meet your highest requirements
for low power consumption, bandwidth,
low noise (as low as 1.7dB), high gain,
stability and cascadeability. [ISOSAT prod-
ucts make your linear design goals easy and
efficient.

Get a Little Help from Your
Friends

Avantek has over 50 field specialists around
the world to assist in developing your RF/
microwave designs. And, Avantek ISOSAT
amplifier product data is available for use
in all major CAE libraries, such as EEsof
Touchstone™
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linear models. Simply stated, a non-
linear model is capable of calculating
nonlinear relationships.

We all know that the voltage drop
across a resistor (V) is related to the
current flowing through it (1) such that,
if the voltage increases by a factor of 2,
the current aiso increases by a factor of
2. This is a linear relationship because
a proportional change in voltage yields
a proportional change in current. This
relationship is illustrated in Figure 1.

To understand a nonlinear relation-
ship, consider an ideal diode and the

relationship of the current flowing
through the diode (I,) with respect to the
voltage applied across the diode (V).
By inspection of the graph in Figure 2
we can see that I, and V, are not linearly
related. By calculation we find that the
current through the diode with V =0.4
V is 1,=52x10° amps and when V,
increases 13 percent to 0.45 V, |,
increases almost 600 percent to |,=361
x10° amps. Since the current flowing
through the diode does not have a linear
relationship to the applied voltage (the
relationship is exponential), the diode

PARAMETER DESCRIPTION DEFAULT
VALUE

IS Saturation current 1e-16

BF Ideal maximum forward Beta 100

NF Forward current emission coefficient 1.0

NE Base-emitter Leakage emission coefficient i35

ISE Base-emitter Leakage saturation coefficient 0

VAF Forward early voltage infinity

IKF High current Beta roll-off infinity

TF Ideal forward transit time 0

XTF Coefficient for bias dependence of TF 0

VTF Voltage describing VBC dependence of TF infinity

ITF High current parameter for RF 0

PTF Excess phase at f, 9

XTB Forward and reverse Beta TC

BR Ideal maximum reverse Beta 1

ISC Base-collector Leakage saturation current 0

NC Base-collector Leakage emission 2

VAR Reverse early voltage infinity

IKR High current reverse Beta roll-off infinity

NR Reverse current emission coefficient 1

TR Ideal reverse transit time 0

EG Energy gap for temperature effectlS .11

XTI Temperature exponent for effect on IS 3

CJC Base-collector zero-bias depletion capacitance 0

vJC Base-collector built in potential VS

MJC Base-collector junction exponential factor 98

XCJC Fraction of CJC connected to internal abse node 1

FC Coefficient for forward-depletion capacitance 0.5

CJE Base-emitter zero-bias depletion capacitance 0

VJE Base-emitter built in potential .75

MJE Base-emitter junction exponential factor .33

CJs Zero-bias collector-substrate capacitance 0

VdS Substrate junction built-in potential W5

MJS Substrate junction exponential factor 0

RB Zero-bias base resistance 0

RBM Minimum base resistance RB

IRB Current where RB falls to half minimum infinity

RE Emitter series resistance 0

RC Collector series resistance 0

KF Flicker noise coefficient 0

AF Flicker noise exponent il

——— » |

Table 1. Gummel-Poon parameters.
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Figure 5. R, evaluation.

requires a nonlinear model.

From the equations in Figures 1 and
2 it becomes apparent that the equation
used to represent the nonlinear re-
sponse (l) is more complex and will
generally take longer to solve than the

NATIONAL
INSTRUMENT

RG-S8C/U
BNC COAXJAL

CABLES“
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INTERFACE SIS HE
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= [ma] HP B5131- 60013
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NETWORK / PORT 1 PORT 2 e CRRCE |
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TEST SET CABLES
TRIAX 70 BNC
Hg %5131- COAX ADATER TRIAX TO BNC
6001
*FLEX* CABLE O ' o COAX ADATER
APC 7mnm APC 7rm
TO APC 35mnX  TO APC 3.Smm
ADAPTER ADAPTER
\__ DUT IN \
HP 115908 TEST FIXTURE . HP 115908
BIAS NETWORK BIAS NETWORK

Figure 6. Test setup.

linear equation used to represent I in
Figure 1. The added complexity of
non-linear models is one of the reasons
nonlinear simulators have been slower

than linear simulators. Another more
significant contributor to slow analysis
times is the solving of integral-differen-
tial equations to sum voltages and

If we can produce world-class crystals
for missiles and ground control. ..

From uplinks and downlinks,
to two-way radio, modems or
multiplexers, we can provide
you with ultra-stable, high
quality crystals, filters and
oscillators to meet virtually
any application.

44

Now, we know most applications don’t need the expertise required
for missiles and C°. So, we have separate manufacturing lines to

meet the specifications of our commercial

communications customers.

And yet, we provide the same high-level standards,
engineering support and quality control as we do
for our high precision military applications.
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Vce = 10V, Ic = 50 mA

FREQ Su Sn S12 S22 K MAG
(MHz) MAG ANG MAG ANG MAG  ANG MAG ANG (48)

100 0780 ~-132 28079 15 0029 46 0548 9 o 298
200 0809 -156 15218 100 0033 29 0425 13 034 267
500 0819 -175 6 206 85 0041 3 0387 -159 070 218
800 0817 177 3868 76 0048 42 0386 168 096 194
1000 081 174 3136 1/ 0060 48 02385 -170 97 172
1200 081 m 259 67 0063 47 0388 173 107 145
1400 0814 168 2236 62 0068 53 0394 -174 119 126
1600 0819 165 1976 58 0075 50 0401 =176 117 nr
1800 0816 162 1769 53 0084 51 0413 -178 117 107
2000 0819 160 1565 49 0094 49 0416 179 115 98
2500 0815 154 1290 39 0116 51 0439 178 1.14 82
3000 0814 148 1072 30 0128 46 0 468 175 118 67
3500 0819 143 0920 22 0150 44 0488 173 112 58
4000 0806 137 0803 13 0168 40 0519 168 114 45

Note S-Parameters include Bond wires

Wie 00007" (17 8 um) dia . gold

Base Total 1 wire, 1 per Bond Pad. 0 0259~ {658 um) long each wire
Collector  Total 1 wire, 1 per Bond Pad. 0 0182" (463 pm) long each wire.
Emitter Total 2 wues, 1 per side. 0 0224" (569 um) long each wire

Figure 7. Part of NE46100 data sheet.

currents with respect to time, which take
place in the nonlinear SPICE simulators.
More complex devices such as BJTs
require more complex models. Sche-
matic representations of the basic linear
and nonlinear BJT models are shown in
Figures 3 and 4 respectively. Full under-
standing and appreciation of these mod-
els requires study of the equations that
characterize these different models (3).

The Non-Linear BJT Model
Originally there were two separate
bipolar models implemented in SPICE;
the Ebers-Moll (5) and the Gummel-
Poon (2). Later versions of SPICE com-
bined these two models so that the
Ebers-Mol! large signal DC model is a
subset of the Gummel-Poon. If all BJT
parameters are specified, the more
rigorous Gummel-Poon model is used.

Figure 8. 30/157 chip carrier, top
view (0.375 x 0.375 x0.025 inch
thick gold plated alumina sub-
strate).

If certain parameters are not specified,
the simulator will default to the Ebers-
Moll model equations.

In this article we will refer to the
Ebers-Moll/Gummel-Poon nonlinear mod-
els collectively as ‘“‘the model” unless
otherwise specified. Generally speak-
ing, a model is the actual description of
the behavior of the component as de-
fined by mathematical equations. In the
previous diode example, the model is
the equation for I,.

Model parameters are variables used
in the equations to characterize the
device. In the diode example, the model
parameter is the saturation current Ig.

... you KNOW we can produce good crystals
for two-way radios

After all, we’ve been in the business of producing crystals, filters and
oscillators since 1930, so who knows crystals better than we do?

Our new brand, EG&G, may not be a "household name”. But, over
those 60 years, we have served most major communications and test
equipment OEM's and dealers. We have high quality crystals, filters
and oscillators to best meet your specific needs and budget.

So, give us a call at }F800-424-0266 and let us show what we can do for you.

RF Design
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n
oV EG=:G
FREQUENCY PRODUCTS

4914 Gray Road
Cincinnati, Ohio 45232
513/542-5555
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Figure 9. Chip bonding diagram.
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Figure 10. Chip bonding schematic.

This parameter has a value of 1x10'*
amps and is referred to as the parameter
value.

Another type of parameter encoun-
tered in SPICE simulators (but not part
of this discussion) is a control parame-
ter. Temperature is an example of a
control parameter.

Early versions of the SPICE BJT
model used only 11 parameters. Current
SPICE simulators use as many as 40
parameters (see Table 1). An in-depth
understanding of these parameters is
not necessary to use the model, but it is
a good idea to understand the basic
limitations of the BJT model (6).

One limitation of the BJT model is
that there is no bias dependency
for the model parameter R.. To ex-
plain the significance of this, refer to
Figure 5. If you force a base current I,
and measure the open circuit collec-
tor voltage V.., you are in effect
measuring the voltage drop across
the resistance between the active emit-
ter region and the emitter terminal,
which is defined as R; in the BJT
model. The dominant component of
emitter resistance is normaily the
contact resistance, typically less than 1
ohm. In a circuit simulation using a bias
in the constant R_ region, where the

Bias condition Chip Package SIMULATOR NAME VENDOR

5V, 50mA NE46100A.S52P NE46134A.S2P P-Spice Microsim

5V, 100mA NE46100B.S2P NE46134B.S2P H-Spice Meta-software

8V, 50mA NE46100C.S2P NE46134C.S2P I-Spice Intusoft

8V, 100mA NE46100D.S2P NE46134D.S2P mwspice, [Libra] EESOF

10V, 50mA NE46100E.S2P NE46134E.S2P [Harmonica] COMPACT Software

10V, 100mA NE46100F.S2P NE46134F.S2P [MDS) Hewlett-Packard

12.5V, 50mA NE46100G.S2P NE46134G.S2P [ ] brackets indicate harmonic balance simulator,
12.5V, 100mA NE46100H.S2P NE46134H.S52P instead’ of  SPICE. simulator

Table 2. Measured S-parameter files. Table 3. Compatible simulators.

CRYSTAL FILTERS

17 4EX E: ECTRONICS
| ENEY

slope is constant and approximately
equal to 1/Rg, the model will provide
accurate results with respect to Rg.
However, if you bias the device in the
high current region where the slope is
no longer constant, significant error may
be introduced.
The NE461 Bipolar Transistor

The NE461 device was chosen for this
example because of its useful bias
range, wide dynamic range perform-
Fance, and high output power. Devices
are available in a low cost surface mount
package (the NE46134 is the NE461
chip in a 34 package) as well as in
chip form (4). Key features of this device
are:

TEMEX ELECTRONICS, INC.
5021 N. 55th Ave. #10 Glendale, Az. 85301

(Tel) 602-842-0159 (Fax) 602-939-6830
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Figure 11. Chip (NE46100) DC I-V curves.

Low cost
Less than $1.00 (1,000+ qty.)

High dynamic range
0.5 watts P, at 1 dB compression
with 12 V supply
0.4 watts P, at 1 dB compression
with 10 V supply; IP3 >37 dBm
0.17 watts P_ at 1 dB compression
with 5 V supply; IP3 >32.5 dBm

Low Noise Figure 1.5 dB nf at 500 MHz
2.0dB nf at 1 GHz

Low intermodutation distortion (IMD)
—40 dBc 2-tone at 1 GHz (+20 dBm

Pout)

These features make the NE46134 an
excellent choice for high volume, low
cost consumer and commercial applica-
tions. In a transmitter, this device can
be used as a driver stage, as a 1/2 watt
linear output stage, or combined for
higher power outputs. In receiver appli-
cations where high dynamic range is
required (such as mobile communica-
tions), the combination of low noise and
high intercept point make this device a
good choice for low-noise preamplifier
stages.

Measurement, Simulation and Veri-
fication

Since a simulation is only as good as
the model being used, and the model is
only as good as the data from which it
is derived, accurate measurements,
good test equipment and a repeatable
calibration method are essential. First,
several devices, both chip and package,
were measured to find a typical device.
This typical device was then used for
more rigorous data collection, model
development and verification.

The test setup used to measure both
the chip and packaged device DC and
S-parameters is shown in Figure 6. The
controller hardware is an IBM AT com-
patible computer using the automated
measurement program ANACAT™ from
EEsof, Inc. The test equipment consists
of a Hewlett-Packard HP8510B Network

RF Design

Figure 12. Chip S-parameter plots.
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¥ TRILITHIC

800/344-2412
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317/895-3600

NEW! TRILITHIC'S COMPLETE
FILTER CATALOG ON DISK.
Tri-Cat is Trilithic's entire RF & Microwave
fitter product line on cne 360K disk. Pull up
Tri-Cat for ultraminiature, cavity, LC and
tubular design fitters. Trt
Cat specffies filters with
a frequency range of
10 MHz to 6 GHz for
bandpass and lowpass
applications. Userfrendly
menus allow for design
optimization along with
tabular data for stop-
band analysis. Type in
desired criteria and in-
stantly, Tri-Cat provides
you with part number
and package outlines.

THE FREELINE ON THE FELINE.
Call Trilthic at 1-317-895-3600 for your
FREE Tri-Cat disk today and pounce on your
next project.

SYSTEM REGUIREMENTS:
MS-D0S Compatible PC
EGA or better color display
5 1/4 inch disk drive
Mouse compatible
Windows compatible

9202 E. 33RD STREET INDIANAPOLIS, IN 46236

FAX 317/885-3613
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Figure 13a. Chip (NE46100) error graphs, V.= 5V, |_= 50 mA.

Don’t be fooled
INSISTon the b
SEMI-FLEX".

Available only from QMI, SEMI-FLEX® outperforms
all similar hand formable cable assemblies. Why?
Our cable is unique. It’s built to our demanding
specifications. With our 26.5 GHz anti-torque '
SMA plugs, it’s an unbeatable combination.

Delivery. All popular lengths are available from stock
coast to coast. Need special lengths or connector
configurations? No problem!

Price. QMI has announced 601 Series | 600 Series
HUGE price reductions for 1992. Bl KUREIRCE RURVEEY
It you thought SEMI-FLEX 1301
was a good value before, you
should check us out now!

Quality. It's not only in our

name, it's built into every assembly
we make. Guaranteed! Our customers
tell us SEMI-FLEX® consistently
outlasts and outperforms the competiti

0.55 db

(J

ly’s demanding market.

LR B

Cr

In stock at QMI, and at:
Sertek, Inc. (CA) 1-800-334-7127  Gall now for your FREE

FAX (818) 7073508 SEMI.F| EX® sample!
c , Inc. (NY)(516)981-8810
S B Gieyoeranss 1-800-362-FLEX

=OMI'

MAKERS OF
SEMI-FLEX>

Quality Microwave Interconnects, Inc.

301 Ballardvale Street - Wilmington, MA 01887

Tel. (508) 988-9090 - FAX (508) 988-9393
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Figure 13b. Chip (NE46100) error
graphs, V =12.5V, 1,=100 mA.

Analyzer and HP4145A Semiconductor
Analyzer. The interface between the
controller and test equipment is accom-
plished with a National Instruments
GPIB interface board installed in the AT
computer. While the HP8510B meas-
ures the S-parameters, the HP4145A
provides and measures the DC voltage
and current values. Under the control
of ANACAT, the device’s DC and S-
parameter values are measured, with
the data collected and saved to a file on
the controller’s hard disk.

As previously mentioned, the accu-
racy of the model is only as good as the
accuracy of the data from which it is
derived. Therefore, this data becomes
the reference by which the model accu-
racy is evaluated. To insure accuracy,
two additional sources of data are used
for correlation. The first is a power
measurement setup independent of the
aforementioned S-parameter and DC
measurement test setup. P, and P
data from 20 dB below compression up
through compression is obtained at
different bias levels in a 50 ohm system.
The small signal gain is compared to the
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HP's software shows you exactly
what your GaAs FET circuits will do.

Even when they go nonlinear.

Traveling-wave Amplifier

2nd and 3rd Harmonics

=10 dBm

Harmonic
Output =~~~
Power

« Measured ey
L 5|mulated}),,} ~
3rd = »)"
A

énd

-60 dBm

HP’s Microwave Design
System produces accurate
nonlinear simulations.

The only way to get an accurate
nonlinear simulation of a GaAs
circuit is to use an accurate mod-
el. Now there is one—the

HP Root Model. And it’s part of
the HP Microwave Design System
(MDS).

Not only does the HP Root Model
accurately simulate nonlinear
GaAs FET circuit behavior, it
accurately calculates linear
behavior over bias as well.

10 dBm  Output  ig 4pn
Power

To help you get started, popular
GaAs FET devices characterized
using the HP Root Model are

already included in the HP MDS
nonlinear libraries—ready to go.

It doesn’t require optimization or
specialized modeling expertise to
add your own, either. Because
the HP Root Model computes
device parameters directly from
measured data.

And the HP MDS software runs
on HP, Apollo, Sun, DEC or 386-
based platforms.

So if you'd like to see what will

Now nondinear
GaAs FET circuits
like this 0.5-50 GHz
amplifier can be

1981 Hewlett-Packard Co. ADTMNMI25/RFD

happen when your GaAs circuits
go nonlinear, call 1-800-452-
4844. Ask for Ext. 2774, and
we’ll send you a brochure that
shows you exactly what HP’s
Microwave Design System soft-
ware can do.

There is a better way.
HEWLETT
PACKARD
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Booths #719, 720, 721, 722, 820, 822.
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Figure 14. S-parameter error indi-
cators on DC I-V curves.
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Figure 15. NE46134 test fixture,
top view (30 mil thick, Duroid
6006).

50 ohm small signal gain, S21, and
should be the same. If any discrepan-
cies exist, testing and troubleshooting

= e T T R i B
OUTPUT POWER POWERGAIN
Sim Meas  Meas Sim Sim Meas Meas  Meas
Pin P P -Sim  vs Meas | Gain Gain -Sim  vsSim ‘
(dBm) (dBm)  (dB) (%) (dBm) (dBm)  (dB) (%)
0.0 7.95 8.12 0.17 2% 7.95 8.12 0.17 2%
5.0 12.94 12.90 -0.04 -0% 7.94 7.90 -0.04 1%
10.0 17.92 17.87 -0.05 -0% 7.92 7.87 -0.05 1%
15.0 22.85 22.78 -0.07 -0% 7.85 7.78 -0.07 -1% ’
20.0 27.26  27.14 -0.12 -0% 7.26 7.14 0.12 2% ,
20.5 25015 2750, 0.00 0% 7.00 7.00 0.00 0%
210 2768  27.90 0.22 1% 6.68 6.90 0.22 3%
22.0 27187 28350 0.63 2% 5.87 6.50 0.63  10%
230 2790 28.96 1.06 4% 4.90 5.96 1.06  18% '
24.0 2796  29.30 1.34 5% 3.96 5.30 1.34 25% '
25.0 28.10 29.56 1.46 5% 3.10 4.56 1.46 32% |
. e ]

Table 4. Measured versus simulated power (Frequency = 900 MHz).

ensue until the source of the error is
determined and corrected.

The second independent data source
is a harmonic and intermodulation meas-
urement test setup. As with the power
measurement, data is collected and
compared to the computer simulation.
Factory data sheets supplied by NEC
are also used as an additional source

ECL Compatible
output to 250 MHz
in. 8 % 98" x:,2"
package

These state of the art
oscillators can be manu-
factured to your require-
ments. Consult the factory
for details of specific options.

SPECIFICATIONS

Operating Temp. Range:
-55°C to +125°C

Deviation: to 200 PPM

Temperature Stability:
to 10 PPM

Control Voltage: 0 to -5.2 VDC
Linearity: up to 5%
Initial Accuracy: to +5 PPM

Double
Dip

ACTUAL SIZE

Various control voltages and output
waveform options are available.

OSCILLATEK

A |DOVER ) TECHNOLOGIES COMPANY

620 N. Lindenwood Drive - Olathe, Kansas 66062
FAX: (913) 829-3505 + Phone: (913) 829-1777

INFO/CARD 40

50

Please see us at RF Expo West, Booth #615.

of data for comparative purposes.

Chip Calibration and Measurement

Currently CEL uses the coplanar
waveguide (CPW) test fixture developed
by Design Techniques™ for measure-
ment of chip devices. The calibration
method used for measuring the
NE46100 chip is the Open-Short-Load
(OSL) technique (7). The OSL calibra-
tion technique uses a set of CPW
calibration standards consisting of a
dual open, a dual short, a dual Z,=50
ohm load and a Z,=50 ohm thru used
during an in-fixture calibration of the
network analyzer. This calibration pro-
vides a one tier de-embedded measure-
ment of the device under test (DUT)
where the effects of the test fixture and
the effects of the input/output transmis-
sion lines of the chip carrier are re-
moved.

The CEL *‘30/157” CPW chip carrier
is shown in Figure 8. The 50 ohm

34 PACKAGE TOP VIEW
WITH
PLASTIC ENCAPSULANT REMOVED

-v{o.o-‘.gl-—
BT aaa [

DIMENSIONS IN INCHES.

Figure 16. 34 package top view
with encapsulant removed.
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THERE IS NO SUBSTITUTE
FOR EXPERIENCE

® Gold plating per MIL-G-45204 for
good conductivity and long contact
life.

® Uniform contact pressure for excel-
lent repeatability.

® Balanced armature actuators for
reliability in high shock and vibration
environments.

® 2 Million cycle life on selected
models.

® Stress relieved materials for dielectric
and temperature stability.

® Dielectric media and characteristics
are compensated to minimize trans-
mission line discontinuities.

® Special programs: Custom designs
engineered to meet your specifi-
cations.

FOUNDED 1945

No one switch can satisfy all design
requirements. Dow-Key has the engi-
neering experience to optimize the
performance parameters you need to
meet your most demanding and criti-
cal applications. See why Dow-Key is
the preferred supplier of switches used
in missile systems, tactical aircraft data
links, navigation, IFF, communication
systems, and test equipment world-
wide. For over 40 years Dow-Key has
designed and manufactured coaxial
relays and switches. If you're not pres-
ently specifying Dow-Key, you should.
Give us a call and you will understand
why....there is no substitute for
experience.

1667 Walter Street, Ventura, CA 93003-5641 « Phone (805) 650-0260 * Fax (805) 650-1734
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transmission lines are 0.030 inches wide
by 0.157 inches long. Consistent with
coplanar waveguide design, the two
large metallized areas are located on
either side of the input and output
transmission lines and form the chip
carrier ground planes. In addition, a
0.030 inch square metallized pad, or
island, electrically isolated from the
ground plane areas and 50 ohm lines,
is centered on the chip carrier to provide
a mounting surface for the die. Figure 9
shows the bonding configuration for
common emitter biasing. The coliector
of the device, located along the under-
side of the die, is attached to the island.
The base and collector each have a
single bond wire connecting the device
to the input and output chip carrier 50
ohm transmission lines, respectively.
The emitter is grounded through two
similar iength bond wires to the coplanar
grounds on the surface of the chip
carrier.

The resultant parasitics are repre-
sented schematically in Figure 10. The
collector island introduces an additional
parasitic capacitance of 0.150 pF, which
is mathematically removed by software

COLLECTOR

BASE MEASURED

CHIP DATA

CHIP ;=cc¢= 0.1 8pF

Lepkg=1.2nH

EMITTER

Figure 17. 34 package equivalent circuit.

Circle Info/Card #125 for free Catalog and Price List

For faster service fax ad and address information

IMPEDANCE BRIDGES

Models AS6 & AS7
RF IN-RF OUT impedance bridges.

When the device to be analysed is connected to the bridge test por, the
corresponding increase In insertion loss (from RF IN to RF OUT) of the bridge is
read directly as return loss (VSWR). Since this is not a resistor-diode (RF IN-DC
OUT) bridge type, special scope graticules, calibrated mismatches, square law
corrections, etc. are not required. Also the bridge can be driven with a variety of
levels without affecting accuracy.

Test systems may be as simple as a signal generator, attenuator, bridge,
detector and meter or more sophisticated using an ic RF Comparator (sce
A49), RF Amplifier (A52), or RF Analyser (AS1) and a fxed or variable
attenuator for automatic direct reading. The more complex measurements can be
amplified to display return loss ievels even below 50 dB.

are broadband RF transformer

type

Application Bridge Type

MIN. FREQ. RANGE
40 dB Directivity
with 1 dB max
Open/Short Difference

MIN. FREQ. RANGE
50 dB Directivity
with .5 dB max
Open/Short Difference

Bridge Loss
RF In-RF Out

Price

We gl for
cight Standard

50 obm

Short-Open
Error

ASTT
VHF Fixed

ASTTGA/6

1-500 MHz

5-300 MHz

1650 MHz

5-600 MHz

12 dB nominal

$258.00

344.00

or
6 dB per leg
(RF IRJ Test
Port or
RF OUT Test
Port)

ASTIU UHF Fixed RepuraiLosy 1-900 MHz ¥ W00

ASTI/30 pCOy SENCITY 30 KHz-30 MHz 311.00

nominal

ASTTLS Balun Null

300 KHz-100 MHz - 258.00

52

ASTTLL

VHF Variable

AS6GA/6

190 KHz-50 MHz

1-600 MHz

5600 MHz

395.00

R 172 oz 532.00

* Other Modcls available. Options include 50/75 ohm Impedance conversion, Termination and Data supplied with unit, DC biocking, and

various connector configurations.

Consult factory for specials and OEM applications.

WIDE BAND ENGINEERING COMPANY, INC.

P. O. Box 21652, Phoenix, AZ

85036
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Phone:

(602) 254-1570

Fax: (602) 254-1570
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* Note- 50Q Source

Oct. ’91
Signetics Family of FM IF Systems

45-8V 45-8V 45-8V 45-8V 27-7V 27-7V 27-7V 27-7V
3.3mA @ 6V 3.3mA @ 6V 5.7mA @ 6V 5.7mA @ 6V 3.5mA @ 3V 35mA @ 3V 3.5mA @ 3V 3.5mA @ 3V
16 16 20 20 20 20 20 20
Dip,SO Dip,SO Dip,S0O,SSOP Dip,S0O,SSOP Dip,S0,SSOP Dip,SO,SSOP | Dip,S0O,SSOP Dip,S0,SSOP
Same as IF Same as IF 500MHz 500MHz 150MHz 150MHz 150MHz 150MHz
0.22pVv 0.22uV 0.22pVv 0.22pVv 0.31pV 0.31uV 0.31uVv 0.31pVvV
1.6KQ 1.6KQ 4.7KQ 4.7KQ 8KQ 8KQ 8KQ 8KQ
N/A N/A 13dB 13dB 17dB 17dB 17dB 17dB
N/A N/A +4dBm +4dBm -9dBm -9dBm -9dBm -9dBm
8GHz 8GHz 8GHz 8GHz 8GHz 8GHz 8GHz 8GHz
25MHz 25MHz 25MHz 25MHz 2MHz 2MHz 2MHz 2MHz
90dB 80dB 90dB 80dB 90dB 80dB 90dB 80dB
YES YES YES YES YES YES YES YES
N/A N/A Single Single Single Single Single Single
- High Sensitivity - High Sensitivity - High Sensitivity - High Sensitivity ' - Low Power - Low Power - Low Power - Low Power
- High IF - High IF - High Input/IF - High Input/IF - Audio Op-Amp | - Audio Op-Amp| - Audio Op-Amp | - Audio Op-Amp
Fraquency - Relaxed 604A Frequency Frequency on Output on Output on Output on Output
- SSOP 20 - SSOP 20 - RSSI Op-Amp | - RSSI Op-Amp | - Freq Check - Freq Check
- Relaxed 605 on Output on Output - Buffered RSSI | - Buffered RSSI
- SSOP 20 - SSOP 20 - Differential - Differential
- Relaxed 606 Limiter Qutput | Limiter Output
- SSOP 20 - SSOP 20
- Relaxed 607
- Can be combined | - Can be combined | . Cellular - Cellular - Portable Cellular - Portable Cellular - Portable Cellular - Portable Cellular
with the NE602A with the NE612A | _ High Performance | - Cordless Phones - Portable Receivers | - Portable Receivers + AMPS/TACS - Portable Receivers
to produce a to produce a Receivers - Cordless Phones - Cordless Phones « NAMPS/NTACS | - Cordless Phones

sirgle conversion
receiver

single conversion
receiver

- Industry Standard

- Portable Receivers
- Cordless Phones

For additional information call (800) 227-1817, ext. 751.




.MODEL NE461 NPN

+ IS=8.7E-16 rb=6 irb=.004 rbm=4 bf=185 nf=.959

+ vaf=30 ikf=.35 1ise=.57e-12 ne=1.8 re=.63 rc=3.0

+ br=5 nr=1 var=12.376 1ikr=.01789 isc=le-14 nc=1.95

+ cjc=2.5e-12 vjc=.83 mjc=.33 xcjc=.2 cje=4.9e-12

+ vje=.6 mje=.45 tf=12.9e-12 xtf=1.6 vtf=19.875 itf=.4
+ ptf=0 tr=1.7e-8

Figure 18. SPICE model definition.

that models the capacitance as a shunt
C element. The bond wires are not
de-embedded since the device will have
bond wires attached when used in an
actual circuit. The bond wire composi-
tion and lengths are defined on the
NE46100 data sheet (Figure 7) to allow
circuit designers to use their own mod-
els for the bond wires. A simplification
at low frequencies is to use a 0.015
nH/0.001 inch approximation. For exam-
ple, a 25.9 mil bond wire would have an
approximate equivalent inductance of
0.3885 nH. The device is measured in
the CPW chip test fixture using the test
setup shown in Figure 6.

Chip DC [-V curves were generated
by sweeping V. from 0 V to 12.5 V in

1.25 V steps, and by sweeping | from
75x10¢ amps to 425x10'® amps in
25x10® amp steps. S-parameter meas-
urements were made by sweeping V..
and | over the same |-V curve ranges,
and sweeping frequency from 100 MHz
to 5.1 GHz in 100 MHz steps. This
generated a tremendous amount of data
(over 1 Megabyte) and took several
hours. Other data points were taken to
develop Gummei plots, R.. Rg and
bond wire information. The forward and
reverse Gummel plots characterize the
current flow through the base, collector
and emitter while forward biasing the
base-emitter and base-collector PN junc-
tions respectively. These measurements
provide the basis for verifying the model.

Chip Simulation and Verification

Inspecting the measured and simu-
lated data provides insight into how well
the model compares to the actual de-
vice. Several plots which aid in assess-
ing the model are: DC |-V curves (Figure
11), Beta plots, capacitance plots (C_
VSR SERCESAVS Vpe, N CRERVS VNS
parameter plots (Figure 12), and fre-
quency dependant error graphs (Figure
13). Gummel plots, power, intermodula-
tion distortion and time domain plots are
also used for model characterization
and validation but not included here due
to time and space constraints.

The DC |-V curves (Figure 11) show
very close correlation between simu-
lated and measured data. The S-
parameter graphs show good correla-
tion (Figure 12). To better quantify the
correlation, CEL has standardized on
the error graphs shown in Figure 13.
These error graphs provide insight into
the frequency dependant nature of the
correlation and are usually generated
at several different bias conditions. The
graphs can be used to yield a single
number quantifying the accuracy at

Turn your shielded room into a reverb chamber

AMPLIFIC
RESEARCH

RF Design

160 School House Road
Souderton, PA 18964-9990 USA
215-7238181 » Fax 215-723-5688
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12 a ance and service throughout Europe, call
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RF/Microwave
Surface Mount
MLCs

Within

Arm's Reach

$49995

each kit

New ATC RF/Microwave Capacitor Kits

American Technical Ceramics new Quik Design Kits™ provide everything you need for circuit design
within arm's reach. Each Kit contains a wide range of consecutive values stocked in 100-piece quantites in
convenient matrix packs (Cap-Pacs®), along with a Tuning Stick® for each value.

The QK3000 Kit is stocked with over 5000 A-Case Capacitors with capacitance values ranging from 0.2 pF
to .01 MFd, and tolerances B, C, ], K and M. The QK4000 Kit contains over 4000 B-Case Capacitors with
values of 0.3 pF to .039 MFd and B,C, K and M tolerances. All capacitors are laser marked with value and
tolerance.

All kit values are available in solder plate (nickel barrier) on tape and reel for high volume, automated pick and
place applications. Solder dipped nickel barrier capacitors are available in matrix packaging or tape and reel on
special order.

For Complete Information and Catalog
Call our APPLICATIONS HOTLINE
(516) 547-5708
Available in stock through ATC's QUIK-PICK 48 HOUR SYSTEM™

american technical ceramics coRp.
one norden lane, huntington station, n.y. 11746-2102 usa

phone 516-547-5700 » telex 825707 + fax 516-547-5748
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S11 S21 St12 S22 S-parameter accuracy versus bias on a
single graph (9) is shown in Figure 14.

(mag) (ang) (mag) (ang) (mag) (ang) (mag) (ang) | This graph shows the bias conditions
Meas 053 127 2547 -66.0 0.189 -62  0.507 -101 which yield maximum error (measured
Sim 0.58 139 2497 -66.6 0.208 -60 0.498 -91 versus simulated) of 20 percent or less,
i L i ] v indicated with a square marker on the
Meas -0.05 -12 0050 06 0019 -2 0009 -10 DC 1.V curve.
(M-S)/M -9% 9% 2.0% 1%  -10% 3% 2% 10%
Table 5. Measured versus simulated S-parameters (Frequency= 900 Packaged Device Calibration and
MHz). Measurements

The calibration method used for the
_ packaged device measurements is the
APC 3.5 mm OSL technique. A full
two-port calibration of the HP8510B is
performed using the HP85052A calibra-

] £ tion kit. CEL software is then used to
; mathematically de-embed the effects of

the test fixture. The HP8510B APC 3.5

mm two-port calibration error vectors

P § | are modified to remove the effects of the

test fixture and are then restored as the
active HP8510B calibration set. This
frequency control products, Hy-Q International never wavers. provides one-tier de-embedded meas-
Hy-Q International is a world leader in the design and manu- urements of the package device.

facture of quartz crystal products. Our wide range of quality The DC and S-parameter measure-
products, supplied from five locations world-wide, ensures Insie foir I8, DEREOLE, AEinE are

; ; ) ; f performed in the same manner as the
your communication or instrumentation needs will be met ANEE AT L orttatent e Ur b rle r of

quickly and cost efficiently. For your next frequency control the NE46100 chip described previously.
application, choose a consistent performer who never wavers. The NE46134 package device is meas-
Send us your specifications for fast, thorough analysis ured with the package leads secured
on the test fixture 50 ohm lines with a
rexolite hold down block. The package
itself is secured on a 30 mil thick RT
Duroid 6006 substrate as shown in
Figure 15. Since the calibration de-
embeds the fixture and the lead lengths
protruding from the package, no pack-
age lead lengths are included in the 34
package model. If the 0.0315 inch (0.8
mm) lead lengths need to be included,

e their equivalent inductance would be

Quartz Crystals on the order of 0.05 nH. S-parameters
* XY, NT, X, CT, DT, SL and AT cut crystals to at various bias conditions are available
achieve frequencies from 10.0 KHz to 200.0 MHz. in the NEC/CEL Design Library Version
Surface mount packaging available. 4.0, files NE46134A.S2P through
Crystal Oscillators NE46134H.52P as indicated in Table 2.
« TTL/CMOS/ECL Clock Oscillators covering 250.0 KHz to 170.0 Figure 16 shows the internal configu-
MHz. Surface mount packaging available. ration of the NE46134 with the plastic
+ TCX0's/VCXO's made to custom specifications. ECRaN A EIMONECy FTRIGER o SR el

there are three tabs, one each for the

F'It.ers pAy . base, collector and emitter. The base
* Discrete and monolithic crystal filters from 454.0 KHz to andlemitter leads are.identical.and: are
100.0 MHZ-. represented as transmission lines T,
* Custom LC filters. and T, in the package schematic of
Figure 17. The collector lead is signifi-
cantly wider than the base and emitter
R leads and protrudes slightly beyond the
- bottom side of the package. The collec-
tor tab has little or no effect on the
measurements in this configuration at
these frequencies. Coupling effects be-
; . tween the base-emitter, base-collector,
Intmnoml ((]S/l); Inc- and collector-emitter are represented
1438 Cox Avenue/Erlanger, KY 41018/ Tel. (606) 283-5000/ Fax (606) 283-0883
58 AUSTRALIA « SINGAPORE * UNITED STATES » UNITED KINGDOM - MAURITIUS March 1992
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New From Matrix Systems:
3-Stage 32x32 DC-100MHz
Switching Matrices

Our new model 10693 is an
intelligent 3-stage switching
matrix that saves space, has higher
performance but lower price.

This is accomplished with an
efficient 3-stage design that
reduces the number of actual
switches used.

Which adds up to an excellent
32x32 coaxial matrix capable of

« Efficient 3-stage design

= DC to 100MHz

* Micro-processor controlled

signal routing

= RS-232, IEEE-488, and

key pad control

» Redundant signal paths

* Modular design
= Rack mount

switching signals from DC to
100MHz.

Why choose Matrix for audio,
video and RF switching? Because

Please see us at RF Expo West, Booth #312.

MATRIX

SYSTEMS CORPORATION

5177 North Douglas Fir Road
Calabasas, California 91302

(818) 222-2301 - Fax (818) 222-2304
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for over 21 years we've been
designing state-of-the-art switching
modules, matrices, and complete
systems to the toughest electrical
and packaging specs imaginable.

For demanding customers
including government agencies,
defense contractors, the TV
industry, ATE and telecommuni-
cations companies...and more.
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Figure 21. Amplifier schematic.

as C,, C,, and C_, respectively as
shown in Figure 17.

Package Simulation and
Verification

The chip has now been fully charac-
terized, and since package parasitics
primarily affect high frequency response,
S-parameters are sufficient for package
model verification. S-parameter data

was taken at different DC |-V biases
while sweeping frequency from 50 MHz
to 2.5 GHz; 2.5 GHz is the high end for
the package since the 50 ohm gain
approaches unity at this frequency.

The nonlinear model parameters for
the NE46100 (chip) were embedded in
the package model and entered into a
SPICE simulator (Figure 18). This simu-
lation data was compared with the

NE46134 S-parameter data at the bias
conditions measured above. Figures 19
and 20 show the S-parameter data and
error graphs which quantify the accu-
racy of the model at two different bias
conditions (Figure 19: V.. =5V, |.=50
mA and Figure 20: V. =12.5V, |, =100
mA). The error graphs would normally
indicate less than 10 percent peak-to-
pcak crror, however, since the aclual
chip in the package is different than the
chip used for developing the chip model,
some error is to expected since no two
chips are exactly alike. The simulated
chip model in the package was tuned to
verify this assumption, and less than 10
percent error was achieved.

Application Circuit

Verification of the NE46134 model
was also done by using the model to
design and build an a 900 MHz amplifier
with P, . of 27.5 dB and 8 dB gain. The
amplifier was designed using 0.010 inch
thick 5880 Duroid with a dielectric
constant of 6.0. The high dielectric
constant and thin board were used to
minimize line lengths.

Figure 21 shows the amplifier sche-
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#’—¢ Make Philips Your Long-Term -

)‘ y- Source For The Broadest Range
: Of RF/Microwave Products. R
Looking for the most REfmicrowave product choices? You'll find them

A/ at Philips.

650 products...65 package options.. outputs to 350W...operating fre-
quencies to 4GHz...standard or custom...semiconductors or modules.
They're all high-performance solutions for a broad array of applications.

Whatever your system, trust your component needs to Philips—a

Choose From...

¢ RF Diodes ® Small-
Signal FETs ® CATV
Amps

¢ Tuner, Wideband,
Microwave and RF

LU
L S

solid source for years, and years to come. Call 1-800-447-3762 for our Power Transistors
catalogue. Or write us at 2001 W. Blue Heron Blvd., PO. Box 10330, * Hybrid Wideband
g ™" Riviera Beach, FL 33404. Ay

Philips Semiconductors

'@:; PHILIPS
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For this high-power VHF amplifier, separate circuit boards
are used for the input and output. The magnetic
core has been removed from the output

transformer for clarity.

We speak REF.

More than one source for Motorola RF products exists, but why not choose the company that speaks
the language, that understands your application and design requirements and translates
that information into the best Motorola RF product for your money.

Richardson Electronics' superior knowledge of Motorola products is matched only by its consistent ability to
offer an extensive supply of Motorola RF transistors, power amplifiers and hybrid modules from stock.

You gain because we understand the Motorola RF language and your needs.
Call Richardson toll free at 1-800-RF POWER.

Richardson
@ MOTOROLA Electronics, Ltd.
INFO/CARD 49
Come listen at Booth #920, RF Expo West, and win.



HP and Avantek
announce a major
expansion In the world of
RF/Microwave technology.

Presenting some very big
news to anyone designing data
communications and telecom-
munications systems: your job
just got easier. Because now
you can get all the components
and support services you
need from one place.

Thanks to the HP/Avantek
partnership, we can now deliver
the most complete solutions
of any RF/microwave semi-
conductor and components
supplier for commercial and
defense applications.

For commercial applications,
CGO8207

look to us for an expanded
array of HP and Avantek prod-
ucts. Including some of the
most technologically advanced
discrete devices, silicon and
GaAs ICs, and complex inte-
grated components available
today.

Look to Avantek, now a wholly-
owned subsidiary of HP, to con-
tinue its leadership of the
defense and aerospace markets
through its advanced technol-
ogy and volume manufacturing
capabilities.

In both cases you’ll get the

INFO/CARD 51

full strength and stability of
HP’s worldwide sales, service,
and support.

To find out more about what the
new HP/Avantek partnership
can do to expand your design
horizons, call 1 (800) 752-0900,
ext. 2949 in the U.S*

There is a better way.

K

*In Europe, FAX to: (49) 7031-14-1750.

HEWLETT
PACKARD

Please see us at RF Expo West, Booths #7189, 720, 721, 722, 820, 822.




matic. The CHIP ONLY dashed box
indicates the nonlinear chip model with-
out bond wires. The NE46134 dashed
box contains the 34 package model with
the chip model embedded. The package
model was developed with the device
mounted on a special fixture which
didn’t introduce any parasitics into the
measurement. The actual amplifier de-
sign uses typical high volume, low cost
fabrication techniques which introduces
parasitics and must be accounted for in
the design. These parasitics, not shown
in the schematic, are represented as a
shunt 0.1 pF capacitor at the base of the
34 package (node 3) and a shunt 1.6
pF capacitor at the collector of the 34
package (node 8).

The input matching network (IMN)
consists of a shunt 1.8 pF capacitor and
a series 1.93 nH inductor. The output
matching network (OMN) consists of a
series 50 ohm transmission line, a series
inductor, and a shunt 5.5 pF capacitor.
The IMN and OMN provide the proper
gain and power matching to achieve 8
dB linear gain and 27.5 dBm output
power (P,.) at 900 MHz. The DC

biasing components and source and
load are also shown for completeness.

Measured vs. Simulated Results

A comparison between measured and
simulated output power at 900 MHz is
shown in Figure 22. A comparison of the
tabular data (Table 4) shows the differ-
ence between measured and simulated
output power to be less than 3 percent
for input power levels in the linear region
and up through 1dB compression. As
the amplifier goes further into compres-
sion, the measured gain is 1 to 1.5 dB
higher than simulated gain. This is to
be expected since the nonlinear chip
model was optimized for the linear
region of operation over a very wide
dynamic bias range; the implementation
of the Gummel-Poon model in this
application is not as accurate in the high
current, high power region. The largest
difference between measured and simu-
lated P_, is 5 percent: 28.1 dB simulated
versus 29.56 dB measured, with 25 dBm
input. This output power difference
results in a power gain difference worst
case of 32 percent, 3.1 dB simulated

Our Model 6091
laboratory-grade calori-
meter is exceptionally accu-

rate and traceable to NIST
Standards. It is also uncom-
monly easy to use. Just apply
25-200W of RF, and the calorimeter
displays result — directly in Watts.
Move around all you want
— because it’s frequency-
insensitive thru 2500 MHz.
No need for nulling or low-
frequency substitution prior

© Copynght 1991 Bird Electronic Corp

200W RF CALORIMETER READS WATTS
WITH £1.25% MEASUREMENT UNCERTAINTY

who else but
BN

30303 Aurora Rd., Cleveland, OH 44139 U.S.A. (216) 248-1200 » TLX: 706898 Bird Elec UD
FAX: (216) 248-5426 « WESTERN REGION OFFICE: Ojai, CA ¢ Phone: (805) 646-7255

to making each RF
measurement. Instead,
you can take fuil GPIB
control (cable supplied).
Count on these constant-
ambient transfer accuracies:
25-200W readings with typical
measurement uncertainties of
+1.25% of reading, 10-256W
with *+3%. Our new Bird
6091 calorimeter is available
in both benchtop and 19-in.
rackmount panel models.

Frequency : 10 MHz
Frequency Range :9 - 25 MHz
Temperature Range : O - 60°C
Stability/Temp. : HBX 20
| Power (Stabilized) : 1.25 W @ 25°C
' Warm-up Time : =5x10%/15 min
Output : SINEWAVE
Size : 1.5x1.5x.5 inches
(Ixwxh)
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TunableFilters

i
FROM K&L

HIGH Q BANDPASS FILTERS:

Provides the answer to noise and interference
signals found on co-located communication links.
These filters feature 225-400MHz UHF or 100-163
MHz VHF frequency range capabllity. High selectivity

of >70dB, narrow 3dB bandwidth <600KHz, VSWR<
center frequency over the 3-3,000MHz trequency

range (1 actave per filter). These filters are available BRLCWRAR C2 tuning apsel 4l ) Sagdnch.
in either 3 or 5 sections, a VSWR of 1.5:1, and a low _
insertion 10ss of <1 dB in the 5% 3dB bandwidth
model.

Bandreject or "notch” filters have a 25-1,000MHz (1
octave per filter) frequency range, VSWR of < 1.2:1
and is capable of eliminating undesirable signals
by greater than 50dB rejection.

BANDPASS & BANDREIJECT FILTERS:
With K&L's bandpass filters you can tune any

A A -
L AN

TRy,
£, = )

TUNABLE DIPLEXERS:
K&'s 30 to 88MHz tunable diplexer allows
simultaneous receiver and transmitter operation
from a single antenna over the entire frequency
range. Nominal insertion loss of 2.5dB with nominal
VSWR of 1.75:1. The filter is capable of handling 50
watts CW.

MULTICOUPLERS:

Standard units cover the 225-400MHz UHF and
100-160MHz VHF frequency ranges. Both manually
and digitally tuned models are available. Ground
based or airborne modules of up to four units each

DIGITALLY CONTROLLED BANDPASS FILTERS:
K&L's digitally controlled bandpass filters are high
Q devices covering the frequency spectrum from
24MHz to 18GHz, 1 octave per filter. Each model
has its own built-in microprocessor which controls
a precision stepping motor. This filter series gives
the system designer the options of control logic,
dnve voltages and packages

DIGITAL TRACKING FILTER NETWORKS: INFO/CARD 54
K&l's digitally controlied tunable bandpass For A Partner...
a single controller. The network has a tuning accuracy
of + 25% of tuned center frequency, a 5 section
Chebychev response with 3 to 30dB shape factor
RF/EMI moisture-sealed racks with 100dB isolation. S R INCOVORATED
408 Coles Circle Salisbury, Md. 21801 - PHONE: 301-749-2424 - FAX: 301-749-5725 - TWX: 710-864-9683

network has a 20-1500MHz frequency range, using
of 22:1 and 3 to 50dB shape factor of 3.5:1 and K&
Please see us at RF Expo West, Booths #614, 616, 618.




versus 4.56 dB measured, at 25 dBm
input.

Simulated S-parameters are within
10 percent of the measured S-parame-
ters except for S11 and S12. The input
bias and matching network could be
tuned to provide a closer match between
simulated and measured S11, at the
expense of a higher gain error, S21
(from 2 percent up to 10 percent). S12
converted to dB is —14.5 dB (measured)
versus —13 dB (simulated). The 1.5 dB
difference (10.3 percent) in isolation is
considered negligible.

Additional time could be spent fine
tuning the circuit to achieve more exact
correlation for this amplifier, but if this
were to go into production the next
logical step would be to perform a
tolerance analysis on the various com-
ponents of the model and modify the
design based on performance, cost
tradeoffs and yield goals.

CAD Software Compatibility

The model parameters presented
here can be used in most commercial
RF and microwave non-linear simulators

that support the Gummel-Poon model.
Presented in Table 3 is a list of compat-
ible simulators CEL has checked for
Gummel-Poon support. A description of
the parameters that are different and
what to do with them for each simulator
can be obtained by contacting CEL or
the vendor. If you are using a simulator
other than those listed, check with
the manufacturer-supplied element cata-
log, the manufacturer directly, or CEL.

If you use a nonlinear SPICE simula-
tor for predicting the performance of an

900MHz Amplifier usin? the NE46134
VCE=12.5V, 1C=T00mA

= “",&;‘:’:’]
& o

VACUUM
CAPACITORS

g——

CoMET

® \/vltages from 3 to 100 kV

® Currents from 30 to 1100 A

® Capacitance from 3 to 6600 pF

@® Variable and Fixed
Construction

These high vacuum Swiss precision
capacitors are designed for long, reliable
operation even in the most severe in-
dustrial environments. Modular design
allows for quick and economical custom
designs.

Please ask for our 50 page catalog with
over 350 standard types.

Inmark Corporation
4 Byington Place
Norwalk, CT 06850
Tel: 203-866-8474
Fax: 203-866-0918
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THE CHOICE

IN RF CONNECTORS

7 MIL-SPEC

1 Specials

[/ Commercial Grade

(4 75-Ohm SMB

High Quality - Dependability - On-Time Delivery
Responsiveness

E.E JOHNSON

1-800-247-8256

Locus
MC-500
Series

PO. Box 740
State College, PA
16804
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Please see us at RF Expo West, Booths #932, 934.

B

Multicouplers

The Leader in Qualit

Locus Multicouplers utilize
state-of-the-art amplifiers,
low cost MMICs and broad-
band transmission line
power dividers. For high-
performance antenna signal
distribution at an afford-
able price.

¢ Broad Instantaneous
Coverage From 20 MHz
to 2 GHz

e High Dynamic Range
e Low Noise
e Input Protection

See the Locus Difference

BLOCUS, Inc.
KAMAN

814-466-6275 FAX 814-466-3341
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Please see us at RF Expo West, Booth #518.




amplifier in compression, or for inter-
modulation distortion, harmonics, and
other nonlinear responses, it is impera-
tive that your simulation time extend out
far enough to reach steady state.

Conclusions

We have presented a fairly rigorous
method for validating a medium power,
nonlinear, bipolar junction transistor

model to be used in commercially avail-
able nonlinear simulation software. This
method has been extended from device
validation to circuit validation by building
working hardware with response corre-
lating closely to the simulated circuit
using the NE46134 noniinear model. RF
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Wide Pull Temperature
Compensated VCXO

MCCoy ¢ Ovenaire * Croven
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« Frequency deviation available to
+ 1000 ppm.

« Excellent linearity, + 1 % available.

* Temperature Compensation available.

* 0 dBm minimum sine (TTL version
available).

* Available from 10 to 30 MHz.
* Small size - only 1.5" x 1.5" x 0.5".
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Can you pick out the nght

EMI solution for your design?

We can.

It's easy to achieve electro-
magnetic compatibility when you
know what product to use. And
where to use it.

But you don’t have to know the
difference between wire mesh and
finger stock to succeed. You just have
to know Instrument Specialties.
We start at the drawing
board, so you don’t have to
go back to it.

Our engineers work with yours to
develop a total shielding solution
right from the design stage. It can
save plenty of costly rework—
and worry.

Say goodbye to frantic
product searches.

Everything you need is already in-
house or in stock—whether it's con-

ductive elastomers, wire mesh, or
the best beryllium copper fingers

(to name just a few)... plus specified
platings. With our prompt shipping,
off-the-shelf parts can be at your door
in no time. And our capabilities like
CAD/CAM, photoetching and wire
EDM not only make customization
fast and easy, but downright
economical too—especially with
Finite Element Analysis, which tests
parts before production.

d

You don't even have to go
somewhere else for certified
testing.

We can test for all current EMC
specs and standards, at your facility
or ours. And with our EMC experts
helping you from design to produc-
tion, passing the test will be a lot
easler.

So why settle for just shielding,
when you can have solutions? Call
Instrument Specialties today at
717-424-8510, and find out what it's
like to be EMC worry-free.

Instrument Specialties

ters: Del

TEL: 717-424-8510 FAX: 717-424-6213

Western Division: 505 Porter Way, Placentia, CA 92670
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THE COLDEST RUNNING HIGH POWER
ATTENUATORS AND TERMINATIONS YOU CAN BUY

When you need a high-performance,
high power attenuator or termination, Lucas
Weinschel is the best choice.

With a well camed rcputation for
excellence, our products sct the standards
by which other microwave components arc
measurcd.

Higher Power Handling

No onc can match Lucas Weinschel’s
high power handling capability. Our
standard product line includes attenuators
and terminations up to 500 Watts with
10 kW peak power handling.

Frequencies to 18 GHz

Whalever frequency you need, Lucas
Weinschel has it. ' We cover the full high
power range from DC to 18 GHz.

Built High-Rel Tough

Lucas Weinschel high power products
have a proven rccord of reliability and
durability even at high ambient tempera-
turcs. Our patented resistive clements
provide cxceptional long-term stability.

Naturally, We Do Specials

Custom solutions to your component
problems have been a major part of Lucas
Weinschel’s business for 40 years. We can
mect your special requirements quickly and
cost-cffectively.

You can get the best quality and
competitive prices from the same manufac-
turer. Express Shipment is also available
for most models. Call us for quotes on your
next attcnuator or termination buy. Our
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competitive attitude will help solve your
problems.

For more information or any qucs-
tions about Lucas Weinschel’s high power
attenuator or termination products, contact
the Sales Department at Lucas Weinschel
or send for our latest catalog.

Communications & Electronics

Lucas Weinschel, P.O. Box 6001,
Gaithersburg, MD 20884-6001, (301) 948-3434
1-800-638-2048, Telefax: (301) 948-3625



RF featured technology

QSPLOT Utility Displays
S-Parameter Data

By David Lovelace
Motorola, Inc.

QSPLOT is a quick utility to display
S-parameter files on DOS computers
without having to resort to circuit analy-
sis software. It is most useful when doing
a quick comparison of one or more data
files, checking to see if measured data
is valid, or verifying a file before using.

his utility program can quickly dis-
play all of the parameters from one
or more, two port S-parameter data files
and print the displayed data to a user
specified printer on command and even
produce HPGL compatible graphic out-
put. QSPLOT will display S11 and S22
in Smith chart format, S12 and S21 in
polar format and f, and Gy,,, on log
frequency charts. Observation and com-
parison of tabular S-parameter data files
by graphical means in these formats is
now possible without circuit analysis
software.
Table 1 displays an example file and

QSPLOT (¢) 1991 Davd Lovelace

Format:

Where: <PATH> =
(Optional)

Examples: QSPLOT TEST.S2P
QSPLOT

QSPLOT
QSPLOT

QSPLOT <PATH< FILENAME(S).EXT
Location of files to be displayed

FILE NAME(S).EXT = Filenames(s) and extension
Note: The file extension must be speci-
fied.

FET.S2P BIP.S2P HBT.S2P
C:\SPAR\".52P
B:FETT?.S2P

Table 1. Initiating command format and example files included in

QSPLOT.

the initiating command format included
in QSPLOT. An example of the com-
mand: QSPLOT AT?.S2P is shown in
Figure 1. This example reflects just one
of the capabilities of QSPLOT to display
two port S-parameter data. In the exam-
ple shown in Figure 1, St1 and S22 are

Figure 1. Initial display, all two port S-parameters (Press ‘‘“<SPACE>"’).

RF Design

plotted on a Smith chart and S12 and
S21 are plotted on a polar chart. The
polar charts are scaled according to the
maximum value of [S12| and |S21| given
in the plotted files. The names and paths
(if applicable) of the displayed files are
given in the center with colors that
correspond to those of the plotted data.

How to Use

Once QSPLOT is started, the indi-
vidual S-parameter plots, all four pa-
rameters, f, or G,,,, can be displayed,
enlarged and printed. Initially, a display
of all four S-parameters is given. Enlarg-
ing any one of these plots can be done
by pressing the keys corresponding to
that parameter. Pressing ‘11" enlarges
S11, 12" enlarges S12, “21’’enlarges
S21 and 22" enlarges S22. Pressing
the space bar will cause all four of the
S-parameters to be displayed simultane-
ously and ‘A" will cause both the plots
for ;. and G,,,, to be displayed on the
same screen. “FT” will cause f; to be
displayed individually and “GM’ will
display an enlarged view of G,,,,. The
initial scale used for the y-axis of the log
frequency charts is 20 dB. To adjust this
scaling, “>"" will increase the scale in 5
dB increments and “<’" will decrease
the scale in 5 dB increments. The “<”’
and ‘'>" keys only work in the log
frequency mode. S12 and S21 polar
plots are already scaled. If “p”* or *P”’
is pressed, the current display will be
printed. Pressing “I”" or *'L’" will cause
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Figure 2. S11 plot (Press ‘“11"').

WHAT YOU NEED IN A
NEW SYNTHESIZER.

SIMPLICITY.

UALCOMMA' s
new Q2220 K.i.S.S. (Keep it Simple Synthesizer) DDS is :

Simple to Integrate

50 MHz DDS in a small 44-pin PLCC package

Ful paralle! 23 bit frequency

control interface

50 MHz hop & sweep rate;

Latency only 5 clock cycles

Simple to Power

Ideal for portable gear;

300 mW maximum at 50 MHz

Simple to Afford

Lowest priced DDS
Available

Simple to Learn More

Call or Fax QUALCOMM s

VLSI Products Division for technical data and delivery.

QUALCO/WV\

m VLSI Products Division
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(Photo actual size)

10555 Sorrento Valley Road
San Diego, CA 92121 USA
TEL: 619-597-5005
FAX: 619-452-9096

Figure 3. S21 plot (Press ‘‘21"’).

an HPGL file of the present screen to
be created. Finally, the ESC key causes
the program to terminate. Table 2 shows
the valid key sequences used within
QSPLOT.

Figures 1 through 6 demonstrate
some of the results generated by
QSPLOT. Hardware requirements in-
clude EGA or VGA display and a math
coprocessor. Printers supported are the
EPSON FX, MX or LQ modules, Toshiba
24 Pin, HP LaserJet Series and HP
DeskJet Series.

QSPLOT requires that the file
QSPLOT.CFG is present in the same
subdirectory as QSPLOT.EXE. If this
configuration file is not present, QSPLOT
will create it. QSPLOT.CFG contains
configuration data for the user’s printer
and the selected print options. To
change any of the previously set op-
tions, erase QSPLOT.CFG then run
QSPLOT. This will prompt the user to
enter data for the creation of a new
configuration file.

Available printer options include
printer selection, printer resolution, X
and Y dimension scaling factors, portrait
or landscape orientation.

Experiments with different printer reso-
lutions may be necessary to obtain the
desired clarity and size of printed graphs.

HPGL Output

All the HPGL graphics are generated
in files located in the current path in
which QSPLOT is being used. These
files have the name of HPGLxx.PLT.
Where *'xx’’ represents a number be-
tween 0 and 99 which QSPLOT auto-
matically generates for the user. When
initially started, the first file name will
be HPGLO.PLT followed by HGPL1.PLT,
.. . up to a maximum of 99 files. If an
HPGL file already exists, QSPLOT wili
name the next HPGL result file sequen-
tially. For example, if HPGLO.PLT
through HPGL14.PLT already exist, the
next time that an HPGL file is created,
it will be named HPGL15.PLT. If a user
desires to obtain graphics from a plotter,
they should follow these steps:
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100 Watt Ultra-High-
Linearity Broadband
Driver. Model SL-D1.

For Industry, Science,
Medicine & Communications

ETO has been a leading supplier of

RF power to OEMs, System Integra- ) :
1.5 KW Automatic Linear Amplitier

tors and End Users since 1970. We for HF communications: microproces-
: sor controlled, automatically tuned,
can provide fast prototypes and produc- RS-232 remotable, and tully sel

contained. Model PA-801.
tion quantities of cost-effective RF power

sources for a broad range of applications.

Qur 5-20 kW linear amplifiers power

more high-field MRI scanners worldwide

5 KW Water-Cooled
Final Stage of medium
frequency RF supply
for semiconductor
process equipment
and other industrial
plasma applications.
Model PG-5DW.

than anyone else’s. Many of the 12,000+
ETO high power RF amplifiers and power
supplies now in service are standard
products; some are custom. Others are
semi-custom, derived on short notice
from existing products.

Existing designs range from LF to
UHF .. from 50 watts to 30kW. .. from
high linearity to “super-pulse” to high

efficiency switchers. Because we are 20 KW, 64 MHZ Final
Power Stage of model

i PA-20DP high-linearity
leaders in solid state and power tube MRI amlifier
applications as well as computer
control, we use the most appropriate
technologies for each application. We’d like to be your RF partner.

Contact Don Fowler or Alysa Drew
ETO specializes in the unique needs of to learn how ETQ can satisty your 500 Watt, High Efficency 13.56 MHZ Switching
OEMs: fast prototyping and as-required RF power requirements. Power Supply and matching network for plasma

applications. Model SG-D5.
delivery of superior products; profes-

SEE TR Mabplcaton SICEAIND, Tn EHRHORN TECHNOLOGICAL OPERATIONS, INC.

documentation, system integration, regu- RF Power for Communications, Industry, Science & Medicine

latory approval, and after-sale service. 4975 North 30th Street, Colorado Springs, Colorado 80919 (719)260-1191 FAX (719)260-0395
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Where:
quotes.

characters such as “ft”, Ft”, “fT" or ““FT"" will cause the f_plot to display.

Table 2. QSPLOT—Command keys.

Command Function

117 Enlarge the S11 plot
SO 2% Enlarge the S12 plot
21 Enlarge the S21 plot
22" Enlarge the S22 piot
“ft” or “FT” Enlarge the f_plot
‘*gm’ or ““GM” Enlarge the G,,,, plot
“a or “A’’ Display f_and G,,,4
LT Decrease/Increase the log frequency
y-axis (Valid only for the f_and G,,,,
plots)

[SPACE] Display all four S-Parameters I
“p” or P Print current display '
sl o (B Create an HPGL file of current dis-

play
“h" or “H”’ Help
[ESC] Quit

*“11”’ denotes a pair of sequential key strokes enclosed within the

[SPACE] and [ESC] denote pressing the space key or the escape key only.

QSPLOT commands are not case sensitive, therefore any combination of

Measure Up With Coaxial Dynamics
Model 83550 Digital Wattmeter

The “Generation Gap” is filled with the “new” EXPEDITOR, the

microprocessor based R.F. AnaDigit System.

The EXPEDITOR power computer ... you make the demands,

it fills the requirements.

¢ Programmable forward AND reflected power ranges.

¢ Can be used with the elements you now have.

¢ Compatible with all Coaxial Dynamics line sizes
and power ranges.

* 18 scales from 100 mV to 50 kW.

Contact us for your nearest authorized

Coaxial Dynamics representative or

distributor in our world-wide sales network.

* PEAK POWER CAPABILITY
NOW AVAILABLE

COAXIAL
DYNAMICS, INC.

15210 Industrial Parkway
Cleveland, Ohio 44135
216-267-2233 1-800-COAXIAL
Fax: 216-267-3142

Service and Dependability. ... A Part of Every Product
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How f. and C N
Are Defined in
QSPLOT

QSPLOT plots f; as:

i ) U]
eSS

(1 =200 +S,) + 8,5,

Since this plot is a figure of merit that
only has meaning when,

fr =21

=
QSPLOT only plots for values greater
than 0 dB and the presumption can
be said for G,,,, which only displays
values greater than 0 dB as well.
Gyax has some other definitions that
require more in depth discussion.
Gyax is the maximum transducer
power gain that is obtained when the
input and output ports of the device
are conjugately matched. G,,, is a
function of stability (K) and is defined
as:

_ 18, $
GMAX ls1zl K K 1 (2)
Equation 2 holds only if the device is
unconditionally stable (K>1). If the
device is potentially unstable (K<1),
the definition of Maximum Stable
Gain (MSG) is substituted for Equa-

tion 2. MSG is defined as:
Syl
1Sl

Which is the equation for G,,,, (Equa-
tion 2) when K = 1. MSG is a figure
of merit that represents the maximum
value of GMAX that can be achieved
by compensating the device with
resistive loads or using feedback to
make K = 1. The condition for
unconditional stability is:

MSG = (3)

i e be= lsnlz i Is_zglz + |A|2 > 1 (4)
2|812821|
where
5
18] = 18,8 = 8,5 )

J

Table 3. Two port S-parameter

data file format.
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Figure 4. f_ plot (Press “‘ft”’ or ““FT"’).

1. Set the parameters on the COM port
with the MODE command. This is de-
pendent on the serial settings of the
plotter in use.

Example: MODE COM2:9600,E,7,1

This sets the serial port (COMZ2:) that the
plotter is connected to for a rate of 9600,
even parity, seven bits and one stopbit.

2. Copy the desired HPGL file to the
plotter.

Example: COPY HPGL1.PLT COM2:
This will copy the HPGL1.PLT graphics

to the plotter connected to the COM2:
port.

- E e s —

OSPLOT (c) 199% Dawa Loveloce

|H21)-2 (dB}

GMAX (dB)

-

Figure 6. f. and G, plot (Press
“a” or ILA’!)‘

RF Design

|

Figure 5. G,,,, plot (Press ‘‘gm’’ or *‘GM”’).

v/ Quartz SAW frequency
stability

+ Operation over the extremes
of military temperatures

v/ Superior spectral purity, phase
noise, and tuning linearity

7/ On-board voltage regulation

computer-aided cin
unique modular opti
which maximizes pe
design efficiency.

v Hermetically sealed in a
1.5"x 1.0" x 0.2" DIP

v/ Off-the-shelf availability

High performance for less cost is the standard for Sawtek's family of hybrid
voltage controlled SAW oscillators (VCSOs). Offered in operating frequencies
from 300 MHz to 1200 MHz, these standard VCSOs are designed for your
commercial and military applications.

Call Penstock today at 7-800-736-7862 for specifications or to place your
order for any of the following part numbers:

Part Number Frequency  Available
852103 300 MHz May 1992 If your oscillator needs fall
852104 400 MHz May 1992 between the incremental 100 MHz
852105 500 MHz March 1992 operating frequency of the standard
852106 600 MHz March 1992 parts listed, contact us at Sawtek.
852107 700 MHz  March 1992 Ouyr unique modular optimization
852108 800 MHz ~ March 1992 process allows us to produce them
852109 900 MHz  April 1992 more quickly and at a lower cost.
852110 1,000 MHz Ju_ne 1992 Telephone: (407) 886-8860
852111 1,100 MHz June 1992 Fax: (407) 886-7061
852112 1,200 MHz June 1992
/ " [ySAWTEK
PENSTOCK .. INCORPORATED

IFIRFIMICROWAVE DISTRIBUTION

Sunnyvale, California Orlando, Florida
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Remarks

The format of the two port S-
parameter data file is shown in Table 3.
*“1" is a comment delimiter used to
denote lines with comments within the
data file. This is often referred to as the
“Touchstone” format which is used by
several RF and microwave circuit analy-
sis packages.

QSPLOT was written with Borland’s
Turbo C++. The graphics drivers tor
EGA and VGA have been compiled into
QSPLOT with the math coprocessor
compilation option selected so as to
speed upgraphing operations. Unfortu-
nately, the graphics screen dump rou-
tine was written by a third party and the
licensing agreement precludes the
author from including the source code

Engineering Tools by Quinn-Curtis which
were utilized by the author in QSPLOT.

QSPLOTL may be compiled for use
in a computer that is not equipped with
a math coprocessor by disabling the
math coprocessor option before compila-
tion. Touchstone is a trademark of
EESof, Inc.

The latest revision to QSPLOT adds
the capability to view input and output
slabilily circles and create files of tabular
data for [H,, 12, K, G,,,,/MSG, conjugate
match and stability circiles. Also added
are conversions from S-parameter to H-,
Y-, and Z-parameters.

This program is available from the
RF Design Software Service. See the
advertisement on page 145 for ordering

;

RFdesign

REPRINTS!

For further information
contact:

information.

RF

and object files for this aspect of

Reprint Department
QSPLOT. The source code for

IR About the Author i
QSPLOTL (QSPLOT Light) is included, David Lovelace is a staff engineer RF Design
but does not include the printer source with the RFIC Development Group 6300 S. Syracuse Way,
code or the code that reads and gener- at Motorola, Inc. He can be reached Ste. 650

ates the configuration file required for
printing. There are several sources of
already written routines to do graphics
screen printing such as the Science and

at 2100 East Elliot Road, Tempe, AZ
85284. Tel: (602)897-4465. Fax: (602)
897-4477.

Englewood, CO 80111
(303) 220-0600

LOW FREQUENCY ¢ MPU ¢ HIGH RELIABILITY » QPL ¢ LOW

PULLABILITY in vexors

and greater

SPUR FREE area in filters

are two of the
advantages of using

Surface Mount Reed Relays
(0.225"W x 0.550"L)

HIGH FREQUENCY FUNDAMENTAL CRYSTALS Cors Wit e e -

from offers you the world's most compact reed relay package

currently available. A 50 coaxial shield makes this

relay suitable for switching applications up to 2 GHz.

'V The 9400 Series offers very low capacitance, excellent

MLPEY— FISHER ‘ l RF Characteristics, and is available with "J", Gull,
A SUBSIDIARY OF #MATEC Axial, or Radial Leads. The thermoset epoxy package

withstands 430°F reflow soldering which makes this
relay compatible with surface mounting manufacturing
techniques. Call or write to us today for our new full
line catalog.
COTO WABASH
A Kcarncy-National Company
55 Dupont Drive, Providence, R.1. 02907
Tel: (401) 943-2686 Fax: (401) 942-0920
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Nobody ofters more quartz crystals,
hybrid clock oscillators or prompt service.
Call us at 1-800-982-5737
to find out for yourself.

ECL ¢ MINIATURE ¢ HIGH TEMPERATURE * TIGHT SYMMETRY ¢ HIGH FREQ. FUND
ONIM-IIND ¢« SONIOH » SOWD « 111 « 1334 ® 3dVL « LNNOW 3DV4HNS » 31140Hd

HALF-SIZE « ENABLE/DISABLE ¢ TRI-STATE ¢ DUAL OUTPUT
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r) RF Prime...

Your Technology Leader

* Highest frequency/smallest package

Lowest profile in the industry — .125 max. height
First all-welded, beam-leaded construction with gold-to-gold metalization
Now introducing MetaL-Rap™ — RF Prime’s exclusive nickel barrier/solder-plated,

wrap-around metal system

RF Prime, the surface mount technology leader, now introduces
MeTAL-RAP. This exclusive nickel barrier/solder-plated metal
system wraps around the substrate, allowing easy solder reflow
and visual inspection along the edge of the component. RF Prime’s
full line of surface mount mixers are assembled utilizing all-
welded construction and carry a 5-year warranty. These mixers
areinanon-hermetic plastic/ceramic package.250x.310x .200 in.
and are now available with an industry-first, low-profile height of
only .125 in.

RF Prime has extended its wideband coverage to 2.5 GHz with the
introduction of the RFMS-6, and now offers LO power up to
17 dBm on the RFMS-1A-17, RFMS-2-17, and the RFMS-5-17.

Don't settle for less. RF Prime is your source for superior quality,
high technology, surface mount mixers. RF Prime, where quality
is designed in — not just tested in.

Call today for information on our entire product line of
RF/Microwave components: mixers, transformers, power
splitters/combiners, and phase detectors.

So, it’s about time.
Dial 800-878-4669

RF Prime, Inc. *+ 11305 Sunrise Gold Circle + Rancho Cordova, CA 95742

Specifications, selected models

Model

RFMS-1
RFMS-2
RFMS-2A
RFMS-4

RFMS-5
RFMS-6
RFMS-1A-10
RFMS-2-10

RFMS-5-10
RFMS-1A-13
RFMS-2-13
RFMS-5-13

RFMS-1A-17
RFMS-2-17

RFMS-5-17

Note 1: Max. over total range.
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Frequency, MHz

LO/RF

0.5-500
5-1000
5-1000
5-1500

10-2000
10-2500
2-500
5-1000

10-1500
2-500
5-1000
10-1600

2-500
5-1000
10-1500

LO Level
IF (dBm)

DC-500 +7
DC-1000 +7
10-1000 +7
DC-1000 +7

10-900 +7

10-900 +7
DC-500 +10
DC-1000 +10
DC-1000 +10
DC-500 +13
DC-1000 +13
DC-1000 +13
DC-500 +17
DC-1000 +17
DC-1000 +17

rf

+ Ph:916/852-8334

Conv. Loss'
(dB)
8.0
9.0
8.0
9.0

9.5
10.0
77,
9.0

9.5
7.7
9.0
9.5

8.5
9.5
9.5

RF

Price, $
(1-9)
5.25
5.95
5.95

10.95

15.95
24.95
6.95
7.95

11.95
7.95
8.95

10.85

9.95
10.95
15.95

Prime

Fax: 916/852-0689



More Surface Mount
=~ Than Ever...

PINs...Schottkys...Varactors...Switches and More!

At M/A-COM, we are continually adding to our RF and microwave surface mount products. ..
including a new line of surface mount varactors and our SMQ (square) packaged PIN diodes.

M/A-COM’s wide range of For more information contact:

surface mount RF and microwave M/A-COM Semiconductor Division

products are suitable for military and Burlington Semiconductor Operations
commercial applications including military 43 South Avenue, Burlington, MA 01803

radios and cellular systems. General information: 617-272-3000 X3808
M/A-COM will meet your requirements with Applications assistance: Jerry Hiller X2625
aggressive pricing, high volume availability Now Distributed by Richardson Electronics, LTD.
and exacting quality standards. USA 1-800-348-5580 CANADA 1-800-387-2280
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RF cover story

New DDS Keeps Things Simple

By James Madsen
QUALCOMM, Inc

““For never anything can be amiss, when
simpleness and duty tender it’’ — Wil-
liam Shakespeare, A Midsummer
Night’s Dream.

QUALCOMM’s new Q2220 K.i.S.S.
(Keep it Simple Synthesizer) DDS adapts
advanced 1.0 micron CMOS technology
to Shakespeare’s timeless truth. The
K.i.S.S. DDS is designed to be simple
—simple to program, simple to use,
simple to frequency modulate, simple
to integrate, simple to power, and simple
to afford.

D irect digital synthesizers (DDS) gen-
erate a digital waveform, typically
a sine wave, by precisely dividing the
frequency of a higher speed reference
clock signal (see Figure 1). To perform
this division, a digital accumulation
process adds a fixed delta-phase value
to the value of a phase accumulator
circuit once per reference clock.

The rate at which the digital accumu-
lator overflows its maximum value is the
period of the output waveform. Thus, the
period of the waveform is controlled by
the digital delta-phase value, also re-
ferred to as the ‘‘frequency control”
value. The digital output values from the
accumulator circuit are then converted
to a series of digital values that repre-
sent a sine wave at discrete time
intervals. A standard digital-to-analog
converter (DAC) converts this sine repre-
sentation to the analog domain.

The frequency resolution of the sine
wave is a function of the number of bits

The Q2220 is available as a complete synthesizer board, the Q0320-1, with clock,

DAC and output filter.

in the phase accumulator. The spectral
purity of the final output signal is a
function of the number of bits used in the
digital sine conversion process, the
number of bits input to the DAC, and the
non-linearities associated with the DAC
and other analog circuitry. Because the
sampled waveform output of the DDS
follows the rules of Nyquist's theory,
higher frequency images (called ‘‘ali-
ases’’) are also formed in the DDS

System Clock
Reference

Frequency Control '
Value Input

Y

Register
Digttal o

Adder

Sine Low,
Comp- Pass [t
utation Filter

Digtal-to

AN

(Digital Sawtooth
Waveform)

Analog
Conversion

(Digitat Sine
Wavetorm)

DDS

(Analog Sine
Wavetorm)

Figure 1. Clock, digital and analog signal flow in the Q2220 DDS.

RF Design

process. If the fundamental DDS output
is the desired signal, then the aliases
must be filtered by a suitable low pass
filter.

DDS offers numerous advantages
over traditional analog synthesis meth-
ods: fine frequency resolution, frequency
agility, fast switching time, low phase
noise and stability. For more information
on the theory of DDS, readers are
referred to the many articles and appli-
cation notes which go beyond the in-
tended scope of this article (1,2,3,4,5).

Making DDS Easier

Despite a wealth of information on
direct digital synthesis and the ready
commercial availability of single-chip
VLSI devices, DDS is still considered
an exotic technology by most RF design-
ers.

Existing DDS devices have been seen
as too complex in size, power consump-
tion, required support hardware, cost
and programming. Moreover, many syn-
thesizer and local oscillator (LO) applica-
tions do not require the bells and
whistles included on most of today’s
commercial DDS chips.
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RF engineers familiar with phase
locked loops, voltage controlled oscilla-
tors and other analog techniques need
a fresh approach to take advantage of
DDS. The value of Quaicomm’s Q2220
K.i.S.S. DDS is that it provides a crucial
set of competitive advantages for any
RF engineer undertaking a new design
— faster time to market, lower power
budget, smaller size, and lower cost.

The Q2220 has been designed as a
basic building block for high volume
commercial applications. These applica-
tions include portable communication
terminals, baseband transmitters and
receivers, frequency agile radios, clock
generation circuits, frequency synthesiz-
ers and digital signal processors.

The commercial uses for DDS seem
limitless: HF radios, digital satellite links,
very smail aperture terminals (VSAT),
wireless local area networks (LANS),
manpack radios, automated test equip-
ment (ATE), radar, sonar, magnetic
resonance imaging (MRI) and global
positioning systems (GPS).

K.i.S.S. DDS Architecture

The Q2220 DDS performs direct digi-
tal synthesis using a unique combina-
tion of features and performance levels
that provide very good synthesis per-
formance combined with a very flexible,
complete, easy-to-design architecture
(see Figure 2). The Q2220 uses a fully
parallel digital interface for the control
of output signal frequency. This pro-
vides the ability to rapidly and easily
control the output frequency.

8YS CLK

FC(022)

Sine ourjo:s!
2 10.9)

—1

Function Y
10 Digitized

Sinewave
Output

| worcik

FCSELECT l

o8N

i [ ]

N .
Figure 2. Basic architecture of the
Q2220.

The device is packaged in a compact
44-pin PLCC, with the pinout shown in
Figure 3. 23 dedicated pins control the
output frequency via the frequency con-
trol register, which can be loaded asyn-
chronously using the full parallel input
and then synchronously activated. Alter-
natively, the frequency control register
can be loaded and activated synchro-
nously with the system clock.

High-speed circuit design allows the
device to operate with reference
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Figure 3. Pin assignments of the
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frequencies as high as 50 MHz.
The rules of Nyquist sampling theory
limit the fundamental output frequency
to less than half the reference
frequency. The design of practical low
pass filters further constrains the
upper limit of the usable output fre-
quency to about 20 MHz. The lower limit
of the output frequency is 0 Hz (see
Figure 4).

The Q2220 trequency resolution is a
function of the desired reference clock.
With a 24-bit accumulator, frequency
resolution = reference clock/2?¢, There-
fore, with a 15 MHz reference clock,
frequency resolution is <0.9 Hz; or <3.0
Hz at 50 MHz.

The 14-bit sine computation input and

A compact 3 inch square (8 cm)
turnkey synthesizer based on the
Q2220 K.i.S.S. DDS is aiso available.
The synthesizer card includes the
DDS, Sony CXD1171M DAC,
33.554432 MHz reference oscillator,
buffering for use with external refer-
ence clocks, low pass filter elements
and connectors (Figure 5). The Q0320-
1 card typifies DDS circuit designs.
The card requires only a single 5V
supply to operate, with a total power
draw of less than 1 W. It includes a
40-pin dual in-line (DIL) header for con-
trolling output frequency, synchronous/
asynchronous frequency selection, out-
put formatting, reset and Hop Clock
enable, as well as power/ground. Fre-
quency hopping in exact 2.0 Hz binary
steps is possible using the on-board
reference. The Q0320-1 also includes
an input for an external reference, if

The Q0320-1 DDS Card

There is a choice of three output
signals. The first is an unfiltered sine
wave output from the DAC. Using this
signal, the alias image of the sine wave
can be bandpass filtered to achieve
higher frequency outputs.

The second output is the traditional
filtered sine wave with a 0-14 MHz
bandwidth. This signal is useful for
many frequency synthesizer and LO
applications.

The third output is a TTL-level
square wave. In this mode, the Q0320-
1 is a programmable frequency digital
clock source; usable for clock recovery
and generation circuits, clock rate
conversion, or as a programmable
source for digital circuits.

The Q0320-1 can be used by itself
on the lab bench or in low-to-medium
volume OEM applications where it is
an economical plug-in synthesizer

preferred. card.
23-B¢ Frequency Control UnlilEred Output
SynchvAsynch Controt -
Output Format Salection
Resel/ Filtered Sinewave Output
Meop Clock >
DL Q2220
Header Direct - SONY o) 14 MHz TTL Output
v CXD1171M Low P TRl 5
Digital D/A Converter - Ui Converter
Synthesizer Filter
External /'. T
Reterence 33.554 MHz
(from SMA Connector) XTAL Oscillator

L‘Figure 5. Block diagram of the Q0320-1 synthesizer card.
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- S SN ChE a4
Q2220C-50N Q2220M-40L

# of DDS Outputs 1 1
Maximum Clock Frequency 50 MHz 40 MHz
Input Interface Parallel Paralilel
Phase Accumulator Size 24 bits 24 bits
Frequency Resolution <3 Hz @ 50 MHz <2.4Hz @ 40 MHz
# of phase bits to the sine lookup 14 bits 14 bits
# of bits output from device 10 bits 10 bits
Output format Two's Comp/Oftset Binary | Two's Comp/Offset Binary
Clock Latency 5 Clock Cycles 5 Clock Cycles
Standard Package 44-pin PLCC 44-pin CLDCC
Technology 1.04 CMOS 1.0u CMOS ]
Power Consumption <300 MW @ 50 MHz <235 mW @ 40 MHz 1
Operating Temperature 0to 70C - 55 to 125C
Availability From_ Stock Fourth Quarter 1992

10-bit sine output value provide output
spectral purity of better than —60 dBc,
depending on the DAC device used for
analog conversion.

By fourth quarter 1992, military sys-
tems will be able to specify a MIL883C-
screened version of the Q2220 DDS in
a 44-pin CLDCC package. The MiL
version will clock up to 40 MHz from —55
to+125Cand45V <V, < 55V

e}

Figure 4. Specifications of the Q2220 commercial and military versions.

Why the Q2220 K.i.S.S. DDS is
Simple

Simple to program — The Q2220
uses a fully-parallel frequency control
interface which provides total flexibility
over the output frequency as well as its
rate of change. The parallel interface
provides frequency loading in a single
clock cycle versus a typical 24-clock
delay for serial interfaces.

For a fixed output frequency, the
23-bit frequency control interface can
be hardwired by tying the input pins high
or low. Alternatively, simple DIP switches
or similar techniques can be used to
manually control frequency selection.
For fast, automatic frequency selection,
digital control circuitry can generate the
23-bit frequency value.

The input value can bhe loaded and
activated synchronously with the system
clock signal. An asynchronous load
mode is also supported whereby the
frequency control value is loaded and
activated by an asynchronous signal
(HOPCLK) which is internally synchro-
nized to the system clock signal.

Simple to use — The Q2220 DDS
requires only an external clock refer-
ence (0-50 MHz), DAC and low pass filter
components to operate. Based on QUAL-
COMM’s ongoing evaluation of DACs,
the 40 MHz Sony CXD1171M CMOS
DAC has shown to be an excellent
low-cost companion to the Q2220 pro-
viding typical system-level spurious less
than —50 dBc. For even higher perform-
ance, more sophisticated DACs (e.g.
Sony C€X20202) can be specified to

*G

Taunton Professional Parke
238 Taunton Blvd., Medford, NJ 08055
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ASK FOR CAROL FOR
IMMEDIATE SERVICE

CORP

9386 SERIES

CERAMIC TRIMMER
CAPACITORS

B Snap-in PC or RPC mounting
M Flux resistant construction

B Auto-tune capability

B 7 ranges: 15-3 to 12-70 pF

o 7 TS

MANUFACTURING CORPORATION

Rockaway Valley Road
Boonton, N.J. 07005

(201) 334-2676 FAX: 201-334-2954
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Werlatone is an advanced technological company with an RF Product line that is unsurpassed in
performance and quality.

THE COMPANY

For over a quarter century we have developed,
manufactured and marketed high power RF
components. Werlatone’s continued growth is
based on a strong commitment to research
and development. This commitment enables us
to remain at the forefront of technological
development and maintain a steady flow of
new products.

FACILITIES

Our engineering, production and test facilities
are equipped with a full range of the latest
mechanical, environmental and electrical test
equipment. Our high power test lab includes
testing to 500 MHz at power levels to

10 kilowatts.

OUR PRODUCTS

Our extensive line of High Power Directional
Couplers and Power Dividers cover the
frequency range of 10 KHz to 2000 MHz,

at power levels up to 100 kilowatts. Our
products employ WERLATONE WIDEBAND
TECHNOLOGY for no compromise high power
multi-octave performance.

Over 25 years of design excellence has resulted
in innovations that set standards for the
present and the future.

g POWER

l)lﬂ[Cf’oﬂAt caurtL lA
. — ua- !-—

WORLATONE B0
AREWATER K Y.

Call us today for product information and your application needs.

WERLATONE INC. ¢ PO. BOX 47 RT 22 « BREWSTER, NY 10509

DECADES AHEAD

PHONE 914 279 6187 FAX 914 29 7404

INFO/CARD 72



achieve spurious levels better than —60
dBc.

Simple to frequency modulate —
Frequency hopping, frequency modula-
tion and chirp (linear frequency sweep)
are all easily controlled. Because the
Q2220 can update frequencies as fast
as the clock in synchronous mode,
frequency changes as fast as 50 MHz
are feasible. Even in asynchronous
mode, frequency changes at 33 percent
the clock rate are possible. Moreover,
pipeline delay is a minimal 5 clock
cycles.

Simple to integrate — Designing with
the Q2220 requires little associated
hardware, which in turn supports tight
product design cycle times. The avail-
able Q0320-1 DDS Card (see sidebar)
is a turnkey synthesizer requiring only
+5 V to operate with less than 1 W power
consumption.

Simple to power — Whether for
handheld terminals, manpack radios or
battery powered equipment, power con-
sumption is crucial. With its low power
1.0 u CMOS design, the Q2220 DDS
draws less than 300 mW worst case with

a 50 MHz reterence clock.

Simple to afford — The Q2220 K.i.S.S.
DDS has a very low price. Even more
importantly, from a system standpoint,
the Q2220 provides true value. A good
quality straightforward DDS/DAC syn-
thesizer system can be achieved for
about $20 in quantities in the low
1000s.

Summary

With the Q2220 K.i.S.S. DDS, RF
engineers can finally take advantage of
the promise of direct digital synthesis for
cost-sensitive, commercial applications.
High volume systems which previously
found DDS technology to be too expen-
sive or complex can incorporate the
small package size, simple interface,
high signal quality and low power con-
sumption of the Q2220 DDS IC and
Q0320-1 DDS card.

For more information on this product,
contact QUALCOMM VLSI Products Divi-
sion or circle Info/Card #145. RF
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Detectors...

M/A-COM offers the broadest line of RF and microwave
detectors. Choose from fixed diode or replacement
diode versions, connectorized, drop-in modules,
hermetically sealed and bolt channel packages

in these popular types.

Detector Video Amplifiers

Back Diode

Tunnel Diode

Biased Schottky
Zero Biased Schottky
Point Contact

place your order.

Tel: USA

For custom products such as directional detectors,
limiter detectors, dual detectors and temperature com-
pensated detectors, rely on our engineering staff’s
expertise to put your concepts into production.

Many standard versions are in stock, call today to

M/A-COM Control Components Division
21 Continental Boulevard

Merrimack, NH 03054-4343
(603)424-4111

UK (0344)869595

TR

Japan 03(226)1671

82 Please see us at RF Expo West, Booths #510, 512, 514, 516.

CONTROL COMPONENTS DIVISION
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CRYSTAL OSCILLATORS,

FILTERS and DELAY LINES

Microsonics, Inc. a subsidiary of Signal Technology
Corporation, has supplied high reliability crystal

oscillators, filters and delay lines, for more than 30 years.

Our in-house crystal design and manufacturing facility
ensures low phase noise and excellent long term stability
in all our crystal oscillator products (TCXO and VCXO?%)
from 1 KHz to 1000 MHz.

Our crystal and LC filters feature low insertion losses

and are available in a number of configurations, including
narrow and wide bandwidths, from 10 KHz to 200 MHz.

Designs are available to meet specific requirements for
group delay equalization, amplitude, phase tracking,
and time domain response.

A Subsidiary /

of Signal Technology
Corporation

Using glass and quartz as a medium, we offer the
video, military, and avionics industries a wide range
of delay lines from 0.25 pus to 5000 ps. Features
include: Wide bandwidths, excellent phase character-
istics, temperature stability, small sizes, and low power
consumption.

30 years of experience with the ability, and dedication
to provide real solutions to customer requirements
today, and tomorrow.

Microsonics, Your source for Crystal Oscillators,
Filters, and Delay Lines in the 90’s.

Call today for more information.

MICROSONICS CORP.

60 Winter Street Weymouth, MA 02188-3336
(617) 337-4200 FAX (617) 337-4208
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Selectivi

se-lec-tiv-i-ty (sa lek'tiv'a té) n.
1. the degree to which

a radio receiver repro-

duces the signals of a

given transmitter while

rejecting the signals ot

others.

Ferretec Redefines the Term
with Six-Stage YIG Filters

Available in Frequency Ranges from 0.5 These filters are developed for reliable perfor-
to 40.0 GHz. And Bandwidths available mance in extreme military environments and

from 10 MHz to greater than 500 MHz are supported by extensive analog and digital
] driver design experience. All this and more

Ferretec’'s advanced six-stage filter designs can be yours when you specify a Ferretec Six-
result in dramatically improved selectivity with Stage YIG Filter in your next system design.
only a minimum increase in insertion loss. For more information about the advantages

Remarkably improved spurious response of six-stage filters, be selective. Call Ferretec
rejection and increased off-resonance isolation today!
are but a few of the advantages you'll find with ! s
the Ferretec family of six-stage YIG filters. Ferretec Six-Stage YIG Filters
from 0.5 to 40.0 GHz.

Whether it's filters, oscillators, or integrated
; subsystems...we’ve got the solution for your
er ec ‘/‘;’ 2 broadband microwave requirements.
000 0 0
Ferretec, Inc., 3342 Gateway Blvd., Fremont, CA 94538-6525 TEL: (510) 226-1216 FAX:(510) 651-8771 TWX: 910-338-2353
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RF' products

SMB Subminiature Connectors Feature Quick Operation

New SMB subminiature coax-
ial connectors from AMP Inc.
provide high frequency point-to-
point or board-to-board intercon-
nection. Featuring quick connect/
disconnect capability, this con-
nector line is intended for applica-
tions in cellular telecommunica-
tions, test and instrument sys-
tems, medical electronics, CAD/
CAE systems, and computing
equipment. Connectors are avail-
able in 50 and 75 ohm imped-
ances, and in commercial and
military versions. Mechanical fea-
tures include low mating/un-
mating force and high reliability.

Network Analyzer
Gets Upgrades

Wiltron announces the 360B
Vector Network Analyzer, a major
upgrade to its previous 360
model. The unit measures S-
parameters, gain, phase and

group delay characteristics of
many microwave components, sys-
tems and subsystems. Other fea-
tures include frequency coverage
of 10 MHz to 62.5 GHz in coax
and 110 GHz in waveguide, 20
ns pulsed RF testing and noise

figure testing. New features in-
clude display of a fourth color to
overlay traces, additional display
markers and limit lines, and other
display options. Additional cali-
bration options are included,
along with a new Automated Flat
Port Power Correction for accu-
rate amplifier compression and
absolute power level measure-
ments. New disk storage capabili-
ties have been added and a
growing selection of test fixtures
provide measurement flexibility.
Wiltron Company

INFO/CARD #185

RF Design

Low VSWR performance ex-
tends to 4 GHz, with contact
current rating of 1.5 amp DC
and a temperature rating from
~65C to +165C. The connectors
conform to MIL-C-39012 with a
durability rating of 500 cycles.
Styles available include straight
and right angle plugs, jacks,
bulkhead jacks, printed circuit
board jacks and adapters. Prices
range from $2.50 to $3.25 each,
depending on quantity. Delivery
time is 8 weeks after receipt of
order.

Amp Incorporated
INFO/CARD #186

HF Intercept
Receiver/DF Unit

The MD 500 Series of inter-
cept and direction finding (DF)
receiver/processors and anten-
nas is announced by Maxim Tech-
nologies. The units are designed
for fast acquisition and accurate
DF of co-channel interference in
the unique 2 to 30 MHz HF signal
environment. The equipment
uses an adaptation of the single-
channel interferometer DF tech-
nique for accurate and economi-
cal operation. Typical accuracy
is 1 degree and sensitivity of 0.5
uV/m. The family includes the
MD-510A processor and display
unit that works with an existing
digitally-controlled HF receiver,
the MA-501 antenna array (8
eight-foot monopoles) for port-
able or fixed sites, and the MA-
551 mobile DF antenna, occupy-
ing only a 14x14x2 inch space.
Maxim Technologies, Inc.
INFO/CARD #184
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Quadraphase
Modulator Supports
Hiqh Data Rates

he Model IQM 134-432CD
from TRM features a built-in
CMOS HCL compatible driver for
QPSK modulation of an RF signal
at 432 MHz with a bandwidth of
10 percent. Input data rates up

to 40 MHz and clock rates to 20
MHz provide modulated outputs
with amplitude balance of +0.5
dB and phase accuracy of *5
degrees. Conversion loss is typi-
cally 8 dB (9 dB maximum) and
VSWR is less than 1.5:1. Other
center frequency and bandwidth
options are available, with or
without the driver circuitry. The
device is packaged in a 1x1x0.15
inch flatpack with either axial or
radial feads. SMT and connecto-
rized packages are also avail-
able.

TRM, Inc.

INFO/CARD #183

Atomic Clock
Keeps Precise
Time

Hewlett-Packard’s new HP
5071A Cesium It primary fre-
quency standard keeps time to 1
second in 1.6 million years. As a
metrology standard, the HP
5071A can be used to calibrate
navigation systems, broadcast
communications, and astronomi-
cal measurements. Cesium-beam
technology synchronizes a micro-
wave oscillator to the vibration of
Cesium 133 atoms. The new
technigues incorporated into this
product include an improved Ce-
sium tube design and advanced
microprocessor-based controls.
These improvements were devel-
oped to improve long-term accu-
racy, as well as provide a fast
30-minute warmup time. Pricing
is $54,000, with an optional high
performance tube (+1x10"'2 accu-
racy) an additional $12,000.
Hewlett-Packard Company
INFO/CARD #182

85



TUNERS
and Cavity

f
N
oA

1: DRO Tuners

2: Metallic Tuners

3: Dielectric Tuners

4: Metallic Tuning Screws
5: Dielectric Tuning Screws

For additional information contact:

Voltronics =

~\~

DENVILLE, NJ 07834
FAX: (201) 586-3404

100-10 FORD ROAD -
(201) 586-8585 -«

INFO/CARD 76
Please see us at RF Expo West, Booth #326.

Need Clock Oscillators
or Grystals?
Call 714-991-1580

Quartz Crystals —

50 Khz to 200 Mhz |

TTL Clock Oscillators I )

250 Khz to 70 Mhz
HCMOS Clock Oscillators

3.50 Mhz to 50 Mhz
TTL and HCMOS Half Size and Surface Mount also available on request

Fast Service -

3 weeks or less

Special frequencies
our speciality

CAL CRYSTAL LAB, INC. « COMCLOK, INC.
1142 No. Gilbert. Anaheim, CA 92801 » FAX 714-431-9825

TSI s
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I{E pm dUCtS continued

SEMI-
CONDUCTORS

Low Noise Bipolar
The new low noise silicon
bipolar transistor B12V105 is in-
troduced by Bipolarics. This de-
vice is suiled for low power bat-
tery applications as an oscillator
or amplifier. . is greater than 10
GHz with collector currents of 10
to 25 mA. S21 is 19 dB or more
at 1 GHz, and is still 16 dB at just
5 mA. Noise figure at 900 MHz is
less than 1.6 dB. Various packag-
ing options are available and
pricing begins at $0.99 in 1000
qty.
Bipolarics Inc.
INFO/CARD #181

2 ns Comparators
High speed ECL comparators
resolve signals as small as 3 mV,
with 2 ns propagation delay. The
device can be clocked at up to
500 MHz for fast line receivers,
threshold detectors and triggers.
Separate analog and digital
power supplies reduce noise. Pric-
ing (1000s) is $3.98 for the single
MAX905CPD, $5.88 for the dual
MAX906CPE.
Maxim Integrated Products
INFO/CARD #180

Digital Video MUX

The multiplexing/demulti-
plexing of digital video com-
ponents is achieved in the
SCX6244EFC developed by the
Independent Television Consor-
tium in England, and marketed
in the U.S. by Allen Avionics. The
chip performs the conversion be-
tween multiplexed signals sam-
pled to CCIR Rec. 601 and the
27 MHz parallel interface format
of CCIR Rec. 656 (SMPTE RP.
125).

Allen Avionics, Inc.
INFO/CARD #179

Programmable FIR
Filter

A single-chip programmable
filter processor operates at
speeds up to 40 MHz for video
and other high speed digital
filtering requirements. The
MC27HC68 has static program-
ming of filter coefficients, and
includes EPROM lookup tables
and a quartz lid for reprogram-
ming. In 1000 quantity, a 30 MHz
version costs $59.00. A PC-based

development system is priced at
$1,800.

SGS-Thomson Microelectronics
INFO/CARD #178

1:2 Analog

Multiplexer

An analog multiplexer for ra-
dar, imaging, HDTV and instru-
mentation applications is an-
nounced by Comlinear. The
CLC532 switches in 17 ns, with
80 dB channel isolation, and
harmonics —80 dBc. Buffered
inputs and outputs provide easy
interface. In 1000s, prices start
at $13.00.
Comlinear Corporation
INFO/CARD #177

CABLES &
CONNECTORS

Flexible Cable

Assemblies

C. Itoh Technology intro-
duces a new series of DC-18
GHz flexible cable assemblies
in 0.170 inch diameter. and 50
ohm impedance. The cables
are temperature tested at —55
to +125C, and have PTFE in-
sulation and jacket. Con-
nector options include SMA
(straight and right angle) and
type N.
C. Itoh Technology, Inc.
INFO/CARD #176

Micro Connector

A new microminiature con-
nector is introduced by
Huber+Suhner. The push-on
MMCX connector has a non-
slotted outer conductor and oper-
ates to 26 GHz with less the
1.15:1 VSWR. Designs are avail-
able for flexible and semirigid
cables as well as p.c. board
mounting.
Huber+Suhner, Inc.
INFO/CARD #175

Cable Matching

Services

Storm Products now offers
phase and amplitude matching
services for their microporous
line of cables. Cables may be
matched to an absolute insertion
phase or to a standard. Typical
phase tolerances are +1 degree/
GHz, with tighter tolerances avail-
able.
Storm Product Company
INFO/CARD #174
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?Eagleware

Fast and interactive high-frequency design
synthesis and simulation software for
personal computers and workstations

New! =MATCH=

Several matching techniques in one package:

2 Narrow or broadband with complex source & load

Y Single or multistage, active & passive networks

Y Choose simple or high-order solution for each network
“¢ Best solutions available, or your money back!

Jc $895. Only $595 with =SuperStar=

=OSCILLATOR=

A unified design process for oscillators:

J¢ L-C, distributed, SAW, and crystal oscillators
.« Estimates SSB and residual FM & PM noise
s¢ Process addresses tuning, pulling, starting,

output level and harmonics
=FILTER-= | *$195. Only $495 with =SuperStar=
A complete L-C filter synthesis package:

J¢ Conventional plus narrowband, flat-delay, symmetric &
zig-zag topologies
X Complete set of all-pole and elliptic transfer functions ; 7
% Includes =EQUALIZE= for group-delay equalizers wox (L (el FO¥ : Wl
Y $795. Only $495 with =SuperStar= L NAAN ’ ‘.

Relate line physical & electrical parameters:
X

New GUI!
These programs have a
new Graphic User Interface with

mouse support, easy data entry,
and schematic display

Microstrip, coupled microstrip, stripline, coupled
stripline, coplanar and coaxial geometries
Accurate & fast algorithms with references
Extensive set of output data

Synthesis and analysis

$595. Only $395 with =SuperStar=

o Wk e
AT AT AT A

The above programs automatically write circuit files for =SuperStar= ($695) or
=SuperStar= Professional ($995).

These real-time simulators then finalize the design. i X
Programs run on standard IBM and compatible PCs, include a 30 day satisfaction 1) '4
guarantee, free support and no annual fees. z

Immediate shipment available.

Same prices internationally.
For info or to order, call (404) 939-0156 e idiors; R isen

support by phone or FAX.

Eagleware Corporation. 1750 Mountain Glen, Stone Mountain, GA 30087, USA, FAX (404) 939-0157

INFO/CARD 78
Please see us at RF Expo West, Booth #505.

WRH



Our custom transformers

offer you quality and rcliability at

a competitive price.

These quality custom transformers are designed to
your specifications on E and | laminations. They are

available in large and small production quantities and

are competitively priced.

e Power Size - S5VA to 2,000VA
¢ Lamination Sizes - E +1, Ul, EE, 3 Phase

* Lamination Material - Non-Oriented,
Grain Oriented, Nickel

For technical information and free catalog call:
Gettysburg Transformer Corp., 1380 Oid Harrisburg
Road, P.O. Box 4356, Gettysburg, PA 17325, Phone

(717) 334-2191, FAX (717) 334-4961

GETTYSBURG TRANSFORMER CORP.

(Since 1966)
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Interested in a

product or service

in this magazine?
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to receive information.
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RF products

continued

Field Replaceable

Connectors
Solitron/Microwave announces

a complete line of field replace-

able connectors, including SMA

tow and four-hole flanges, jacks
and plugs. Glass seals and vari-
ous pin terminations are also
included.

Solitron/Microwave
INFO/CARD #173

Precision Adapters
Ruggedized SMA connector

adapters are introduced by Lucas

Weinschel. Male-male, female-

female models are available, and

all adapters have auxiliary wrench

flats for easy torquing with multi-

ple hookups.

Lucas Weinschel

INFO/CARD #172

' SUBSYSTEMS

E-Field Antenna

The SAS-220/CR from An-
tenna Research Associates is a
20-2000 MHz E-field receiving
antenna designed around the dis-
cone principle. Dimensions are
small to maintain a single wide
lobe aimed at the horizon. The
integral active network wil! toler-
ate levels up to 100 V/m. Individ-
val calibrations are availabte.
Antenna Research Associates,
Inc.
INFO/CARD #171

Wireless Network

Terminal

A 902-928 MHz spread spec-
trum data communications unit,
GINA (Global Integrated Network
Access), is introduced by GRE
America. Full power to the allow-
able 1 watt maximum provides
coverage of up to three miles.
The unit uses error-checking data
packets to assure accurate trans-
mission.
GRE America, Inc.
INFO/CARD #170

Antenna lce Detector

A new low cost control unit for

antenna de-icing heater control
is announced by Environmental
Technology. When ice, sleet or
snow is detected at temperatures
between 18 and 38F, the control
is activated for one hour.
Environmental Technology,
Inc.

INFO/CARD #169

TEST EQUIPMENT

Synthesized Generator

A synthesized signal genera-
tor that is programmable for auto-
matic test applications is an-
nounced by Panasonic Factory
Automation. The VP-8311A cov-
ers 100 kHz to 1.04 GHz with

output levels from —127 to +19
dBm (under 160 MHZ). 55 ms
settling time allows rapid meas-
urements, and specifications of
.03 percent distortion and —120
dBc phase noise demonstrate the
unit’'s spectral purity. The price
is $7200.

Panasonic Factory Automation
INFO/CARD #168

Coaxial Impedance

Bridges

Wide Band Engineering Co.
has added two new impedance
bridges to its line, intended pri-
marily for return loss testing of
coaxial cables. Modei A56UTD
covers 1-900 MHz with 40 dB
directivity (1.02:1 VSWR), with
minimum of 45 dB directivity up
to 500 MHz. Model A56UTD/S
has 40 dB directivity to 1000
MHz. Both units come with a
precision fixed termination and
measured lab data. Each is priced
at $792.00.
Wide Band Engineering Co.,
Inc.
INFO/CARD #167

Enhanced Waveform

Analyzer

A new DSP board for the
Analogic Model 6100 Waveform
Analyzer increases performance
by a factor of 300. 8k point FFT
is computed and displayed in
milliseconds. 16k by 16k cross-
correlation analyses take one sec-
ond. Auto-correlations, convolu-
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tions and averaging are com-
puted at high speed. The Model
683 option is priced at $2995, and
is user-installable in the Model
6100.

Analogic Corporation
INFO/CARD #166

Comb Generators

The Series 95 Comb Genera-
tors from EMF Systems use step
recovery diode technigues to gen-
erate harmonics spaced from 10
to 1000 MHz, with crystal stabi-
lized drive frequencies. Harmon-
ics of the 1000 MHz version have
a level of —12 dBm at 18 GHz.
Applications include receiver and
antenna testing.
EMF Systems, Inc.
INFO/CARD #165

Event Timing

Controller

Guide Technology an-
nounces a PC-compatible plug-in
board for timing control and moni-
toring applications. The GT401
contains a fast real-time clock (1
us resolution), four I/O channels
for pulse output or time tagging,
and three 10 MHz 16 bit timer/
counters for general use. Applica-
tions include measuring travel
time of waves or objects. Price is
$995.
Guide Technology Inc.
INFO/CARD #164

Hysteresis

Measurement

AC properties of magnetic
materials can be measured with
the new Walker Scientific AMH-
400 Computerized Hystersis-
graph. Measurement frequencies

are from 50 kHz to 1 MHz, with a
hysteresis loop run in 30 seconds
and plotted on a high resolution

monitor. Measured parameters
include B, Hc Byax: My Peak
secondary voltage and phase lag
between primary and secondary.
Pricing is from $17,900 including
a PC/AT compatible computer.

RF Design

Walker Scientific Inc.
INFO/CARD #163

Pulse Modulator
Timing

Flam & Russell announces a
new timing unit to provide TTL
pulses to its low frequency (0.1-
2.0 GHz), high frequency (2-18
GHz) and millimeter wave pulse
modulator systems. These prod-
ucts are used in gated-CW instru-
mentation radars which measure
radar cross-section (RCS). A full
range of pulse characteristics,
plus complete programmability
and control features are included.
Flam & Russell Inc.
INFO/CARD #144

AMPLIFIERS

Amplifier for PCN
Wessex Electronics an-
nounces five new amplifiers for
PCN and other applications in the
1.7-1.9 GHz range. Models pro-
vide 2 to 25 watts power output
in linear Class A. The ANO-01128
25 watt unit offers 35 dB gain
from 1.805-1.880 GHz with —50
dBc harmonics and —80 dBc
spurious signals.
Wessex Electronics
INFO/CARD #143

Power Module for
Cellular

Toshiba has introduced an
825 MHz GaAs FET RF power
amplifier module designed for
U.S. handheld cellular telephone
applications. The new S-AU55
offers a small-size (17x12x4 mm)
solution for these products, pro-
viding 1.12 watts minimum power
output with 4 mW input with a 5.8
V supply. The device is priced at
$36.50 for 1000-3000 pieces.
Toshiba America Electronic
Components
INFO/CARD #162

D-Band Amplifier

A solid-state replacement for
TWT amplifiers in the 1.0 to 1.5
GHz band is offered by Systron
Donner. The 100-watt amplifier
has 40 percent bandwidth an
45 dB minimum smail-signal gain.
Systron Donner
INFO/CARD #161

Low Noise Amplifier
A wideband low noise ampli-

fier for 5-300 MHz applications is

announced by Miteq. The AU-

£

e

. " CRYSTALS
70KHz-200MHz

?[_\ OSCILLATORS /r\/\
L1 = 70KHz-200MHz

/\

TCX0, VCX0, TCVCXO0
4 MHz-125MHz

/\ Alignment Oscillators

Crystal and Oscillator

4 Accessories
Call or fax TOLL FREE for information
Eim :
INTERNATIONAL CRYSTAL MFG. CO., INC.
P.0. Box 26330 « 729 W. Sheridan « Oklahoma City, OK 73126-0330 « (405) 236-3741
FAX (405) 235-1904  Toll Free Phone 1-800 426-9825 « 24 Hour Toll Free Fax 1-800 322-9426

INFO/CARD 80
Please see us at RF Expo West, Booth #529.

Increase reliability & lower costs
with Quality PCB components.

Quality Components, Inc. manufactures powdered iron &
phenolic molded winding forms for a wide range of induc-
tors, close tolerance fixed capacitors, surge arrestors, bob-
bins with molded leads, sleeves, circuit jumpers, surface
mount winding forms and powdered iron toroid cores.

These reliable components are ideal for all electronic
applications. High volume applications, requiring automatic
insertion are our specialty.

Increase design flexibility, reliability. and quality.

For detailed information or samples contact:
Quality Components, Inc.
P.O. Box 113, St. Marys, PA 15857
TEL: (814) 834-2817, FAX: (814) 834-9141
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MOBILE RADIO
LOW LOSS SAW FILTERS

Ce]lular Communications : GSM, PCN, LAN...

Center Frequency 40 to 15060 MH:
Fractional Bandwidth : 02t010%
Insertion Loss : <10dB

THOMSON-ICS CORPORATION in the U.S. & Canada

P.O Box 1088 - Southwick MA 01077, Phone (413) 569 0575, Fax (413) 569 0529
THOMSON SINTRA ACTIVITES SOUS-MARINES elsewhere
DTAS Département des Techniques Acoustiques Spécialisées

BP 138 - 06561 Valbonne Cdx France. Phone (33) 92 96 31 79, Fax (33) 92 96 31 90

SAW BAW AO 10
Devices and Subsystems

) THOMSON-CSF
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REPRINTS
REPRINTS
REPRINTS
REPRINTS

RF Design reprints are available for printing in quantities
of 500 or more.

For further information contact:

Reprint Department

RF Design

6300 S. Syracuse Way, Suite 650, Englewood, CO 80111
(303) 220-0600

90

@ pF OdUCtS continued

1021 has 25 dB nominal gain with
0.5 dB flatness, +20 dBm output
at 1 dB compression, and a noise
figure of 2.5 dB maximum (2.2
dB typical). 15 V power is re-
quired at 175 mA.

Miteq

INFO/CARD #160

DISCRETE
COMPONENTS

New Inductor Line
Ohmite manufacturing an-
nounces its entry into the inductor
component market with a range
of miniature high current molded
and toroidal RF chokes. Available
in values from 10 uH to 1000 uH,
models are offered in vertical and
horizontal mount configurations.
Pricing is in the $1.00 to $2.00
range.
Ohmite
INFO/CARD #159

Capacitors for
Switch-Mode
Supplies

A series of metallized polycar-
bonate film capacitors has been
introduced by Electronic Con-
cepts. This line offers smaller size
over standard components, and
are available in 30, 50, 75 and
100 VDC ratings, intended for use
in switch-mode power applica-
tions.

Electronic Concepts, Inc.
INFO/CARD #158

Axial Lead Chokes

Coilcraft's new 90 Series ax-
ial lead chokes are designed for
high volume applications. 49 val-
ues from 0;.1 to 1000 uH are
offered, with 3, 5 and 10 percent
tolerances available. The chokes
are epoxy coated and are marked
with EIA standard color code.
Coilcraft
INFO/CARD #157

SIGNAL
PROCESSING
COMPONENTS

BAW Delay Lines

Teledyne Microwave an-
nounces BAW delay devices for
radar altimeter self-test or altitude
reference applications. The MBG-
2000 Series provide 0.610 us
delay simulating a 300-foot alti-

L N 5

tude. Peak power levels of 0.1 to
0.5 watts are available.

Teledyne Microwave
INFO/CARD #156

Screw-in Terminations
A series of flush-mount screw-
in terminations are available to
handle 1, 5 or 10 watts. For more
secure mounting than press fit
models, these terminations lock
in with the threads. DC-18 GHz
coverage is specified with maxi-
mum VSWR of 1.3:1 at 18 GHz.
Cost is $10.00 each in 100 quan-
tity.
EMC Technology, Inc.
INFO/CARD #155

SMT Mixer

A tiny .25%.25 inch mixer for
5-18 GHz applications has been
announced by Avantek. The PPM-
1852L is a double-balanced mixer
with a DC coupled IF port with
DC-1 GHz bandwidth. LO power
requirement is +10 dBm. Pricing
is $146.00 in 100-piece quanti-
ties.

Avantek, Inc.
INFO/CARD #154

Constant Phase
Attenuator

Daico Industries’ new
CDS0867 is a broadband con-
stant phase attenuator in an SMA
connectorized housing. The
seven-section unit covers 10-
1000 MHz with a LSB attenuation
of 0.5 dB, providing 63.5 dB attenu-
ation range. Switching speed is
27 ns and power supply require-
ments are +5 VDC at 3 mA.
Daico Industries, Inc.
INFO/CARD #153

TOOLS,
MATERIALS &
MANUFACTURING

Thick-Film Printing

Process

Gravure-offset printing can be
used with a lift-off technique to
create thick-film electronic cir-

March 1992



CUT HERE

RF & MICROWAV
AMPLIFIERS;
FAST DELIVERY
PROGRAM

WE OFFER THE AMPLIFIER USER A UNIQUE
COMBINATION OF ADVANTAGES FROM A SINGLE SOURCE:

ULTRA BROAD BAND FREQUENCY RESPONSE
SUPERIOR PERFORMANCE SPECS AND WORKMANSHIP
IMMEDIATE OFF-THE-SHELF DELIVERY

VERY COMPETITIVE PRICING

...and now a simple way to get a price quotation fast! Simply check (v) the
appropriate box(s) below and mail or FAX this ad back to us.

Model Frequency (dB) | (dB) plg:free (dBm) | (dBm) | VSWR rent Case/
l/ No. Response Min. Max. {dB) Min. Min. | In/Out voC (mA) Connector
Wide Band / Low Noise Amplifiers
W50ETC 10KHz—50MHz 24 |5 5.3 Typ 6.0 Max | +23 2:A +15 125 | E-75/BNC
WS0ATC 10KHz—50MHz 50 +.5 13Typ15Max |+ 5 2:1 +15 25 C-75/BNC
W110F 5MHz—110Mhz 55 | ¢5 | 1.1 Typ 1.2 Max | +15 2:1 +15 80 | C/SMA
W110H SMHz—110MHz 30 +.5 1.2Typ1.4Max |+ 5 21 +15 30 CISMA
W500K 1KHz—500MHz 30 +1 1.7 Typ 2.2 Max | + 3 2 +15 25 C-75/BNC
W500C 5MHz—500MHz 40 +.5 1.4 Typ 1.6 Max | +10 2:1 +15 50 C/SMA
W500H 5MHz—500MHz 33 | £5 12Typ1.4Max |+ § 2:1 +15 25 | C/SMA
LF836C 821MHz—851MHz 44 +.5 1.2 Typ 1.5 Max | +19 2:1 +15 150 SPEC/SMA
W1G2M 10KHz—1000MHz 30 | +1 20Typ3.0Max [+ 5 21 +15 35 | C-75/SMA
W1G2H 5MHz—1000MHz 30 +.5 13Typi15Max [+ 5 28 +15 40 C/SMA
W15GB3 50MHZ—1500MHZ 30 |[+5 | 1.8Typ2.0Max |+ 5 231 +15 50 | C/SMA
W2GH 500MHz—2000MHz 22 +1 40Typ45Max |+ 5 2:1 +15 30 C/SMA
WFR1-4GA-14 100MHz—4000MHz 28 | 1 3.5 Typ 4.0 Max | +14 2:1 +15 | 175 | A-75/SMA
dium Power Amplifiers
P150D 35KHz—150MHz 27 | £5 5.0 Typ +30 +40 | 21 +24 | 400 | H/ISMA
P500A 2MHz—500MHz 37 +.5 4.5 Typ +30 +40 | 21 +24 500 H/ISMA
P500L 5MHz—500MHz 17 | 2.7 10 Typ +30 +40 | 21 +24 | 420 | H/BNC
P1GB 50MHz—1000MHz 30 +1 5.5 Typ +30 +40 | 211 +20 800 A-S/SMA
P2GF-1 1MHz—2000MHz 32 +1 10 Typ +30 +40 | 3.5:1 +15 (1000 FW1/SMA
P2GF-2 10MHz—2000MHz 32 +1 7.5 Typ +30 +40 | 211 +15 [1000 FW1/SMA
P42GA-29 .5GHz—4.2GHz 30 +15| 6.5 Typ +29 +39 | 21 +20 (1200 FW1/SMA
High Power Linear Amplifiers
P300AM-33 3MHz—300MHz 33 +.5 10 Typ +33/2W | +43 | 21 +24 |[1000 Y-B-S/BNC
P1400M-37 400—1400MH2 20 +1 N/A +37/5W | +47 | 21 +24 (2500 Y-D/SMA
PF19GA-40 1700—1900MHz 30 +1 N/A +40/10W| +50 | 21 +24 |5000 Y-D/ISMA
P1020-40 1000—2000MHz 27 +1 N/A +40/10W| +50 | 21 +24 5000 X512/SMA
Name Company
Title .. 3 A Ve _ Address
Tel. No. Lo City/State/Zip

Y TRONTEC

38 INDUSTRIAL WAY EAST » EATONTOWN, NJ 07724 ¢ PHONE: 908-542-1133  FAX: 908-542-1118

Represented in: Switzeriand, Italy, Holland, West Germany, India, England, Japan, Canada, Israel, France, Sweden
INFO/CARD 96

Please see us at RF Expo West, Booth #633.

Sw-461
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IE pF OdUCtS continued

cuits with line widths as small
as 20 microns. Metallo-organic
Au conductor pastes are used
in this printing process, with
epoxy-graphite material used
for lift-off of non-conducting ar-
eas.

Electro-Science Laboratories
INFO/CARD #152

RF/Microwave
Packages

Hermetic Devices now offers
RF/microwave packages for am-
plifiers, mixers, switches and
other products. The company of-
fers in-house machining, metal-
forming, plating and assembly
services.

Hermetic Devices, Inc.
INFO/CARD #151

Fiberglass Laminate
Copper clad laminate from
Compositech combines epoxy
resin and standard E-glass rein-
forcement for 30 percent greater
flexural strength than typical
woven laminates. Continuous, par-
allel, untwisted fibers contribute

to uniform surface characteris-
tics.

Compositech Ltd.

INFO/CARD #150

SIGNAL
SOURCES

New VCOs

The Emhiser VCO series of-
fers a minimum of +10 dBm
output in models covering from
11 MHz to 4.5 GHz. Various
bandwidths up to an octave are
offered. High Q hyperabrupt varac-
tors are used for low noise and

linearity. TO-8, surface mount,
flatpack and connectorized pack-
ages are available.

Emhiser Micro Tech
INFO/CARD #149

Frequency

Synthesizers

The FSR-90000 series fre-
quency synthesizers are de-
signed for radar and C3I systems,
signal simulators and ATE. A
typical unit covers 2000-2500
MHz in 25 kHz steps with 1 ms
switching speed. Power output is
+10 dBm with —60 dBc spurious
and —40 dBm harmonics. Higher
frequencies are available.
Micronetics
INFO/CARD #148

Wide Deviation
VCXOs

Reeves-Hoffman announces
the hybrid VCXO series 3159,
designed for communications and
instrumentation applications. The
units are available in 30.0 to 80.0
MHz, with total frequency change

of +160 ppm from nominal fre-
quency. Approximate pricing is
$49.00 in 250 quantity.
Reeves-Hoffman

INFO/CARD #147

Miniature VCTCXO
Tokyo Denpa had developed
the TXS 1224 voitage controlled
temperature compensated crys-
tal oscillator in a surface mount

package occupying 0.7 cc vol-
ume. Frequencies in the range
of 12.8 to 26 MHz are offered for
applications in N-AMPS and dual
mode cellular handheld tele-
phones. Pricing is $21.00 in OEM
quantities.

TEW North America
INFO/CARD #146

ROTARY
ATTENUATORS

50R-028
DC-1 GHz

O-1dBin .1 dB Steps

50R-019
DC-2 GHz

0-10dBin 1 dB Steps

50R-029
DC-2 GHz

50R-043
DC-1 GHz

Available in SMA, BNC or TNC Connectors

75 Ohm Rotary Attenuators available

0-70dB in 10 dB Steps

0-100dB in 10 dB Steps



Sponsored by RF Design magazine, the Seventh Annual RF Expo
East will be held September 22-24 at the Tampa Bay Convention
Center.

You'll see the Latest in RF Technology: Components *
Test Equipment * System Components * Transmission Line Com-
ponents * Systems * EMC/EMI Products * Packaging * Service

You’ll attend the best RF-specific seminar series available,
including such topics as: Digital and dual-mode cellular *
Consumer product design * Integrated circuit applications *
Analog and digital signal processing * Part 15 Spread-Spectrum
+ Scientific and medical applications * Application-specific ICs
(ASICs) * Power amplifiers * Oscillators * Synthesizers * Test and
Measurement * Filters * Modulation/demodulation * Electro-
magnetic compatibility * Antennas * Receiver design * Low noise
design * {watch for specific 1992 session announcements in
upcoming editions of RF Design)

No matter if you’re an experienced RF engineer
or an industry newcomer, RF Expo East has something for
you: See the latest and best in RF products and services as more
than 100 exhibitors bring their top people to talk to you * Hear
speakers who are shaping the development of the industry * Net-
work with other electronics engineers and engineering managers
working in the RF frequencies

Plan now to join the 1,400 RF Industry Pro-

fessionals who will be attending RF Expo East,
September 22-24.

For complete information:

September 22-24,
Tampa Convention Center

Tampa (By The Bay), Florida

Call:  1-800-525-9154 or 1-303-220-0600
Fax: 1:303-770-0253

Write: RF Expo East
6300 Syracuse Way, #650, Englewood, €0 80111

* REGISTER NOW

TAMPA

Busch Gardens * Port of Tampa * Harbour Island * Gulf Beaches
+ Campgrounds * Tampa Performing Arts Center * Bayshore
Boulevard * Golf, Tennis and Cycling * Boating and Cruises *
Tampa Greyhound Track * Great Explorations Museum * Ybor
City Latin Quarter * NFL Tampa Bay Buccaneers * Factory
Outlet Malls * Canoe Escape * 80 miles away by Interstate: Walt
Disney World, Universal Studios and Sea World




essential receiver functions for digital
communications receivers and demod-
ulators. Designed for IF sampling in both
conventional and Spread Spectrum receivers
the STEL-2130 brings the digital interface and

..atalow cost

The STEL-2130 Digital Downconverter and
Carrier Tracking ASIC combines several

ASIC ASIC & Custom Products Division
2421 Mission College Biva
=®

INFO/CARD 84

processing one step closer to the antenna.
The STEL-2130 is an ideal communications
solution for cellular radio, Wireless LANs
and other transportable equipment. To
find out how you can simplify your designs
and improve performance at the same time,
call Stanford Telecom today...

Custom Santa Clara, CA 95056-0968
Products  Tel: (408) 980-5684
Division  Fax (408) 727-1482

Please see us at RF Expo West, Booth #907.



RF design awards

An Improved FM Exciter Using
Direct Digital Synthesis

By Thomas Hack
Comlinear Corporation

This article was an entry in the 1991 RF
Design Awards contest. It describes a
direct digital synthesis FM exciter that
offers advantages over traditional ana-

log techniques.
A variety of techniques have been
used over the years for producing
FM signals for commercial broadcast-
ing. The Armstrong method, direct FM,
serrasoid modulation and others have
been used, each with some or all of the
following tradeoffs. First, the basic modu-
lator may have low deviation and must
be followed by a series of frequency
multipliers to increase the deviation. In
the process, filters are required to
extract the proper harmonic from each
frequency multiplier stage. Group delay
and amplitude characteristics of the
filter become important. Circuit com-
plexity can be high. The modulator must
also be stabilized either with frequency-
locked or phase-locked loops. Aging and
temperature coefficients must be dealt
with in large portions of the circuit.
Finally, integrating all of the analog
circuitry into a few chips while getting
full functionality and performance is
difficult. Reliability, size, cost and weight
could be better.

A direct digital synthesis based FM
exciter should lessen these problems.
Deviation can be made extremely wide
without resorting to a chain of frequency
muitipliers. The upper frequency devia-
tion limit is reached when significant
components of the resulting sideband
structure exceed Nyquist’s bandwidth
in the exciter. With sample rates of tens
or hundreds of megasamples/second,
very large deviations are practical. The
center frequency stability of the exciter
can easily be made equal to the main
reference oscillator. Very little of the
required circuitry is analog, so aging and
temperature coefficients play a part in
only a fraction of the total exciter
circuitry. Since most of the exciter is
digital and digital circuitry can be densely
integrated, the exciter consists of very
few integrated circuits and a small
handful of analog components. This
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Figure 1. Simplified DDS-based FM exciter.

makes it refiable, small and lightweight.
This advantage will increase as more
highly integrated DDS components be-
come available.

To test these concepts, a simple
monophonic FM exciter with more than
20 kHz audio bandwidth and approxi-
mately 75 kHz peak frequency deviation
was developed.

Discrete-Time Frequency
Modulation

In DDS-based frequency modulation,
audio is sampled with an analog-to-
digital convertor (ADC) which updates
the instantaneous frequency of a direct
digital synthesizer (DDS). The DDS
sends a digital representation of an FM
signal to a high speed DAC where the
final analog RF output is produced
(Figure 1). Analog filtering follows the
DAC, eliminating a variety of sampling
artifacts.

The modulation applied to the DDS
and the FM signal produced by the DDS
are discrete-time signals (sampled). It is
desirable to keep the sampling rate of
the ADC (Clock,,) as low as possible to
keep ADC costs low. The FM signal
needs to be produced at the DAC at
higher sample rates, Clock_, because
of a variety of Clock  products.

Determining the Modulation
Sample Rate

At first it might appear that Clock
could be set strictly from Nyquist’'s
sampling theorem and the maximum
modulating frequency. As will be shown
in the following simplified analysis
(based on single-tone modulation), the

required modulation sample rate, Clock
is actually much higher for a wideband
DDS-based exciter.

An FM signal theoretically has infinite
bandwidth, but in practice the bulk of the
spectral energy occurs in a bandwidth
(centered about the carrier in the case
of single tone modulation) given by
Carson's rule:
BW=2(F +F

mod

U]

The FM signal occupies the greatest
bandwidth when both the peak fre-
quency deviation, F,_ , and the modula-

dev)

dev’

Ampiiiode 1

Figure 2. Single-tone FM spectra
(simplified).

ADC input xi1) Ay

1oy A Y vl

" AOC Output. 1,1}

Figure 3. ADC input and output.
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WAVETEK COMPONENTS DELIVER

More than 20 years in the design and
manufacture of high performance

stones of all Wavetek components:
miniature passive filters from 500 KHz

attenuators and filters has led us toone ~——t t, 4 GHz, programmable attenuators

important conclusion: There is no such
thing as an unimportant component.

Every RF and microwave compo-
nent we make has the same dedication
to quality and workmanship that our
highest Military Standard products do.
We know that not just something but.
someone depends on our products.

Not only do we design our compo-
nents to exceed specified performance
characteristics, we build them that way.
Wavetek production processes are qual-
ified to MIL-T-45208, with documented
quality processes and procedures.

Quality, reliability, performance

and expeditious delivery are the corner-
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Please see us at RF Expo West, Booths #403, 405.

from DC to 3 GHz, standard and custom
products.

Today Wavetek filters and attenu-
ators serve in a wide array of demand-
ing applications in aerospace, defense,

Fcommunications, and test equipment

_industries. These industries count on
us. So can you. Because we build every
component knowing someone impor-
tant relies on it.

Find out how Wavetek RF and
microwave components can deliver for
you. Call 1-800-851-1202 today and
request our free Wavetek RF &
Microwave Components Catalog.
Experience Wavetek delivery.
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Figure 4. Frequency domain representatlon of Flgure

3.

tion frequency, F_ ., are highest.

The FM spectrum for single tone
modulation consists of a carrier and
modulation sidebands located at:

F

= F, + NF N=012... (2

sideband mod ?

The amplitude of each sideband and the
carrier is given by Bessel functions of
the first kind:

Ay = Jy(B) @3)
where B is the modulation index:

B = (@)
Fmod

Fpk is the peak frequency deviation and
F . oq IS the frequency of the modulating
tone. As shown in Figure 2, only the
first-order sidebands are significant for
low modulation indices. As B is in-
creased, higher-order sidebands be-
come more important. In general, the
larger the modulation index, the smaller
the amplitude of each sideband (and the
carrier). The reason for this is that the
total power (in the carrier and the
sidebands) stays the same regardiess
of B but the number of significant
spectral lines (sideband and carrier)
increases. The result: the same power
is distributed over more spectral lines
but there is less power (on average), for
each.

With the groundwork laid, we can now
look at a DDS-based FM exciter. Refer-
ring back to Figure 1, the ADC produces
the signal x o) from the input x(t). The
ADC output can be modeled as the ADC
input signal passed through an ideal
sampler, a zero-order hold and an
amplitude quantizer. Ignoring quantiza-
tion, a representative signal looks like
Figure 3. The same signal when viewed
in the frequency domain (Figure 4),
consists of the original modulating fre-
quency (main tone) plus images of the
modulating frequency and the sample
clock. The magnitude of all main signals
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and images is affected by the frequency
response of the zero-order hold:

[H(f)| = sinc ( c,g(fkm) )

For the single tone modulation, the
spectrum Xq(f) looks like Figure 5. This
multitone signal produces rich cross
modulation terms in the FM spectrum:

F

sideband i Fc+szm IN(Fmod b NFclockm) (6)
Some of these terms will fall in the range
of frequencies where our desired signal

application?

The solution's in your hands.

Kilovac is one of the worlds leading
suppliers of vacuum relays commonly used
for RF applications in transmitters,
antenna couplers, semiconductor process-
ing equipment, and power supplies.
Choose from a wide selection of glass, or
ceramic packaging for higher RF Power
requirements.

Join companies like Rockwell Interna-
tional's Collins Avionics and Communica-
tions Division, King Radio, and Rohde &

Looking for the best high voltage RF relay for your

Sine envelope
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mod

Flgure 5 Spectrum for x,(t) when x(t) = sm(ZnFmDd ).

occurs. Fortunately, many of these terms
are extremely small and can be tempo-
rarily ignored. The main concern is to
insure that undesired cross modulation
sidebands that fall within the vicinity of
the desired FM signal don't have enough
power to corrupt the desired signal.
Terms which are further away can be
filtered out.

Let’s simplify the analysis by looking
at only F_ . and the first alias: Clock

mod

-F. .- We can do this because these
produce the only significant cross modu-
lation terms that

land close to the

Schwarz who all rely on Kilovac RF relays
to solve their application requirements.

Write or call for Kilovac's Application
and Product Guide or to discuss your
specific applications.

APPLICATION HOTLINE: 800/253-4560

The Experts in High Voltage Relays and DC
Power Switching Devices.

P.O. Box 4422 » Santa Barbara, CA 93140
805/684-4560 * Fax: 805/684-9679
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desired FM signal. We can describe the el ot (_t ) + B.cos(w__1) @) substantially less than B, because the
resulting two tone FM spectrum by: ipod alias is suppressed by the sinc envelope
and ) of the zero-order hold (see Figure 5) and

vy t # because the alias is at a much higher
; St (2) * B,C08(@eiock = @moa) 1) frequency than F_ . (see Equation 4).
B, and B, are the modulation indices for The result of each term acting alone and
where 5 and the first alias. B, will be together is shown in Figure 6. B, is

s(t) = cos(a + b)
= cos(a)cos(b) — sin(a)sin(b) 7

mod

[

! A
Feoo ONly: cos(a) Ee | Carmier trequency too low
1L |
[ " ’/ /f g | 11
t \' T
2 Tmod 2 !
Carrier trequency too high
Alias only: cos(b) i
l T l )
A A 2
>~ ) SN, o L S
l ! o i ___J. . 4 ‘ { 1
'2 clockm '2 '2 clock Good carrier frequency selection
l | Combined: cos (a + b) I /A n ’ | ; l 5
J 1 | . T [ = e=ia - ™ trequency
et v Aleas § s 11 8 TH SR 0 '
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f f

clock 1. + clock

l
Figure 6. F
together.

moq and the first alias acting alone and Figure 7. Center frequency selection.
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Sonic Mille processing is better because:
There’s no slag — You get CLEAN HOLES.
There's no cracking — You get QUALITY CUTS.
You can also cut any shape — IN SECONDS!
it's VERSATILE!

We supply all necessary items for

ready operation including set-up.

2P EXDO Wi

Booth #239-241
San Diego
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Terminations, DC Blocks and Adapters.
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standard and precision performance.
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WIRELINE@' and

WIREPAC® give you more
design flexibility, greater
power handling capability
and less loss. You get the
handling characteristics of
wire with the performance
of a machined hybrid.

¥ WIRELINE £ b Y|
WHAT An octave band hybrid HC28& JC23dB + .72 — .6
IT 1211 = 2.0 L{inches) = 1850/FMHz
IS A narrow band hybrid HC1 & JC13dB + .32 — .25

f2/f2 ="1.25 L(inches) = 1850/FMHz |

fah =20 L(inches) = 1970/FMHz

WIREPAC

KCZ&LC23dB+ 53— .45

"KC18JC13dB + 22 — 19
211 = 1.25 L(inches) = 1970/FMHz |

A directional coupler A 2" lengthisa 10 = 1 dB A2"lengthisa 10 + 1 dB
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Low i tion | 0.3 dB MAX 2dB MAX
FEATURES ow insertion loss 3dE AW o 1 0.2dE o il
Handles average power HC 100 Watts / JC 200 Watts | 500 V~V3tt_si Fos 4
Handles peak power 2000 Watts 2V ; 2500 Watts < St =
Frequency range 1(1) Mﬂz to 5 GHz 2 2 246 MHz to 6.5 GHz o3
Qutside dimensions HC = 105" JC = 145" KC = .25" dia round
5 LC = 25"square SR
High reliability product Used in commumcatlon satellites Used in high power amplifiers
PLUS It's easy to use To trim, use a razor blade Comes cut to length
THESE and thermal strippers ) el e o
ADVANTAGES You can bend it HC min radius of curvature 15" Straight lengths only
JC min radlus of curvature .30"
7S rd S |
You can buy it in bulk Comes in 5’ lengths Furnished only to length

You can buy it cut and trimmed Mlnlmum Iength 5

It's inexpensive . CaII us for a quotatlon

We'll send you a free sample : Send us your requurement

Cail or write today for your
copy of our Designers Guide

to WIRELINE & WIREPAC.
Ask for Sage's handy slide

rule calculator for use with

TEM couplers and hybrids. SAGE W|REPAC

jsage

LABORATORIES, INC.
11 Huron Drive / Natick, MA 01760-1314

TEL: (508) 653-0844

wass | THAT LITTLE EXTRA
FOR YOUR BEST
SOLUTION.

See below

Any Iength .3"to 8"
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Figure 8. Simulation results.
Clock = Clock = 12.8MSPS, F__ =
20 kHz, Af= +75kHz,F_ = 2.9 MHz.
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Simulation results.
Clock = 400 KSPS,Clock = 12.8
MSPS, F,_ .= 20 kHz,Af= + 75 kHz,
F.=2.9 MHz.

Figure 9a.
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Figure 9b. An expanded view of
Figure 9a.

100

assumed to be much less than 1
(first-order sidebands only).

We can apply Carson’s rule to deter-
mine when none of the significant
sidebands from modulation by the alias
(“‘B”’—Figure 6) overlap with the side-
bands of the desired signal (“A”—
Figure 6). From Carson’s rule, A and B
have significant sidebands at offsets up
to (F.4 Fg) from their respective
center frequencies. For 20 kHz modula-
tion frequency and 75 kHz peak fre-
quency deviation, this comes to 95 kHz.
To prevent overlap, A and B's center
frequency must be at least 2 x 95 = 190
kHz apart. Thus from Figure 6:

(10)
Clock,, > 190KSPS (minimum value)

In practice, we want to filter out every-
thing but the desired signal. To keep the
order of the filter down, Clock,_ should
be at least twice this value, 380 KSPS,
preferably more.

The RF Sample Rate and Carrier
Frequency

With limits set for Clock , let's set
some bounds on Clock_, the main clock
for the DAC and the DDS. Several
conflicting requirements are at work in
setting the output sample rate and the
carrier frequency. First we want a carrier
frequency that is high enough so that
no significant lower sidebands reflect
about the zero frequency axis and land
in the desired channel (Figure 7). On the
other hand, if the carrier frequency
approaches Nyquist frequency, side-
bands might alias and land in the
desired channel. Not only does this
suggest @ minimum Clock, (to give a
Nyquist bandwidth large enough to
avoid both problems) — it also implies
that a carrier frequency of 1/4 clock
would be ideal (since it centers the
desired signal exactly in the middle of
the Nyquist band).

In practice, however, this is less than
ideal. Operation at an output frequency
near a submultiple of the RF sample
clock brings the spurs close to the
carrier where they corrupt the desired
signal. A low submuitiple (such as 1/4
Clock,) is particularly troublesome. Mov-
ing the carrier below 1/4 Clock, looks
good since DACs give better spurlous
performance at lower output frequen-
cies. With this in mind, set the carrier
frequency between:

1/5 clock, < f ..., < 1/4 clock, (11)

Clock, is set to 12.8 MSPS for several

reasons. First the ratio Clock /Clock,
should be the ratio of two |ntegers This
allows modulation samples to enter the
DDS circuit with consistent setup and
hold times. If this rule is not foliowed,
significant glitches can occur in the
modulation data loaded into the DDS,
causing excessive spurs in the FM
spectrum. Second, our selected ADC
will use a 12.8 MSPS clock so our
circuitry is simplified. Third, this clock
gives a 6.4 MHz Nyquist bandwidth in
the DDS circuitry — more than enough
to contain the FM spectrum. For a
Clock, = 12.8 MSPS:

256 MHz < f_ < 3.2 MHz (12)

carrier
A 2.9 MHz carrier is almost exactly
midway between these two limits so
spurs should be well separated from the
carrier. It is also an odd multiple of 100
kHz which might be an advantage if this
signal were mixed to the FM broadcast
band (A 200 kHz phase-locked loop
reference frequency can be used in the
LO(s) for the mix to final output fre-
quency).

A Computer Simulation

With the modulation sample clock, the
RF sample clock, and the carrier fre-
quency determined, it is now practical
to simulate the performance of the
modulator taking into account ali modu-
lation terms. Although we can work
purely in the frequency domain using
equations developed for multitone modu-
lation (Reference 3), a better approach
is to recreate a DDS in software, creat-
ing the time record of the FM signal and
taking a Fast Fourier Transform (FFT)
to get the spectrum. Advantages in-
clude:

1. It can exactly model an ideal DDS
since the program can match the math
operations the DDS hardware performs.
2. Quantization in the ADC and DAC are
easily taken into account (if desired).

3. Itis much simpler.

If we use periodic modulation, and the
modulation frequency, carrier frequency
and the modulation sampling clock are
commensurate (that is, each completes
an integer number of cycles in the time
record), leakage problems in computing
the FFT can be avoided and unwin-
dowed data can be used. 20 kHz
modulation, Clock, = 400 KSPS, F_ =
2.9 MHz, Clock,_ = "2.8 MSPS, and 640
sample points glve commensurate data.
The result: the spectrum has no spectral
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ow, even more signal generator.
Marconi 2030/40 Series expands.

No! Our Signal Generator line is not

gaining weight... We've just expanded

its range of application to 5.4 GHz, and

that’s all we’ve done. The other great

features that have made the
lower frequency versions
such a success remain
the same.
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Figure 10a. DDS-based FM modulator.
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spreading and no leakage of the spec-
tral lines.

A simple program develops the time
record which is imported into a DSP
spreadsheet for FFT and other analysis
(10 times the required number of sample
points are taken for presentation pur-
poses only.)

To test the software, identical modula-
tion and RF sample clocks (12.8 MSPS)
were tried. This closely approximates a
continuous-time FM signal. Modulation
sidebands should cluster only about the
main carrier frequency. The result (Fig-
ure 8) confirms this with a noise floor set
by finite math to approximately —200 to
—250 dBc.

Figures 9a and 9b show the spectrum
with our proposed modulator (modula-
tion clock = 400 KSPS, RF sample clock
= 12.8 MSPS). As predicted earlier,
additional sidebands are clustered about
offset frequencies which are multiples
of the modulation clock. We have simu-
lated 20 kHz frequency, 75 kHz peak
deviation, single-tone modulation since
this should be close to the worst case
from the viewpoint of spectral spread-

“S2v

S . 4

Figure 10b. DDS-based FM modulator

ing. With the sample rates chosen, the
sampling artifacts are well below the
desired signal and should cause little
trouble.

Simulation confirms our earlier simpli-
fied analysis and quantifies the effects
of the various alias sidebands so that
suitable bandpass filters can be de-
signed.

Circuit Description

A circuit was developed based on
these concepts (Figure 10). Modulation
enters U1, a Motorola DSP56ADC16
Sigma-Delta ADC, through a simple first
order low pass filter (approximately 170
kHz, —3 dB) and offset adjustment
network. This ADC was selected be-
cause:

1) It has 12-bit resolution (approximately
74 dB signal to noise ratio) when
providing 400 kilosamples/second.

2) lts input sampling rate is much higher
than its output sampling rate — in this
case 6.4 MSPS, so front-end anti-
aliasing filtering is simplified (a charac-
teristic of all sigma-delta ADCs).
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WIDE BAND
HIGH POWER

AMPLIFIERS

LDA SERIES
LINEAR POWER AMPLIFIER
1T MHz to 1 GHzZ, 5 wto 150 w

BUILT SMALL FOR A FULL SPECTRUM OF

Model No. Freq.R Pwr. Oul Gai Pri
SPECIALIZED APPLICATIONS, MILCOM'S ofe ™ e ~ange wr DAl res

LDA2010-20 20-100 MHz 20w 43db  $995

BROADBAND LINEAR POWER AMPLIFIER LDA2010-30  20-100MHz  30W  45db  $1395
MODULES PACK A LOT OF POWER. LDAO150-10  100-500MHz ~ 10W  43db  $795

LDAO150-20  100-500MHz ~ 20W  43db  $1.295
USING THE LATEST SILICON FET LDA0150-40  100-500 MHz ~ 40W 46db  $2.295

LDAO150-150  100-500 MHz ~ 150W  9db  $2,995
TECHNOLOGY, OUR COMPLETE LINE OFFERS o SR 1 i e
AN EXCEPTIONAL VARIETY OF GAIN, POWER LDAO240-20  225-400MHz  20W  43db  $1.195
OUTPUT CAPABIL-ITIES AND FREQUENCY LDA0240-30  225-400MHz  30W  45db  $1,395

LDA0240-50 225-400 MHz 50w 47db  $1,995

COVERAGE, FROM 1 TO 1,000 MHz. LDAQ240-150  225-400 MHz 150W  7db  $1,795

LDA0250-20  200-500MHz ~ 20W  43db  $1.295

OUTSTANDING VERSATILITY ALLOWS YOU TO LDA0250-30 200-500 MHz 0W 45d0  §1495
OPERATE ANY OF OUR LINEAR AMPLIFIERS IN LDA0250-40 200-500 MHz 0W 46db  $1.995
THE CW, PULSE OR SWEPT MODES WITHOUT LDA0350-30  300-500MHz  30W  45db  $1,395
LDA2055-10  20-550 MHz 10W  46db  $895

SPECIAL TUNING OR ADJUSTMENT ACROSS LDA2055-20 20-550 MHz 20W 6dp  $1395
THEIR MULTI-OCTAVE FREQUENCY RANGES. AND LDA2050-40 20-500 MHz 0w 46db  $2.495
OPERATION INTO A SEVERE MISMATCH WILL NOT LDAGSICA0  SOLIO0OMK: IO d0db 81595

L F Z

CAUSE DAMAGE OR SHUT-DOWN. LDAO510-30  500-1000MHz 30W  45db  $1.995
FOR APPLICATIONS INVOLVING ECM LDAQ510-75 500-1000 MHz 75 W 6 db $1.795

LDA0809-20 800-900 MHz 20w 43db  $1.695

LABORATORY TESTING, MEDICAL RESEARCH AND “ Most items n stack. Prices subject to change without notice

MULTI-BAND TRANSCEIVERS, THE LDA SERIES
IS THE POWER OF CHOICE. TAKE ADVANTAGE OF
OUR COMPLETE IN-STOCK SELECTION
AVAILABLE FOR IMMEDIATE DELIVERY, OR ASK m

ABOUT CUSTOM DESIGNING ANY OF OUR . =
MODULES TO YOUR SPECIFIC NEEDS.

CALL OR WRITE FOR MORE DETAILED
TECHNICAL INFORMATION TODAY.

.. ‘(\\\Milnctz':'national

10891 Capital Avenue, Garden Grove, California 92643-4953
(714) 554-1710 « FAX (714) 554-3090 * TLX 6711786 MILCOM
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B Frequency range:
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B Low conversion loss:
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bandpass filter
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Figure 11. Bessel null testing at 3.5358 kHz. 75 kHz

peak deviation.

3) It has excellent linearity which trans-
lates into low distortion, good frequency
response which can be made even
better because of its high predictability
(once again due to its architecture).

4) It is relatively inexpensive.

Offset circuitry corrects for the offset
error in the ADC which can have a small
second-order effect on center frequency.
The advanced data sheet that was
available at the time of this design did
not furnish input offset numbers, but the
offset circuitry should have more than
enough adjustment range (considering
the ADC uses a switched-C differential
input stage.)

U1 passes a serial data stream repre-
senting the modulation to U2 (a
74F6675) where it is converted to paral-
lel form. U6B complements the MSB
converting the data from two’s comple-
ment to offset binary before it is sent to
the modulation input of the DDS circuitry
(U3). U3, a Digital RF Solutions 3250,
was selected because it has a wide-
band, full-width parallel FM modulation

peak deviation.

port. This simplifies the interface be-
cause it supports extremely fast modula-
tion sample rates.

U3 sends samples of the instantane-
ous phase of the FM signal to U4 and
U4 (a sinewave lookup table) creates a
digital representation of an FM modu-
lated sinusoidal signal. With only U4 (8
bit sinewave quantization), spurs are
limited to approximately —62 dBc (Refer-
ence 4). Adding another IC to get 12 bits
quantization improves spurs to the
DAC’s limit: =65 to —70 dBc at this
output frequency, but it isn’t necessary.

U5 converts this signal to analog
form. After suitable bandpass filtering,
a very clean FM signal is produced. A
CLC912 was chosen for U5 because it
has the sample rate we need, it provides
large (40 mA ) output current, can drive
a doubly- terminated 50 ohm transmis-
sion line directly, and has excellent
spurious performance.

U6 provides a clock for the rest of the
circuitry.

Figure 12. Bessel null testing at 20 kHz. 48.096 kHz

Testing the Modulator

All of the spectra shown in this section
were taken directly from the unfiltered
DAC output. In the final application, a
fifth-order Bessel, bandpass filter will
be used to remove the spurs and
Clock, -related components.

Modulation sensitivity — In the de-
sign, if the full scale range of the ADC
is exercised (4V_ ), the peak frequency
deviation is +10d)f<Hz For +75 kHz peak
frequency deviation, a 3 Vpp input should
be required. We can check the actual
modulator sensitivity using the Bessel-
null method. With single-tone modula-
tion, carrier amplitude should drop to
zero with modulation indices of approxi-
mately 2.4048, 5.5201, 8.6537, 11.7915,
14.9309, 18.0711, 21.2116 and so on
{the zeros of J (B)).

To test the sensitivity at low frequen-
cies, a 3.5358 kHz sinewave was ap-
plied to the exciter and the amplitude
adjusted until the modulation index was
21.2116 (as observed by the Bessel
zeros — see Figure 11). This corre-

REF -.2 aBm

10 dB/DIV RANGE .0 doBm
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Figure 13a. Spurious performance, no modulation.
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Figure 13b. Expanded view of close-in spurs.
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frequency.

sponds to a 3.5358 x 21.2116 = 75 kHz
peak frequency deviation. The voltage
applied was 1.095 V,__ (measured with
an HP3458 DVM) or 3.097 V,, (sensitiv-
ity 3 percent below the Fheoretical
value).

The bulk of this error can be explained
by the reference voltage error of the
ADC. The reference voltage for the
DSP56ADC16 is created from a voltage
divider connected to the analog 5 Volt
power supply and buffered. If the 5 Volt
supply voltage is off, so is the full-scale
range of the ADC and the modulation
sensitivity. Using an external precision
reference can substantially improve the
modulation sensitivity accuracy as well
as stabilize it against 5 V supply vari-
ation. Accuracies of better than 0.1
percent should be achievable with this
ADC

Frequency response — To check the
high frequency rolloff, the Bessel-null
method was applied again, but with a
20 kHz tone producing 48.096 kHz peak
frequency deviation of 2.4048 modula-
tion index (Figure 12). This occurred
with a 0.72008 V,__ or 2.0367 V__ input
to the exciter. The modulation sensitivity
is less at 20 kHz (compared to 3.5358

kHz) by:
rolloff = (13)
20 log 48.096kHz 1095V _ -0.2dB

76kHz 0.72008V
Most of this can be explained by the

anti-aliasing fitter and sinc rolloff in the
ADC.

Spurious responses — Figure 13a
shows the spurious performance (no
modulation applied) over the Nyquist
bandwidth of the circuit when a 12-bit
quantization lookup table is used. The
highest spur is from Clock  leakage,
and is only —52 dBc but this is not a
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concern because it is at a large fre-
quency offset from the carrier and easily
filtered. The spurs which are of most
concern are shown in the expanded
view about the carrier frequency (Figure
13b). The closest measurable spur oc-
curs at 200 kHz offset and is —68 dBc.
This is also reasonably easy to filter out
while still preserving the sideband struc-
ture of the desired FM signal. Other
effects such as close-in phase noise of
the DDS and the spectrum analyzer (or
possibly flicker noise at baseband), and
ADC broadband noise are clearly visible
but low enough to not concern us.

Modulation spectrumm — Figure 14
shows the spectrum of the exciter with
approximately 75 kHz peak deviation
and 20 kHz single tone modulation-
correlating well with the simulations
(Figure 9). With Clock_-related side-
bands approximately —40 dBc (400 kHz
offsets), relatively simple bandpass fil-
ters produce a very high quality FM
signal.

Filtering the output — A simple doubly-
terminated Bessel filter works well in this
application. To buffer the filter, a CLC404
was selected (Figure 15). It offers supe-
rior bandwidth, group delay and distor-
tion.

Summary

This design demonstrates that supe-
rior performance can be achieved with
a DDS-based FM exciter. Spur levels
can be controlled by proper modulation
sample clock and RF sample clock
selection. With this approach FM trans-
mitters can benefit from all of the
well-known advantages of DDS.
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A Simple EMI/RFI Detector

John Ayer
National Research Council, Canada

()
This entry in the 1992 RF Design Awards Y
Contest demonstrates how simple a
useful circuit can be. This device was | N
designed to be a ‘‘sniffer” for EMI of 1%
significant magnitude. D1

Version 1: Wire loop pickup
s computers and microprocessors Wire length approx. 2 inches

become ubiquitous in every lab,
the problems of EMI/RFI affecting their
performance become more prevalent.
The simple circuit shown in Figure 1
offers an economical way to verify
whether an EMI/RFI problem exists in
your lab.

The device consists of a microwave
diode of almost any style, a sensitive |
meter and some wire. Performance can
be enhanced by selecting the diode for ‘

l

2 ©

Version 2: Dipole Antenna pickup |

Dipole length 3-4% inches

M = 50-0-50 uA meter,

reatest sensitivity and i meter
9 Pichwe Y Oy Usiig 4 10-15 kohm resistance

with a high internal resistance (above 5
kohms, preferably 15 kohms).

Version 1 uses the interconnecting
wires as a loop antenna. If a search of
a specific frequency is desired, the size
of the loop can be adjusted to resonance
for highest sensitivity. With an axial-lead
diode, using the entire lead length will
result in a loop of about 2.5 inch
circumference.

D1 = microwave diode

Figure 1. Circuit diagram of the
EMI/RFI detector. Version 1 uses
interconnections as a loop an-
tenna, while Version 2 uses a
dipole element for RF pickup.

Version 2 uses a dipole antenna
configuration, placing the diode
between the meter terminals and
adding wire extensions on either side to
make a dipole. Like the loop, this
configuration can be ‘‘pruned” to
resonate at the primary frequency of
interest.

The device can be used to detect
radiation from loose coaxial and
waveguide connections, or from cabi-
nets of power ampliifiers and other
RF-generating equipment. The circuit
also makes a good microwave oven
leakage detector. RF
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carriers
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Microstrip or Coplanar type
Transitions Available

1515 Wyatt Drive, Santa Clara, CA 95054
Tel.: (408) 727-1596, Fax.: (408) 727-0105

Testing substrates up to 4.75
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D Series will test -55 to +125
degrees C temp. range
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Available with APC-3.5,
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A 1 GHz Prescaler

[ ] -
Circuit
By Ray Robertson
Hewlett-Packard

This contest entry describes a prescaler
circuit developed for the HP E1333A, a
frequency counter for VXI test systems.

he design goals for this prescaler

were good sensitivity, wide dy-
namic range, low SWR, and low cost.
The prescaler chip chosen, a Motorola
MC12073, met all these requirements
except that the guaranteed input range
was only 20 to 200 mV. To obtain a wider
input dynamic range, an AGC preampli-
fier was designed. The circuit is shown
in Figure 1.

CR1 and CR2 provide input protec-
tion. R2, R3 and R4 form an attenuator
to provide a stable input match. CRS5, a
Hewlett-Packard 5082-3080, is a PIN
diode whose RF resistance changes
from 2 to 10,000 ohms as forward bias
changes from 100 to 0.001 mA. U3, a
Mini-Circuits MARG6, provides gain to
improve sensitivity. CR4, a Hewlett-
Packard 5082-2811 Schottky barrier di-
ode, is used to detect the RF signal. It
is used in a forward biased mode so
that there is no diode drop to overcome.
C7 is the filter capacitor for the detector
circuit. CR3 is biased in the same mode
as CR4 so that the two components
track over temperature. R7 and R5 also
function as a voltage divider which sets

(1]

March 1992

the RF signal level from U3. U2, R6 and
C1 form an integrator that controls the
forward bias through CR5, the PIN
diode. R1, R9 and C5 filter the RF
energy from U2. U1 is the prescaler
which feeds into the rest of the counter
circuits.

The typical sensitivity is less than 5
mV s from 50 to 500 MHz and less than
12 mVg,s up to 1 GHz. The overload
point is greater than 3 V., below 500
MHz. Above 500 MHz, accurate counts
were obtained at levels up to 9 V..
This stresses the protection diodes, but
the useful dynamic range is typically 50
dB. The SWR is typically less than 1.3
with a power range of +20 to —10 dBm.
A 15 kV static discharge does no
damage to the circuit. RF

About the Author
Ray Robertson
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analog, digital and
RF engineer. He
holds a BSEE and
MSCS from NJIT.
He may be reached
at 1600 Morning
Drive, Loveiand,
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A Program for RF Amplifier Design

By Thomas H. Stanford
Thomas H. Stanford Engineering

This entry in the 1991 RF Design
Awards Software Contest aids in the
design of single-stage RF amplifiers.
The program analyzes a device's S-
parameters at a given frequency and
plots gain and stability circles on a
Smith chart. A lumped-element match-
ing program is part of the program
package.

he program RFAMP is written for
MS-DOS and compatible comput-
ers from IBM and many other manufactur-
ers. To run the program, EGA or VGA
graphics capability is required and at
least 500 kB of user memory. A hard
disk drive is highly recommended, as is
a math coprocessor, although this is not
required to use the program.
Basic program operation begins with
a batch file that installs a runtime
module from The Software Bottling
Company. This software allows menus
to be displayed. The startup file then
continues loading the program. When
finished with the program, the software
removes the memory-resident module
before exiting.
Results of the computations can be
printed to virtually any printer, since the
data is in text format. No graphics or

screen dump capability is present in the
program. Third-party software is avail-
able (such as Pizazz Plus) that can
accomplish this if desired.

Computations and Displays

The main design program uses a set
of S-parameters along with frequency
and gain inputs. Stability and gain
circles are plotted (Figure 1) and the
user picks the desired load. The input
impedance is then calculated and plot-
ted along with the input stability circle.
The design data can be copied to the
printer in the format shown in Figure 2.
This program uses design principles
described in several “‘classic’ reference
textbooks and technical papers.

At this point, the program can be
terminated, or the impedance data can
be passed to the matching network
program module, which determines a
two-element L-network match to 50
ohms. This module can also operate
alone. Four possible two-element
lumped networks for arbitrary source
and load impedances are computed and
displayed, either with component val-
ues, or with a statement that the configu-
ration will not work for that transforma-
tion. Figure 3 is a sample display of the

matching results

The third program function provides
a number of utilities for creating and
maintaining data files. New files can be
entered, listed, edited and saved. Key
device parameters can be reviewed,
such as gain and stability, and listed to
the screen or printer. Also, the S-
parameter data can be plotted to a Smith
chart to see where they fall, along with
output stability circles if you are looking
for a part with specific characteristics.

The files can have components em-
bedded in them, such as shunt or series
resistors, ground lead resistor, and RLC
feedback network. Be sure to save the
modified files under new names!

Two conversions are offered, one to
switch between common-emitter and
common-base (or the other way around).
The other option will convert between S
and Y parameters, S and Z parameters,
plus S and ABCD parameters.

S-Parameters and Stability

For high frequency design, the most
accurate and conveniently measured
two-port parameters are scattering or
S-parameters. These were defined in
1965 by K. Kurokawa and have gained
wide acceptance. S-parameters com-

Point to load and press ¢’
19.55%6 J-18.8462

lpadie v - CRRE)

or alternately x .

K= 6920314
Mag(Stl)m .69

Gain circle center 1is
Gain carcle radius 18

. Input stability circle center is
carcle

Input stebility

Figure 1. Stability and gain circle plots. The user L

selects a load on the gain circle.

110

Figure 2. Design data output.
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MODEL 8810

GPS STATION CLOCK

Atlast: A complete GPS
station clock under $10,000

Everything you want in a GPS station clock,
in one neat box:
* GPS receiver
* Disciplined standard
* Multiple output timing signal generator,
and much, much more.

What do you expect from a company with more than
30 years of production and field experience in the timing
business? You’d expect a one-unit master timing station,
capable of tracking six satellites simultaneously — even
while moving at 1,000 miles per hour — all inside a
3% inch rack-mount chassis.

That’s the Model 8810 — a mature product. value-
engineered and time-tested, just like the ones we’ve been
providing to NASA and DoD for decades. And there’s so
much buiit into this unit, it’s hard to describe. Just review
the features listed below:

 Automatically determines geographical coordinates —
no need to enter position anywhere on earth

* Automatic multi-satellite acquisition

* Time accuracy maintained with platform velocities to
over 1,000 mph

* Qutputs position data whether stationary or moving

* Multiple time code and rate output options

* User friendly, menu-prompted setup

* 20-key keypad and 4-line, 40 character display allows
complete operation. checkout, and status acquisition
without ancillary equipment

 Nonvolatile memory stores setup and data indefinitely

* Accurate to within 100 ns worldwide, 24 hours a day

* RS-232 remote control and time output (optional
IEEE-488 output)

 RS-232 printer port

* Displays time. position. and REF-UTC/GPS

* Time display is keypad-selectable to UTC, GPS,
or local time

* 115/230 VAC with optional 24 VDC backup

* Antenna with 50’ coax cable included

* Built-in test routines

* Fully modularized

* GPS receiver is drop-in replaceable

» Workmanship standards to MIL-STD-454

* Three-year limited warranty

* Plus, a host of desirable options

That’s the Model 8810, from TRAK Systems. And at
this price, there's nothing else like it on the market. So
why pay more, and install boxes of equipment, when you
can have it all in one neat unit?

For free literature, or more information, contact us at:

TRAK SYSTEMS DIVISION

4726 Eisenhower Blvd.

Tampa. Florida 33634-6391

Phone: (813) 884-1411. extension 248
TLX: 52-827

FAX: (813) 886-2794

% TRAK SYSTEMS

pivision of TRAK. MICROWAVE CORP

INFO/CARD 97
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The Best in High-Reliability
Quartz Crystals & R.E. Products

With over half a century in development of Crystal technology, Tokyo Denpa, Japan

manufactures the best in high-reliability components in the field of R.F. technology.
TEW continually establishes new standards of precision for the industry. Below listed
are samples of a wide range of products.

» New TXS 1134M-Sub-minia-
\Q ture Surface Mount VCTCXO
- isthe latest in a series of devices
well suited for the state-of-the art technology
in N-AMPS, dual mode or digital cellular
phones where physical size and weight of the
handheld unit are a decisive factor. Frequency

&> Surface Mount Quartz Crystals
come in various packages- ceramic, glass,
metal and ceramic basewith metal éncapsu-
lation. Frequencies range from 10 to 200 MHz.
These are ideally suited for microprocessor
driven applications in cellular, paging, cord-
less, SMR and GPS.

il

°@é ‘¢ Wide Band Amplifiers are

-u offered for space satellite com-
munication systems, Radar and

airborne measurement test equipment appli-
cations. Several maodels offer a fixed gain

(+24dBYmto 50 i i
+ 1.5dB flatness. These

ranges from 12.8 to 26 MHz . CO?ES()I&OH‘O?OZO ;‘4&’& .2 GHz
an 2102,
” 3
.+ . we - Crystal Oscillators K
ithi W TEW's sine wave TCXO A .
Monolithic Crystal oscillators offer a high sta- o s

Filters are available in a
fundamental mode from 10.7 to 75MHz and in
a third overtone mode from 45 to 120MHz.
These two or four pole filters are used in the first
IF stage of RF transceivers. Both SMD and pin
thru-hole versions are available in various sizes
to meet different degrees of miniaturization.

hility output with good spurious and phase
noise characteristics. They are used as a refer-
ence signal source in the field of satellite com-
munications, Radar systems and Airborne Test
Measuring Systems. Frequency ranges from
100 MHz to 4GHz.

Y
; Dire&ionaléouplers
areavailable in a wide range of
J offerings to cover both cm and

line couplers . Line couplers are available with
up to three outputs, with or without output
detection, and can handle up to 200W input.
" Various models are offered to cover HF, VHF and
- UHF frequency bands.
Dummy Loads for commu-
nication transmitters and radio
measurement test equipment
come in a wide variety of styles
and sizes: Dry (Air dielectric)
type, 30-100W DC to 2 GHz; Wet (oil dielectrig)”
types S0W - 15kW DC to 1 GHz; Watere 3
loads up to 100kW. For mageinfor FEW.

= Crystal SAW Resonators and
Filters are available as a ST cut,
resonator type, Thru-hole and SMD enclosure
options vary with the size constraints imposed
by the crystal element. Frequency range for
SAW resonator is 61.75 to 450MHz; for SAW fil-
ters, 70 to 350 MHz.

Low power Dummy Loads
Dry type power dummy loads are
available in 1W to 30W versions,
DC to 2GHz. These dummy loads are ideal for
use in testing mobile communications equipment.

R b . ~od

. FrequénEy.M‘uTt‘ip!ieM 100x)
15,2 and 4 GHz bandS™~

WGl Meters

" Automatic Crystal Test Equipment

* Automatic Crystal Blank Frequency Sorters

~
thru and terminated)

* Power Meters up to SkW
* Viscosity Meters

Ted

TOKYO DENPA
e —— 1
TEW North America
~ 5903-B Peachtree Ind. Blvd.,Norcross, Georgia 30092
Fax (404) 441-3076
Phone (800) 762-0420
INFO/CARD 98
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SOURCE

50 jo

This L network will mot work for this source and load.

LOAD

19.55956 | 18.6462

ol

Frequency is 566 Mz
Units are -pF and +ul

-7.36E+60

1.77E-63

SOURCE 1.28E-62

-7.94E+60

59 jB

LoAD
19.55956 j 18.8462

Press RETURN to continue...?

| & _

Figure 3. Display of the matching network computations.

pletely and uniquely define the small-
signal gain and input and output immi-
tance properties of any linear two-port
device. Simply stated, S-parameters are
merely insertion gains, forward and
reverse, and reflection coefficients, in-
put and output, with driven and non-
driven ports terminated in equal imped-
ances, typically 50 ohms.

With basic S-parameter relationships
and some algebra, it is possible to
determine the input reflection coefficient
for an arbitrary load, the output reflec-
tion coefficient for an arbitrary source,
maximum available gain and stability
information. Combinations of source
and load impedances, plus the available
and desired gain, all affect stability. The
program computes and plots constant
gain circles and stability circles, allowing
the user to select load as far from an
unstable region as possible. The quick
plotting capability of the program allows
the user to check various options for
source and load impedances that will
allow a stable amplifier to be designed.

This program is available on disk from
the RF Design Software Service, includ-
ing all program files, S-parameter files
for 34 NEC devices, and source code for
advanced users to examine and modify
if desired. A 28-page manual is also
provided, with operating instructions,
example computations, and tutorial ma-
terial on S-parameters and stability

RF Design

analysis. Although the author has al-
lowed the program to be freely distrib-
uted, permission is not granted for its
inclusion in any software sold for profit.
The author offers the program as share-
ware, with the request that users who
find it useful pay a registration fee to
support updates and improvements.
See page 145 for ordering information. RF
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RF synthesizers

Design and Optimization of
Frequency Modulated
Phase Locked Loops

By Farron L. Dacus
Dallas Semiconductor

The phase locked loop is currently the
dominant method of frequency synthe-
sis, and will probably remain so for years
to come. However, it does have a few
weaknesses, such as the difficulty in
accurately and smoothly frequency modu-
lating its output. This article will present
analysis and design techniques for fre-
quency modulated phase locked synthe-
sis. Though highly useful and relatively
easy to develop, these fundamental
techniques do not seem to be widely
known.

he method presented here, which

shall be referred to as the FM PLL,
involves summing a modulating signal
into the loop control voltage. This
method allows wide bandwidth and
smooth modulation, but is not without
problems. Most of the problems revolve
around the loop’s tendency to resist the
modulation as an undesired error, re-
sulting in unacceptable distortion. An
elegant solution to this problem has
been described in a previous AF Design
article (1). Practical design and optimiza-
tion methods will be presented here.

Normalized Form PLL Analysis

In controi systems analysis, and par-
ticularly for second order control sys-
tems, a standard normalized form for the
expression of transfer functions and
time domain responses has evolved.
Use of this form is extremely convenient

for the design of the standard second
order PLL, but the common references
do not discuss its application to the FM
PLL. It turns out that the normalized
form is easily extendable to the FM PLL
and leads directly to the development
of a straightforward design procedure.
Let us briefly review it as it applies to the
standard PLL. Please refer to Figure 1
for the following discussion.

The PLL is nothing more than a
control system. In a control systems
sense, the voltage controlled oscillator
(VCO) functions as an integrator from
input voltage to output phase. It is the
output of this integrator that is controlled
and, because frequency is by definition
the time derivative of phase, the fre-
quency is also controlled. The output
frequency is forced to be Nw,,.

In PLL analysis, the steady state
output (carrier) may be viewed as a DC
operating point. Our interest is in under-
standing the small signal AC behavior
of the loop in response to outside stimuli,
such as modulation. The analysis may
be carried out in the frequency domain.
Though it can be confusing, it is just as
valid to analyze frequency variation in
the frequency domain as it is to analyze
voltage variation in the frequency do-
main.

Several transfer functions are of inter-
est. The phase transfer function is
defined as:

0.(s

_2(_)_ (1)
erel(s)

The phase transfer function may be
obtained in terms of specific loop vari-
ables by solving for it in terms of the
relationships defined in Figure 1. This
process shall be termed substituting
around the loop. The result is:

Hie) = —KdFE) @
Ns + KK F(s)

Equation 2 may be placed into normal-
ized form when an explicit form is
substituted for the loop filter function
F(s). For frequency synthesis applica-
tions, the most common filter form is the
type 3 active filter (2). This low pass filter
acts as an integrator at low frequencies,
with a higher frequency zero that pre-
vents loop instability by keeping its
phase shift less than 90 degrees. Cir-
cuits for this filter are shown in Figure
2. Analysis of the type 3 active loop filter
yields its transfer function to be:

H(s) =

—(1 + s1))
F(s) = — 3
gt 3)
where:
I =RHO, (4
ARk (5)

It is common in the literature to ignore
the negative sign in equation 3, and
leave it to the circuit designer to get the

Kq(s)

Brgt v © gy =i PHASE £2
= = DETECTOR

8,0 wy

real W

Figure 1. The basic phase locked loop.
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Figure 2. The type 3 active loop filter, a) Single ended
input, b) differential input.
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Figure 3. The phase transfer function in normalized

form.

signs right in the hardware to ensure
negative feedback. Dropping the nega-
tive sign and substituting equation 3 into
equation 2 yields:

K
sl Bl et sy
H(s) Bkt i ®)
52 + Ko}ngZ KoKd
T ,N

We are now ready to convert to the
normalized form. In control theory, the
standard normalized form of a second
order equation is written as:

s? + 2w s + w? (7)
In equation 7, ¢ is referred to as the
damping factor, and w_ as the natural
frequency. Equating coefficients be-
tween this equation and the denomina-
tor of equation 6 shows that the denomi-
nator can be expressed in normalized
form if the following definitions are
made.

/K K
w, = ’// TONd (8a)
NV
‘rZ(“"n1
for (8b)

Subsituting equations 7 and 8 into
equation 6 yields:
2tw S + w?
H(s) = 0—20—"— 9
(s) s? + Q{w"s ar wﬁ ©)

A MathCAD generated set of plots of this
low pass function is shown in Figure 3
below. The case ¢ < 1 is referred to as
underdamped, and the case ¢{ > 1 as
overdamped. The case ¢ = /2 is the
most common design choice, as it
affords the fastest recovery from tran-
sient conditions, and is near optimal for
loop suppression of oscillator noise (2).
The frequency w = V2 X w,_ is referred
to as the loop bandwidth.

Another important transfer function is
the error transfer function, H _(s), defined

RF Design

as:
0,o(S) — 6,(5)
eret(s)

Solving for this function and converting
to normalized form gives:

H.(s) = (10)

s2

He(S) & 52 + 2{0_)"5 + wi

(1)
Note that the error transfer function is
generally high pass, so that phase error
is only allowed to exist above the loop
bandwidth. A family of error transfer
curves is shown in Figure 4.

Analysis of the FM PLL Using the
Normalized Form

With a basic understanding of the
normalized form of PLL analysis, we are
ready to apply it to the FM PLL. Because
we only modulate the PLL in the locked
condition, the analysis is of small signal
quantities. This will be emphasized by
use of the prefix A. Since the reference
frequency is fixed in the FM PLL system,
the small signal component of the
reference signal is zero. This allows the
reference to be dropped from the block
diagram of the FM PLL in Figure 5.

We are critically interested in the
transfer from the modulating voltage
AV to the output frequency variation A
w, - Let us define this as the frequency
modulation transfer function H,_(s).

Aw,(S)
AV (s)
Solving for this function and applying the
normalized form yields: (13)

K, s? K H(S)
?+2ws+wl ° ol
Like phase error, the loop will only allow
modulation to exist above the loop
bandwidth. The effects of w and { may

Hin(s) = (12)

Hfm(s) 5

Figure 4. Curves of H (s).

be further clarified by the definition of a
new figure of merit, the signal to distor-
tion ratio. The definition is arrived at by
noting that the ideal FM transfer function
is simply K . Any loop modifications to
this are undesired, and all such modifi-
cations appear in the loop filter output,
so a sensible definition is:

signal | AV (s)
distortion &) = AU(s)

Solving for this transfer function and
comparing to the phase transfer function
shows that:

S ¥
5405 g

Since the signal to distortion may be
visualized as an upside down graph of
H(s), the effects of w_ and ¢ are clear. A
smaller w, gives better signal to distor-
tion at any frequency above the loop
bandwidth, which was to be expected.
However, it is also noted that for fre-
quencies above the loop bandwidth we
also get better signal to distortion for a
smaller {. Most engineers would not
have intuitively expected a strongly
underdamped loop to have any advan-
tage.

We may conclude that the smallest w
and the smallest ¢ that are consistent
with other system requirements should
be used. However, for a small ¢, the
designer must be careful about instabil-

ity.

SPICE Modeling of the FM PLL
The validity of these results may be
checked with a SPICE model. For this
demonstration, an arbitrary PLL with a
carrier frequency of 300 MHz and an w,,
of 1 kHz was chosen. The VCO was
given a typical tuning range of 10 MHz
over an 8 Volt tuning range. The phase

(14)

d (15)
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detector is assumed to be a type 4 digital
PD with gain V_/2n. V__ is assumed to
be 5 Volts. If the reference is assumed
to be 10 MHz, then the divide ratio N is
30. A SPICE circuit representing this
system is shown in Figure 6.

The integrating action of the oscillator
is created by the controlled current
source E . and capacitor C .. The
gains of the divider and the phase
detector have been combined into the
controlled voltage source E_ .. The
resistors R, . and R, . satisfy the
SPICE DC requirements.

A set of transient simulations was run
using the damping factors shown with a
10 kHz, 40 mV square wave V . The
results, shown in Figure 7, support the
conclusions just presented.

2

The Integrator Error Corrected
PLL

A fundamental improvement to the
FM PLL is described in Reference 1. The
working concept is simple but ingenious.
If a voltage opposite in sign but equal in
magnitude to the modulation induced
phase error is summed into the phase
detector output, the loop will be pre-
vented from responding to the modula-
tion. Because the VCO acts as an
integrator from input voltage to output
phase, the proper function is a scaled
inverting integration of the modulating
voltage. The system is shown in Figure
8. Solving for the FM transfer function
yields: (16)

F(s)K;
Aw,,(S) o 5y '35 5

H.(8) = K, (18)

Equation 18 represents the ideal FM
PLL behavior. Unfortunately there are
circuit errors, mostly the variation in K/
over its tuning range, that degrade the
necessary match condition (equation
17). However, a very significant perform-
ance improvement can still be attained.
Even DC modulation is possible, though
the integrator and phase detector must
be periodically reset, as described in
Reference 1.

The effects of mismatch may be
quantified by the definition of a new
term, the integrator mismatch error, as
shown in equation 19.

o e <32 (19)

Now the signal to distortion ratio for the
corrected FM PLL is shown to be:

KdKo S
Ne, D

% (corrected) = (simple) (20)

If the VCO gain can be precisely con-
trolled, then the signal to distortion can
be made very high at all modulating
frequencies. If such control is not possi-
bie, then loop parameter optimization
becomes important. The smallest possi-
ble ¢ and w_ would be used to minimize
loop distortion beyond the loop band-
width. If the system must be modulated
within the loop bandwidth, then a more
normal ¢ of 0.5 to 1.0 would be appropri-
ate.

Hin(s) = AV (5) FOKK, Limitations of the Error Corrected
N FM PLL
15 There are several potential problems
We note that if, b i A
to guard against in the design of the
e KoKy (17) corrected FM PLL. Among these are the
' N effects of practical integrator perform-
then equation 16 reduces to, ance, maintaining lock under strong
K, F(s)
[ puase sl LooP Auts)
= DETECTOR b 1 FILTER
Atyfs) K,
s
Aw,,(S)
+ N - VCO + N
A6ou(S) AV, (s) +
AV _(s)
LS — SRS Al § Sl B W - "

Figure 5. The FM PLL small signal model.
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modulation conditions, and prevention
of unacceptable sideband levels under
modulation.

Integrator drift may be curtailed by
limiting the DC gain of the integrator by
placing a large value resistor in parallel
with the integrating capacitor. This
moves the integrator pole from zero to
a low frequency we shall label w,. We
shall refer to this as the bypassed
integrator. It may be shown (4) that this
system will have minimum distortion and
H,.(s) = K ,C(s) when the modulation is
coupled into the VCO through the
highpass function in the equation below.

Ol = 5 (21)

Another potential problem is for the
phase error to reach a magnitude where
the phase detector exceeds its usable
range. Because the correcting integra-
tor prevents the loop from responding
to the modulation induced phase error,
it may be written by inspection that the
phase error is:
t K V.1

D) = T dt

The system will maintain lock so long
as the maximum phase error is kept
within the limits of the phase detector.
For example, for the type 4 digital phase
detector (PD), this limit is +2n. A useful
special case of equation 22 that is handy
for a quick check is that of a simple
rectangular pulse of modulation. A prob-
lem familiar to all designers of high
performance synthesizers is the mainte-
nance of adequate spectral purity. A
major contributor to unwanted spectral
components is the digital phase detec-
tor. The classic type 4 PD represents the

(22)

6,009 = ?85€6
C .

2 637
W,
70?7 2 25k
cosc Rc’unl
20 6 37k

Figure 6. PLL SPICE Model.
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Figure 7. Transient response of the SPICE PLL to FSK modulation.

phase error in pulse width form, so there
is undesired energy present at the
reference and its harmonics. Some of it
gets through the filter to the VCO input,
where it causes sidebands. If a noise
voltage has frequency w, and peak
value V,, then narrow band FM theory
(5) shows the sideband to carrier ratio
at offset w to be given by equation 23.
Note that this is a magnitude ratio when
converting to dB(20 log), and that K is
in rad/sec/volt.

sideband
() =

carrier

A PLL using the type 3 loop filter will
drive the PD pulse width to approach
zero, thus forcing the sideband generat-
ing harmonics in the PD output to aiso
approach zero. However, modulation
imposed on the PLL will widen the pulse
width proportionately, making the side-
band problem much worse.

For modulation rates much less than
the reference frequency the pulse width
may be considered to be a continuous
variable. The ratio of the PD pulse width
rho to the reference period is:

Q

e 08
. 2nN / o

ViK,
2w

m

(23)

Vn(tdt (24)
A complex form Fourier series expan-
sion of equation 24, some simplifying
approximations, and substitution into
equation 23 will show the sideband to
the carrier from the nth PD harmonic to
be:

(25)
sideband
carrier (™Y
ngcch(nwvel)l
K [ ot

Equation 25 is accurate for the first few
RF Design

harmonics, and sets a worst case for
higher ones. Determining a worst case
for the integral under a specific modula-
tion allows a quick calculation of the
worst case sideband to carrier.

If the sideband to carrier is unaccept-
able, the designer has the option of
using a linear PD. The linear PD does
not suffer an increase in harmonic
content under modulation, but it lacks
the wide capture range needed for a
wideband synthesizer. Still, it might be
the best choice for some applications.

Recently there has been some work
done in the area of digital phase detec-
tion with reference frequency suppres-
sion (6). This type of phase detector
would be especially valuable for the FM
PLL. Hopefully, these techniques will
be incorporated in the future by the
major PLL component suppliers.

Conclusion

of the normalized form to these sources
greatly simplifies their analysis and
design. A newly defined parameter, the
signal to distortion ratio, is very useful
in understanding and minimizing loop
distortion.

The integrator error correction method
yields a large improvement in distortion,
but has a few problems to watch for.
Chief among these is the degradation
in sideband to carrier ratio, particularly
with standard digital phase detection.
The methods discussed will allow accu-
rate prediction of performance prior to
actual prototyping, thus allowing a deci-
sion to be made about the suitability of
the FM PLL for a particular applicatior’\iF
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RF product report

RF Short Courses —

Something For Everyone

By Liane G. Pomfret
Associate Editor

hort courses provide a quick way for

engineers to learn about a subject.
Courses are offered by universities and
private companies alike and cover virtu-
ally every RF topic. Their continued
popularity is encouraging for everyone
in the business; evidence that the RF
industry remains active.

Despite the recession and last year’s
gulf war, short courses have maintained
strong attendance with only occasional
dips in certain topic area. Les Besser
of Besser Associates comments, “En-
roliment slowed down mid last year, but
it has picked up considerably and now
it's even better than before.”” The mili-
tary oriented courses are on a roller
coaster. Dr. Bill Goodin, manager, short
course program at UCLA Extension notes,
“I'd say the courses that are more de-
fense oriented have suffered a lot. Those
that are more commercially oriented
haven't suffered as much.”

The engineer who attends a continu-
ing education course seems to fit into a
certain mold. He or she has about seven
to ten years of hands-on experience,
and usually holds a Bachelor’s of Sci-
ence. An informal survey at George
Washington University found that 50
percent of the attendees had B.S.
degrees, 27 percent had Masters, 4
percent had Ph.D.s and 15 percent were
non-degreed or held an Associates
degree. ““The people who come to our
training centers have a minimum of
seven years in the industry.” notes
Patricia Bond, supervisor of educational
services for EEsof. In addition, an
engineer usually attends a continuing
education course because he is working
on or is about to start work on a project
where he lacks experience or knowl-
edge. It is uncommon for an engineer
to attend a course just to hear what the
instructor has to say. There are always
people with more or less experience
than the average engineer. But, as Chris
Hyde, manager of applications develop-
ment for Analog Devices says, ‘“‘There's
enough information on either end to
make our seminars challenging and
interesting for most of the crowd.”
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A recently graduated engineer would
be more likely to attend a course devoted
to the basics of RF engineering. ‘‘For
basic courses, you see a lot of younger
engineers,’”’ says George Adams, Geor-
gia Tech’s Associate Director of Con-
tinuing Education. Employers might
send them to get them up to speed and
help them become productive members
of the technical staff as soon as possi-
ble. On the down side, employers may
not want to invest the money in a new
engineer, and so they must wait for a few
years to get any sort of outside training.
Yet basic courses such as those offered
at RF Expos, by UCLA Extension, Geor-
gia Tech and Besser Associates, are use-
ful and cost effective means of training
a new engineer or refreshing a more ex-
perienced engineer’s skills.

The course offerings are virtually
limitless. Whether it be a university or a
commercial firm specializing in RF
courses there is, as the saying goes,
something for everybody. David
Lohbeck, manager of north central divi-
sion of TUV Rheinland explains their
reasons for offering a seminar on Euro-
pean EMC requirements, ‘‘In the U.S.
there is quite a misunderstanding as to
what the European requirements are.
So with our expertise and experience
we can then put together these short
courses to help people stay up to date
on all the changes.”” Course length can
vary greatly; anywhere from one day to
two weeks, with the mean being three
to four days. Many of these courses also
offer credit in the form of Continuing
Education Units (CEUs). CEUs are one
useful way to track and measure an
engineer’s performance.

However, these courses can involve
a significant cost. The average price for
an engineering course is between $500
and $2000, although Analog Devices’
1-day seminars are about $25.

The following are all examples of
basic level courses: Radar Basics, RF
and Microwave Circuit Design, Electro-
magnetic Interference and Control and
Frequency-Hopping Signals and Sys-
tems. These types of courses tend to

attract all levels of engineers. They are
good refreshers for experienced engi-
neers and get other, less experienced
engineers up to speed quickly. The
more advanced level courses such as
Digital Signal Processing, ELINT, Syn-
thetic Aperture Radar: Design Process-
ing and Applications, and Electromag-
netic Characterization of Materials for
Antenna/RCS Applications assume that
attending engineers have more than a
basic understanding of RF principles.
Often, the techniques being taught are
state-of-the-art technology and the in-
structors are well known individuals in
their field.

Many of the new courses in develop-
ment and currently being offered have
a commercial focus. Universities and
companies have recognized that the
military market can no longer support
the number of short courses it once did.
There are courses that have both a
commercial and military focus and they
will continue to do well. Down the road,
there will probably be a reduction in the
number of military oriented short courses
that are currently offered. But other
areas are moving in to take their place.
An interesting trend has been noticed
by Merril Ferber, director of marketing
at George Washington University,
“Right now we're seeing a surge in
quality and reliability engineering. They
seem to be coming in strong.”’ People
have begun to realize that they need to
learn quality and reliability techniques if
they're going to be successful in the
current market.

Despite individual ups and downs,
short courses continue to do well. Engi-
neers recognize the need to further their
knowledge and careers and short
courses offer an excellent means of
achieving them. So whether you want
to brush up on your basics or learn about
something totally new, there’s no prob-
lem finding the right course. RF

For reprints of this report, contact Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.
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RF tutorial

An Introduction to Iron Powder
and Ferrite Cores

By Gary A. Breed
Editor

The subject of magnetic materials for
inductors and transformers cannot be
adequately covered in a single article.
To provide an introduction to these
materials, this tutorial describes some
very basic principles, and offers a few
practical rules for common applications.

I n grade school science class, we
observed that a simple electromagnet
became much stronger when a bolt or
nail was placed in its core. In RF circuits,
where inductors are defined by their
electromagnetic behavior, iron-based ma-
terials can serve the same purpose,
concentrating the magnetic lines of
force in the core of an inductor. The
result is an increase in the inductance
over the same coil of wire in air. Useful
materials for this purpose have ‘‘soft”
magnetic properties, which means they
do not become permanently magnetized
like ‘‘hard’’ materials.

The degree of enhancement of the
magnetic field is a function of the
permeability (u) of the core material; a
numerical factor that defines the in-
crease in concentration of the magnetic
flux due to the presence of the material.
The materials discussed here may have
permeabilities from 3, only a little more
than that of air, to 2500 or more. The

ratio of two permeabilities is linear with
regard to magnetic flux, but only when
both are measured under exactly the
same conditions. Magnetic materials
are not linear with regard to magnetic
flux versus current through the winding
(and hence, with increasing flux den-
sity). Refer to your coliege Electromag-
netic Fields textbook for a better expla-
nation of permeability, flux density,
coercivity, and other terminology (1).
Also read the technical explanations
contained in manufacturers’ catalogs
and applications notes to determine how
u is measured for their products.

Rather than describe the physics of
these materials in detail, the rest of this
article will describe the properties that
affect their performance as RF induc-
tors, transformers and chokes.

Iron Powders

This low permeability class of materi-
als is made from iron compounds,
mainly oxides. Carbonyl iron materials
will have u values from about 3 to 35,
hydrogen reduced iron compounds can
have u values in the 25 to 125 range.
Other compounds have been developed
as well, with considerable recent effort
to create materials with greater tempera-
ture stability.

Lmos- 900 450 345 325
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26-mix  3-mix  15-mix  1-mix 2-mix 6-mix  10-mix 12-mix  0-mix
Core yel/wht gray red/wht blue red yellow  black grnwht tan
Size u=75 u=35 u=25 u=20 u=10 u=8 u=6 u=3 u=1

0-1. .05-.5 -2, .5-5. 1.-30 2-50. 10-100 20-200 50-300 ‘

MHz MHz MHz MHz MHz MHz MHz MHz MHz
T-12-— NA 60 59 43 20 16 12 6,5 3.0
T-16-— NA 61 55 44 22 19 13 8.0 3.0
T-20-— NA 90 65 52 27 22 16 10.0 315
T-25-— NA 100 85 70 34 27 19 12.0 4.5
T-30-— 325 140 93 85 43 36 25 16.0 6.0
T-37-— 275 120 90 80 40 30 25 15.0 4.9
T-44-— 360 180 160 105 52 42 33 18.5 6.5
T-50-— 320 175 135 100 49 40 31 18.0 6.4
T-68-— 420 195 180 115 57 47 32 21.0 725
T-80-— 450 180 170 115 55 45 33 22.0 85
T-94-— 590 248 200 160 84 70 58 32.0

The most common applications of iron
powder materials are in toroidal inductor
cores and adjustable slug-tuned coils.
The doughnut shape of a torus has the
advantage of creating a magnetic field
that is contained within the core. Without
the open ends of a linear winding, a
toroidal coil has relatively little radiation.
This is true even for air coils, although
a core of magnetic material greatly
increases the containment of the field
around the circle defined by the core.
As a result, inductors wound on toroid
cores have low interaction with sur-
rounding components and rarely require
shielding.

Slug-tuned inductors are coils wound
on a tubular forms of plastic, ceramic or
other material, with a piece of magnetic
material that can move in an out of the
coil. The movement may be accom-
plished either with threaded core mate-
rial that screws into the coil form, or the
material may be a short rod supported
by an adjustable mechanism such as a
lead screw to move it in relation to the
coil. Adjustable inductors using these
methods are among the most common
RF components.

Besides the self-shielding nature of
the toroid coil and the adjustable capa-
bilities of a slug coil, the use of iron
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Figure 1. A unbalanced 4:1 trans-
mission line transformer.
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World’s broadest line of...

Clock

and Sinewave N AT o Bk S TV

Crystal

Oscillators
(1 Hz thru 2600 MHz)

powders allows greater inductance with
fewer turns of wire. To compute the
required number of turns to achieve a
desired inductance, manufacturers of
these products have established a stan-

I DIP dard reference, A values. A s the

Surface” 5 "
Lcc Q

Flatpack ’

inductance in microhenries for a 100-
turn winding on that core. Each core of
different materials and different sizes
will have a unique A . Table 1 is an
abbreviated list of core matcrials, sizes
and A values (2,3).

To compute the required number of
turns for a given inductance in mi-
crohenries, use the following formula:

Turns = 100 / desired L (uH)
AL

Also included in most catalogs is a
summary of wire sizes versus possible
number of turns on each size toroid
core. Table 2 lists this data for just one
common core size, the T-37, with 0.375
inch outside and 0.205 inch inside
diameter. A rule of thumb is that best
results are achieved with a winding that
covers approximately 3/4 of the core.
For example, if we want a 1.0 uH
inductor on a T-37 core, we might
choose 6-mix material, with an A_of 30
uH/100t. Using the above formula, we
would need an 18-turn winding. From
the wire size chart, we see that 23 turns
of #24 wire will fill a T-37 toroid. The
required 18 turns would fill about 78

Mount

***50 Hz-2.6 GHz
12-24V

***5-700 MHz
5.2Vor-4.5V

0°Cto+ 70°C
5°C to + 125°C
0°Cto+ 50°C

1 Hz-125 MHz
5 ppm over

25 ppm over
+ 50 ppm over -5

Five options: + 50 ppm, + 25 ppm, £ 15 ppm, + 10 ppm,
and in some models externally settable to + 1ppm

2
- =
£ 3 L
- R, percent of the core, which is close to our
X7 P! ) W 1 3/4 rule of thumb. If some allowance for
= |2 g28|Z &2 compressing or spreading the windings
2% 2°°12 ER? is desired, smaller size wire should be
T3 o Zp used.
25 15
L SEoF i
2552 Ferrites
§ g@%f The class of materials generally called
- E:§: ferrites covers many combinations of
L :@QE iron oxide and other metal alloys. The
& e a |OZ5E alloys in RF ferrites typically are nickel-
] g9 E %’égﬁg zinc, manganese-zinc, and manganese
< 348|8  |3238 (4,5). Ferrites can have very high p,
O s LW
g g |9 LR . Bl | i
(Ve H I -
| Wire  No. Wire No. |
To order, or for complete A ské - twend |
engineering assistance, call: | ) et s | .
(203) 853-4433 #1001 #2631
| 12 3 28 41 |
[ 14 5 30 53
A6 .7 a9 1
| 18 9 34 g7
20 12 36 110
22 17 38 140
] : 24 23 40 177
The Crystal Oscillator Company
ine cry P

VECTRON LABORATORIES, INC.
166 Glover Avenue. Norwalk. CT 06850
Phone: (203) 853-4433. FAX: (203) 849-1423
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Table 2. Number of turns that fit
on a 0.375 inch toroid core.

which means that they greatly increase
the inductance of a given winding.

Only the lowest permeability ferrites
are suitable for simple inductors at
RF, although they are often used as
cores for low frequency inductors. Often,
high-u ferrites are used where induc-
tance values are not critical, such as
RF chokes and EMI suppression.

Ferrite’s most common use at RF is
for transfarmers and other coupled func-
tions (6,7). The large increase in induc-
tance provided by these materials
means that only a few turns are required
to get significant inductive reactance.
This reactance can be used to block
common-mode currents in transmission
line transformers. Related transmission
line applications include directional cou-
plers, quadrature hybrids, power divid-
ers and combiners. Figure 1 shows a
single-ended 4:1 transformer, a typical
application for a ferrite-loaded transmis-
sion line. Conventional isolated-winding
transformers can also be constructed with
relatively few turns.

High inductance per turn has two
main advantages: minimum conductor
length provides better high frequency
response, and fewer turns allows larger
conductors and higher currents. With
proper selection of the ferrite material,
the size and type of conductor, and
system impedance, components using
ferrites can be extremely broadband;
several decades in some applications.

Ferrite cores for transformer applica-
tions are often supplied in a two-hole
arrangement. This is usually referred to
as a balun core because of its use in
balanced to unbalanced transformers,
the most common of which is 75 ohm
coaxial to 300 ohm balanced transform-
ers for television. This physical arrange-
ment makes easy layout possible, and

|
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L
©O

Figure 2. A balun core can simplify
transformer construction.

March 1992



doubles the inductance per turn since
lhe wire passes through the core in each
direction (Figure 2).

Limitations

Iron powder and ferrite materials have
limitations on frequency of operation,
inductor Q, losses, temperature stability,
power handling and DC current han-
dling.

Operating frequency and maximum
Q are related characteristics which cor-
respond to u. Magnetic materials offer
resistance to the change in magnetic
fields as the AC voltage rises and falls.
This effect follows the permeability value,
so low u materials will have less effect
and be better for higher frequencies.
High permeability materials have practi-
cal limits on high frequency perform-
ance for the same reason.

These limits will be different for
inductors, conventional transformers,
and transmission line applications since
the mechanism of operation is different
for each of these. Inductors need high
Q and, normally, the best choice is the
lowest permeability core that fits wire

size and inductance requirements. Con-
ventional transformers can be low Q,
and will usually benefit from smaller
number of turns. In this case, the user
would select a high permeability mate-
rial that doesn’t exhibit excessive loss
at the operating frequency. Transmis-
sion line transformers rely on the differ-
ential currents between conductors, typi-
cally either a twisted pair or a coaxial
cable. The function of the magnetic
material is to provide enough reactance
to impede the flow of common mode
currents. High permeability is an advan-
tage, but with considerations for power
handling, flux saturation and high fre-
quency losses.

Magnetic core materials all are rated
by their manufacturers for performance
over temperature and for a range of flux
densities. Excessive temperature rise
will change the characteristics of the
core (or even damage it). Magnetic
performance is not linear at high fiux
densities, and materials must be oper-
ated within their recommended ranges
(8). These limitations on power handling
are primarily a function of core material

Return Loss Bridges
RLB150 bridges are a high accuracy low
cost solution to SWR measurements. They
can be used with spectrum analyzer/tracking
generator for swept SWR measurements.
EAGLE RLBs have these features:

o Frequencys: .04 Mhz to 1.0 GHz

o RF reflected port

e High Power rating: Five watts

e Rugged construction

o High Directivity: up to 45 dB

Model RLB150B1 .04-150 MHz......$259.00
Model RLB150N3B 5-1000 MHz....$349.00
FREE application note: "High Performance
VSWR measurements ", call and ask for it!

e USRI T Oy

P.O Box 9446 (316) 942-5100
Wichita, KS 67277 Fax:(316) 942-5190
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SURPLUS SALES OF NEBRASKA
DIODES: PIN, MIXER, VARACTOR, SCHOTTKY » FINGER

STOCK e MICROWAVE: SOURCES, DETECTOR,
DUMMY LOADS, ATTENUATORS, CAPACITORS,
SWITCHES, RELAYS e TOROIDS o RF ® CONNECTORS,
ANY KIND, LITERALLY e MECHANICAL FILTERS o
RELAYS ¢ INDUCTORS e SEMICONDUCTORS e TEST
EQUIPMENT o TWT e OSCILLATORS e RESISTORS e
TRANSFORMERS o SWITCHES o POTENTIOMETERS o
SHAFT HARDWARE ® METERS ¢ VACUUM RELAYS e
VACUUM CAPACITORS o  TRANSMITTING
COMPONENTS ¢ POWER SUPPLY PARTS o CABLE «
WIRE: ANTENNA, MAGNET, HIGH VOLTAGE, TEFLON
HOOK-UP o TUBES e FEED-THRUS o COMPUTER
PARTS ® PISTON TRIMMER CAPS » ANTENNAS e EMI
FILTERS e CORDS ¢ RFl SHIELDING MATERIALS e
COAX e SOCKETS e COPPERCLAD * WAVE GUIDE
o TECH SPRAY o CONNECTOR HOODS ¢ CHOKES

all of this and much more in......

CATALOG 6

Available Now! In the USA, send
$3 for your copy via First Class Mail.
Bulk mailed FREE. Payment is refund-
able with your first $25 catalog
purchase. Quality parts available
instantly, at reasonable prices.

Do you have surplus parts on hand ?
We purchase most varieties of excess
parts but specialize in RF types. Fax
or mail your list for a prompt bid or
call and ask for Bob. Thanks.
SURPLUS SALES OF NEBRASKA

1315 Jones St. ¢ Omaha, NE 68102
402-346-4750 ¢ fax: 402-346-2939
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SEND FOR OUR LATEST CATALOG ON HIGH PERWA!@E‘,’(
IRON POWDER CORES FOR RF APPLICATIGNS, £

) o "?.;,’ :
02

g

IONWIDE TOLL-FREE NUMBER
(800) 356-5977

MICROMETALS

IRON POWDER CORES

1190 N. HAWK CIRCLE, ANAHEIM, CA 92807 USA
123

Please see us at RF Expo West, Booth #626.




and core size.

As a simple example, a broadband
transformer might be constructed on
high permeability ferrite to achieve maxi-
mum bandwidth. As a low-level device
it may be acceptable to have 0.2 dB loss
or more, but the same configuration in
a high power application could cause
excessive temperature rise in the core.
Attempting to increase power handling

by using a larger core could resuit in too
much inductance in the windings, fur-
ther degrading performance.

Other characteristics to note include
performance well above normal operat-
ing frequencies, where these materials
tend to be very lossy. This can be used
to advantage for suppression of un-
wanted VHF or UHF responses. It is
common to use ferrite beads for sup-

DIGITAL RF

DELIVERS THE PERFORMANCE AGAIN!
AGILE / MODULATED RF s1gnals

DX4660

DX4060

DX2070

VR1070

N STg zg ;K Ready for your project NOW!
PERFORMANCE LEADING DDS SYNTHESIZER BOARDS
NEW!

* Broadband QUADRATURE RF Outputs
* Full Modulation Included

* FAST! 125 nanosecond switching time
* 25 nanosecond modulation update time

* CLEAN! < -70 dBc spurious signal level
* 50 nanosecond modulation update time

+ 1.000Hz EXACT frequency stepsize using
standard 10.000 MHz reference frequency

PERFORMANCE LEADING DDS Devices_ - for custom designs

DRFS-4250

DRF'S-3250

NEW!
» over 70% increase in clock frequency and output bandwidth

+ improved clock thresholding
* pin-for-pin compatible with DRF3-3250 and DRFS-2250

price significantly reduced!

Barbara Bermnard
295 North Bernardo Avenue

Mountain View, CA 94043
(415) 960-1630 phone
(415) 964-5181 fax

For further information please contact:
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pression of VHF oscillations, but be
careful that the added inductance does
not affect operation at lower frequen-
cies!

Temperature stability is another area
to understand. For critical circuits such
as oscillators or very narrow filters, be
certain that the inductance value will not
have excessive drift with temperature.
Some materials have better temperature
performance than others. When in
doubt, check the manufacturers’ tem-
perature curves, or call them for a
recommendation regarding your appli-
cation.

Conclusion

Iron powder and ferrite cores have
extremely valuable properties for RF
applications. But the proper selection of
a material for a specific application is
not always simple. Like many areas of
RF engineering, there are some com-
mon rules of thumb that will help in
most cases. But, there are also many
additional performance characteristics
that must be understood and included
in the process of selecting the right
magnetic core material for a specific
application. If you work with these
materials regularly, it is essential to
learn how all these characteristics affect
performance. RF
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High Efficiency Amplifiers Target Research Applications

A family of miniature high
efficiency power amplifiers is in-
troduced, with three models cov-
ering 225-400 MHz or 2980-400
MHz with 50 percent efficiency,
and 225-600 MHz with 40 percent
efficiency. Each unit features 35
dB gain with 35 to 50 watts power
output, depending on the model.
All models measure 4.1x1.4x1.4
inches in ruggedized packaging
suitable for missile launch, sound-
ing rockets, geological explora-
tion or atmospheric research
applications.

LCF Enterprises
INFO/CARD #250

High Intercept

Cellular Mixers

Anzac announces the ESMD-
C2HX2 mixer with a guaranteed
third order intercept point of +26

dBm with a recommended LO
power of +17 dBm. IF response
is 20-100 MHz, with an input
range of 819-915 MHz, intended
specifically for Pan-European
GSM base station equipment.
Price is $41.85 in 1-9 quantities.
M/A-COM, Inc., Anzac Opera-
tion

INFO/CARD #249

Crystal Features Low
Aging

World-class crystals with low

RF Design

aging are announced by EG&G
Frequency Products. The 5 MHz
and 10 MHz, 3rd overtone crys-
tals exhibit aging better than
3x107'° per day and 5x10 ~'° per
day, respectively. They are avail-
able in HC-47 holders

EG&G Frequency Products
INFO/CARD #248

900 MHz Power

Transistor

The new MRF899 delivers
150 watts PEP at 9 dB gain in the
800 to 960 MHz range, with 26.5
Volt supply. Packaging is the
common emitter push-pull con-
figuration. The device is part of a
lineup that includes the MRF896
3 watt pre-driver and the MRF897
30 watt driver.
Motorola, Inc.
INFO/CARD #247

Wideband Amplifier

The M50 wideband amplifier
covers 10 kHz to 1000 MHz with
10 watts output. The unit is easy
to transport, weighing 25 Ibs. and
packed in a 6.5x 10x14 inch case.
Instruments for industry
INFO/CARD #246

Standard SAW
Oscillators

A new family of standard
SAW oscillators is introduced,
operating from 300 to 1200 MHz
in 100 MHz increments. The
devices are designed to be phase-
locked over military temperature
extremes.

Sawtek, Inc.
INFO/CARD #245

New Capacitor Kits
ATC offers two new Quik
Design™ kits containing RF/

microwave surface-mount MLCs
for circuit designing. The QK
3000 kit contains over 5000 A-
case capacitors, and QK 4000
contains over 4000 B-case prod-

ucts. Each kit is priced at
$499.95.

American Technical Ceramics
INFO/CARD #244

Signal Processing

Components

A new 92/93 catalog covering
mixers, attenuators, couplers
transformers, modulators and
other signal processing compo-
nents is announced. New prod-
ucts include connectorized wide-
band amplifiers to 4200 MHz,
MMIC wideband amplifiers, DC
blocks and complex phasor modu-
lators.
Synergy Microwave Corp.
INFO/CARD #243

Coaxial Resonators
Coaxial line elements are avail-
able for frequencies from 300
MHz to 4.8 GHz, offering high
circuit Q, temperature stability
and fewer environmental effects
than equivalent LC circuits. Tape
and reel packaging are available
for volume manufacturing.
Trans-Tech
INFO/CARD #242

VCXOs for ECL

ECL compatible VCXOs are
announced for frequencies up to
250 MHz. Deviations from +30
ppm to +200 ppm are available,
with control voltage of 0 to —5.2
volts. Initial accuracy is +10 ppm,
with +3 ppm available at some
frequencies.
Oscillatek
INFO/CARD #241

| SMT Component

Conversion

Conversion of flying-lead com-
ponents to surface-mounted con-
figurations using the method of
welding dissimilar metals is now
offered. The consistent lead
length and placement improves
yield and reliability of finished
circuits.
Matrix
INFO/CARD #240

Hopping Filter

K&L Microwave announces a
225-400 MHz rapidly-tunable fil-
ter with 6-7 MHz 3 dB band-
width and 40 watts power han-
dling capability. Rejection is 15
dB at 10 MHz from center fre-
quency.
K&L Microwave, Inc.
INFO/CARD #239

250-400 MHz

Oscillators

ECLips logic output oscilla-
tors are available in a 14-pin DIP
compatible package. High fre-
quency AT-cut crystals are used
to provide 100-1000 ppm stability
over 0 to 70C. Currently designed
frequencies include 250, 266.67,
303 and 400 MHz.
CTS/Frequency Control
sion
INFO/CARD #238

Divi-

Microwave
Amplifiers

Amplifiers for the private ca-
ble band of 18.1 to 18.6 GHz
are introduced, with either WR-
51 waveguide connectors or
SMA connectors. Both low noise
and power amplifiers are avail-
able.
Microwave Solutions
INFO/CARD #237

Drop-in Mixers

FElI Microwave announces
new drop-in mixers for microstrip
applications. The new mixers
cover the VSAT bands at 6 GHz
and 14 GHz.
FE! Microwave
INFO/CARD #236

New Capacitors

New non-magnetic high-Q por-
celain capacitors are introduced
by Microelectronics, along with
medium and high power ceramic
capacitors.
Microelectronics
INFO/CARD #235

125



RF expo products conines

Space Qualified
Divider

A new 3-way power divider for
space applications covers 5.28
to 5.32 GHz with minimum 23 dB
isolation, +0.3 dB amplitude bal-
ance, 1 dB insertion loss and x4
degrees phase balance. 19.5 dB
test couplers are included at the
input and two outside ports.
Sage Laboratories, Inc.
INFO/CARD #234

Cellular Circulators
Circulators for cellular appli-
cations at 800-900 MHz, plus
models for 1600-1900 MHz are
introduced. These high power
(500 watt) circulators exhibit low
intermodulation levels and are
offered with type N, TNC and
SMA connectors.
Ditom Microwave, Inc.
INFO/CARD #233

Switching

Subsystems

Integrated switching subsys-
tems are now available, consist-
ing of switches, programmable
attenuvators and power dividers
in a rack-mount enclosure. |IEEE-
488 and RS-232 control options,
plus AC or DC power are options.
JFW Industries, Inc.
INFO/CARD #232

Mil-type Trimmers

79 mm ceramic dielectric
trimmer capacitors have been
added to Sprague-Goodman's
line. In seven capacitance ranges
from 2.0-8.0 to 7.0-70.0 pF, the
trimmers are designed and con-
structed to meet the require-
ments of MIL-C-81. Voltage rat-
ings are 350 VDC at 85C and 200
VDC at 125C. Prices start at
$0.75 in 1000 quantity.
Sprague-Goodman Electronics
INFO/CARD #231

Artwork Translator

A new low-cost DXF to Gerber
translator has been developed
specifically for the RF board de-
signer. It can reduce mask gen-
eration cost and turn around time.
Artwork Conversion Software,
Inc.
INFO/CARD #230

SMD Tuned Circuits

Custom-designed tuned cir-
cuits are manufactured in a single
chip component. Units can be
built at resonant frequencies in
the 5 to 400 MHz range. Circuits

126

are available in the standard 1206
chip size, packaged in bulk or on
8 mm tape and reel.

Stetco, Inc.

INFO/CARD #229

1 GHz Spectrum

Analyzer

The Farnell model SSA1000A
covers 150 kHz to 1 GHz with
synthesized frequency Quasi-
peak detection is provided for
EMC measurements, and a nar-
rowband AM/FM detector allows
signal monitoring. The unit fea-
tures direct copy of the display to
a built-in color printer.
Wayne Kerr/Farnell
INFO/CARD #228

PC-card Preselector
Two models of new PC/AT
plug-in module hopping filters are
now available. Model PC/AT 1.5-
88 covers 1.5 to 88 MHz, and the
PC/AT 30-700 covers 30-700
MHz. Each filter has +1.6 percent
—3 dB bandwidth with +9 percent
-30 dB bandwidth, and features
100 ms tuning speed.
Pole/Zero Corporation
INFO/CARD #227

Wideband GaAs IC

A wideband, low noise GaAs
amplifier, model BG2011SM-B is
announced by Rohm Corp. The
+2 dB band width is 200-1500
MHz, with power gain of 10 dB
(typical). Performance is speci-
fied at 3 VDC supply voltage.
Rohm Corporation
INFO/CARD #226

New UHF Amplifiers
ENI announces two UHF am-
plifiers for EMC testing, commu-
nications, and other applications.
The Model 630L covers 400-1000
MHz with 30 watts, Class A linear.
Model 6100 provides 100 watts
in Class AB over the same fre-
quency range. Automatic level
control, power and VSWR moni-
toring and an optional GPIB inter-
face are available.
ENI, div. of Astec America, Inc.
INFO/CARD #225

New RF Switches

A new line of switches for
commercial telecommunications
is announced, for cellular radio,
PCN, instrumentation, land mo-
bile radio and other applications
in the DC-4 GHz range.
Dynatech Microwave
Technology
INFO/CARD #224

Communications ICs
New integrated circuits from
Motorola include the MC13155
wideband FM IF for satellite TV
and wideband data detection, the
MC13135 and MC 13136 dual con-
version narrow band FM receiv-
ers for either quadrature coil
('135) or ceramic resonator (' 136)
demodulator, and the MC33218
voice-switched speakerphone cir-
cuit that supporls microprocessor
control. Also announced is the
MC145191 1.1 GHz PLL fre-
quency synthesizer with on-board
64/65 prescaler and serial inter-
face.
Motorola, Inc.
INFO/CARD #223

EMI Spring Gaskets
Canted coil EMI gaskets will
be displayed by Bal Seal. The
unique design offers mechanical
advantages and maintains shield-
ing performance. Stainless, beryl-
lium copper and plated products
are available.
Bat Seal Engineering Co.
INFO/CARD #222

1000W Amplifier

The new Model 1000A100
solid-state broadband amplifier
covers 10 kHz to 100 MHz,
delivering 1000 watts CW power.
The amplifier is recommended for
susceptibility testing, and in-
cludes automatic leveling, instan-
taneous full bandwidth, immunity
to load mismatch, remote control
interface and other operating fea-
tures.
Amplitier Research
INFO/CARD #221

Laboratory Amplifier
Trontech announces the
P2450M-46-PS, a 20 watt Class
A amplifier with 36 dB minimum
gain and +46 dBm power at 1 dB
compression. The unit covers
2445-2455 MHz, and is one of a
series of amplifiers for applica-
tions in the 500-4000 MHz range.
Trontech Inc.
INFO/CARD #220

Near Field Probes

The CHASE NFPS1 near field
diagnostic probe set has been
introduced, consisting of two mag-
netic and one electric field probes
for EMI measurement from 9 kHz
to 1 GHz. A carrying case, 30 dB
preamp and magnetic probe cali-
bration kit are included.
IBEX Group Inc.
INFO/CARD #219

High Power

Terminations

A new line of high power 50
ohm loads includes models for
15, 30, 50, 100, 250 and 500
watts. Frequency coverage is DC
to 18 GHz with low VSWR and
conductive cooling. Connectors
offered are SMA or type N, male
or female.
Component General, Inc.
INFO/CARD #218

TO-8 Amplifier

Cougar Components intro-
duces the AP2009 cascadable
amplifier, with 11 dB gain and
+28 dBm power output over 10-
2000 MHz. A third order intercept
point of +40 dBm and low noise
figure of 3.5 dB are additional
featured of this device.
Cougar Components
INFO/CARD #217

4 Watt T/R Switch
The AHO01R2-12 GaAs
MMIC transmit/receive switch ca-
pable of handling 4 watts at 1 dB
compression (3 watts at 0.1 dB)
is introduced, offered in a plastic
SOIC-8 package. Applications in-
clude PCN and portable cellular
equipment.
Alpha Industries
INFO/CARD #216

Low-Loss SAW

Filters

High frequency SAW filters
with up to 1.5 GHz center fre-
quency have insertion loss of less
than 10 dB. A example of this line
is the TO-8 packaged FBA 527,
centered at 731 MHz, with 2.5
MHz bandwidth and 40 dB rejec-
tion.
Thomson-ICS Corp.
INFO/CARD #215

High Speed DAC for

DDS

The new AD9720 is a 400
MSPS ECL digital-to-analog con-
verter designed for direct digital
frequency synthesis, waveform
generation, IF modulation and
professional video applications.
Key specifications include a 1.5
pV glitch impulse, 4.5 ns settling
to LSB and 75 dB of dynamic
range.
Analog Devices Inc.
INFO/CARD #214
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Low Noise OCXOs

A series of oven controlled
oscillators providing +7 dBm out-
put in the 25 through 140 MHz
range is announced. Tempera-
ture stability is +5 x10  over O to
+50C and +5 x10 “® over —55 to
+85C. Phase noise at 100 Hz
offset is ~130 dBc/Hz.

Vectron Laboratories, Inc.
INFO/CARD #213

Custom RF Filters
Bandpass, band reject, high-
pass and lowpass filters from 2
to 10 poles are available from
Raltron as custom designs. Fil-
ters from 1 to 150 MHz can be
made to spec in as little as two
weeks. Small packages, linear
phase and other special applica-
tions are also offered.
Raltron Electronics Corp.
INFO/CARD #212

Sealed PTFE

Trimmers

A new line of sealed trim-
mers uses PTFE instead of air
as the dielectric. Voltage ratings

up to 2000 working volts are
available, and capacitance to 25
pF is offered. Sizes are 0.23 or
0.30 inch diameter by 0.48 inch
long.

Voltronics Corp.

INFO/CARD #211

1to 2 GHz VCO

VCO model HV67T-1 oper-
ates from 1 to 2 GHz with +10
dBm output power. SSB phase
noise is typically —105 dBc/Hz at
50 kHz offset. Power required is
+15 VDC at 50 mA, with 0 to +20
volts tuning range. TO-8 packag-
ing is standard, with flatpack and
connectorized models also avail-
able.
Magnum Microwave
INFO/CARD #210

Downconverter/
Carrier Tracking

ASIC

The STEL-2130 digital
downconverter/carrier and
tracker ASIC is introduced. 1t
permits implementation of con-
ventional and spread spectrum

modem configurations and per-
forms the final down-conversion
from digitized IF to baseband.
The chip’s digital IF sampling can
operate at up to a 40 MHz sample
rate with either 1/Q input pairs of
a single input stream. The ASIC
is packaged in an 84-pin, 1.2”
square, plastic, leaded chip car-
rier.

Stanford Telecom

INFO/CARD #209

High Gain

Transistors

VHF/UHF transistors are in-
troduced with a power gain of
above 10 dB. The BLF547 and
BLF548 are n-channel enhance-
ment mode transistors. They de-
velop output powers of 100
and 150 W at 500 MHz and
accept a nominal supply voltage
of 28 V, and have an efficiency
of above 50 percent. The transis-
tors come in a 4-lead balanced
flange package with two ceramic
caps.
Philips Semiconductors
INFO/CARD #208

Dual Amplifier

A new dual 1.2 GHz RF
amplifier circuit uses BICMOS
technology to achieve a wide-
band frequency response (DC to
1.2 GHz) with standby power of
95 mA. The circuits include 50-
ohm matching, internal compen-
sation and biasing, as well as an
enable pin. The NE/SA5200 is
available in an 8-pin small-outline
plastic package with an enable/
power-down pin for turning the
amplifier off for front-end buffer-
ing in receiver applications.
Signetics Company
INFO/CARD #207

Custom Cables

A complete line of flexible and
semi-rigid cables is availabie. A
complete line of SSMB and
SSMC microminiature connectors
are available in addition to SMA,
SMB and SMC connectors. Certi-
fication of all characteristics, in-
cluding phase matching, is avail-
able.
Applied Engineering Products
INFO/CARD #206

HIGH ENERGY CORP

CERAMIC RF CAPACITORS

Ferrites Engineered To Meet
the Ciritical Standards
Demanded of Your Products for:

C-D/SANGAMO

MICA RF CAPACITORS

RF Power Amplifers

High Q Ferrite

@ Attenuation/shielding

CATV Wide Band
Applications

L @ BN
\
\
When you're working on the leading edge...

When your specs seem far out...

o

Ceramic Magnetics is the ferrite source you need.
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A LEAR SIEGLER COMPANY

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759
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Ceramic Magnetics, Inc.
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RF design awards

An Active Frequency Multiplier

By Jonathan Bird
Raytheon Company

Many frequency multipliers are passive
and require amplifiers on both the input
and output because they exhibit a rather
large conversion loss. This simple de-
sign, an entry in the 1991 RF Design
Awards Contest, will generate tons of
harmonics if driven with a modest input
power with a conversion gain or a small
loss, depending on which harmonic is
extracted.

he operational amplifier shown is a

Harris HA5004 current feedback
amplifier, which was featured in an
article in RF Design magazine in De-
cember, 1990. This amplifier has a
useful bandwidth of about 100 MHz and
will therefore muitiply up to about that
frequency. This makes the multiplier
useful in ranges where normal op amps
just couid not be used.

The circuit operates the way most
multipliers do, by generating harmonics
of an input signal and filtering the
appropriate harmonic out as the multi-
plied frequency. This design is different
because it uses the feedback loop of an
amplifier to achieve these harmonics.
This effectively isolates the input circuit
from the ‘clipping’ circuit, a feature
which makes the design especially at-
tractive.

The diodes in the feedback loop give
the feedback a non-linear characteristic.
Rationalizing the design: as the input
voltage grows as a function of time, the
output of the amp tries to make the
inverting terminal equal to the non-
inverting (input) terminal through the
feedback loop. To do this, it needs only
to overcome the diode drops. Therefore,
the output voltage is never more than a
diode drop (or two) greater than the
input voltage. By using high speed
Schottky type diodes, the diode drops
are only around 0.2 volts. This limits the
gain available and also makes the gain
non-linear as a function of drive level.
This will be explained in greater detail
later.

Remembering the Fourier Series for
a square wave:
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Figure 1. Frequency multiplier circuit.

1 1 1
farsts 3, + 51, + I g eics (1)
A perfect square wave is made up of an
infinite series of odd harmonics, each
one lower in amplitude than the previous
one. Therefore, any circuit attempting
to square off a sine wave (as this one
does) and extract a higher order har-
monic (like a seventh or ninth for
example) will have a hard time, due to
the increasingly small amplitudes of
those harmonics. For 2nd, 3rd, 4th and
5th harmonic applications, this circuit
will do a good job. You may be wonder-
ing at this point why there are two diodes
pointing one way (D1, D2) and one
pointing the other way (D3). By allowing

Input power Gain
-10dBm 9.5dB
0dBm 4.2dB
+10 dBm 1.6 dB
+20 dBm .5dB

Table 1. Theoretical gain as a
function of drive level.

more voltage drop in one direction than
the other, the waveform becomes asym-
metrical. Any waveform which is com-
pletely symmetrical will be composed
entirely of odd harmonics according to
Fourier’s theorem. If one wishes to build
an effective frequency doubler or quad-
rupler (therefore needing harmonics), it
is necessary to emphasize these har-
monics by manipulating the waveform
to be asymmetrical. To make an even
harmonic multiplier, you can use the
design shown. To make an odd har-
monic multiplier, remove D1, to retain
symmetry. The 500 ohm potentiometer
shown allows fine tuning of the circuit
by changing the feedback current. This
changes where the V, sits with respect
to the knee of the diode V-l curve. | do
not recommend actually using a potenti-
ometer, but rather experimenting with
different resistor values to achieve the
desired results. Proper selection of this
component is critical.

The output matching and filtering is
achieved with a simple diplexer. This
part of the circuit doesn’t even
need to be used when testing the circuit
in breadboard applications. Both parts
of the diplexer (L1 and Ct, L2 and C2)

March 1992



should be tuned to the frequency of the
harmonic you wish to keep. In this way.
L2 and C2 pass the frequency of
interest while L1 and C1 properly termi-
nate all the other frequencies (and
reflections from L2 and C2). Of
course, this simple diplexer may be
replaced with a more effective circuit if
necessary.

Just a word about the gain of this
circuit. By examining Kirchhoff’s laws,
it can be proved that the gain of this
circuit (without considering effects of the
diplexer) is:

V,=V,=V 2
and
V,, = V.(+0.2) 3
therefore,
Vot = Vi, + 0.2 )
\ V. + 02

out _ o in

7 Gain v (5)

in in

This assumes one diode in each direc-
tion and V, of 0.2 volts.

For different input levels, the gain is
different, due to the non-linear feedback
of the diodes. Table 1 shows theoretical
gain as a function of drive level:

Gain is fundamental. Actual power in
any harmonic must be extracted using
Fourier analysis, or experimentally. An
actual conversion gain may not be
possible at higher harmonics, due to
their lower relative power level. The loss
experienced at these harmonics, how-
ever, is smaller than with conventional
multipliers.

Table 1 shows that more gain is
obtained at lower drive levels. Further-
more, more clipping is achieved at lower
drive levels because a larger percent-
age of the output waveform is clipped
at lower drive levels than at higher drive
levels. While most multipliers work bet-
ter when supplied with a large drive
level, this one works better with a small
drive level.

If more gain is necessary, it is possi-
ble to place two or three diodes in each
direction in the feedback loop, if the
diodes are fast enough. This will in-
crease the gain by increasing the diode
voltage drops in the feedback loop.
Although the gain will still vary as a
function of drive level, this may get the
amplitude of the higher harmonics up
enough to offer conversion gain. Differ-

RF Design

ent combinations of diodes in the feed-
back loop also may change the charac-
teristic shape of the waveform, empha-
sizing certain harmonics more than
others. RF
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837 50Q | DC-1500MHz | 0-102.5dB | .5dB Steps
839 @ 50Q | DC-2000MHz | 0-101dB | 1dB Steps
1/839 @ 50Q | DC-1000MHz | 0-22.1dB | .1dB Steps
847 | 750 | DC-1000MHz | 0-102.5dB | .5dB Steps
849 | 750 | DC-1500MHz ~ 0-101dB | 1dB Steps
1/849 | 75Q | DC500MHz = 0-22.1dB | .1dB Steps
860 | 50Q | DC-1500MHz | 0-132dB = 1dB Steps
865 | 600Q DC-IMHz | 0-132dB | 1dB Steps
870 | 750 | DC-1000MHz | 0-132dB | 1dB Steps
Programmable Attenuators

4440 | 50Q | DC-1500MHz L 0-130dB | 10dB Steps
4450 | 50Q | DC-1500MHz 0-127dB | 1dB Steps
1/4450 @ 50Q  DC-1000MHz | 0-16.5dB | .1dB Steps
4460 @ 50Q | DC-1500MHz 0-31dB . 1dB Steps
4480 @ 50Q | DC-1500MHz 0-63dB | 1dB Steps
4540 509 | DC-500MHz 0-130dB | 10dB Steps
4550 50Q = DC-500MHz 0-127dB | 1dB Steps
1/4550 50 | DC-500MHz | 0-16.5dB | .1dB Steps
4560 50Q | DC-500MHz 0-31dB | 1dB Steps
4580 | 500 | DC-500MHz 063dB | 1dB Steps

For price list and FREE catalog contact:

KAY

Kay Elemetrics Corp
12 Maple Avenue, PO Box 2025

Pine Brook, NJ 07058-2025 USA
TEL: {201) 227-2000 « FAX: (201) 227-7760

TWX: 710-734-4347
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Hybrid clean room per Fed. Std. 209. Crystals, Filters & Oscillators. Automated pick and place equipment.

We've teamed up to provide
Total Customer Satisfaction.

® A Team offering the broadest range of any frequency control supplier in the world:

- Crystals - Ovenized Oscillators
- Hybrid Oscillators - Crystal and Component Ovens
- TCXO/VCXO0S - Filters

(Available for commercial, military and space applications)

® A group of companies with the largest precision frequency control manufacturing capabilities in North
America. We have the scale and resources to invest in state-of-the-art equipment and process controls:

- Automated pick and place equipment for surface mount assembly
- Most advanced crystal X-ray capability in North America

- Hybrid manufacturing clean room per Federal Standard 209

- Computer automated designs, manufacturing and test systems

® A total quality management (TQM) system is in place throughout the company - Including SPC, service area
quality and system audits.

® A highly competent engineering pool is ready to help you design to custom specifications or guide you
to a standard design to achieve total satisfaction. (Look for new product offerings from OFC every

month in 1992).
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OAK Frequency Control Group™
MCCoy « Ovenaire » Croven
an Oak Industries Group of Companies

MCCoy/Ovenaire 100 Watts Street, P.O. Box B, Mt. Holly Springs, PA 17065 - Tel. (717) 486-3411 « FAX (717) 486-5920
Croven Crystals, 500 Beech Street, Whitby, Ontario, Canada L1N 5S5 + Tel. (416) 668-3324 « FAX (416) 668-5003
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RF synthesizers

The PLL Dead Zone and
How to Avoid It

By Allen Hill and Jim Surber
Analog Devices, Inc.
Computer Labs Division

The architecture of the phase/frequency
detector stage in a phase-locked loop
circuit has great bearing on the magni-
tude of the output signal’'s phase error
in high-speed applications. There are
many sets of system characteristics
which determine the PLL'’s ability to lock
onto signals with various degrees of
phase shift, but this article will concen-
trate on the characteristics that come
into play only when the PLL is in the
locked condition and, specifically, those
which minimize the phase noise in the
VCO'’s output at high frequencies.

G reat pains and exacting calculations
are required in the design of the
loop filter in order to minimize reference
feedthrough and increase the stability
of the PLL. Precise loop filter designs
will minimize the side-band aberrations
from extraneous signals, and the sum-
mation effects of the multiplier, but the
phase detector stage controls the phase
noise stability of the output signal at PLL
lock. In the basic PLL architecture, the
phase detector stage compares the
phase of the VCO’s output against that
of a reference signal, and generates an
error voltage whose mean DC value is
proportional to the phase differential
between the two. This error signal is
filtered to extract the mean DC content,
and serves as the feedback control in
the VCO. Any aberrations that are
present on the DC level naturally will
translate into phase distortion at the
output of the VCO.

A common type of architecture for the
phase detector stage is the digital
phase-frequency detector as shown in
Figure 1. The commonly-used Motorola
MC4044 device is an example of this
architecture.

This digital device utilizes flip-flops
which allow the PLL to operate as a
frequency detector initially upon power-
up, and as a phase detector ultimately,
to achieve final loop lock. This scheme
has the advantage of allowing the PLL
to achieve lock at system start-up no
matter how far apart the VCO’s output

RF Design

and the reference frequency input. When
the phase-frequency detector is close
to lock, the U output is a pulse train with
an average value proportional to the
phase difference of the R and V inputs;
the D output is locked low. This non-
compiementary, differential output data,
requires a charge pump (normally pro-
vided internally to the chip) to transform
it into a single-ended signal that can be
used to drive a VCO input. When the
transitions at inputs R and V coincide,
the typical digital phase-frequency de-
tector’s U and D outputs are in a steady
logic ‘1" state, indicating loop lock.
When there is a change in the phase of
the transitions on the R and V inputs, the
phase-frequency detector requires a
finite period of time to respond and
register the change on the U and D
output. This time period is due to
propagation delays within the various
logic gates of the device. This non-linear
region on the device's transfer curve is

called the ‘‘dead zone and is not
generally well-characterized on the typi-
cal phase comparator data sheet. How-
ever, the dead zone can have a pro-
found effect on phase noise in the PLL
when the reference frequency is 10 MHz
or higher. Figure 2 displays a typical
phase gain plot for a phase-frequency
detector operating at 20 MHz.

As is evident in the plot, the non-
linear, or dead zone, region of the
transfer function may cause the PLL to
be non-responsive in the range of +30
degrees of 0 degrees and is responsible
for increasing the phase noise in the
PLL’s high-speed output signal. This
dead zone region may be moved up or
down the VCO's input range by injecting
offset voltage at the VCO input, but this
technique will reduce the PLL’s overall
phase detection range which defeats
one of the original advantages of the
digital phase-frequency detector archi-
tecture.
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Figure 1. Digital phase/frequency detector.
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Figure 2. Phase gain plot for digital phase/frequency

detector at 20 MHz.

A second type of digital detector
architecture is called the phase/fre-
quency discriminator. The Analog De-
vices AD9901 is an example of this
architecture. As Figure 3 shows, this
device employs several more digital
gates than are present in the phase/
frequency detector, which serve to en-
hance the performance of the PLL at
lock and reduce the effects of the dead
zone.

It utilizes four *‘D”’ flip-flops, an exclu-
sive-OR gate (XOR), and two nand gates
in an architecture that generates a
square wave output at lock. At start-up,
the detector operates as a frequency
discriminator (if the VCO and reference
frequencies are far enough apart) and
the output flip-flips are clocked low to
inhibit the XOR gate and pull-in the
VCO. Once the two inputs are close in
frequency, the input flip-flops and the
XOR becomes active. The function of

the input flip-flops is to perform a
divide-by-2 function on both the input
and reference frequencies. This gener-
ates a square wave to drive the XOR
gate that is independent of the duty
cycle of the input frequency.

The two square waves constitute the
inputs of the XOR gate which, in turn,
will generate a square wave with exactly
50 percent duty cycle when its two
inputs are 180 degrees out of phase.
Any difference in the phase of the two
inputs results in a corresponding change
in the duty cycle of the output of the
XOR. Figure 4 shows the timing of the
various waveforms within the phase/
frequency discriminator at lock.

Note that the discriminator’s output
is a perfect square wave when the
reference input and oscillator inputs are
exactly 180 degrees out of phase. With
the reference input phase angle leading
the oscillator, the XOR’s output duty

Figure 3. Phase/frequency discriminator schematic.

cycle will be less than 50 percent. With
the reference input’s phase angle lag-
ging the oscillator’s, the XOR’s output
duty cycle will be greater than 50
percent. Therein lies the advantage to
this type of phase comparator architec-
ture. By filtering the XOR's pulse train
output to extract the mean DC compo-
nent to drive the VCO, a more stable
lock condition is achieved than with the
digital phase-frequency detector. The
transfer function of the phase-frequency
discriminator near lock is shown in
Figure 5 and is described mathemati-
cally as:

(K, (6, - 8,))/(V/rad)

Where: K, is the output voltage range
divided by 2n.

An important aspect of the phase-
frequency discriminator is that at lock

9y REFERENCE
INPUT

9, OSCILLATOR
INPUT

REFERENCE

5 [ 553115 1 0 N 2
| [ 8 o 8 B O

FLIP-FLOP
OUTPUT

el TR S I YO PR

-
i
T

OSCILLATOR
FLIP-FLOP

|

i)

ouTPUT MEAN OUTPUT

LEVEL
XORGATE
OuUTPUT

Figure 4. Phase/frequency discriminator, AD9901,

timing diagram.
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(reference and oscillator 180 degrees
out of phase), the device is operating in
a linear mode. Any shift in the phase
angle of the VCO output or input
reference frequency, will directly change
the duty cycle of the phase-frequency
discriminator’s output. The dead zone
associated with the 0 phase angle
differential in the previously described
phase-frequency detector is eliminated,
and any phase variation of the R and
theta inputs results in an immediate
change in the mean DC value of the
output. This architecture results in re-
duced jitter on the VCO input and
minimum phase noise in the output
signal.

The actual proof of the negative
effects of the dead zone are found in
high-speed PLL applications where
phase noise contributes significantly to
output signal distortion. To characterize
the extent of the contribution of the dead
zone, we devised two experiments to
quantify the PLL’s performance using
both the detector and discriminator-
types of phase comparator architec-
tures. As a test bed for the experiments,
we first constructed an 80 MHz PLL
circuit (see Figure 6) utilizing a 20 MHz
reference signal. The PLL circuit was
intentionally designed such that the
phase detector stage could be easily
interchanged between the Analog De-

RF Design
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vices AD9901, and the Motorota MC4044-
type devices for performance compari-
sons. Obviously, our primary goal in
designing this PLL was not necessarily
to achieve the highest dynamic perform-
ance possible. Instead, we required a
circuit that would facilitate the observa-
tion and characterization of the dead
zone within the linear detection range
of the phase comparator stage at higher
PLL frequencies. We analyzed both the
output signal of the PLL, and the output
of the phase comparator, for dead
zone-related anomalies. Each of the
experiments and results will be dis-
cussed individually with an analysis of
the implications of the results.

The PLL was designed to generate a
80 MHz sinewave referenced to a 20
MHz sinewave with special modulation
capability added to the VCO input. This
combination was determined to be of a
high-enough frequency to exacerbate
the problems associated with the dead
zone, yet simple enough to be easily
implemented on the test bench. We
used a Colby oscillator to generate the
20 MHz reference frequency because
of the requirement for purity and stability
of the signal. For the loop filter, we
selected a single-pole RC lowpass net-
work because of its simplicity, justified
by the fact that we were interested only
in the characteristics of the linear detec-

MC10178
.4

Figure 6. 80 MHz PLL block diagram.

tion range and not the performance of
the overall PLL. The cutoff frequency of
the filter was 1.7 kHz which is much
higher than would normally be used in
a PLL circuit. However, we required the
extra bandwidth because we were in-
tending to modulate the loop with a
triangle wave in order to analyze the
entire linear detection range of the
phase comparator.

The VCO output was connected to a
high-speed ECL comparator which, in
turn, drove a divide-by-four counter. A
high-speed operational amplifier was
connected to the output of the phase
comparator to act as a buffer and driver
for the VCO input. A current source was
connected to the inverting input of the
buffer amplifier to allow an offset adjust-
ment of the detection range. A triangle
waveform generator, as previously dis-
cussed, was also connected to this point
in one of the experiments as a means
of causing the phase comparator to
swing through its entire detection range
in a controlled and measurable fashion.

For the purpose of observing the
linear detection range of both phase
detectors, we used a digital oscilloscope
to actually display the dead zone region,
at PLL lock, on the lowpass filtered
output of both devices. A 12.5 Hz
triangle wave was applied to the input
of the VCO, via the buffer amplifier, to
modulate both phase detectors through
their full detection ranges. The oscillo-
scope test point was at the output of the
resistor/capacitor lowpass filter for both
phase comparator devices. In this man-
ner, the linear region at lock could be
directly observed. Figure 7a shows the
actual scope display of the PLL running
at 80 MHz with the MC4044 device
installed as the phase detector.

The dead zone associated with this
architecture is manifested as the flat
spot in the linear detection range which
occupies approximately 100 degrees of
the detection range. With the AD9901
device installed in the same PLL circuit,
under the same conditions, Figure 7b
shows that the detection range is virtu-
ally linear and that all of the effects of
the dead zone are conspicuously ab-
sent. This latter mode of linear phase
detection at loop lock will afford much
lower phase noise and faster loop
response time in a higher-speed PLL
circuit.

As a further measure of quantifying
the performance improvements afforded
by the AD9901 phase/frequency dis-
criminator, we observed the PLL output,
at fock, with a spectrum analyzer. With

133



CH1 500mVAC 1

T
T
|
|
{ (a) “lL

L G S A Ll e

Figure 7. Oscilloscope plot of detection range, a) MC4044 installed, b) AD9901 installed.

the fundamental frequency of 80 MHz,
the spectral plot reveals a marked
difference in the frequency spread of the
fundamental generated by the two types
of architectures of phase comparator.
Figures 8a and 8b are actual plots from
a wide-bandwidth spectrum analyzer
showing that the entire lock region for
the AD9901 device occupies a fre-
quency spread of approximately 400
kHz.

When the MC4044 device was substi-
tuted as the phase detector in the test
PLL circuit (see Figure 8b), the spectrum
analyzer displayed a fundamental fre-
quency spread, at the lock region, of
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some 6 MHz. The increased width of the
fundamental is due to jitter in the output
of the phase detector which is attribut-
able to the presence of the dead zone
in the linear detection range.

This analysis served to quantify and
characterize the effects of the dead zone
in a high-speed PLL circuit. By compar-
ing the operation of the AD9901 and
MC4044 interchanged in a high-speed
PLL, some of the problems resulting
trom a non-linear region in the detection
range were made obvious. Although this
set of experiments was not meant to
detail every aspect of the dead zone or
the parameters affected in every high-
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speed PLL application, it should cer-
tainly cause the designer to carefully
consider alternative architectures when
selecting the phase comparator stage. RF
[
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Figure 8. Spectral plot of detection range, a) AD9901 installed, b) MC4044 device installed.
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A Field Expedient Broad Band

HF Antenna

By Bernard Feigenbaum
U.S. Army CECOM

Trying to design an antenna that is an
exact solution for various real world
problems is certainly a difficult task. It
is better off to assume an antenna
configuration based upon intuition and
an educated guess and use a computer
with Numerical Electromagnetic Code
(NEC) to simulate antenna performance.
An intelligent set of trial designs and
prudent parameter changes suggested
by a good understanding of the problem
can lead to a considerable improvement
over present commercial antenna con-
figurations.

ffective High Frequency (HF) anten-
nas that are compatible with the
varied and demanding requirements

peculiar to expeditions and military

e ——— —— —

tactical communications are by no
means easily engineered. Military HF
radios operate over a broad band from
2-30 MHz. The HF communication sys-
tem must be compact and lightweight
to be transportable by vehicle or beasts
of burden, such as mule or dog sled, to
desolate territories and wilderness ar-
eas which often necessitates ionospheric
propagation over range paths of many
hundreds, even thousands of miles.
The required mobility would suggest
small antenna size of light weight, but
then the radiation characteristic will be
compromised if the antenna is made too
small in terms of the wavelength. The
necessary broad frequency range, which
typically spans three octaves, imposes
difficulties on the design of a small and

T g 2 2]

The zig-zag antenna deployed in the field.

RF Design

reasonably efficient HF antenna.

The king of broadband HF antennas
is the log periodic (LP). The trade-off is
that this antenna is considered a perma-
nent construction, and therefore, not
field expedient. There are a number of
commercially available log periodic di-
pole antennas which are touted to be
“transportable’” in order to sell them to
various government agencies of many
nations. Experience with these so called
transportable antennas reveals that they
are unwieldy, difficuit and time consum-
ing to erect and retract, expensive, and
because of the very large physical size
when erect, they restrict the number of
possible sites by political, zoning, logis-
tics, and the grand size of open field
required.

There are other types of antennas
that are field expedient and their limita-
tions are identified here.

The dipole is not broadband but can
be made so by sloping the ends to earth
and terminating them with resistors. It
will then exhibit a broadband impedance
but still suffers from frequency depend-
ent radiation patterns. Therefore, it is
not effectively broadband. Moreover,
the radiation patterns form nulls at
elevation angles that are useful to
propagation.

The sloping vee is also made broad-
band with terminating resistors. This
antenna’s radiation pattern is sensitive
to the angle of the vee and is frequency
dependent.

The long wire beverage antenna is the
third field expedient antenna. It too is
made broadband with terminating resis-
tors. It should be four wavelengths long
at the lowest operating frequency which
is nearly 2,000 feet at 2 MHz. The
radiation pattern is also sensitive to
frequency changes.

The Solution

The zig-zag sky-wave antenna has
similar impedance and radiation pattern
characteristics as the log periodic; but
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Antenna |
Geometry

Lift antenna 1 meter above gnd.
Rear connection to gnd.

Front connection to gnd.
Request gnd. plane

Gnd. plane constants

Generate signal @ seg. #18;
1,0V @ 4509

Load seg. 17 with 400Q
Signal freq. (set @ 4 MHz)

Request Patterns

CM ZIG-ZAG SKY-WAVE ANTENNA
CE SOMMERFELD GOOD GND
Gw,1,1,1.4,0.,0.,1.7,0.,1.1,.0009
GW,2,1,1.7,0.,1.1,2.,0.,0.,.0009
Gw,3,1,2.,0.,0.,2.4,0.,1.3,.0009
GW,4,1,2.4,0.,1.3,2.7,0.,0.,.0009
GW,5,1,2.7,0.,0.,3.25,0.,1.8,.0009
GW,6,1,3.25,0.,1.8,3.8,0.,0.,.0009
Gw,7,1,3.8,0.,0.,4.6,0.,2.6,.0009
Gw,8,1,4.6,0.,2.6,5.3,0.,0.,.0009
GW,9,1,5.3,0.,0.,6.4,0.,3.8,.0009
GW,10,1,6.4,0.,3.8,7.5,0.,0.,.0009
Gw,11,1,7.5,0.,0.,8.9,0.,5.2,.0009
Gw,12,1,8.9,0.,5.2,10.3,0.,0.,.0009
GwW,13,1,10.3,0.,0.,12.3,0.,7.2,.0009
GW,14,1,12.3,0.,7.2,14.25,0.,0.,.0009
GW,15,2,14.25,0.,0.,17.,0.,10.,.0009

- Gw,16,2,17.,0.,10.,20.,0.,0.,.0009

GM,0,0,0.,0.,0.,0.,0.,1.
Gw,17,1,20.,0.,0.,20.,0.,1.,.0009
GW,18,1,1.4,0.,0.,1.4,0.,1.,.0009
GE,1

GN,2,0,0,0,15.,.01

EX,0,18,1,11,1.,0.,450.
LD,4,17,1,1,400.,0.
ER,0,1,0,0,4.
RP,0,1,73,1110,75.,0.,0.,5.
RP,0,37,1,1110,-90.,0.,5.,0.
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Figure 1. Metric dimensions.

does not have the super gain quality
because it is much smaller. However,
it has standard gain similar to a stan-
dard half wave antenna. Its advan-
tage is that it occupies less real estate
than any of the other field expedient
antennas. It can be truly said that this is
a field expedient, tactical, HF log peri-
odic antenna and the principle behind its
operation is the subject of a recent
patent.

This recent antenna development is
the perfect enhancement for the new
generation of frequency agile HF radios.
It combines transportability, electrical
performance, easy assembly and low
cost. The new antenna makes log
periodic characteristics available at a
fraction of the cost of a full size LP
antenna. The cost to purchase, install
and maintain a full size LP antenna is
enormous.

The invention antenna creates more
opportunity for HF radio systems. It was
the primary objective of the miniature
HF log periodic antenna invention to
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FREQUENCY = 2.000000 MHZ

LONG-RANGER XX
Z - (520.2200,34.20500)

achieve a broadband, directional, sky-
wave design that is extremely small
compared to current commercial HF
antenna designs. A concurrent objective
of the antenna invention was to provide
a miniature HF directional antenna that
is inexpensive, easy to erect and retract,
and has a small footprint.

The foregoing and other objectives
are achieved in a preferred embodi-
ment, both patented and copyrighted,
wherein ten interconnected, vertical,
zig-zag, antenna sections are of a
predetermined increasing height. The
antenna is terminated by an appropriate
resistance so as to maintain the charac-
teristic impedance over the entire fre-
quency range of interest. A counterpoise
is utilized to balance the antenna sys-
tem. Power is coupled to the shortest
zig-zag section via a 9:1 broad band
impedance matching transformer. The
currents that are induced on the an-
tenna cause power to radiate at low
elevation angles.

It is a peculiar feature in that, unlike

Figure 2. Performance characteristics at 2MHz.

the conventional log periodic antenna,
the miniature HF antenna is a non-
resonant log periodic directional an-
tenna which achieves a single main
beam by virtue of satisfying the Hanson-
Woodyard condition; one of the few
instances where it is practical to obtain
more directivity from an array with
reduced inter-element spacing.

The miniature log periodic antenna
has constant impedance and radiation
characteristics similar to a full size log
periodic antenna. Therefore, it is suit-
able for use with the new breed of
frequency agile HF radios employing
scanning, automatic link establishment
(ALE), automatic channel evaluation
(ACE), and multiple channel operation.
Even so, it is also excellent for use with
single frequency HF radios operating
from base camps or long range surveil-
lance units.

The performance of the miniature HF
log periodic exceeds the performance
of any other HF field expedient antenna
used for sky-wave (ionosphere) commu-
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nications.

The miniature antenna is also supe-
rior for transport. The antenna, less the
mast, weighs 25 pounds and is stored
in a utility bag. The whole system can
even fit in the trunk of a car. The
miniature antenna can be erected by
one man in 45 minutes in fair weather
and because of its light weight, it can
be erected on soft ground without the
need for concrete reinforcements.

U.S. patent no. 4,733,243 was issued
for this antenna on March 22, 1988. The
antenna is available by means of Tech-
nology Transfer agreements between
the U.S. Army and industry. RF

About the Author
Bernard Feigenbaum is an electri-
cal engineer with the U.S. Army
Communication and Electronics Com-
mand, Center for Command, Control
and Communications Systems. He
may be reached at U.S. Army CE-
COM, C3 Systems, Ft. Monmouth,
NJ 07703. Tel: (908) 544-4532.
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No compromise
necessary.
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Uncompensated “AT" Cut
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X0)

Murata Erie
ASIC-Based
DCXO
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\
\

+20°C
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INFO/CARD 112
Please see us at RF Expo West, Booth #425.

Murata Erie’s new
ASIC-based DCXO

Excellent frequency stability has been a fact of life
with crystal oscillators for years. So has small size (a
relative term), low cost and flexibility. But, did you ever
try to get everything that you needed in a single oscillator/
package? No way. One, maybe two desirable charac-
teristics but certainly not all. You had to compromise.

Now, compromise no more.

Murata Erie has the solution. . .our new ASIC-based,
digitally compensated crystal oscillator is exceptionally
stable, truly tiny, low in cost and extremely flexible.

It is basically everything that you always wanted in a
crystal oscillator but always had to compromise to get.

Check some of these features and specifications:

M To +0.2ppm stability

M Less than 50 cubic centimeters
volume

B 50 mW max power

M Built-in interface, aging compen-
sation, reconfiguration capability
and software

M Single +5VDC power supply

SPECIFICATIONS

| ] DC2200 AT | DC2210 AH

| Frequency Range 100kHz to 22MHz ) 10MHz to 25MHz
Stability over —40°C to +85°C +0.2 ppm +1ppm

ouput i “HC" CMOS
Power Dissipation +5V@ 10 mA +5V@ 15 mA

,' Short Term Stability 1x10E~ 10 @ T=1 sec. 1x10E-9 @ T=1 sec

[ Package Size X2 x 05", PCPINS | 0.79" x 0.79" x 0.45", PC PINS

Find out more about how you can take the compro-
mise out of your crystal oscillator specifications. Write
for complete details on Murata Erie’s new ASIC-based
DCXO or call 1-800-831-9172.

muRata [
MURATA ERIE NORTH AMERICA

2200 Lake Park Drive
Smyrna, GA 30080
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Engineering Considerations for
Selection of Analog ASICs

By Carlos Garcia
Harris Semiconductor

To ASIC or not to ASIC? Developing
high frequency analog circuits has tradi-
tionally been a task left to a handful of
experts. The parametric performance
of these circuits are often dependent not
only on the capability of the components
used in the design, but on the interaction
with the parasitic impedances encoun-
tered in a board level implementation.
Performance tradeoffs and optimiza-
tions can hopefully be made without
costly recycles. The required level of
detailed information and predictability
of the design components has, in the
past, been a barrier to using analog
ASICs for high frequency design solu-
tions.

emiconductor processes which

boasted excellent analog perform-
ance were jewels to be guarded by IC
vendors since product/process life cy-
cles could extend beyond a decade.
While this attitude still persists, some
analog IC suppliers are adopting a new
view. The supplier of the future will
understand the necessity to keep pace
with the system vendor’s fast-changing
product requirements. In the area of
high frequency analog IC design this
means providing the ASIC customer
access to process, design, package,
and test technology via a CAD frame-
work that encapsulates all of the ven-
dor’s knowledge.

Digital ASIC Development

Of course, high frequency analog is
not the first design discipline addressed
through ASIC solutions. A comparison
to the evolution of digital ASIC tools is
instructive in that it suggests the devel-
opment of a different set of fundamental
capabilities prior to market acceptance.

The evolution of digital ASIC tools
leveraged the fact that the circuit per-
formance could be modeled at the
functional level and that the fundamen-
tal technology migration was based on
advances in process scaling. Circuit
simulations were performed during cell
design to investigate transient behavior

RF Design

and load sensitivity. However, the de-
signs were relatively tolerant to process
variations. Once a library of circuit
functions was developed, the push was
toward higher levels of abstraction to
deal with higher levels of integration and
functionality. Today, digital ASIC tools
will synthesize a design from a textual
description of the desired performance.
As digital process technology evolved
toward smaller feature sizes and higher
levels of integration, libraries required
new characterizations to capture
changes in speed and drive capability
— but the fundamental circuit designs
did not change.

The development of ASIC tools for
high frequency analog design presents
a significantly different set of chal-
lenges. While functional levels of simula-
tion (macromodel or behavioral) are
useful for investigating system level
tradeoffs, they do not even begin to
address the level of parametric interac-
tion characteristic of most analog de-
signs. To understand the manufactura-
bility of an analog design, the engineer
must understand the second order be-
havior of the circuit and its sensitivity to
load, environmental and process vari-
ations. Also, advances in analog tech-
nologies cannot be characterized as a
reduction in feature size. Improvements
in a bipolar device structure are some-
times radical and require an apprecia-
tion of the inevitable modeling limita-
tions. This, combined with the varying
availability of specific sheet resistivities
and specific capacitances, make it rela-
tively difficult to maintain a given sche-
matic when migrating to the next gen-
eration technology.

The status of current analog ASIC
tools depends on the level of perform-
ance one is trying to achieve as meas-
ured by operating bandwidth. There are
some automatic layout tools for circuits
of low to moderate operating frequen-
cies that exploit a regular and structured
circuit topology (switched capacitor fil-
ters and A/D converter compilers). How-
ever, higher frequency designs are

typically handled at the device level.
While vendors of high frequency analog
ASICs may offer a transistor level or a
pre-diffused tile array approach, they
will almost inevitably stress the accuracy
of their verification tools. This goes
beyond their transistor models and cir-
cuit simulator and may include statistical
analysis, optimization, layout to sche-
matic verification, extraction of layout
parasitics, and package modeling. The
focus is on providing the ability to predict
the performance of his design given
variations in process and external condi-
tions.

Key Considerations

Performance compromises —The an-
alog customer is understandably hesi-
tant in his decision to choose an ASIC
solution. At the system level, high fre-
quency analog solutions are often devel-
oped with discrete components. A de-
signer is often willing to accept in-
creased board space and layout parasi-
tics for the benefit of being able to fully
verify the circuit’s performance in the lab
without spending a lot of money. This is
a considerable advantage when one
considers the parametric sensitivities of
analog circuits. But using a laboratory
as a development platform has many
disadvantages. Debugging breadboards
can be a very time consuming activity.
Understanding the interaction of one’s
circuit with a given board layout is
essential to a manufacturable design.
And then there is the task of optimizing
circuit performance given the variability
of the various component elements. All
of these tasks are certainly achievable
when designing with discrete compo-
nents — if sufficient time is available.

Abandoning the lab completely may
also have its disadvantages. Simulating
circuit performance is an excellent way
to explore parametric circuit sensitivities
and many other ‘“what if”’ questions.
The designer must, however, have a
thorough understanding of the strengths
and weaknesses of the models in use.
While models for many levels of abstrac-
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1992 RF Design Awards Contest

The Circuit Design Contest Grand Prize is a HP 8711A Network Analyzer from Hewlett-Packard!
This analyzer provides insertion loss, gain, power return loss and SWR measurements from 300
kHz to 1300 MHz with 1 Hz resolution and 90 dB narrowband dynamic range, 66 dB broadband.
A 50 ms full band sweep means fast measurements, and the built-in reflection test set has 40 dB
directivity and 20 dB port match. Internal computing power offers complete marker options (eight
< of them), direct printer and plotter control, and stored measurement routines. Provided by Hewlett-
Packard, Network Measurements Division.

25 Runner-Up Prize Packages!

Communications Specialists, Inc. is pro-
viding a chip resistor and a chip capacitor
design kit for each runner-up winner. Resis-
tor kit CR-1 contains 1540 pieces, including
every 5% standard value from 10 ohms to 10
megohms, plus extra parts in common values.
Chip capacitors in the CC-1 kit cover every
10% value from 1 pF to .33 uF, in 0805 and
1206 sizes. These kits are essential for design
and repair of SMT circuits.

(selected from

Coilcraft is pro-
viding each winner
with  Designer’s
Kits selected from
7 and 10 mm tune-
able coils, SMT in-
ductors, fixed induc-
tors, RF chokes and
EMI filters. Values
from a few nano-
henries to over 1000
microhenries are in-
cluded in these kits.
Don’t waste time waiting for samples or
winding your own coils! These kits make RF
prototyping easy.

both categories)

Signetics Company awards each runner-
up with a Demo board for the NE605 FM
IF device — with mixer, oscillator, limiting
amplifier, RSSI output, quad detector. In-
cludes samples, complete technical data, and
the 1992 Signetics RF Communications Hand-
book. Learn how to use this advanced re-
ceiver integrated circuit and experiment with
different frequencies and features.




Rules and Grand Priz nnouncement

....and a ‘386
PC with VGA
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The PC Software Contest Grand Prize begins with a complete set of RF design software from z p 'f’o"’a =
Eagleware, including: =SuperStar= circuit simulator with optimization; the new =MATCH= "’&,QG@@"'»Q e\“,o
active or passive matching program; =FILTER= synthesis package for filters and equalizers; /9:,,0 %6.:',,;% 0'
=0SCILLATOR= for synthesis of L-C, SAW, crystal and T-line oscillators; and the =TLINE= Oy W%, %
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physical and electrical parameter calculation program. )=, 8,0 ¢

0, ¢,

2y, 6
PLUS — A complete ‘386 computer system, with math coprocessor, 80 Mbyte hard drive, VGA 4 6'80

graphics card, VGA monitor and mouse. System set-up and software installation is included. All

this provided by Eagleware.

I. The DESIGN Contest Rules

1) Entries shall be circuits with an RF function, operating in the below-3 GHz
frequency range.

2) Circuits entered shalt have a complexity equivalent to that of a circuit using
8-10 discrete active devices, or 6-8 integrated circuits. The entry can be a portion
of a larger system. This rule is intended to make judging equitable by maintaining
a degree of similarity among entries.

3) Entries which emphasize design methods should include an example circuit.
Entries demonstrating a test method should include a description of the device
or system under test.

4) The entries shall be the original work of the entrant, not previously pub-
lished. If developed as part of the entrant’s employment, entries must have the
employer’s approval for submission.

5) A maximum of two entries per person is permitted. An entry may have two
or more co-authors.

6) Submission of an entry implies permission for publication by RF Design. All
prize-winning entries will be published, plus additional entries of merit.

7) Winners are responsible for any taxes, duties, or other assessments which
result from the receipt of their prizes.

8) Entries must be postmarked by March 20, 1992 and received no later than
March 27, 1992.

9) All entries will remain confidential until the publication of the July 1992 issue
of RF Design.

II. The PC SOFTWARE Contest Rules

1) Each entry shall be a computer program which assists in the design, test,
or control of RF circuits.

2) Programs must operate on computers compatible with MS-DOS/PC-DOS or
Apple Macintosh operating systems. Any special hardware requirements should be
noted (i.e., memory, graphics).

3) Programs should be provided in a form that can be run without special sup-
port software. For example, programs written in languages other than GWBASIC/
BASICA should be provided in compiled, directly executable form. Programs
operating within spreadsheets or mathematics packages cannot be accepted until
they are capable of operating stand-alone.

4) Entries must be submitted on disk, along with supporting documentation on
theory of operation, references, and operating instructions, and source code.
Supporting material must be supplied in printed form.

5) The entries shall be the original work of the entrant, not previously pub-
lished or distributed (including public access BBS or shareware). If developed as
part of the entrant’s employment, entries must have the employer’s approval for
submission.

6) A maximum of two entries per person is permitted. An entry may have two
or more co-authors.

7) Submission of an entry implies permission for publication by RF Design and
distribution by the RF Design Software Service. All prize-winning entries will be
published, plus additional entries of merit. Some restrictions on publication and
distribution of source code may be acceptable.

8) Winners are responsible for any taxes, duties, or other assessments which
result from the receipt of their prizes.

9) Entries must be postmarked by March 20, 1992 and received no later than
March 27, 1992.

10) All entries will remain confidential until the publication of the July 1992 issue
of RF Design.
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Flgure 1. The relatlve system cost
as a function of unit volume and
board density requirements.

tion are available, the designer must
always carefully question the right mod-
els. Transistor models, generally consid-
ered the most accurate, have their
limitations as well. These models are
usually designed to imitate reality over
a constrained set of conditions. It is
always important to be familiar with
those conditions.

Acceptable limits/parameters and
manufacturability — The issue to be
dealt with then has to do with under-
standing the end system requirements
and mapping them into a set of require-
ments to be met by the ASIC vendor.
Working at a fairly high level of abstrac-
tion, the designer and the IC vendor
work through the various detailed speci-
fications and interface constraints. If the
level of integration is high, it may be
advisable to consider a solution which
calls for multiple die. This could be
necessary to avoid power dissipation
limits for the chosen package or it could
be motivated by isolation requirements
between sections of the design (i.e.
crosstalk, substrate noise, etc). If the
process technology is marginal for the
design requirements, this discussion
will highlight the specifications of inter-
est. This in turn will key the designer to
make sure that the appropriate models,
data and analysis tools are available. If
they are not, and an array is available,
the designer may wish to run some
““quick turn’’ experiments to verify the
capability of the process. Whatever the
resulting actions, the vendor and de-
signer should understand each other’s
expectations. Time devoted to this phase
of interaction has enormous payback
since it addresses manufacturability and
process capabilities early in the product
development.

Time to market — The time required
to bring a new product to market is an
important figure of merit for any com-
pany in a competitive environment.
ASIC vendors may offer a variety of
design methodologies which usually
translate into differences in design and/
or fabrication times. An analog array
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Flgure 2. ngh speed ASIC opportumtles in radar subsystem

which requires two to four masking
levels of personalization may take just
a few weeks to process. Conversely, a
full custom design might require two to
three times as long to process. There
are similar differences in design time at
the transistor level versus design time
when working with predefined macro-
cells. It is important to note, however,
that minimizing the time to market
involves more than simply shopping for
the ASIC vendor with the shortest wafer
fabrication cycle times. Minimum time
to market is best achieved by finding an
ASIC vendor who is willing to act like a
partner in the development process.
This implies a sharing of risk and
rewards. Matching the ASIC customer’s
system level expertise with the semicon-
ductor expertise of the ASIC vendor
usually results in quicker time to market
and new product success.

Resources — The issue of cost con-
siderations involves at least two factors.
First, is the issue of replacement, or
alternative cost. There are certainly
cases when the designer will not be able
to find an ASIC solution which can
compete with the total solution cost of
the discrete implementation. However,
the solution cost of a discrete implemen-
tation includes more than just compo-
nent costs. Board space, reliability, and
assembly costs all factor into the cost
equation. The second consideration is
non-recurring engineering cost (NRE).
The designer must consider the pay-
back period for the ASIC investment,
which can run from tens to hundreds of
thousands of dollars in NRE costs. But
beware of making any of these decisions
without taking a hard look at the parti-
tioning of the design. Increasing the
level of integration and properly cluster-
ing circuit functions to take full advan-
tage of an IC technology can help over-
come some of these issues. In general,
as system unit volumes increase, simul-
taneous increases in board density
requirements will favor the cost of
semi-custom and full custom solutions.

An often overlooked resource issue

is test development activity. If the ASIC
fits the form and function of circuits with
which the vendor has experience this
may not be an issue. If, however, new
test techniques are required, it is ex-
tremely important to begin test develop-
ment in parallel with the circuit. Failure
to do so will add weeks and maybe
months to the development. To avoid
this, the ASIC customer should provide
a comprehensive list of tests and condi-
tions adequate enough to assure system
compliance and vendor compatibility
with the test technology.

Expertise — When considering an
analog ASIC solution it is also important
to match the IC design expertise of the
customer to the design system capabiii-
ties of the vendor. While physical design
verification is a must for all vendors,
electrical design tools are the item that
can bridge the gap between system and
IC design expertise. Harris Semiconduc-
tor has paid special attention to this
aspect of its design tools. Simulation
tools that provide advice on transistor
sizing help the designer avoid mistakes
that could result in poor frequency
response or transistor saturation. Menus
are designed to provide guidance in the
proper sequence of design activities.
Transistor models are geometry de-
pendent and are supported with a
statistical database to give the designer
the confidence and freedom to optimize
each transistor if he or she chooses to
do so. And, to close the loop, the ability
to extract layout parasitics for re-
simulation is also provided.

The Risk Evaluation Process

ASIC versus discrete — When con-
sidering an ASIC solution as part of the
overall system design it is helpful to
model the relative system cost as a
function of unit volume and board den-
sity requirements (Figure 1). All other
factors being equal, a model of this
nature can define the component design
methodology that will lead to minimum
system unit cost. Given this model,
evaluate the relative risks for a given



design when all other factors are in fact
not equal. Assume that the task at hand
is the design of signal processing elec-
tronics for a radar subsystem (Figure 2).
The focus will be on blocks of the
subsystem capable of manipulating sig-
nals in the 30 MHz to 50 MHz range.
Depending on the performance levels
specified at these frequencies, this could
imply a 3 dB bandwidth of >300 MHz.
While the details of such a design are
certainly beyond the scope of this arti-
cle, consider the thought process in-
volved in choosing the method of im-
plementation for those parts of the
subsystem which provide linear amplifi-
cation and signal conditioning.

From the block diagram level, the
system designer shouid be able to
specify the critical parameters for each
component. This should include pa-
rameters relating to interface constraints
between components (common mode
range, output voltage/current capability,
load capacitance, data format, etc.). By
combining this information with the
subsystem’s interface requirements, the
designer can make a first pass at a
partitioning strategy. In this example
we will assume that part of the strategy
is to combine four linear signal process-
ing blocks that are defined by their
specifications for gain flatness, gain
compression, acquisition time, and propa-
gation delay. The implementation of this
design using discrete components would
be feasible. The active and passive
components would be readily available
from stock, while performance could be
verified in the lab. However, as men-
tioned before, trial and error techniques
in the lab are not very efficient. The
distribution of the component values
would be statistically independent. This
could become a cost problem if the
match requirements force the use of
precision elements.

Also, from Figure 1, the design would
be economically marginal for moderate
unit volumes and board density require-
ments. A discrete implementation will
maximize the number of leads and
board level connections and proportion-
ally lower the reliability of the end
product. This reliability concern also
translates to a performance concern
since the parameters of interest are
strongly influenced by parasitics at criti-
cal nodes. Parasitic capacitance and
inductance due to routing traces and
package leads can alter the frequency
response of the design. For designs
which contain multiple independent cir-
cuit blocks, crosstalk or signal isolation

RF Design

may also be limited by these parasitic
elements.

Performance levels may be achieved
in both discrete and IC technologies but
the IC technology has the advantage of
reduced parasitic circuit elements. This
translates into equivalent performance
at reduced levels of power dissipation.
Reduced power dissipation has several
design-related advantages. Electromi-

gration rules relate interconnect width
to operating current. A reduction in
power dissipation therefore has the
effect of further reducing the parasitic
capacitance in a given design. Reduced
current levels allow for smaller transistor
geometries which result in reduced
small signal resistance and capacitance
associated with the device. If the active
devices in the discrete and IC technolo-

RF and IF SIGNAL
PROCESSING COMPONENTS

- Widebhand RF Amplifiers  Digital Phase Shifters

» Digital Attenuators

Manually Adjustable

Phase Shifters

« Electronically Variable
Attenuators

Power Splitters

You can find all of these

« Electronically Variable + Quadrature Hybrids products—and more—
in our Catalog.
Call or write for it!

Phase Shifters

« Manually Variable
Attenuators

« Directional Couplers
« Filters

» Frequency Doublers Transformers
« Hybrid Junctions  Surface Mount
» Double Balanced Mixers ?:g;ﬁgleogy

- Image Reject Mixers Available

- Phase Comparators « Modules,

Custom Integrated

« Phase Modulators

- Single Sideband
Modulators

« Electronic Switches
Switch Matrices
» RF Wideband

LORCH ELECTRONICS

2801 72nd Street North e St. Petersburg, FL 33710 e (813) 347-2181 ¢ FAX: (813) 347-3881

LORCH ELECTRONICS
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gies have similar bandwidths, these
advantages result in a valuable perform-
ance tradeoff. The designer can match
the performance of the discrete solution
with lower power dissipation or match
the power dissipation and enhance the
performance. In any case the MHz/mA
figure of merit is improved with the IC
technology.

ASIC versus standard IC — When
compared lu an ASIC, performance
differences relative to a standard IC are
a bit more subtle; assuming the two were
manufactured on a common semicon-
ductor technology. Once again, the
emphasis is on understanding the re-
quirements of the potential ASIC prod-
uct as defined by the system levet
specification. Performance differences
in this case will typically be due to one
of two reasons. First, a standard product
is typically designed to service a wide
range of applications. Performance trade-
offs which make sense for a standard
product may be unacceptable for this
radar subsystem. An example of this
would be a relaxation in the gain flatness
specification to enhance the circuits
ability to drive large capacitive loads.
Often the tradeoff difference can be
more radical. Since the circuit functions
being considered for integration are
buried in a subsystem with well defined
input and load conditions, the ASIC
designer may not have to burden the
design with circuitry intended to protect
against generalized fault conditions.
This will often make the ASIC implemen-
tation of a given circuit function more
efficient with respect to silicon die size.

The second issue is one of functional-
ity. If the four signal conditioning blocks
to be integrated are two video amplifiers,
a sample/hold amplifier, and a compara-
tor, it would be difficult to find a standard
product with the appropriate functional-
ity. If functional integration is the only
issue, then the economics of the design
become the driving factor. If the volumes
are low and the board density require-
ments are moderate, the savings due to
board space may not warrant the NRE
expenditure associated with ASIC prod-
ucts. The reliability differences due to
the use of four IC packages versus one
with approximately the same number of
pins is negligible. This would obviously
change as the level of ASIC integration
increased. Finally, from a schedule point
of view, use of a standard product IC
does have the advantage of eliminating
one level of detailed design and there-
fore has the potential of reducing overall
design time.
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ASIC versus full custom -— The
comparison of high speed analog ASIC
solutions to full custom requires a bit
more definition of what exactly is meant
by ASIC. As mentioned earlier in this
article, the current status of analog ASIC
tools varies with the capabilities of the
foundry process and the frequency
response requirements of the end prod-
uct. For products that require hundreds
of megahertz of bandwidth, ASIC ven-
dors may perhaps offer three levels of
interaction. The analog array, with its
two to four levels of customizing, may
also be offered with predefined intercon-
nect patterns or tiles which form circuit
functions designed by the vendor. Pre-
defined macrocells or ‘“hard coded”
macrocells is another option that may
be offered by a vendor if the customer
wishes to customize all masking levels
of the foundry process to take advan-
tage of the performance and layout
efficiency of these vendor designs. Third,
the ASIC vendor may offer the customer
the option to perform a full custom
design and layout. This third option
gives the customer as much design
freedom as in the discrete case but with
the added ability of optimizing transistor
sizes for the chosen application. The
performance benefits gained by having
access to all levels of the foundry
process is sometimes necessary. In the
case of the radar subsystem the per-
formance of the amplifier, sample/hold,
and comparator functions may require
specific transistor geometry designs.
This is common when the design is
required to meet simultaneous objec-
tives in speed (small geometry for low
capacitance) and dynamic range (large
geometries for low overhead voltages).
Another example of the benefit of tran-
sistor level design is the ability to
optimize for noise performance by scal-
ing the device for minimum base resis-
tance. Contrast this form of full custom
versus the vendor designed full custom
which will undoubtedly carry a higher
price tag.

The choice to proceed with a full
custom implementation for performance
optimization carries the burden of the
highest cost and longest development
time. Note that the design time may be
less or equal to that incurred in the
discrete case but the processing time
through the foundry wiil be on the order
of two to three months. This burden,
however, can be overcome if the system
volumes allow the customer to exploit
the silicon area efficiency of the full
custom approach.

Deciding to go ASIC — So what to
do? The production volume for the radar
subsystem is expected to be high
enough to warrant the development
charges for an ASIC. Additional cost
savings are to be expected due to
smailer and simpler circuit boards, fewer
components to purchase and inventory,
fewer ICs to insert in boards, and a
reduced frequency of field repair. Armed
with an understanding of the critical
parameters for each functional block as
defined by the system requirements,
we are prepared to follow through with
the integration of two video amplifiers,
a sample/hold amplifier, and a high
speed comparator.

The gain flatness specification of the
video amplifiers forces the bandwidth
performance out to 300 MHz and so we
expect the minimum requirement for
transistor f, to be about 3 GHz. This is
expected to be sufficient for the other
circuit functions. A zero time constant
analysis will help estimate propagation
delay sensitivities to transistor perform-
ance. The A/D converter which acts as
a load to the sample/hold amplifier
(Figure 2) is known to be highly capaci-
tive. This load condition and the desire
to maintain the gain peaking character-
istics of the video amplifiers to a mini-
mum emphasize the need for small
signal transistor modeling accuracy. A
listing of the passive element require-
ments (resistor values and temperature
coefficients, capacitor requirements for
the sample/hold, etc.) completes the first
pass at defining the process and model-
ing requirements.

The concern over the small signal
modeling accuracy and potential de-
pendence on transistor sizing might
force the designer into a full custom
design methodology. At this point, how-
ever, the best action would be to
consider a tile array approach to investi-
gate whether the transistor geometry
options are adequate and to make some
initial estimates of the routing parasitics.
The critical accomplishment is to know
the design constraints and sensitivities
and use these as the standard against
which an ASIC vendor will be selected. RF
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RF software

High Frequency Device
Models

Hewlett-Packard has introduced a high-
frequency modeling system that produces
accurate nonlinear device models that can
be transferred directly to the HP microwave-
design system and other circuit simulators.
The system provides measurement accuracy
and parameter extraction capability for GaAs
FETs and BJTs. The HP 85190A system
includes the HP 85191A HP Root Model, HP
85192A high-frequency FET models and HP
85193A high-frequency BJT models.
Hewlett-Packard Company
INFO/CARD #192

SPICE Library

An updated SPICE Library diskette is
available from Analog Devices. The disk
contains 88 new models, offering instrumen-
tation amplifiers, voltage references, and
matched transistor pairs in addition to opera-
tional amplifier models. The disk also in-
cludes an analog multiplier model which
characterizes the AD734 wideband four-
quadrant multiplier IC. The 5-1/4 diskette for
IBM PC-compatibles is available for no
charge.
Analog Devices
INFO/CARD #191

Easy TESLA Block Diagram
Simulation Runs on Your PC

@ Nonlinear time simulation with built-in spectrum analysis
lets you test with noise, multipath and adjacent channels
@ Use TESLA to simulate modems, radios, cellular, GPS,
spread spec, DSP, HDTV, radar, controls, audio & more!
@ Over 60 analog & digital blocks: Filters, VCO, Mixer, RFamp,
Laplace, A/D & D/A Converters, BER tester, Noise, S&H,
Integ&dump, 5-Function Generator, Phase meter, & more!
Add new blocks with MODGEN option—BBS user library
Use OrCAD® to input block diagrams—runs under TESLA

FREE APPLICATION NOTE

TESOFT Inc, PO Box 305 CALL FOR WORKING DEMO DISK
$695

Roswell GA 30077 TESLA Simulator
Phone 404-751-9785 MODGEN Model Generator  $495
FAX404-664-5817 Symbols for OrCAD/SOT®  $195

INFO/CARD 114
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Microsoft Excel-Based

Worksheets

A catalog of low cost, Microsoft Excel-
based worksheets, macros and charts for
RF design engineers is now available from
Engineering Solutions. Applications include
spectrum analysis, filter performance, phase
locked loop and communication system de-
sign. Microsoft Excel version 2.X and up is
required.
Engineering Solutions
INFO/CARD #190

Matching Network Program
=MATCH=, a matching network synthe-
sis program for IBM and compatible PCs is
available from Eagleware Corporation. The
program offers a range of matching synthesis
techniques from simple narrowband through
broadband Chebyshev solutions. Both the
source and load may be specified as real or
complex and each matching network type
and order is independently selected. The
approach is unique in its ability to dea! with
non-unilateral devices. The program requires
DOS 3.0 or higher, 640K of RAM and a hard
drive. Price is $895, or $595 if used with the
=SuperStar= simulator program.
Eagleware Corporation
INFO/CARD #189

Linear Circuit Models

A new data manual and macromodels
on disk are available from Texas Instru-
ments. The manual contains almost the
entire line of op amps, voltage comparators
and building blocks. All of the macro-
modéls are offered in voltage levels to
match device data sheet character-
izations. In addition, both Level | and Level Il
macromodels are available this year on two
disks.
Texas Instruments
INFO/CARD #188

Graphical X Window

Interface

Dynet-X is an interactive graphical X
Window interface and analysis tool for en-
hancing Fortran applications. it can be used
to enhance existing Fortran programs by
making only minor modifications to the
code and also with new programs. Some
features include: visual representations of
Fortran applications, interactive parameter
modification, unit conversions, time-history
display of multiple program executions
and run-time observation of program pa-
rameters.
Dynetics, Inc.
INFO/CARD #187

RF Design Software Service
Programs from RF Design, provided on disk for your convenience

This Month’s Programs: RFD-0392

piled)

“QSPLOT Utility Displays S-Parameter Data” by David Lovelace of Motorola. A quick method
of displaying S-parameter data without circuit analysis software For checking data accuracy and
comparing specifications (C, compiled version and source code}

A Program for the Design of Single-Stage RF Amplifiers™ by Thomas Stanford. Uses S-parameter
data to plot gain and stability circles on a Smith chart, allowing the user to choose impedances
for desired performance Also has two-element matching network synthesis. {QuickBASIC, com

February’s Programs: RFD-0292

“A Quick Microstrip Matching Program™ by T Takamizawa QMAT program does quick
evaluation of simple transmission line and stub matching circuits (BASIC)

“A Smith Chart-Based Impedance Matching Program’* by Neal Silence Menu-drniven program
with tabular and Smith chart displays of impedance or admittance, allowing the user to add
sentes or shunt elements to accomphish matching. {QuickBASIC, comptled)

Call or write for a listing of all avallable programs
We accept VISA, MasterCard and American Express! \When ordering by mail, please
include card number, correct name, and expiration date
Order by telephonel Call (303) 770-4709 to place your credit card order Occasionally.
you may reach an answernng machine, but your call will be returned promptly.

Each month’s program(s)

Annual subscription .

S 15.00 ..
Price includes shipping to U.S. or Canadian addresses. Orders from other countries must add
$8.00 per order for extra shipping and handling. Specify 3Yz or 5% inch disks

$130.00 ......{$170 Foreign via air mail}

.postpard, with article reprints.

.get each ASAP

bank located in the US.

Check, money order, VISA, MasterCard or American Express accepted for all orders. Pur-
chase orders from U.S. and Canadian companies accepted for orders of $100 or more. Foreign
orders must be pre-paid, with payment via charge card, check or bank draft drawn on a

RF Design Software Service
P.O. Box 3702
Littleton, Colorado 80161-3702
US.A.
(303) 770-4709
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LABORATORIES
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AM / MERIUM FREQUENCY
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DESIGN AND FABRICATION OF OMNI-
DIRECTIONAL OR DIRECTIONAL
ANTENNA SYSTEMS AND COMPONENTS
FOR SINGLE FREQUENCY OR MULTIPLE-
FREQUENCY OPERATION
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DESIGN AND FABRICATION OF
COMPLETE DIPOLE CURTAIN, LOG
PERIODIC, RHOMBIC AND OTHER TYPES
OF ANTENNAS, INCLUDING FEEDLINE,
BALUNS AND SWITCHES
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ANTENNA SYSTEMS CONSULTING,
DESIGN, FABRICATION AND
CHARACTERIZATION

RF Iliterature

Superconductivity

Literature

Keithley Instruments has released a super-
conductivity technical literature package.
Some titles include: *‘Automating Resistance
Measurements on High temperature Super-
conductors,” ‘‘Automating Low Resistance
Measurements,” ‘“New Measurement Meth-
ods,” and outlines of measurement and test
systems. A case study application from a
superconductivity research facility and tips
on practical applications are also included.
Keithley Instruments, Inc.

INFO/CARD #205

Application Guide

Kilovac has introduced a new product catalog
and application guide. It contains 37 new
products and includes technical information
and application tips. Some of the subjects
include: peak pulsed currents that can be
passed through closed contacts, direct cur-
rent power switching, remote power control-
lers for circuit protection, coil transient sup-
pression, and high insulation resistance re-
lays and reed relay replacements.

Kilovac Corporation

INFO/CARD #204

Transistor Short Form
Catalog

A new RF and microwave components cata-
log from SGS-Thomson describes the com-
pany’s silicon power transistor and MMIC
amplifier product line. Complete product
descriptions along with general performance
data such as operating frequencies, power,
gain, bias, pulse width, duty cycles and
package styles are provided. Quality assur-
ance and reliability procedures are also
described.

SGS-Thomson

INFO/CARD #203

Mixer Products

A short form catalog from Miteq introduces
their microwave mixers, modulators, and
low-noise image rejection downconverters.
Some special designs include broadest band

converters, enhanced image rejection mixers
and single sideband modulators, and lowest
noise downconverters.

Miteq

INFO/CARD #202

RF and Microwave

Components

A new 64-page catalog covering a line of
components for microwave and RF applica-
tions is available from Murata-Frie North
America. The catalog contains detailed speci-
fications on crystal oscillators and filters,
dielectric resonators, dielectric resonator-
based oscillators and filters, duplexers, isola-
tors, delay lines, LC filters, antennas and
subminiature coaxial connectors. Electrical
specifications, performance curves and me-
chanical specifications are provided.

Murata Erie North America

INFO/CARD #201

Data Converter Note

A six-page application note, ‘“Data Convert-
ers: Getting to Know Dynamic Specifica-
tions,” describes the dynamic specifications
of data converters. This note reviews relevant
A/D architectures, and goes into the dynamic,
frequency domain specifications.

Datel, Inc.

INFO/CARD #200

DBS Tuner IC Data Sheet

A data sheet offering complete information
on a 950-1750 MHz direct broadcast satellite
tuner gallium arsenide integrated circuit is
available from Anadigics. The data sheet
details the features of the chip-on-chip oscil-
lator, 8 dB noise figure, 9 dB conversion gain,
single +5V supply, surface mount package,
block diagram, maximum ratings and com-
plete electrical specifications.

Anadigics, Inc.
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Technical Publication

Linear Technology has released its second
issue of Linear Technology, a technical
publication. Notes and applications on the

P.O. BOX 845
BRISTOL, TN 37621-0845
PHONE: 615-878-3141

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HF_AMPLIFIERS per MOTOROLA BULLETINS

100 WATT 420-450 MHz PUSH-PULL LINEAR

ANT53 300W $160.70
ANTS2 140W § 03.25
ANTTOL 20W ¢ 81.79
ANTTOH 20W § 93.19
AR31) 300W $403.00

2 METER VHF AMPLIFIERS
35 Watt Model 338A...
75 Watt Mode! B75A ...
Avaitable in kit or wired,

\_ FAX: 615-878-4224 Y,
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i “ 19 Complete Parts List for HF Amplifiers Described
; ’\ In the MOTOROLA Bulleting KEBOT-PK

EBS3 140W § 185.65
EB2TA 100W §139.20 KEDS7—I (Manual).
EB104 600W $448.15 We also stock Hard—to—Find parte
AR30S 300W $30).52

NEWI! 1K WATT 2-50 MHz ifier

POWER SPLITTERS and COMBINERS
2-30MH2

800 Weit PEP 2—Port .

1000 Wett PEP 2—Port

1200 Watt  PEP 4—P

For detailed information and prices, call or write for our free catalog.

o Communication " A
wory o | _VISA Concepts Inc. o
Wide, 508 MIsane Orivw » Beavercreek OH 45434 5840 + ($13) 4268600 «O

FAX [513) 429-3811

AMPLIFIER — SSBFMATY

JK“'“"
KEBS7—PCH (PC B,

CHIP CAPS—Kemet/ATC

METALCLAD MICA CAPS —Uneko/Semco
RF POWER TRANSISTORS
MINI-CIRCUIT MIXE

VK200—-20/4B RF Choke..
56590 —65—3B Ferrite B
Broadband HF Teaneformer

Add 0 3.50 for shipping snd handling

—
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FREQUENCY SYNTHESIS
< TOMADIGITAL CELLULAR

The Sciteq solution for portables and cell sites:
Arithmetically Locked Loop (ALL)*

-60

Val p -75

-80
ALL-900 \
SINGLE LOOP -100

SYNTHESIZER 100 1k 10k

* 900-950 MHz, or ? * Low phase noise

* 30 kHz steps * High modulation accuracy
* -80 dBc spurs * Compact
* Low power * Simple

VERY LOW COST

ADD THIS &
PERFORMANCE

TO YOUR
CELLULAR ASIC

c\‘ ~ SCITEQ ELECTRONICS, INC.

/ 6 / " 9280 Sky Park Court -+ San Diego, CA 92123 - (619) 292-0500 + Fax (619) 292-9120
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RF literature coinwes

company’s operational amplifiers, including
high speed devices and an ultra low-noise,
ultra low-drift chopper stabilized op amp are
included as well as a story on an A/D
converter with on-chip sample and hold.
Linear Technology

INFO/CARD #198

Copper Foil Selection Guide
A two-page data sheet from Rogers is
designed to help materials specifiers make
the correct choice of copper foil substrates.
Differences between electrodeposited and
rolled annealed copper foil, including their
manufacture, treatment, crystalline structure,
and electrical and mechanical properties are
described. A quick reference chart, perform-
ance characteristics and selection recom-
mendations are also included.

Rogers Corporation

INFO/CARD #197

Interconnect Catalog

A 96-page catalog from Keystone Electronics
features numerous new products plus their
standard product lines for: printed circuit
boards, batteries, interconnects, panels, com-
puters and instruments. Detailed drawings,
specifications, and applications data are
provided for OEM designers and engineers.
Keystone Electronics Corporation
INFO/CARD #196

Signal Sources Catalog
Communication Techniques has published a
new 100 page catalog providing product data
and technical information on RF and micro-
wave signal sources and synthesizers. Photo-
graphs, typical phase noise graphs and
outline drawings are also provided. Applica-
tion notes and technical articles discuss
recent advances in phase locked signal
sources and synthesizers.

Communication Techniques, Inc.
INFO/CARD #195

Time Delay and Pulse

Instrumentation Catalog

An eight-page catalog of variable time delay
instrumentation and broadband power divid-
ers is available from Bishop Instruments. The
catalog covers products such as picosecond
and nanosecond delay lines and matched
impedance low-power signal splitter/adders.
It includes specifications and prices.

Bishop Instruments

INFO/CARD #194

Signal Processing
Components Handbook

A new reference manual is now available
from Mini-Circuits. The 718-page handbook
includes articles, answers to questions, defi-
nitions of terms, selection guides, conversion
charnts, performance data specifications and
performance curves.

Mini-Circuits

INFO/CARD #193
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The RF Design
Handbook Series —

Collections of the Best Articles on These RF Topics:

Oscillator Design Handbook

You can benefit from the contributions of more than 30 top RF engineers as they share their
expertise on oscillator theory, design and applications. Analytical topics and practical circuits
are presented for crystal oscillators, LC circuits and VCOs. Along with traditional designs,
this book includes some unique approaches not found anywhere else.

Fiker Handbook: Volume 1 — Applications

The best practical filter circuits from RF Design are collected in this book, allowing you to see
how the best engineers solved their design problems. Essential information on active, passive,
lumped element, microstrip, helical and SAW filters will help make your filter design tasks
easier.

Fiter Handbook: Volume 2 — Design

Do you need to brush up on filter theory and analysis? This book offers fundamental and
advanced material on classic Butterworth, Chebyshev and elliptic filters, plus notes on filter
implementation, including filter performance with real, not ideal, components. Another
highlight is a tutorial series on SAW filter basics.

Power Amplifier Handbook

This book is loaded with practical circuits for power amplifiers operating from HF through
L-band, from a few watts to over a kilowatt, with clear explanations of how these circuits
were designed. Articles on high power couplers, combiners, biasing techniques and VSWR
protection will help simplify the design of your next power amplifier system.

————————— COUPON — — — - - — — - —COUPON — — — — — — — — —
Yes, ship me all (QTY) sets of the 4 different Handbooks, at $69.00 per set,
plus $5 postage, per set.

, ship me (QTY) _____ copies of the Oscillator Design Handbook,
at $25.00 per handbook,*

copies of the Filter Handbook Vol. 1, at $25.00 per handbook*
copies of the Filter Handbook Vol. 2, sy $25.00 per handbook*
copies of the Power Amplifier Handbook, at $25.00 per handbook*

&
E

Yes, ship me (QTY)
Yes, ship me (QTY)
Yes, ship me (QTY)

*plus $3.00 postage
Non U S. orders, please double shipping charges.

{ ) Bill my company...signed PO enclosed. S amount
{ ) Check enclosed...payable to RF Design. $ amount
{ IM™mC () Visa { ) Amex exp. date

Cord # . signature

Ship to: Name Company

Address e | ms

City State Zip

Telephone AL o

Prepayment required.

Mail order to: RF Design, Circulation Dept., 6300 S. Syracuse
Way, #650, Englewood, CO 80111, or call 303/220-0600 or
FAX your order to 303/773-9716 TODAY!
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MARKETPLACE

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE

Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600.

Quality doesn't cost...

It pays...

Over thirty years of providing
high quality RF products.

TROMPETER

be ELECTRAONICS, IN

RF SPICE
MODELS

« BIPOLAR, FET, DIODE
o NON-LINEAR MODELS
o ACCURATE TO >5GHz
* OPTO, LOGIC, OPAMPS

6987 N. Oracle Rd., Tucson, AZ 85704
PHONE (602) 575-5323 FAX (602) 297-5160

INFO/CARD 121

INFO/CARD 120

CIR-Q-TEL

FILTERS OFF THE SHELF AND BY DESIGN
* BANDPASS, LOWPASS, HIGHPASS
NOTCH FILTERS TO 265 GHZ
¢ MINIATURES, CAVITIES, COMBLINES
INTERDIGITALS AND TUBULAR
* MIL-STANDARD 2000

CIR-Q-TEL MICROWAVE
6600 VIRGINIA MANOR ROAD
BELTSVILLE, MD. 20705

(301) 470-2900 FAX # (301) 776-3882

O.E.M. Electronic Products

o 13 Year Product History ¢ Custom,
RF/Digital ASICs ® Computerized Instrumentation
o Spread Spectrum Communications ® RF Systems

o Finest Electronic Assemblies, Any Scale

o Complete, Fulltime Professional Staff

LocUS, Incorporated
1842 Hoffman St., Madison, WI 53704
608/244-0500 FAX 608/244-0528

RF SYNTHESIS SOFTWARE
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PC Software for Every RF Engineer

INTERACTIVE SMITH CHART

Smithsoft Plus by Somersoft

RF and Microwave Design and
Development

Analog design from DC to several GHz
Prototype development
Computer simulation, optimization, analysis
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Surface Mount Chip Component
i3 Prototyping Ki

ts—

Data are entered directly onto the chart by using the mouse,
keyboard, or by loading a disk file. Component arcs,
including parasitic effects, are drawn on the chart by making
component selections from the top menu bar. A schematic
is automatically generated and displayed as components
are selected. Once a circuit is entered, the circuit editor
allows you to randomly tune, cut, copy or paste any
component. This makes it very easy to experiment with
many different kinds of circuit topologies in order to achieve
the best design. This also makes the software very
educational for those who are just leaming the Smith chan.

Circuit board layout using PCAD
Your schematics or ours
Fast turnaround

Technical writing

Proposal assistance

Custom software development

Aerospace Consulting

P.O. Box 536, Buckingham, Pa. 18912
(215) 345-7184  FAX (215) 345-1309
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17827 NORTH 26TH STREET
PHOENIX, ARIZONA 85032
PHONE # (602) 867-0389

FAX # (602) 971-9295 brochure.

CC-1 Capacitor Kit contains 365 pieces, S ea. of every
10% value from 1pf to .33uf. CR-1 Resistor Kit contains
1540 pleces; 10 ea. of every 5% value trom 10flto 10 megfl.
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and
available for Immediate One Day Delivery!
Order by toll-free phone, FAX, or mail. We accept
VISA, MC, COD, or Pre-paid orders. Company PO's
accepted with approved credit. Calt for free detailed

... PARTIAL LIST OF FEATURES ...

Network Analyzer Z-Theta Chart
H, S, Y, Z, ABCD Conversions
Common B - Common E « Common C
Simultaneous Multiple File Analysis
Operating and Available Power Gain Circles

Unilateral Power Gain Circles
Noise Circles  Stability Circles
S-Parameter Stack for Recursive Operations
Data Tables on Screen or Dump to Printer
Internal Graphic Screen Dump

$259.00, Somersoft, (707)829-0164

* Power Splitters and Combiners 2-30 MHz

¢ RF Transformers up to 300 MHz

¢ Transformers manufactured to your
specifications

¢ Transformer design consultant

For tree brochure please circle number below.

COMMUNICATIONS SPECIALISTS, INC.
B 426 West Taft Ave. + Orange, CA 92665-4296
. Local (714) 998-3021 + FAX (714) 974-3420

Entire USA 1-800-854-0547
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RF Design
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RFDesigner”: a powerful and easy-to-use
analog simulator. Saves money and time in
design of RF/MW circuits. Gradient and
Random optimization for any number of cir-
cuit components. Yield prediction.

RFSynthesist™: a computer aided synthe-
sis tool for lumped and distributed struc-
tures, providing the first step in circuit design.
SCHEMATIC CAPTURE: full-featured independent
package; used as a project data base; data entry &
auto back annotation; digitat simulation included.
PCB LAYOUT CAD with programing capabilities,
essential for design of RF/MW PCB layouts.
GERBER PHOTO-PLOTTER INTERFACE for con-
version of DXF to & from Gerber format.
NETWORK ANALYZER INTERFACE: sw/hw
(SCSI - IEEE488) for S-parameter data acquisition.
COMPREHENSIVE USER SUPPORT: printed tuto-
rial, reference and RF Handbook, automatic on-line
manuals, RFDesigner Newsletter, and active con-
sulting. ingSOFT software runs on all Macintosh
models with 1 MB RAM, 4 to 8 MB recommended.

INQSOFT Limited

213 Dunview Ave., Willowdale, Ont. M2N-4H9, Canada

TEL: (416) 730-9611 FAX: (416) 733-3884

u ﬁFS{ynlhes'sl,RE?ﬁg;%zeLrl dmg$OFT LlTutid'p;‘gesgnWoils - Capilano

mputer Inc.
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Making Quality

GaAs SPDT Switches
isn’t so Tough.
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Your Source for control Devices in the 905.




You can’t buy

a better precision

timepiece for
under 2.4 GHz.

If you’re operating in a frequency range from 100 MHz
to 2.4 GHz, you can’t buy a better oscillator than an
Andersen VCO. It gives you the highest spectral purity
with the lowest spurious (> -60dB). And typical single
sideband phase noise of > -119dBC @1 KHz offset.

It’s compact. It’s rugged. It operates in temperatures up
to 100°C. It can be tuned up to 1.5 MHz or phase-locked
to a reference. Plus, its low mass and low profile make it
ideal for surface-mount technology, DILS or flatpaks.

Isn’t it about time you discovered the precision, the
versatility and simplicity of designing with Andersen
oscillators? Contact Andersen Laboratories, 45 Old
Iron Ore Road, Bloomfield, CT 06002. Telephone
(203) 286-9090/FAX 203-242-4472.

@ ANDERSEN LABORATORES
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