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A lot more than a varactor company

FSI semiconductors mean
buying made easy.

Just about every microwave or RF semicon-
ductor you need to manufacture commercial
or military components or sub-systems is
now available from FSI.

Not just tuning varactors, but PIN and NIP
diodes, limiters, multipliers, SRD’s, MNS
capacitors and spiral inductors. In any of a
dozen or more packages including chip,
beam lead, glass, ceramic and surface mount
configurations.

As an added benefit, every product is
available off the shelf or it’s in process of
replenishment. So we can give you a hard-
and-fast shipping date.

Beyond that, we've been
providing this kind

of quality service

for more than

20 years.

Typical switch with FSI semiconductors. (A) GC9002 Spiral
Inductor; (B) GC84020 MNS Chip Capacitor; (C) GC86001 MNS
Chip Capacitor; (D) GC4901 Beam Lead; (E) GC84030 MNS
Chip Capacitor; (F) GC4221 PIN Diode; (G) GC15004 Linear
Tuning Varactor; (H) GC84001 MNS Chip Capacitor.

Sample requests filled promptly.
Comprehensive, 120-page catalog free
on request. For more information,
call or write Donna Langan,
Semiconductor Sales Manager,
Loral Microwave-FSl,
16 Maple Road,
A\ Chelmsford, MA 01824.
o %\ Tel: (508) 256-4113.
- Fax: (508) 937-3748.
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AN930 zese
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
30 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 |EEE-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.

oaine &l”ﬂl'
IFR SYSTEMS, INC. g
10200 West York Street / Wichita, Kansas 67215-8935 USA.

Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623
INFO/CARD 2
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dcto 3GHz .. $T145

lowpass, highpass, bandpass

®less than 1dB insertion loss ® greater than 40dB stopband rejection ®surface-mount ® BNC, Type N, SMA available

*® 5-section, 30dB/octave rolloff ® VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models

® constant phase

* meets MIL-STD-202 tests ®over 100 off-the-shelf models ®immediate delivery

low pass, Plug-in, dc to 1200MHz

setting higher standards

Passband | Stopband, MHz | Passband | Stopband, MHz
Mode! MHz loss loss Model | MHz | loss loss
_No_ loss<1dB | >20dB e 400B S No < 4 loss < li‘ >20d0B > 40dB
*LP-5 DC-5 8-10 10-200 *LP-250 DC-225 320-400 400-1200
*LP-10.7 DC-11 19-24 24-200 *LP-300 DC-270 410-550 550-1200
*LP-21.4 DC-22 32-41 41-200 *LP-450 DC-4 580-750 750-1800
%*LP-30 DC-32 47-61 61-200 *LP-550 DC-520 750-920 920-2000
% LP-50 DC-48 70-90 90-200 *LP-600 ! DC-680 | 840-1120 1120-2000
LOW PASS *LP-70 l DC-60 90-117 117-300 %*LP-750 | DC-700 | 1000-1300 1300-2000
*P-90 DC-81 121-137 167-400 *LP-800 | DC-720 { 1080-1400 1400-2000
< i *LP-100 DC-98 146-189 189-400 *LP DC-760 | 1100-1400 1400-2000
ml *LP-150 DC-140 210- 300-600 % LP-1000 DC-900 1340-1750 1750-2000
° *LP-200 DC-190 290-390 380-800 *LP-1200 DC-1000 1620-2100 2100-2500
5| Price, (1-9 qty). all models plug-n $1495, BNC $3295, SMA $3495, Type N $3595
ol /
g Surface-mount, dc to 570MHz
3 SCLF-214 DC-22 32-41 41-200 SCLF-190 DC-190 290-3%0 390-800
% SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800
L T T BTN SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000
SCLF-135 DC-135 210-300 300-600
trequency Price, {1-9 qty). all models: $11 45
Flat Time Delay, dc to 1870MHz
| Passband | Stopband | VSWR Group Delay Variations, ns
MHz MHz Freq Range, DC thru Freq Range DC thru
Model loss loss 02tco 06fco fco 2fco 267ico
M. 1 IO§<12d_BVL >10dB > 20dB X X | X X L -
B *BLP-39 DC-23 78-117 117 (1 S| 231 Q7 40 50
3 *BLP-117 DC-85 234-312 312 Kl 241 0.35 14 19
\ *BLP-156 | DG-94 312-416 416 031 | 03 11 15
q o ... & %BLP-200 DC-120 400-534 161 191 04 13 16
Y ' %BLP-300 DC-180 600-801 801 1251 221 0.2 06 08
H —d e . K*BLP-467 DC-280 934-1246 1246 1251 221 015 04 055
: ¢ ABLP-933 DC-560 1866-2490 2490 | 1314 221 009 g2 028
5 1 ABLP-1870 DC-850 3740-6000 5000 | 1451 291 005 01 015
- Price. (1-9 gty), all models’ plug-in $1995, BNC $3695, SMA $3895, Type N $3995
l NOTE A: -933 and -1870 only with connectors, at additional $2 above other connector models
—= Tt W 4
v 3
high pass, Piug-in, 275 to 2200MHz
Stopband | Passband VSWR Stopband Passband VSWR
[ MHz | MHz | Pass. MHz MHz Pass
Model loss loss loss band Modei loss loss i loss band
HIGH PASS No. ‘ <400B <2008 <18 | Typ No <40dB <2008 | <108 | Typ
* HP-25 DC-13 13-19 27.5-200 t 181 % HP-400 TDC 210 210-290 395-1600 Pl
= *HP-50 | DC-20 20-26 41-200 151 *HP-500 DC-280 280-365 500-1600 181
o *HP-100 | DC-40 40-55 90-400 181 * HP- DC-350 350-440 600-1600 201
° *HP-150 DC-70 70-95 133-600 181 *HP-700 | DC-400 400-520 700-1800 161
3 *HP-175 | DC-70 70-105 160-800 151 *HP-800 | DC-445 445-570 780-2000 11
s *HP-200 | DC- 90-116 185-800 16:1 *HP-300 | DC-520 520-660 910-2100 181
8 ' * HP-250 DC-100 100-150 ‘ 225-1200 11 *HP-1000| DC-550 550-720 1000-2200 191
§ : *HP-300 | DC-145  145-170 | 290-1 1.7 |
s Price, (1-9 qty), all models: plug-in $1495, BNC $3695, SMA $3895, Type N $3995
L ———— » 4
AT bandpass, Elliptic Response, Constant Impedance,
10.7 to 70MHz 21.4 to 70MHz
| Center | Passband | 3dB Stopbands | Center | Passband | Stopband | VSWR
Freq L 1.5dB | Bandwidth L 1L Freq MHz loss 131
BANDPASS Model Max Typ >20dB > 35d8 Model loss >20dB |Total Band
No (MHz) (MHz) _(MHz) | atMHz | atMHz No | MHz | <1dB | atMHz | MHz
e e *BP-107[ 107 96-115 89127 | 75&15(064& 50-1000 *1F~214T 214 18-25 (13&150 | DC-220
© Z *BP-214 214 192-236 179-253 | 155829 (30& 80-1000 *IF-30 30 25-35 |19&210; DC-330
) CONSTANT * BP-30 300 270-330 25-35 22840 (32& 99-1000 *IF-40 42 | 3549 |26&300( DC-400
13 (MPEDENCE * BP-60 ‘ 600 550-67.0 1 495-70.5 44879 (46 & 190-1000 *IF-50 50 41-58 [31&350 | DC-440
§ \ *BP-70 700 630-77.0 680-82.0 51894 160 & 193-1000 I:E?g ?8 ‘ %{73(2) 322 :88 ng%
§ il e R s 5 Price, (1-9 qty). all models plug:n $14.95
= BNC $4095, SMA 84295  Type N $4 BNC $3695, SMA $3895, Type N $3995
R NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement.
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PAINS?

£ Swelvors
Stock GaAs Bi-Phase Modulators Stock GaAs MMIC Amplifiers
Switch| Phase Typ
Freq IL Speed |Accuracy | Con- | Package | PartNo. Freq Typ (Typ Noise| Power | Package| Comments | Part No.
dB nSEC | Degree | trol Range/GHz | Gain/dB | Figure | /dBm
10-500 MHz 1.0 50 +/-1 TTL | TO8 DBP0938 0.05-35 10 6.0 22 Chip P354100-0
10500MHz | 1.0 50 +#1 | TIL | SMP | DBP0738 0535 9 45 22 | Chip |Selt-Biased |[P3541010
00530 | 18 6.0 13 | Chip [LowVSWRs |P3541040
Stock Packaged GaAs Switches 0818 | 21 35 8 | Chip P3541050
Switch 16 5 46 20 | Chip P354110-0
c;; m LLB h“g Sﬂ'fég Ct;’:l Fge ) cram o 618 55 55 15 | Chip |PosGainSlope|P3541400
TR SAVANS BIFIE T Ao (e g S 2.18 6.0 15 15 Chfp AGC P354150-0
SPST | 102000 |18 | 67 | 35 | TTL | 14PinSMP | DSOT%0 35 28 = L5 AL
spaT {DC2000 |05 | 35.[ 3 | - 8PinSOIC | DSO702R
sP2T | DC2000 |06 [ 30| 3 | - 8PinSOIC | DSO702T
sp2T | DC2000 (04 | 68| 3 | - T05 DS0850 é
SP2T [ DC2000 |07 | 50 | 200 | TTL | TOS DSO813
SP2T {52000 [115] 55| 35 | TTL | 14PinDIP | DSO602 DAICO INDUSTRIES, INC.
SP2T | 54000 |10 | 79 | 35 | TIL | SMA (DS088z 2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220
SPAT | DC2000 [17 [ 70| 75 | TTL | 14PinDIP | DSO874 Telephone 310/631-1143 ¢ FAX 310/631-8078

AMPLIFIERS ~ ATTENUATORS  BIT DETECTORS ~ COUPLERS ~ MMICS  MODULATORS  PHASE SHIFTERS  SWITCHES
INFO/CARD 4
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An Introduction to RF/Microwave
Filter Design

The design of filters using lumped elements is reviewed
along with the relationship between lumped elements and
distributed elements. — David R. Loker

The Mechanical Filter in HF Receiver

Design
High performance/cost ratios can be achieved with the
mechanical IF filters presented in this article.

— William E. Sabin

New User Interface Makes RF CAD
EASi

The EASi interface provides a modular program structure
for the easy use of the Super-Compact and Microwave
Harmonica circuit simulators. — Raymond S. Pengelly
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78

An Introduction to Noise Figure
Noise origins and characterizations are discussed.

— Jonathan Bird
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A Narrow Band FM Discriminator

This discriminator tracks deviations as small as 0.1 Hz. — George Kassabian

A Nodal Network Analysis Program

This program offers quick, PC-based simulation. — John A. Eisenberg

Educational Project for Electronic Engineering Students

This project demonstrates simple modulation phenomena. — Yvon Roy

Program Aids Series-Feedback Transistor Oscillator Design
Reflection coefficient calculations are the heart of this program. — Theodore Grosch

Log Mac: Frequency and Time Domain Analysis

This program yields Bode, impulse and step responses. — Jeff Crawford

Antenna and Processor Techniques for Detection of Manmade
RF Noise

This apparatus detects sub-ambient RF noise. — F. N. Eddy

Cross-Correlation Phase Noise Measurements

This measurement system offers an extremely low noise fioor. — Warren F. Walls

A Wideband Monolithic, Low-noise, Front-end Amplifier
A low-noise, wideband amplifier using planar silicon bipolar technology presents challenges.
— Scott L. Williams

CAD of a Broad-Band Class-C, 65 Watt, UHF Power Amplifier
RF CAD techniques provide highly repeatable designs. — Robert Baeten

New Products Showing at RF Expo West
Here are some of the new products that will be displayed at RF Expo West, March 17-19 at the
San Jose Convention Center.
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HIGH POWER
COUPLER

100,000:1 BANDWIDTH

TYPICAL SPECIFICATIONS
MODEL €C2630

FREQUENCY RANGE ... .01-1000MHz

COUPLING

FLEATINESS . ..o veeeaaencmanaandunns +0.6db
DIRECTIVITY ....ceeennririnneene 20db MIN
WU (UL v o oo o e 1.3:1
POWER.......ocvereerereerarennen. 100 W.CW.

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

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

INFO/CARD 5

RF editorial

A Message to
Washington

By Gary A. Breed
Editor

Now that all the new legislators and
political appointees have had time to
outfit their offices, hire their staffs, and
locate the best restaurants in central
Washington, it's time to get to work. Part
of the reason that the public elected a
new President is because Mr. Clinton
promised change.

One change needed by the RF indus-
try is quick action on new technologies.
Senators, Representatives and agen-
cies: it's time to admit that technology
moves faster than you are accustomed
to responding! In today’s global market-
place, we can no longer afford to deal
with these issues in a leisurely manner.

To Senators and Representatives —
It's time to wake up to the fact that divid-
ing up the pork barrel district-by-district
may help you get reelected, but it’'s bad
for the country as a whole. Your leader-
ship is needed to get the U.S. financial
house in order, to establish a good busi-
ness and trade climate, and to solve
many other problems that make life diffi-
cult. Get to work on the budget deficit,
the absurd level of national debt, the
cost of health care and the banking cri-
sis. Find ways to encourage businesses
to invest in research and in advanced
manufacturing equipment. Help their
employees, too, by addressing modern
issues of family leave, job training and
workplace safety, and by reducing the
tax burden of the working middle-class.
Give us tools for the future by seeking
answers to our educational decline and
by keeping a strong base of scientific
and medical research.

To the Federal Communications Com-
mission — You are governing the radio
spectrum, where the next electronic rev-

b

olution is underway. Advanced technolo-
gies that represent huge markets for
U.S. companies are in your hands. Take
a leadership role in developing or
encouraging technical standards and
making responsible frequency alloca-
tions. Change your approach from de-
regulation to appropriate regulation —
the past approach of leaving the fate of
technology to the marketplace has failed
too many times. With so many new
ideas being tossed about, chaos will rule
the marketplace. The FCC must provide
guidance and leadership.

To President Clinton and close advi-
sors — You promised to work hard to
help American business and the Ameri-
can people get back on the road to pros-
perity. We hope you can maintain the
right balance between the needs of
owners and workers. Trickle-down eco-
nomics doesn't work; so let's try your
approach to simultaneously help the top,
middle and bottom of the ladder.

To all of us — It is too easy to blame
Washington or our statehouses for the
problems that confront us. But remem-
ber, we elect the officials that set policy
and we need to hold them accountable.
We also need to keep our own houses
in order by controlling our personal
finances, by influencing our employers
to be responsible businesses, and by
teaching the next generation of Ameri-
cans the lessons that will help them suc-
ceed.

March 1993



DROP-IN - CASE

ESS-HYB
From 25 MHz to 18,000 MHz

AND COUPLE

RS

Miniature 0.050 Dia. Wireline™ Hybrids * New 10 dB Wirepac™ Couplers

Wireline™ and Wirepac™ are
90° hybrid and coupler product
lines which use Sage Labor-
atories, Inc. patented, bal-
anced, twin conductor tech-
nology. These caseless products
provide unequaled design and
layout flexibility at an af-
fordable price. Coil it to reduce
coupling length, shape it to

Repeatability and Reliability
are excellent. Couplers and
hybrids have no internally
soldered joints or parts. The
manufacturing processes have
been qualified for space
environments. Wireline™ and
Wirepac™ are performing de-
manding hybrid functions on
such space programs as SCS
Superbird and TIROS. The
quality is designed in, so com-
mercial programs run without
delays or failures.

Average Power ratings from
60 to 500 WATTS, strictly a
function of outline diameter.

M H 8 XS AL
0 2
BS0 DI 105 D 1SSTHA 2

60 100 200 500
WATTS WATTS WATTS WATTS

ACTUAL SIZE

500
WATTS

fit around layout obstacles and
even loop it to jump over
circuit traces.

Couplers by the foot, a great
design tool for engineers. HC
and JC Wireline™ may be pur-
chased in bulk 5 foot lengths,
then cut and trimmed to the

DROP-IN QUADRATURE COUPLERS AND HYBRIDS
PART FREQ MID BAND | INSERTION] ISOL. | VSWR
NUMBER MHz COUPLING|  LOSS

THCB2-5.93 | 225-400 2.7 d8 03dB_ | 20dB | 12:1
{)CB2-2.80 | 440-880 2.7d8 03dB | 20d8 | 1.2
|.LCB2-2.63 | 500-1000 2.7dB 0.2dB 30d8 | 1.1:1
[ MCB3-2.06 | 810-990 28d8 | 03d8 | 20dB | 1.2
['GCB6-2.06_| 810-990 10.25d8 | 0.1dB | 30d8 | 1.21
KCB21.31 | 10002000 | 27dB | 02dB | 30dB | 1.1:1 |
[HCBT-100 J17101990 | 30dB | 02d8 [ 20dB | 1.2
{ GCB6-1.00 [ 17101990 | 10.25d8 | 0.1dB | 30dB | 1.2:1
| MCB3-0.14 9000-18000 [ 2.8dB 0.3 dB 20 dB 1.21

Many Wireline™ family stan-
dard products are available.
Octave and narrow band prod-
ucts with three form/power
factors. The new miniature MC
Wireline™ hybrids offer sig-
nificant size reduction without
sacrifice of reliability or per-
formance. The new GCB6

10 dB coupler provides octave
performance with 20 dB direc-
tivity. Above are just a few of
our product offerings.

For PCN, CELLULAR, SAT-
COM and RADAR applica-
tions, choose WIRELINE™
and WIREPAC™ DROP-INS.

correct quarter wavelength for
optimum frequency response.
Need a second iteration, just
cut another length. The
coupling curves are virtually
text book.

100,000 unit Production
quantities, no problem. Sage
has developed a state of the art
laser trimming process which
precisely cuts the length and
trims the leads. Thousands per
week are being delivered for
Cellular and PCN applications.

To learn more about the
popular alternative to flatpak,
caseless and printed circuit
components, call or FAX to-
day for your FREE Samples,
Designers Guide and handy
Coupling Slide Rule. Tell us
your frequency, we'll cut you a
coupllecommunication and
radar products.

jsage

LABORATORIES, INC.

11 Huron Drive
Natick, MA 01760
Tel: (508) 653-0844
FAX: (508) 653-5671

ELECTROMECHANICAL - SWITCHES, ROTARY JOINTS AND PHASE SHIFTERS
CONNECTORIZED - PASSIVE RF AND MICROWAVE COMPONENTS
CASELESS DROP-INS - WIRELINE™, WIREPAC™, HYBRIDS AND COUPLERS

INFO/CARD 102
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SAW SUPERRegen!

Are you using superregenerative receivers in
“keyless entry” automotive alarm systems, home
security systems, garage door openers or other
low power radio applications?

RFM SAW delay lines can
help you achieve outstanding
receiver performance. Our
low loss quartz SAW delay
lines dramatically improve
superregen receiver sen-
sitivity and adjacent channel
rejection.

They also provide excellent
long term frequency stability
in automotive and other
harsh environments.

This eliminates warranty problems and customer dissatisfaction
due to receiver drift. In addition, SAW delay line technology
greatly suppresses superregen receiver reradiation, simplifying
product certification to DTI, DOC, FCC and many other
regulations.

RFM offers the broadest line of SAW devices available for low
power transmitters and receivers, covering applications from
184 to 915 MHz. We also offer extensive application
engineering support for low power radio systems including
fee-based RF design services.

For further information please contact:

n 11 RF Monolithics, Inc.
’ 4441 Sigma Road

i 1| Dallas, Texas 75244 USA
I Phone (214) 233-2903

FAX (214) 387-8148

INFO/CARD 7
Please see us at RF Expo West, Booths #523, 525.
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CALL MERRIMAC hd Merrimac
For The Ultimate In Wideband .o 55 v oo 5000
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t’s this simple: you’ll find our NCO
and DDS products satisfy more of
your requirements with greater
availability, than anyone else’s.
Check us out for frequency synthesis,
or just about any kind of modulation -
AM, PM, FM, Chirp, and QAM.

Our twelve NCO chips enable you to
build your own DDS systems for high
volume applications and minimal
cost. And for fast, flexible designs, or
low production runs, choose from our
thirteen DDS boards.

This family supports all your needs,
from low cost high volume
applications, all the way to space
quality and radiation hardening.

For more information, call today.

2421 Mission College Blvd.

Santa Clara, CA 95056-0968
Phone:  408/980-5684
Fax: 408/727-1482

Unrrep Kisapom:

For sales support outside the
continental United States,
please contact your
International Sales

Mr. Mick Mercer
Phone- +44 622 882467
FAX: +44 622 882469

BF1 - IBEXSA Electronics Lid.

PRODUCT
STEL-1130
STEL-1172B
STEL-1173
STEL-1173RH
STEL-1174
STEL-1175
STEL-1176
STEL-1177
STEL-1178A
STEL-1179
STEL-1180
STEL-2172
STEL-2173

Monouithic NCOs A

CLocK FREQUENCY

60 MHz
50 MHz
50 MHz
40 MHz
50 MHz
80 MHz
80 MHz
60 MHz
80 MHz
25 MHz
60 MHz
300 MHz
1 GHz

DESCRIPTION
Linear Quadrature Amplitude Modulato
32-bit NCO, Quadrature Outputs

48-bit NCO, Sub-MicroHz Resolution
Rad Hard with | MRad Tolerance
16-bit NCO, Low Price

32-bit NCO with Linear PM

83/4 Decade Decimal NCO with BCD Control
32-bit NCO with Linear PM and FM ports
32-bit NCO Dual with PSK

24-bit NCO, PSK and Low Price

32-bit Chirp Generating NCO

28-bit ECL NCO

GaAs NCO with PSK

=)

Boaro Lever DDS Probucrs

CLOCK FREQUENCY
Quadrature output

PropucTt
STEL-1272

STEL-1273
STEL-1275
STEL-1276
STEL-1277
STEL-1375A
STEL-1376
STEL-1377
STEL-1378A
STEL-1479
STEL-2272
STEL-2273A
STEL-2373

01022 MHz
01022 MHz
01to 35 MHz
0to 35 MHz
01035 MHz
01035 MHz
01035 MHz
01035 MHz

Dual 0 to 35 MHz

0to 12 MHz
0o 130 MHz
0 t0 400 MHz
010 400 MHz

DESCRIPTION
DDS

DDS with Sub- MicroHz Resolution

DDS with Linear PM

DDS with 0.1 Hz Resolution and BCD Control
DDS with Lincar PM and FM

Miniature DDS Module with Linear PM
Miniature DDS Module with BCD Control
Miniature DDS Module with Linear PM and FM
Miniature DDS Module with PSK

Hybrid DDS, 1.5" by 0.8". Low price

DDS

DDS with PSK

DDS Hybrid with PSK, 2" by 1.1"

CHassis Lever DDS Probucrs

CrLockK FREQUE: 'cY

Probucrt
STEL-9272
STEL-9275

GERMANY:

Alfatron GmbH

M. Christian Streicher
Phone: +49 89 45 110 250
FAX: 4498945 110129

010 130 MHz
0 to 400 MHz

Faasce:

M

Mr, Philippe Resnier
Phone: 433 1 30 62 64 64
FAX: +33130624010

ITALY (NORTH):
MicroElit S.p.A
M. Franco Cugus)

Jaran: Inpta: IszEAL:
. Marubun Corporation Accutrol Systems. Pvi, Lid. Regev Aviation
Representatives. Mr. Toshi Ishizawa Mr. Vivek Raghavan M. Zeev Regev

Phone: 481 3 3639-9821
FAX: +81 3 3661-7433

Phone. 491 812 648079
FAX: +91 22 202-9403

Phone. 4972 3 $33-4359
FAX: 4972 3 533-9302

INFO/CARD 9

Phone: +39 2 481-7900
FAX: +39 2 481-35%4

ITALY {SOVTH):
MicroElil S.p.A

Dr. Massimo Martinuzz
Phone: +39 6 868-94-326
FAX: +39 6 827-5270

SwEDEN:
LEK
M. Bill Osterlund

Phone: +46 8 80 46 85

FAX: +46 826 22 86

Please see us at RF Expo West, Booths #721, 723.

DESCRIPTION
Complete DDS with Phase Lockable Clock
Complete DDS with Phase Lockable Clock

Sea:

Tekelee Espana

Mr. Moises Gracia
Phone: 434 | 320-4160
FAX: +341320-1018

DESMARK:

Valienun Elctronik ApS
Mr. Lars Vallentin
Pheae +4542172417
FAX: +4542171518

AUSTRALIA: SWITZERLAND:
Sabtek Electronics Dimos AG
Mr. Grant Amor M. Uns Oggenfuss

Phone: 461 8 373-0233
FAX: +61 8 373-0206

Phone: +41 1 730-4088
FAX: +41 1 730-5133



RF calendar

March
15-18

17-19

23-25

24-31

30-31

30-2

18-22

18-22

28-30

RF Design

IEEE Multi-Chip Module Conference

Santa Cruz, CA
Information: MCMC-93, Attn: Jean McKnight, Computer Engi-
neering, University of California, Santa Cruz, CA 95064. Tel:
(408) 459-2303. Fax: (408) 459-4829.

RF Expo West

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

Nepcon Electronics

Birmingham, UK
Information: Reed Exhibition Companies, 999 Summer St., PO
Box 3833, Stamford, CT 06913-0130.

CeBIT ‘93

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

The 1993 Mid-Lantic Electronics Show

King of Prussia, PA
Information: Mid-Lantic Electronics Show ‘93, Judith Ginsberg,
4113 Barberry Drive, Lafayette Hill, PA 19444. Tel: (215) 828-
2271. Fax: (215) 941-6773.

8th International Conference on Antennas and
Propagation

Edinburgh, UK
Information: Conference Services, IEE, Savoy Place, London
WC2R 0BL, UK. Tel: (44) 071 240 1871. Fax: (44) 071 497
3633.

The 4th IEE Conference on Telecommunications
Manchester, UK

Information: ICT 93 Secretariat, Conference Services, IEE,

Savoy Place, London, WC2R 0BL, UK. Tel: (44) 071 240 1871.

Fax: (44) 071 497 3633.

Symposium on Ceramics for Wireless Communication
Cincinnati, OH

Information: Henry O’Bryan, AT&T Bell Laboratories. Tel: (908)

582-6980. Fax: (908) 582-2521.

The NAB Multimedia World Conference and Exhibition

Las Vegas, NV
Information: NAB, 1771 N Street, NW, Washington, DC 20036-
2891. Tel: (202) 429-5350. Fax: (301) 216-1847.

EMC/ESD International 1993

Denver, CO
Information: Renae Fierros, Cardiff Publishing Company,
6300 S. Syracuse Way, Suite 650, Englewood, CO 80111.
Tel: (303) 220-0600, (800) 525-9154. Fax: (303) 773-9716.

 Sprague-Goodman
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Surftrim®
Surface Mount
Trimmer Capacitors

* 2 sizes:

3.2x45x1.6 mm

4.0 x 4.5 x 2.7 mm (sealed)
» 4 mounting configurations
¢ Carrier and reel, or bulk pack
* 1.7 to 50 pF in 7 cap ranges
* Operates to 85°C

Phone, fax or write today for
Engineering Bulletin SG-305B.

[ sPracue |
{ Goooman |

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 » Fax: 516-746-1396
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Filmtrim®
Single Turn Plastic
Trimmer Capacitors

¢ Cap ranges: 1.0-5.0 pF to 25-500 pF
« Qto 5000 at 1 MHz
» Operating temp:
PTFE, Polycarbonate, Polyimide:
-40° to +85°C
Polypropylene: -40° to +70°C
High temp PTFE: -40° to +125°C
* 6 sizes from 5 mm to 16 mm
* More stable with temperature than
other single turn trimmers

Phone, fax or write today for
Engineering Bulletin SG-402E.

[ SPRAGUE |
G0ODMAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 » Fax: 516-746-1396

INFO/CARD 11

Please see us at RF Expo West, Booth #420.



Our W(IRLI] CLASS CRYSTALS

== | STABLE

Our "world class” crystals are ideal for precision applica-
tions that require ULTRA-LOW AGING. And, at nearly
the performance of an SC cut crystal with an AT cut crystal
price.

For instance, aging better than a 3 x 10 '%day fora 5.0
MHz, 3rd overtone crystal and 5 x 10'%day for a 10.0
MHz, 3rd overtone crystal is typical. (Available in HC-47
holders.)

EG&G crystals are found in some of the most sophisticated
products and systems around. And, we're backed by an
engineering staff available to fill your needs and solve your
problems. Give us acall at 1-800-424-0266 and let us show
what we can do for you.

PANS EG:z:G
FREQUENCY PRODUCTS
4914 Gray Road « Cincinnati, Ohio 45232 | InCanada represented by: ELLAM & Assoc. Lid.
Phone 513-542-5555 « FAX 513-542-5146 | Phone 613-727-3892 « FAX 613-727-0368
INFO/CARD 12

High Performance,
Low Phase Noise. . .

CRYSTAL
OSCILLATORS

We offer a wide variety of crystal oscillators including
XO's, TCXO's, TCVCXO0's and OCXO's. These oscilla-
tors are available with state-of-the-art performance in
phase noise, short term stability and lerf)peralure stability.
Ultra low aging is available through the use of EG&G's
own "World Class Crystals."

These performance features make our oscillators ideal for
microwave, multiplex, satellite up-link/down-link, test
equipment, telecommunications and any applications re-
quiring precise timing.

So, give us a call at 1-800-424-0266. Our engineering
staff is ready to discuss any standard or custom designed
oscillator requirement you may have.

"Q EG:G
é FREQUENCY PRODUCTS

4914 Gray Road * Cincinnati. Ohio 45232 | InCanada represented by: ELLAM & Assoc. Lid.
Phone 513-542-5555 « FAX 513-542-5146 | Phone 613-727-3892 « FAX 613-727-0368
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RF courses

Cellular Radio

May 11-14, 1993, Madison, W!
Information: The University of Wisconsin-Madison, Engineering
Information. Tel: (800) 462-0876.

Infrared Technology and Applications
April 6-8, 1993, Atlanta, GA
Principles of Electronic Counter-Countermeasures
April 6-8, 1993, Atlanta, GA
Phased-Array Radar System Design
April 13-16, 1993, Atlanta, GA
Information: Georgia Institute of Technology, Continuing
Education. Tel: (404) 894-2547.

Microwave/Millimeter-Wave Monolithic Integrated Circuits
May 11-14, 1993, Los Angeles, CA
Hybrid Microcircuit and Multichip Module Packaging
Technologies
May 24-26, 1993, Los Angeles, CA
Radiation Hardening of Electronic Systems
June 7-11, 1993, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (310)
825-1047. Fax: (310) 206-2815.

Modern Receiver Design
March 29-April 2, 1993, London, England
Telecommunication Traffic Engineering
March 15-17, 1993, Washington, DC
Modern Digital Modulation Techniques
March 29-April 1, 1993, Washington, DC
Modern Digital Signal Processing: Analysis, Design and
Applications
March 29-April 2, 1993, London, England
Microwave System Engineering
March 29-April 2, 1993, London, England
April 26-30, 1993, Washington, DC
Mobile Cellular Telecommunication Systems
April 7-9, 1993, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
April 20-23, 1993, Washington, DC
lonospheric Radio Propagation: Principles and Application
April 20-23, 1993, Washington, DC
Communication Satellite Engineering
April 26-30, 1993, Washington, DC
Analog/RF Fiber Optic Communications
May 26-28, 1993, Washington, DC
Anomalous Microwave and RF Propagation
June 2-3, 1993, Washington, DC
Electromagnetic Interference and Control
June 7-11, 1993, Washington, DC
Spread-Spectrum Communication Systems
June 7-11, 1993, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merrit A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Modern RF & Microwave Techniques

April 20-23, 1993, Phoenix, AZ
Navstar/GPS

June 2-4, 1993, Monterey, CA
information: University Consortium for Continuing Education,
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436.
Tel: (818) 995-6335. Fax: (818) 995-2932.

March 1993



Electromagnetic Compatibility and Interference

May 4-7, 1993, St. Cloud, FL

September 14-17. 1993, San Diego, CA
Information: SCEEE, Central Florida Facility - Management
Office, 1101 Massachusetts Ave, St. Cloud, FL 94769, Kelly
Brown - Registrar. Tel: (407) 892-6146. Fax: (407) 957-4535.

Satellite Communication Systems: Techniques and Tech-
nology for Communications and Broadcasting

April 19-23, 1993, Cambridge, United Kingdom
Combined Coding and Modulation Techniques

April 20-21, 1993, Cambridge, United Kingdom
Low Sidelobe Antennas

May 10-14, 1993, Cambridge, United Kingdom
Modern Microwave Techniques: Measurements, Signal
and Network Analysis, Microwave Products and Systems
Characterization

May 10-14, 1993, Cambridge, United Kingdom
Error Correcting Codes and Trellis-Coded Modulation with
Application to Communication Systems

June 7-10, 1993, Stockholm, Sweden
Frequency-Time Signal Processing: Applications and
Algorithms for High Resolution Spectral Analysis and
Time Series Analysis

June 7-11, 1993, Stockholm, Sweden
Far-Fieid, Compact & Near-Field Antenna Measurement
Techniques

June 7-11, 1993, Stockholm, Sweden
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

Electronic Design Techniques and Analysis Required to
Meet Electromagnetic Compatibility Requirements

May 5-6, 1993, Novi, Ml
Advanced EMC Printed Circuit Board Design

May 7, 1993, Novi, Ml
Information: JASTECH, James P. Muccioli. Tel: (313) 553-
4734

Announces

~ A T

For Frequency Control Products
Featuring:

® NEW TECHNICAL DESIGN INFORMATION AND
MORE PRODUCT SPECIFICATIONS FOR:

AT- and SC-CUT resonators
4-pole on one blank resonators

LC Filters
Monolithic, Discrete Crystal Filters
Cavity, Combline and Interdigital Filters

Oscillators: OCX0O, TCXO, VCXO
VCO and Clock Oscillators

® IMPROVED SUBASSEMBLY CAPABILITY
® CONTINUED RESEARCH ACTIVITY AT PTI

For your cogy
please call or FAX the PTI Sales Department

INFO/CARD 14
Please see us at RF Expo West, Booth #1015.

1993 High-Speed Digital Symposium

April 20, 1993, San Francisco, CA

April 22, 1993, Los Angeles, CA

April 27, 1993, San Diego, CA

April 29, 1993, Phoenix, AZ

May 25, 1993, Dallas, TX

May 27, 1993, Austin, TX

June 2, 1993, Burlington, MA

June 4, 1993, Washington, DC

June 8, 1993, Boca Raton, FL
Information: Hewlett-Packard Company, Microwave Instru-
ments Division (MID). Tel: (800) 765-9200.

Inherently Conductive Polymers, an Emerging Technology
March 15-17, 1993, Burlington, VT

Information: M. Aldissi, Champlain Cable, 12 Hercules Drive,

Colchester, VT 05446. Tel: (802) 655-2121. Fax: (802) 655-

2025.

Collision Avoidance (IVHS) Topical, Technical Workshop
April 13, 1993, Washington, DC

Information: SAE International (The Engineering Society for

Advanced Mobility Land Sea Air and Space), 400 Common-

wealth Drive, Warrendale, PA 15096-0001. Tel: (412) 776-

4841. Fax: (412) 776-5760.

RF Design

LAP-TECH ic.

FREQUENCY
CONTROL
PRODUCTS

* QUARTZ CRYSTALS 2 - 250 Mhz
Precision glass encapsulation
Cold Weld and Resistance weld holders
Leaded and surface mount styles
Standard and custom design

¢ CLOCK OSCILLATORS 0.25 - 170 Mhz
TTL, HCMOS AND ECL

LAS!P ;TECH . Hermetic packages with through hole
B N AvE g and surface mount configurations
CANADA L1C 2J3 » EMERGENCY SERVICE DELIVERY
v
TEL: 416-623-4101 o QUALITY  « < :

FAX: 416-623-3886

130'9002 pendihg
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What'’s your application?

The more you know about white
noise sources, the more useful they
become. You can design them into a
system for built-in test, use them to
evaluate the bit-error rate of satellite
and terrestrial digital com-
munications systems, test electronic
components, reduce spurious in A/D
converters...the list is long.

The problem is, many more
people need to know how much white noise
can do. If you wonder how white noise can
serve your application, please call me
personally at (201) 261-8797.

NOISE IN THE FIELD

CATV instruments use

built-in noise sources

A leading manufacturer of
cable TV test equipment is
integrating Noise Com’s NC
502/15 TO-8 noise sources into
its briefcase and hand-held
CATV signal strength meters.

The NC 502/15 is the built-in
reference in the instruments,
and was selected because of
its guaranteed output power
flatness of less than +/-1.0 dB
and frequency coverage up to
1000 MHz. The NC 502/15’s
high efficiency, -53 dBm output
with typically only +15 VDC at
2.5 mA, was another criteria.

The NC 502/15 is part of
Noise Com’s NC 500 Series of
noise sources mounted in TO-8
packages for built-in test. They
range in frequency to 5 GHz
and have flatness from +/-0.5
dB. They all feature small size
(0.5in. dia.) and low cost.

New rrom Noise Com

UFX Series redefines noise-based testing

Noise Com’s new NC 7000 Series white noise-generating
instruments earned a fine reputation for quality and performance.
Now our new UFX Series instruments extend this capability, with
dedicated function keys, simplified programming, a 4 x 20 character
LCD display, and an even greater range of options. You can even
create and run extensive test routines automatically under program
control. They’re simply the most advanced noise-generating
instruments available.

Typical Specifications

Output Up to +13 dBm
Frequency bands available ~ Up to 40 GHz
VSWR %541
Attenuators 0to 127 dBin 1-dB steps or
010128 dBin 0.1 dB steps
*Combiner Combines input signal with noise
“Filter banks Act on noise, signal, or both. Up to four of any type
‘Optional

INFO/CARD 16
Please see us at RF Expo West, Booth #445.

Apove THE Noist bY GARY SIMONYAN

Gary Simonyan



PrecisioNn NOISE SOURCES

NC 346: A quality
alternative for noise

figure measurement
Noise Com’s new NC 346Ka
is the only noise figure meter-

compatible noise source that Specifications
delivers flat, broadband white Frequency Output VSWR
noise from 100 MHz to 40 GHz.  range (GHz)
It's compatible with the HP 0.1to5 152631
8970 and other popular noise 51018 1.30:1
figure meters, and has low 18to26.5 1.40:1
VSWR across the entire band. 2651040 1.50:1
The NC 346Ka has a built-in
regulator that makes it ENR 10t0 17 dB
insensitive to input voltage
variations. The units are fully Input power +28 VDC +/-2 V at 30
calibrated at frequency points mA maximum. Built-in
throughout their operating regulator

range...and they’re available

from stock.
<
"d” Y .....comow W
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Free ap notes describe white noise applications

The latest in Noise Com’s expanding series of application notes
describe three uses for white-noise generating devices and
instruments. Application Note 103 covers bit-error rate (BER) testing
with variable Ep/Ng, Application Note 105 covers noise figure
measurement using a spectrum analyzer, and Application Note 109
covers a technique for reducing harmonic distortion in A/D
converters. Each application note fully describes a technique and
the steps required to implement it. The application notes are
absolutely free and you can get them by calling Noise Com at
(201) 261-8797, or by circling the reader service number below.

NOISECoM

THE WHITE NOISE ADVISER

Q: What is ENR?

A: Excess Noise Ratio (ENR)
expresses how many times the
effective noise temperature (T,) of a
noise source exceeds that of a load
at the reference temperature, 290 K.

= T, -290
ENR = 10log (%9”0)
ENR can be conveniently applied in
noise figure measurements (see
Noise Application Note 115). ENR
and T, are parameters calibrated
with traceability to the National
Institute of Standards and
Technology (NIST).

Q: How do we convert from ENR in
dB to the effective noise power
spectral density, N, in dBm/Hz?

A: For ENR values up to 30 dB, take
the effective noise temperature (Tg)
of the noise source and insert it in
the following equation:

Ng (in dBm/Hz) =
10log(kT,) dBm/Hz

where k = 1.38 x 102 J/K is
Boltzmann’s constant. A table for
these conversions is provided on
page 17 of Noise Com’s catalog (call
us for a free copy). The following
approximation may be used for ENR
values greater than 30 dB:

Ng (in dBm/Hz) =
ENR (in dB) - 174 dBm/Hz

Q: What is the difference between
dBm and dBm/Hz?

A: The power of white noise is
evenly distributed over the
frequency of interest, and is
commonty specified as power
spectral density in dBm/Hz (which
refers to power in a 1-Hz
bandwidth). To obtain the total noise
output power in dBm, multiply the
power density by the noise
bandwidth or integrate over the
frequency range. This is equivalent
in dB to adding 10log(NBW) where
NBW is the noise bandwidth in Hz.
The total noise power in dBm is
therefore equal to the noise power
spectral density in dBm/Hz plus
10log(NBW).

E. 49 Midland Avenue, Paramus, New Jersey 07652

(201) 261-8797 » FAX (201) 261-8339




RF news

PCS Trials in Pittsburgh

Tests are currently underway in Pitts-
burgh, Pennsylvania for a cellular-based
single number, single phone communi-
cations service. The trials are being con-
ducted by Bell Atlantic Mobile in con-
junction with faculty, staff and graduate
students at Carnegie Mellon University.
The personal line service is based on
Motorola’s PPS-800™ technology and

takes advantage of the wired and wire-
less networks already in place to give
customers total accessibility and user-
defined features. A “smart” pocket-sized
Personal Communicator telephone man-
ufactured by Motorola is being used in
the service trial. It operates as a high
quality cordless phone in the home; as
an extension of a PBX or Centrex sys-
tem in the office; and as a cellular phone

/

CELLULAR
SOLUTIONS

<

18

For cellular base station applications, these amplifiers offer
unchallenged performance, with guaranteed specifications over
temperature (call for complete data sheets). The QBS-141 and
-142 also offer soft-fail designs, with completely redundant power
supplies and RF circuits. Fault detection circuitry indicates (by
increased current and/or LED indicators) if a failure has occurred.

Typical Specifications (25°C)

Specification QBS- 133 QBS- 141 QBS— 142
Gain (dB) 33 40 33
Frequency (MHz) 824-849 824-849 824-849
Noise Figure (dB) 0.8 1.2 [E2
3rd Order OIP (dBm) +38 +45 +42
VSWR Input/Output 1.5:1/1.5:1 1.2:1/1.2:1 15251/00-2:1
DC Voltage (Vdc) 15 19-31 19-31
DC Current (mA) 220 800 425
DC Power Connector Solder Pin Filtered 9-pin Filiered 9-pin
D-sub D-sub
RF Connectors SMA ()) SMA (}) SMA (J)

Q-bit Corporation
' 2575 Pocific Avenue NE, Palm Bay, Florida 32905

\ T 407/727-1838 » &= 407/727-3729 /
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when the user is mobile.

The marketing trial will involve more
than 500 customers and last approxi-
mately nine months. The company
expects to learn how customers — rang-
ing from large corporate users to individ-
ual entrepreneurs — respond to the
expanded communications opportunities
delivered by the service, including
accessibility, call screening, and other
features. Because most trial participants
will be paying for their equipment and
service, the company also expects to
learn about “real world” market
demands for this type of service.

MMS Consortium Releases Speci-
fications — At a recent meeting, the
Modular Measurement System Consor-
tium approved the release of the specifi-
cations for the Modular Measurement
System. The Consortium is composed
of nine prime contractors, instrument
manufacturers, and system integrators.
The MMS specifications define the tech-
nical details and requirements of the
MMS architecture, allowing instrument
manufacturers to completely evaluate
the MMS and to build equipment that is
fully compatible with that from other
MMS manufacturers. The two-voiume
set of MMS Specifications contains full
descriptions and drawings of the electri-
cal and mechanical interfaces, including
communication protocols and EMC
aspects. Copies are available at $50 per
set from Cal Central Press, PO Box 551,
Sacramento, CA 95812-0551; phone 1-
800-821-3481, extension 3434.

DoD Further Clarifies BeO Status
— The Defense Electronic Supply Cen-
ter has further clarified its position on
the use of beryllium oxide (BeO) in mili-
tary electronic devices. According to its
most recent announcement, DESC is
requiring that military devices containing
the material be labeled with the chemi-
cal symbol “BeO”. DESC has written the
labeling requirement for BeO into MIL
Spec S-19500 covering semiconductor
devices, MIL Spec M-38150 covering
microcircuits and MIL Spec H-87111
covering heat sinks. Since the electron-
ics industry uses only solid forms of the
material, the action clarified beryllia’s
role for continued use in substrates and
insulators.

Tektronix Acquires Analytek Lim-
ited — Tektronix, Inc. recently
announced the acquisition of Analytek
Limited. Analytek is a five year old, pri-
vately held company specializing in high

March 1993



FREE desk reference, consultant,
resource center, and catalog.

The most
comprehensive

.....

Sturdy hardbound

edition with 688 pages
of facts, charts, graphs,
and information.

test and
measurement
catalog
available!

The latest
information on
1,500 products.

Specifications
for more than
500 new
products.

Background
information for
every class of
products.

Cross-indexed
for easy use.

© 1993 Hewlett Packard Co. TMT&M304/RFD

Get your free issue of the 1993 HP Test & Measurement
Catalog while supplies last.

The only way to get your
personal copy of the 1993
Hewlett Packard Test & Mea-

surement Catalog is to ask for it.

Give us a call, and we’ll send it
to you free.

Better than ever, with more
than 500 new products and 688
pages, it gives you complete,

up-to-date information on 1,500
test and measurement products
and services.

You'll find comprehensive
product descriptions with specs
and current prices, as well as
new product updates and
tutorials. It's even cross-indexed
to make feature and price
comparisons easy.

The source that engineers,
managers, technicians, and
buyers all consult is yours free
with a phone call. But hurry,
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before someone else walks off
with the last copy. And all the
answers.

Call today.
1-800-452-4844,
Ext. 7287.

Offer valid only in the U.S.A.

There is a better way.

[40 HEWLETT

PACKARD

Please see us at RF Expo West, Booths #430, 432, 444, 446, 529, 531, 543, 545, 547.



RF news

performance VME card modular digitiz-
ers for single-shot and multi-event signal
analysis. Terms of the acquisition were
not released.

Spectrum Allocated for LEOSATS
— The Federal Communications Com-
mission recently allocated spectrum
space for satellite based data communi-
cations services. At least three compa-

nies are expected to be granted licenses
by late 1993 or early 1994. The 137-
138, 148-150.05, 399.9-400.05 and
400.15-401 MHz bands have been set
aside for tracking, messaging and docu-
ment distribution applications. Volun-
teers in Technical Assistance (VITA)
currently uses the technology under an
FCC Pioneer’s Preference license to
transmit documents and messages to

Our 50 -

100 MH:z

Hybrid OCXO is

Keeping a Low Profile

* Fast warm up time
(less than 5 minutes)

* Will meet MIL-STD-883

fine leak requirements

Don't let this opportunity to
reduce your design space sneak
away. Call now for more
information.

ST Microsonics Corp.

60 Winter Street

Weymouth, MA 02188
617.337.4200

Fax 617.337.4208

Housed ina 2" x 2" x 0.75" hermetically sealed
package, ST Microsonics’ TK802 OCXO
features low phase noise and excellent stability
over temperature.

MICROSONICS CORP.
a subsidiary of Signal Technology Corporation

TK802 OCXO Hybrid
Guaranteed Specifications
(-20° to +70°C)

Frequency Range 50-100 MHz
Frquency Stability
vs. Temp +5X10*
vs. Time +1X10°%/Yr
Output
Power +7 dBm Min
Harmonics -20 dBc Min
Sub Harmonics -55 dBc Min
Spurious -80 dBc Min
SSB Phase Noise
Offset Level
100 Hz -100 dBc/Hz
1 KHz -135 dBc/Hz
10 KHz -155 dBc/Hz
Operating Power
Oscillator  +19 Vdc @ 50 MA Max

+28 Vdc @ 250 MA Max
$790.00 (Qty 1-9)

Heater
Price
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developing countries. Three other com-
panies, LEOSAT, Starsys Global Posi-
tioning, and Orbcomm have expressed
interest in developing products for the
newly allocated spectrum.

Digital Radio Proposals — Five
technical proposals were recently sub-
mitted to the Electronic Industries Asso-
ciation for a digital audio radio system.
The EIA is planning on starting tests on
the systems on April 15. The companies
submitting proposals are AT&T Bell Lab-
oratories; AT&T and Amati Communica-
tions Corp.; Thomson, for the European
Eureka-147 digital audio broadcasting
consortium; the Jerrold division of Gen-
eral Instrument; and NASA and Voice of
America.

US Tech Moves Headquarters —
US Tech has announced the move of
their headquarters and primary testing
facility from Roswell, Georgia to 3505
Francis Circle, Alpharetta, GA 30201.
An open house will be held on March
12th from noon to 4:00 p.m. for those
interested in touring the new facility. Call
(404) 998-9454 for more information.

Dale Electronics Awarded ISO
9001 Registration — The first ISO
9001 registration granted by Under-
writer’s Laboratories to a U.S. resistor
manufacturer has been awarded to the
resistor facility of Dale Electronics, a
business unit of Vishay Electronic Com-
ponents.

Haefely Undergoes Name Change
— Haefely Test Systems, Inc. recently
announced a name change to Haefely,
Inc. This change was necessary in order
to include the new responsibility of sell-
ing Haefely’s utility and power compen-
sation products, in addition to high volt-
age test systems for power equipment
and EMC test systems for electronics
and aerospace applications.

ISO 9001 Registration Awarded to
Okaya — Okaya Electric America has
announced that its parent company and
manufacturing facilities have received
certification to 1SO 9001. This quality
certification outlines a model for quality
assurance in design, development, pro-
duction, installation and servicing. The
ISO 9001 Certification of Okaya
includes the manufacturing facilities for
EMI/RFI Power Line Noise Filters, AC
Noise Suppression Capacitors and
Spark Quenching R-C Networks.
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RAKON TCX0’s

OUTSTANDING QUALITY & PERFORMANCE

Frequency Stability vs Reciprocal Temperature Ramp @ 2°C/min
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TXO0500
Size 0.72" x 0.47" x 0.18"

Long Term Aging Characteristics
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TX04010

* Miniature size

* SMD Low profile package available

« Excellent temperature stability performance
+1 to 2.5 ppm from -40 to 85°C

» No frequency perturbations

* Low power consumption of only 1.5mA

Size 0.72" x 0.47" x 0.35"

* Very low Hysteresis

* Low parts in 10" Alan Variance

» G sensitivity of 2x10"° typical

¢ Excellent vibration performance

» Clipped sinewave output

» Frequency range of 9.6 to 20 Mhz

RAKON

RAKON LIMITED

Private Bag 99943, Newmarket,

9 George Street, Mt Eden, Auckland, New Zealand.
Fax: 64-9-630 8797, Phone: 64-9-630 5010.

FAX YOUR ENQUIRY NOW. 64 IS THE COUNTRY CODE, 9 IS THE AREA CODE.
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RF news

Unitrek Acquires Cable Operation
— Unitrek Corp. has announced the
acquisition of the cable manufacturing
operation of Tektronix, Inc. Unitrek was
formerly an operation of Tektronix and
spun off in 1990. The acquisition of the
cable manufacturing unit assures Uni-
trek of a stable supply of speciality
cables for its custom products. Terms of
the sale were not disclosed.

Genisco Relocates Facilities —
Genisco Electronics has relocated its
final assembly, engineering, test opera-
tions, and administrative offices from
San Diego, Calif. to its parent company
facilities in Anaheim, Calif. Their new
address is 1230 South Lewis Street,
Anaheim, CA 92805. Tel: (714) 563-
4300. Fax: (714) 563- 4355.

The World’s
Most
Advanced
Emission
Microscopes
And Infrared
Thermal
Microscopes

and infrared micro-
scopes provide the best
available detection
capability and greater
sensitivity than any of
our imitators.

Barnes is the
acknowledged leader
in electro optics
instrumentation and
our state-of-the-art
microscopes are
based on patented
technology. Contact
our application experts
today to discuss your
specific semiconductor
design and failure
analysis requirements.

Barnes Engineering manufactures the most sensitive
instruments for analysis of microelectronics. Our emission

A New York Stock Exchange Company

DD BARNES 88 Long Hill Cross Roads
ENGINEERING Shelton, CT 06484
CORPORATION DIVISION Tel: (203) 926-4200

Fax: (203) 926-1030
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Motorola Receives Chinese Cellu-
lar System Order — Motorola recent-
ly announced that its Cellular infrastruc-
ture Group received its largest China
cellular system order. The Shanghai
Post and Telecommunication Adminis-
tration awarded Motorola an expansion
contract to add to its existing system.
The contract will bring the system total
to more than thirty cell sites extending
coverage in the city of Shanghai.
Shanghai was one of the first cities in
China to use cellular communications.

Radian and WELS Research Sign
Joint Agreement — Radian Corpora-
tion recently completed an agreement
with WELS Research Corporation to
produce an integrated weather decision
support system for environmentally sen-
sitive industries and activities. For the
new weather information decision sup-
port system, Radian will provide sensor
data to support a WELS-developed,
object oriented forecasting system. A
key source of sensor data will come
from Radian’s family of high perfor-
mance remote sensing instruments,
including the LAP™ -3000 radar wind
and temperature profiler and the
Echosonde Doppler acoustic sounder.
WELS will support the development of
the new system with its local area
weather forecasting system called
Weather Pro.

ASTeX Awarded DARPA Contract
— Applied Sciences and Technology,
Inc. announced that it has been award-
ed a contract from Defense Advanced
Research Projects Agency for the devel-
opment of equipment and processing
technologies for diamond substrate
material to be used in multichip mod-
ules. The contract for the first year is
$600,000 with optional second year
funding of $930,000. The ASTeX award
is aimed at the rapid commercialization
of cost effective techniques for large-
area diamond substrates to be produced
at high growth rates and to be used for
thermal management of electronic pack-
ages.

US West and Two Russian
Groups Selected to Coordinate
Cellular in Russia — US West Inter-
national, Intertelecom and VART have
been selected to coordinate a consor-
tium to construct an integrated 900 MHz
GSM digital cellular telephone service in
Russia. US West and its partners were
awarded the rights to build and operate
cellular systems in eight of the 12
regions available for development.
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& SURFACE-MOUNT

Finally, AFS low-noise performance in surface-mountable packages.

Commercially available low-noise amplifiers in surface-mountable chassis have lagged in noise figure and
dynamic range performance when compared to amplifiers in removable connector AFS chassis. A few
months ago MITEQ started a development program to study the feasibility of achieving comparable
performance with the commercial SMTO-8 chassis.

The successful results of this development are summarized below:

GAIN  NOISE 1 dB GAIN
GAIN  VAR. FIGURE  VSWR COMP.  NOM. DC
MODEL FREQUENCY (MIN.)  (MAX.) i (MAX.) OUTPUT  POWER
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For additional information please call Hillar Kiiss on extension 259.
M§ IT —q 100 Davids Drive, Hauppauge, NY 11788
L « TEL: (516)436-7400 * FAX: (516)436-7430
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RF news

ARFTG Call for Papers — The
Automatic RF Techniques Group has
issued a call for papers for its 41st con-
ference. The conference will be held on
June 18, 1993 in Atlanta, Georgia in
conjunction with the Microwave Theory
and Techniques Symposium. The con-
ference theme is “Managing Information
and Automated Testing”. Two copies of
the abstract and summary should be

sent to Richard Henle, Technical Pro-
gram Chairman, and should be received
no later than April 8, 1993. His address
is: Mr. R.A. Henle, JHU/APL, 13-S389,
Johns Hopkins Road, Laurel, MD
20723-6099. Tel: (301) 953-6000 ext.
7819.

Scientific-Atlanta to Provide
VSAT Network to Thailand — Sci-

_Geramic Bandpass
Filters fromTrans-Tech
200MHz to 2.5GHz

Backed by thirty-seven years of
ceramic manufacturing experience,
Trans-Tech is taking a leading role
in the development of ceramic

bandpass filters. Features include:

® Low Insertion Loss
» Small Compact Design
» Frequency Stability
= Mechanical Stability
» Competitive Pricing

l Insertion | Ripple | V.SSW.R. Attenuation
Typical Center |Bandwidth | Loss (dB){(dB Max.}| in BW {@fot MHz)

Applications* Frequency| f;+MHz in BW in BW Max. Min.
I Cellular 836.5 12.5 1.8 0.8 2.0 20(1,277.5)
l Cordless Telephone| 886.0 1.0 3.0 0.5 2.0 | 35(1,x71.0)
Spread Spectrum | 915.0 | 125 1.8 0.8 2.0 | 20(%+77.5)
( GPS 1575.0 10.0 0.7 0.5 2.0 20(1,+140)

* Other frequencies available, please call factory.

Ceramic Solutions for a Wireless World.

TransTechins

Wm, onne] 5520 Adamstown Rd. = Adamstown, MD 21710
1993 American Tel. (301) 695-9400 = Fax: (301) 695-7065
nggg’fesgc'ﬁuy £ TransTech, Inc. is a subsidiary of Alpha Industries, Inc
Achievement Award. dil Alpha
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entific-Atlantic recently announced that it
will provide a $4 million very small aper-
ture terminal network to Thai Skycom
Ltd., a common carrier based in
Bangkok, Thailand. The VSAT network
will enable TSL to offer satellite based
data, voice, fax, and video communica-
tions services to businesses and gov-
ernments throughout the Asia-Pacific
region. In its initial stage, the VSAT net-
work will consist of a turnkey 11-meter
satellite hub, a 4.5 meter mini-hub, 50
VSAT terminals, and 10 digital MCPC
terminals. More VSAT terminals will be
added as TSL customer demand grows.
The network is expected to be fully
operational within six months.

Harris Awarded Radio Contract —
The Sacramento Air Logistics Center
has awarded a multi-million dollar con-
tract to Harris RF Communications for
AN/URC-119(V) radios to be used by
the U.S. Air Force and the U.S. Navy
under the PACER BOUNCE program.
The initial contract is for $3.44 million,
with options for an additional two fiscal
years, which could bring the total to
$9.95 million. The AN/URC-119(V) is a
high-performance HF radio designed to
provide reliable, easily maintained long-
range voice and data communications
for fixed plant, transportable, shelter and
mobile stations.

lllinois Superconductor Wins U.S.
Commerce Dept. Contract — llli-
nois Superconductor has won a multi-
million dollar federal Advanced Technol-
ogy Program contract for a joint project
with AT&T and Ameritech to use ISC’s
high temperature superconductor tech-
nology to dramatically improve wireless
communications. The three-year, $3.5
million ISC program will develop a proto-
type cellular telephone base station that
will use high temperature superconduc-
tor technology to increase the number of
channels, improve signal reception and
stabilize radio frequencies.

Delfin Acquires Maxim Technolo-
gies and Major Contract — Shortly
after announcing the merger of Delfin
Systems and Maxim Technologies,
Deifin Systems’ new Signal Products
Division was awarded a contract by the
U.S. Department of Defense. While spe-
cific details of the DoD award were not
made available, it is the first multiple
order for the division’s new SIGINT
Manpack System (SMS). SMS is a line
of HF/VHF/UHF signal intelligence and
direction finding equipment.
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ANY KIT

OR LESS

CALL: 1-800-PENSTOCK (408) 730-0300
FOR OVERNIGHT DELIVERY ON TOKO PROTOTYPING KITS

Fixed Inductors $99°° LL Chip Inductors $49°°
Surface Mount inductors $99°° 5MM Surface Mount Coils *99°°
5MM Coils 59°° 7ZMM Coils $59°° 10MM Coils $59°° Molded Coils $59°°

= TOKO FEN/STDEK

RF/MICROWAVE DISTRIBUTION
INFO/CARD 24
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RF industry insight

Where Does HDTV/ATV Stand?

By Gary A. Breed
Editor

he present status of high definition

television HDTV (also called ad-
vanced television, ATV) is still some-
thing of a guess. The search for a ter-
restrial broadcast standard is proceed-
ing slowly in the U.S., the largest televi-
sion market and one of the few coun-
tries where the delivery of programming
is not provided by the government.
While sweeping changes in television
technology can be readily implemented
in many countries by simple mandate,
HDTV in the U.S. must be phased in
without disturbing the huge installed
base of transmitting and receiving
equipment.

HDTV Background

High definition television is based on a
few fundamental improvements over the
current worldwide television standards.
First, both horizontal and vertical are in-
creased approximately fourfold. Togeth-
er with other video processing tech-
niques, the result is a picture with rough-
ly the same detail as a standard 35 mm
photograph. Next, the proportions of the
picture will be 5:3, horizontal to vertical,
which matches the proportions of a mo-
tion picture screen (current television is
4:3). In side-by-side demonstrations of
studio-quality video, the HDTV systems
are an obvious improvement — espe-
cially when viewed on a large, wall-size
screen.

At the video baseband, HDTV re-
quires a minimum of 25 MHz bandwidth,
compared to 4.2 MHz for the current
U.S. NTSC standard. The principal
problem if HDTV then arises — it
requires the bandwidth of more than
four 6 MHz television channels. If the
principal medium of television transmis-
sion were coaxial cable or microwave
satellite links, this bandwidth could be
accommodated. However, terrestrial
television transmission is “over the air-
waves” and already occupies a signifi-
cant portion of the radio spectrum. The
principal problem, then, is the develop-
ment of a narrower bandwidth trans-
mission mode that allows transmission
of as much of the improved quality as
possible, without excessive spectrum
occupancy.

The Federal Communications Com-
mission (FCC) recently concluded test-

26

e General Instruments —

DigiCipher

¢ David Sarnoff Labs, Thom-
son Consumer Electronics,
Philips Consumer Electron-
ics, National Broadcasting
Company — Advanced Digi-
tal HDTV

e Zenith Corporation, AT&T —
Digital HDTV

¢ Massachusetts Institute of
Technology, General Signal
— Channel Compression

e NHK (Japanese Group) —
Narrow MUSE

The five competing systems for the U.S.
HDTYV broadcast standard.

ing of five systems competing to be-
come the ATV broadcast standard in the
U.S. Performance factors included in the
tests were both subjective and objective,
based on viewer response and mea-
surements of the received signals. Per-
ceived quality, transmission range, inter-
ference, and other factors have been
evaluated for the five systems. The ap-
proval of a standard was to have been
completed by mid-year.

However, testing revealed greater in-
terference to existing NTSC transmis-
sions than expected. By the time this re-
port is published, the FCC is expected
to have announced re-testing of the sys-
tems with modifications to reduce the in-
terference level. If this proceeds as ex-
pected, a standard will not likely be de-
termined until early 1994.

The issue of re-testing has arisen be-
fore, with system developers expressing
concern about matters ranging from
quantitative evaluation of actual picture
resolution to noisy video sources and
improper equipment setup. Re-testing
for interference may allow some of
these other testing matters to be ad-
dressed at the same time.

In the meantime, other portions of the

HDTV arena are being addressed. Sci-
entific Atlanta has been pursuing a digi-
tal compression technique that requires
smaller bandwidth for satellite or mi-
crowave transmission of full-quality
HDTV video, with a minimum of loss in
quality. Chip sets for the major systems
are in development laboratories at major
semiconductor manufacturers, each
hoping that they are betting on the right
system. Limited HDTV broadcasting in
Japan, both terrestrial and via satellite,
is a reminder that HDTV was initially de-
veloped in that country.

The Cost of Viewing

The FCC’s Advanced TV Systems Ad-
visory Committee recently released an
estimate of the initial cost of receivers
for HDTV. Very smali differences were
found among the five different systems.
Consumers purchasing the first HDTV
sets can expect to pay around $2500 for
a 34-inch direct-view (picture tube) set,
or $3800 for a 56-inch projection sys-
tem. The prices are surprisingly compa-
rable to other high-end consumer prod-
ucts.

Prices are expected to drop rapidly as
programming becomes available in the
HDTV format, and as accessories such
as HDTV VCRs (already developed and
waiting for the market) become widely
available. Another major factor is the de-
gree of quality improvement perceived
by the viewers, not just experts and tele-
vision professionals. On the broadcast
end, studio equipment is already devel-
oped, with the major networks and many
broadcast stations budgeting for upgrad-
ed facilities to originate HDTV program-
ming.

At present, the estimates of a phase-
in time range from 7 to 20 years follow-
ing the first U.S. HDTV broadcasts.
Concurrent NTSC and HDTV broad-
casts will be continued as long as nec-
essary to assure that existing television
sets are not rendered obsolete. RF

For reprints of this report, contact
Cardiff Publishing Company at (303)
220-0600. Ask for the Circulation De-
partment.
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ULTRA-BROADBAND
RF POWER AMPLIFIE

From KALMUS ENGINEERING, Of Course!

ALL SOLID-STATE MOS-FET RF AMPLIFIER SYSTEMS
MODEL  RFOUTPUT  FREQUENCY RANGE  BAIN  USA PRICE

——y

700LC  1.5WCW 003-1000MHz ~ 33dB § 1,695

704FC AW CW 5-1000MHz ~ 33dB § 2,195

210LC  10WCW 008-225MHz ~ 40dB § 2,495

! 710FC  10WCW 1-1000MHz ~ 40dB $ 6,695
‘727LC 10WCW 006-1000 MHz ~ 44dB  § 7,750

NEW 713FC  15WCW 10-1000MHz  42dB  § 4,250
251C 25WCW 01-225MHz  40dB § 3,295

*737LC  25WCW 01-1000MHz ~ 45dB  $ 9,995

712FC 25WCW 200-1000MHz ~ 45dB  § 6,950

NEW 714FC  30WCW 10-1000MHz ~ 45dB  § 9,950
250LC  50WCwW 01-225MHz ~ 47dB  § 5,250

715FC  50W CW 200-1000 MHz ~ 47dB  §16,990

707FC  50WCW 400-1000MHz ~ 50dB $ 9,990

NEW 716FC  50WCW 10-1000MHz ~ 47dB  $17,950
'747LC  50WCW 01-1000 MHz ~ 47dB  $ 19,500

116FC  100W CW 01-225MHz  50dB $ 8,800

709FC  100W CW 500-1000 MHz  50dB
717FC  100W CW 200-1000 MHz ~ 50dB  $ 19,500
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NEW 718FC  100W CW 10-1000MHz ~ 50dB  § 26,950
*757LC  100W CW 01-1000MHz ~ 50dB  $ 29,950
122FC  250W CW 01-225MHz ~ 55dB  §$ 14,650

723FC  300W CW 500-1000 MHz ~ 55dB  $ 29,295
LA500G 500w CW 500-1000MHz ~ 57dB  § 53,500

RUGGED VAGUUM TUBE DISTRIBUTED AMPLIFIERS

EMI-EMG-RH

116C  100W CW 01-220MHz ~ 50dB $ 9,295
122C  200W CW 01-220MHz  53dB  $ 11,750
134C  500W CW 01-220MHz ~ 57dB  $ 19,800
137C  1000W CW 01-220 MHz ~ 60dB  $ 27,550
140C  2000W CW 01-220MHz  640B  $44,990

AC Operation

Fully Protected

Drive Mismatched Loads
No VSWR Shutdown

ALC Flat Gain Response
Remote Functions
Lowest Prices

Warranty: Full 18 months all parts. Vacuum tubes 90 days.
* Indicates Dual-Band System (coaxial band switching)

er_/Jj // >

N

ERVVE GHISNSE |8

1-800-344-3341 More Than 200 Standard Models
(206) 485-9000  (206) 436-9657 pe o

21820-87th S.F.  Woodinville, WA 58072 USA
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TRAK Commerc

Designed For Quality. Built For Per

Unbeatable Quality Enter the Commercial Products Division

For many years engineers designing circuits over the VHF Now TRAK’s Commercial Products Division offers these
to microwave spectrum have recognized TRAK as a supplier well-known TRAK qualities at highly competitive prices for
of top quality components and subsystems. commercial applications. If you don't require the high

These products have been used in many 3 overhead expense that comes with MIL
applications from the earliest space Q-9858A or BS5750 you don't have to
programs to fighter aircraft to missiles to | Parameter Performance | pay for it — but you get the same high
communication systems. Frequency 860-900 MHz | quality!
Leading Edge Engineering Isolation 25 dB Minimum Products

Insertion Loss 0.3 dB Maximum

TRAK is recognized for its innovations TRAK is producing circulators,

VSWR a1l

A isolators, crystal controlled oscillators
Operating Temp. 0-40°C

and phase locked oscillators for Cellula

in RF and microwave product design.
Our engineers have shrunk sizes while i A o3t
S verage Power atts £ itk '
maintaining high performance and have £l <K Radio, Wireless Telephone, Microwave
W
introduced innovative packaging e 960 Diameter x 250 High Links, and Test Equipment. TRAK

techniques now emulated by others. Commercial Products Division also




ial Gomponents:

formance. Priced For Competition.

offers frequency multipliers, comb generators, IF amplifiers
ey W TRAK MICROWAVE
American and European Manufacturing CORPORATION

Our plants in Tampa, Florida and Dundee, Scotland give
you a choice. Get the same high quality at commercial prices.

TRAK COMMERCIAL PRODUCTS DIVISION _I IN K

[ TRAK
Jim Riddle Ken Allstaff ol
TRAK Microwave Corp. TRAK Microwave Ltd.

4726 Eisenhower Blvd. 4 Lindsay Court

Tampa, FL 33634 Dundee, Scotland DD2 1TY
Tel: 813-884-1411 Tel: (0382) 561509
FAX: 813-886-2794 FAX: (0382) 562643

TOTAL QUALITY
LEADERSHIP
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You don’t always get
what you pay for.

With PTS synthesizers, you get more.

Because we're synthesizer specialists, we give .

you more for your money in more ways than one. All of our synthesizers feature low power

From our economy PTS x10, to our space- consumption, low spurious output (as low as
saving PTS 310, to our top-of-the-line PTS 1000, -75 dBc), low phase noise, and fast frequency
we have more models to cover your source needs switching (as fast as 1 usecond).

from 100 to 1 GHz. And all of our models are available, at a lower

price, in a remote-only OEM configuration for
¢ OCXO, TCXO or external standard, easy integration into your OEM system.

iggl% :S?IF g(;n from Our full catalog has all the information you

DDS with phase- need to specify the

continuous switching, frcl)OSrt synthesizer for
digital phase rotation, your money.

BCD or GPIB : » Call or FAX us for your
remote control, A B copy, or for immediate

and almost a hundred - engineering assistance.
others to let you specify a

synthesizer so well-tailored
to your requirements that
it's like having one custom made for you.

Our priority in design and manufacturing is to

make our synthesizers more reliable, and this

has led to a demonstrated MTBF of 25,000

hours. That's why we can back them with our

all-inclusive 2-year warranty, along with a flat-

rate service charge for eight years following the P.O. Box 517 Littleton, MA 01460
warranty period. 508/486-3008 FAX 508/486-4495
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RF featured technology

An Introduction to RF/Microwave
Filter Design

By David R. Loker
The Pennsylvania State University at Erie

Filter design is a common and useful
means of attenuating or rejecting un-
wanted signals such as out-of-band sig-
nals and noise in receivers. Often it is
necessary to remove additional signals
which are a result of processing by non-
linear circuits such as harmonic genera-
tors and saturating amplifiers. Most high
frequency filter designs or RF/mi-
crowave filter designs use transmission
line stubs as the basic elements of the
filter, but lumped-element filters are oc-
casionally used. In this paper, both
types of filters will be discussed.

he purposes of this paper are to pre-

sent a review of lumped-element fil-
ter design, specify the relationship be-
tween lumped-elements and distributed-
elements, and design RF/microwave fil-
ters using transmission lines.

Filters are classified by their frequency
selection characteristics. The principal
categories are lowpass, highpass, band-
pass, and bandstop. Also, various para-
meters are used to describe filter perfor-
mance. For the lowpass and highpass
filters, the cutoff frequency is the fre-
quency at which the passband ends and
is defined by some dB of attenuation.
For bandpass and bandstop filters, two
such cutoff frequencies or band edge
frequencies exist which are defined by
some dB of attenuation. The difference

specific values for each element to give
the desired characteristics. One attack
on this problem is known as Darlington
Synthesis (1). Rather than carry out this
synthesis procedure, normalized tables
(2) exist which permit the determination
of each element of the filter. It simply
becomes necessary to scale the ele-
ment values for the desired cutoff fre-
quency and system impedance. This will
form the basis of filter design in this

paper.

Lumped-Element Filter Design

There are many types of filter re-
sponse characteristics. These are listed
in Reference 3 and are the Butterworth
filter, the Chebyshev filter, the elliptical
filter, and the Bessel filter. This paper
will concentrate on the design of Cheby-
shev filters since they provide the maxi-
mum possible stopband insertion loss
for a specified maximum passband in-
sertion loss.

The Chebyshev lumped-element low-
pass filters consist of a ladder network
of series inductors and shunt capacitors.
As explained earlier, the values for the
inductors and capacitors and the fiiter
order are based upon the desired filter
characteristics.

The equation governing the Cheby-
shev response is shown below.

1

IS, |2 = forward transmission
coefficient using S-parameters

Thus, insertion loss (IL) is defined as
shown below.

IL = +10LOG [1 + £*(cos?®(Ncos'w))]
(] (2)

= +10LOG [1 + €*(cosh?(Ncosh'w))]
o1 @

The filter order can be determined by
using the following formula.
A
1010 — 1
2

£
~ cosh (o @) 3

cosh ‘\

where:

N = filter order (number of reactive ele-
ments)

€ —npplefactor- 1010 ~ 1}
r = ripple in dB

w, = cutoff frequency

w, = stop frequency

A = attenuation in dB at w,

The elemental values for the Cheby-
shev filter are found using the following
equations:

in frequency bgtwgen these two band |32||2 m— () R =tanh¥(B/4) for N even (5)
edge frequencies is the bandwidth. In e’ T3 (w)
addition, some types of filters exhibit Ri=# for N odd (6)
small changes in the attenuation charac- where: g, = 2a,/p @)
teristic of the passbhand. This is called
the ripple and is the maximum allowable  T?(w) = cos’(Ncos ') for m<1 g, = Baa® po K= 2,3,...N (8)
attenuation in the passband. Other per- = cosh?(Ncos'w) for w>1 Br-1G 4
formance parameters will be discussed 2 _ 107191 where:
later in the paper. M
Filter design consists of finding the  r=ripple in dB B—In[coth r

number of elements needed and the N = filter order as an integer F o s T

1 OHM ) In-1 ( 33 i

Nl i bhah " . ) 4 3 ¥ g \

N R In-1 R

Figure 1. Lowpass prototype network with capacitive

input.
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Figure 2.
input.

Lowpass prototype network with inductive

31



10 9 Gy N-1 1 OHM

N1 %2 In-1,1 Fn-12

= == — -

N1

Figure 3. Highpass prototype network.

r=ripple in dB p = sinh (B/2N)
(2k - )z b, = p? + sin’(kw/N) for k = 1,2,..,N
T sun[ 5N 1 for k=12,...N R = terminating resistance
J
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MAM (ACMOS) and MEH (ECL}
Oscillators

~
4

Figure 4. Bandpass prototype network.

Where it is inconvenient to program
these equations on the computer, tables
(2) can be used which give the elemen-
tal values for a given ripple characteris-
tic and filter order.

There are two possible lowpass proto-
type networks using the elemental val-
ues discussed previously. From Figures
1 and 2, two possible filter configura-
tions are shown: one having a capaci-
tive input and one having an inductive
input. The choice between the two de-
signs is based on the availability and
cost of the capacitors and inductors, and
on any stability considerations. For ex-
ample, some amplifiers will oscillate with
capacitive or inductive loading at high
frequencies.

As mentioned previously, the filters
shown in Figures 1 and 2 are normal-
ized for a system impedance of 1 ohm
and a cutoff frequency of 1 rad/sec.
Thus, to find the practical filter, the ele-
mental values must be scaled. In order
to scale for a system impedance, R, and
a cutoff frequency, o., the following
equations are used.

L,—)EL (9)
c
g
Co=—— (10)
R(Dc

In general, the design procedure con-
sists of determining the filter order
based upon a specified attenuation in
the stopband, calculating the required
normalized elemental values based
upon the filter order and amount of
specified ripple, and scaling for the de-
sired system impedance and cutoff fre-
quency.

Based upon this general design pro-
cedure for lowpass lumped-element fil-
ters, one can use simple transforma-
tions for the design of highpass, band-
pass, and bandstop filters. For the high-
pass filter case, the following transfor-
mations are used.

gi— 1/g (11)
series L — series C (12)
shunt C - shunt L (13)
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Figure 5. Bandstop prototype network.
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Figure 6. Chebyshev LPF lumped-element network.

The capacitive input lowpass proto-
type network of Figure 1 is transformed
into the highpass network shown in Fig-
ure 3.

For the bandpass filter case, the fol-
lowing transformations are used.

series Lo series LC (14)
where L=g5. C=ﬂ-

Aw gR w3
shunt C—shunt LC (15)
where L=B_A_‘”' c=-3_

(Dggl RA®
OHBO_(L&) (16)

Al Wy ®

where:

wo=ctr. freq. in rad/sec.= o,

®,,w, = lower and upper band-edge
freq. in rad/sec.

Aw = bandwidth = w,—w,

Shown in Figure 4 is the bandpass
prototype network using the previous
transformations. The following transfor-
mations are used for the bandstop filter.

series L — shunt LC (in parallel) (17)

where L=9£, = 40
Aw®

gRw3
shunt C — series LC (18)
whre L=RA—(°, C=——g'—
(1)% g RAw
where:
Wy { O o
by (19)
Wi W o
where:

wp=ctr. freq. in rad/sec.= V" W0,

0,0, =lower and upper band-edge
freq. in rad/sec.

Aw = bandwidth = @, ~ ®,

The bandstop prototype network is
given in Figure 5.

As an example, consider a lowpass fil-
ter with the following requirements.

I = 0RNGE
2. f.. =1110.GHz
3iits, = 2H0IGHZ
4.A =30dB
55RI=IS0

In accordance with these filter require-
ments, a fifth-order filter is used. After
scaling for impedance and frequency,
the resulting network is shown in Figure
6. This circuit is simulated on SPICE
with the results shown in Figure 7.

Distributed-elements

Apart from the job of carrying signal
energy from one part of the circuit to an-
other, transmission lines or distributed
elements may be used as filtering ele-
ments just like inductors and capacitors.
The equation for the input impedance of
a transmission line has been developed
in Reference 4 and is shown below.

7. = ZrCosBl+jZysinfl
INT 207 cos Bl +jZasinpl

(20)

where:

Z, = XMS line characteristic impedance
Zg = load resistance

f =wavenumber= %E
(expressed as the phase change of
a wave traveling down a transmis-

sion line)
| = length of transmission line
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For a short-circuited transmission line,
the following holds true:

Z,=0 (21)
7=z 2B 22
AN ZOZOCOSBI jZ,tanp (22)
J 2l
=]ZotanT

From this equation, it is observed that
the impedance of the transmission line
is purely reactive and that it is a function
of its length. The shorted transmission
line exhibits a positive reactance (or in-
ductive) from $I=0 to Bl=n/2. At the latter
condition the following holds true:

el

pl 2 Th (23)
|=% (24)

Since the length of the transmission
line is a quarter-wavelength long, the
transmission line is called a quarter-
wavelength shorted stub. As Bl increas-
es from n/2 to &, the reactance is nega-
tive or capacitive.

The quarter-wavelength frequency
can be defined as shown below.

A v
|=—==¢ 25

i @9
s f=Yef 26
f 4 ) (26)
Then:

r 2n( ve

Zn=jZotan—| — 27
N=)Zo A (4fo] (27)
RVAINESS VA 2\ %

It can be seen that the stub will exhibit
a periodic resonant behavior, alternating
between inductive and capacitive reac-
tances as the frequency f varies. Such a
stub can be used as a filtering element
just like a parallel LC tank circuit. A simi-
lar result occurs for the open-circuited
transmission line.

ZrCospl .

IZn=2o iZasinpl jZrcotBl (29)

For the quarter-wavelength transmis-
sion line:

nf f
=—j t—| — 30
Zin=~]2ZoCO Q(fo] (30)

Again, this stub will exhibit a periodic

RF Design

resonant behavior, alternating between
capacitive and inductive reactances.
This stub can be used as a filtering ele-
ment just like a series LC circuit.

Thus, it has been shown that for fre-
quencies less than the quarter-wave-
length frequency, the short-circuited
stub acts inductive and the open-circuit-
ed stub acts capacitive. The reverse
holds true for frequencies greater than
the quarter-wavelength frequency. This

is the relationship that exists between
distributed-elements and lumped-ele-
ments.

Transmission-Line Filter Design
In the previous section, it has been
shown that transmission-line stubs may
be used as filtering elements just like in-
ductors and capacitors. Open-circuited
stubs are treated as capacitors and

short-circuited stubs are treated as in-
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Figure 7. Chebyshev LPF lumped-
element response.

ductors. This makes it possible to de-
sign filters using transmission-line stubs.
As with the lumped-element filters,
first let's consider the transmission line
lowpass filter. The design procedure is
very similar compared to the lumped-el-
ement case. The filter order is found by
using equation 4 with frequencies o re-
placed with the variable shown below.

0—>Q-= tan E+ 1 (31)
\2 fo

where:
f= either cutoff or stop freq.
fo = quarter-wavelength freq.

Based upon this filter order, the ele-
mental values are determined as dis-
cussed previously.

The elemental values are scaled for
the proper impedance and cutoff fre-
quency as shown below.

Lo D9 (32)
Qc
g
Ci—
RQ: (33)

Now, the lumped-elements are re-
placed by transmission lines. The series
inductor is replaced by a short-circuited
stub and the shunt capacitor is replaced
by an open-circuited stub. The imped-
ances for the transmission lines are
found as shown below.

Li—Zo (shorted stub)
1
Ci— — (open stub)
Zo

Following this general procedure for the
lowpass design, the same transforma-
tions discussed previously are used for
the design of highpass filters.

Since the transmission lines have a
periodic nature, these filters exhibit re-
peating passbands and stopbands. It
follows that true lowpass and highpass

S0 OHM 48 Sl OHM

B
s )
76 48 omn

T3 S0 OHM
79 48 OHM

Figure 8. Chebyshev transmis-
sion line network.

300w 4
200w ¢ +
100w +
ow -
GO 0%h 106n 1%k 206 23h  306A 3 5CA 406k
7
Frommacy

Figure 9. Chebyshev transmis-
sion line response.

filters can’t be built using equal-length
stubs.

Based upon the previous designs, the
lowpass filter is really a bandstop filter
and the highpass filter is really a band-
pass filter.

As an example, assume a lowpass fil-
ter is needed with the following require-
ments:

iz =I00IdB

2.fo =1.0GHz

3.f. =0.5GHz

4.f, =0.8 GHz which extends to 1.1
GHz minimum

5 A =10dB

6. R =50

These requirements result in a third-
order filter. The filter is scaled for both
impedance and frequency and is shown
in Figure 8. The circuit is simulated on
SPICE and the results are shown in Fig-
ure 9.

Conclusions

In this paper, an introduction to RF/mi-
crowave filter design has been given.
The design of RF/microwave filters has
been based upon the design of lumped-
parameter filters. The lumped-elements
can then be replaced with distributed-el-
ements such as transmission lines. The
same design techniques used for
lumped-element filters can then be ex-
tended to distributed-element filters
using transmission lines.

As was previously shown, transmis-
sion lines have a periodic nature. As a
result, true lowpass and highpass filters
can’t be realized using constant line
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length transmission lines. Instead, only
bandstop and bandpass filters can be
realized. RF
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RF featured technology

The Mechanical Filter in HF Receiver

Design

By William E. Sabin
Consulting Engineer

The high quality HF communications
receiver for AM, SSB, CW and narrow-
band data modes presents many inter-
esting design problems in terms of sen-
sitivity, strong signal immunity, frequen-
cy control/readout and selectivity. A
major goal is to achieve a high ratio of
performance to cost. This article dis-
cusses the circuit design aspects of a
new generation of Collins mechanical fil-
ters in the IF section as a way to help
realize these goals. The present discus-
sion focuses on the analog receiver sig-
nal path.

he example filters to be discussed

here are the Collins Low Cost Series
(526-8634/5/6-010), made by the Filter
Products Division of Rockwell Interna-
tional, Costa Mesa, CA. These filters are
centered at 455.0 kHz and come in
3 dB/60 dB bandwidths of 0.5/2.0,
2.5/5.2 and 5.5/11 kHz. They have a
maximum insertion loss of 6 dB. They
use the newly perfected Torsional Mode
design (1) which leads to performance/
cost and performance/size ratios which
are unprecedented in the long history of
the IF mechanical filter. Figure 1 con-
veys their impressive dimensions (1.25
x 0.5 x 0.25 inches). A wide range of
other miniature Torsional Mode filters
are also in the product line. The Collins
Radio Company (now part of Rockwell
International) started manufacturing me-
chanical filters in 1952.

Receiver Topology
A brief review of the analog receiver
system architecture will help to put the

=3 - ] o S8 TN
Figure 1. Collins mechanical filter
with size comparison.

RF Design

mechanical filter into perspective as a
receiver component.

Figure 2a is a block diagram of an ar-
chaic HF general coverage receiver
which uses a 455 kHz IF frequency. in
order to avoid spurious responses which
are from signals 910 kHz away (the
image response) and others, notably the
one only 227.5 kHz away (the fourth
order “IF/2" response), multiple tuned
circuits at signal frequency are needed.
Even-order responses like the IF/2 may
be somewhat reduced if balanced mixer
circuits of some kind are used. But still,
the gang-tuned and gang-switched pre-
selector and local oscillator assembly is
much too expensive and too inadequate
for today’s performance and cost re-
quirements. Instead, the “upconversion”
approach shown in Figure 2b is an im-
provement. The implication and the cost
burden of upconversion is that the fre-
quency stability requirements for the
very high frequency local oscillators
(LO) mandate a synthesized, low phase-
noise first local oscillator which is now
digitally switched and tuned, and an
equally stable second mixer fixed, or
vernier tunable, LO. The state-of-the-art
in synthesizer design and cost has ad-
vanced so dramatically that upconver-
sion is now the accepted approach,

even for low cost receivers.

The tightly controlled and stable cen-
ter frequency and passband of the me-
chanical filters make them especially de-
sirable where synthesized, accurate
local oscillators are used.

The same image and IF/2 responses
mentioned above must now be rejected
by the first IF filter. Its stopband require-
ments are therefore very stringent; 90
dB rejection minimum, is needed in
today’s world of really big HF signals,
coming from large, high gain receiving
antennas. An additional 100 MHz IF fil-
ter can be used to achieve the required
rejection. More commonly, a more desir-
able IF filter is used by including a third,
lower IF in the 10 MHz region. The spu-
rious responses of the first mixer are
controlled by a 1.6-30 MHz highpass/
lowpass filter or possibly by PIN diode-
switched half-octave filters. The first IF
filter helps to minimize the spurious re-
sponses of the second mixer. Figure 2¢
is the method usually found in practice
today in high quality, narrowband HF re-
ceivers.

A low cost alternative for the approach
in Figure 2b, occasionally used, would
be an image reducing second mixer.
This can reliably add an additional 20
dB or perhaps 30 dB of image and IF/2

FILTER

WIDE- FIRST 100 W2 SECOND & el
8o W& If FILTER -9 NIXER IF FLTER| | IF ML H
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= m
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Figure 2. The evolution of the modern HF receiver.
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rejection, which may not be enough, at
the relatively low cost of some additional
mixer and LO circuitry.

And of course the various LO and IF
frequencies in the multiple conversion
receiver must be optimal in terms of har-
monic intermodulation (IM) products
(harmonics of the LO’s combining with
harmonics of the RF/IF to produce spurs
within the IF passbands (2,3,4)). For this

reason, the first IF is preferably greater
than three times the highest signal fre-
quency. But if a sufficiently high level
first mixer is employed, a ratio of greater
than two to one may also be an accept-
able approach (it does a better job of re-
jecting harmonic IM products). Also, in-
ternal “tweets” (various LO frequencies
leaking into places where they don't be-
long) must also be minimized, therefore

Collins Bandpass
Mechanical Filters

The Affordable Generation |

526-8630-030  3.30 8
526-8561-030  8.50 8
526-8615-020  16.0 8

455 kHz
Part 3dB Bandwidth  Number of Part 3dB Bandwidth ~ Number of

Number (kHz) Resonators Number (kHz Resonators
Upper Sideband Symmetrical
526-8519-010 2.00 7 526-8634-010 .500 7
526-8642-010 2.50 8 526-8611-010 .950 6
526-8537-010 3.00 7 526-8679-010 2.25 8
526-8605-010 3.00 12 526-8635-010 2.50 8
526-8522-010 3.20 12 526-8592-010 3.00 i

3 526-8518-010 3.00 12

Lower Sideband 526-8636-010  5.80 8
526-8523-010 2.00 7 526-8561-020 8.50 8
526-8643-010 2.50 8 526-8560-020 10.5 8
526-8536-010 3.00 7 526-8591-010 12.0 6
526-8604-010 3.00 12 526-8639-010 16.0 8
626-8521-010 3.20 12 526-8638-010 20.0 8

Filter Sets Phase Matched to +3° across 70% of the 3dB bandwidth

’ ' Rockwell
International

Pricing: Above fiters range from $31 to $239 per filter (100 pcs.).
Thousands of other designs available in the frequency range of 4 kHz to
525 kHz with bandwidths of .02% to 6.0% of the filter center frequency.

Filter Products
Rockwell International
2990 Airway Avenue
Costa Mesa, CA 92626

Phone (714) 540-7640
FAX (714) 641-5320
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internal shielding and iead filtering are
critical aspects of the design. An inter-
esting example is when the 110 MHz
LO, Figure 2c, leaks into the first mixer.
A vulnerability to a 10 MHz antenna sig-
nal occurs (IF feedthrough). A very im-
portant consideration is the distribution
of gain and noise figure along the signal
path. The high frequency IF filters pre-
ceding the mechanical filters are usually
substantially wider (but see later discus-
sion), and since AGC is usually pro-
duced only by signals which pass
through the mechanical filter, the early
stages are vulnerable to strong signals
which are inside the wider band but out-
side the mechanical filter band. There-
fore the early stages must have low
gain, low noise figure and high inter-
modulation performance. These conflict-
ing goals lead to some difficult tradeoffs.
In other words, the desire to put the
“knothole” close to the antenna is not re-
alized in the upconversion receiver
which is intended for narrowband
modes.

A consequence of low front end gain
is that the gain after the mechanical fil-
ters must now be increased, and this
can cause high levels of wideband noise
to be generated which degrades receiv-
er sensitivity (5). In a narrowband
CW/FSK receiver, in particular, a sec-
ond narrow filter downstream is often
used to establish the required narrow
noise bandwidth. This in turn can cause
AGC loop design problems because of
the time delays that the cascaded filters
introduce. The second filter may be kept
outside the AGC loop. Alternatively, an
audio bandpass filter in conjunction with
an image reducing product detector is
an acceptable solution (5), except that
wideband IF noise may affect the perfor-
mance of the AGC circuitry.

A compromise approach is shown in
Figure 2d. The wide AM filter, with its
lower group delay, is always in place
and an IF amplifier drives the switched,
narrower filters at a higher signal level
(say 20 dB or so0). The AM filter provides
at least some 6 kHz wide “roofing” pro-
tection for the circuitry preceding the
other filters.

Another approach, often used, is to
use the design in Figure 2c and let the
10 MHz filter be the roofing filter (a crys-
tal filter) with a bandwidth of, say 10
kHz. Its shape factor is not critical since
the mechanical filters do the “hard
work”. This is an excellent method, but
involves a relatively low cost crystal filter
(4 poles).

A further elegant escalation is to use a
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WAVETEK COMPONENTS DELIVER

More than 20 years in the design and
manufacture of high performance
attenuators and filters has led us to one
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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stones of all Wavetek components:
miniature passive filters from 500 KHz

e t0 4 GHz, programmable attenuators
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Please see us at RF Expo West, Booths #806, 808.
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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,
“communications, 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.

WAVETEK:




DIGITALLY TUNED

HOPPING FILTERS

Our High Q Hopping Filters and
Preselectors are great whenever
you want precise digital tuning
and narrowband RF selectivity.
Our PIN diode tuned filters use
no varactors. Consequently,
they achieve high intercept
performance and excellent
selectivity with low loss.

10 Watt
POWER POLE

BANDPASS
FILTERS

« 10 uS tune time
*+3dBBW: 2% to 20%
* + 40 dBm IP; inband
» 10 Watts RF power inband '§
* 1.5 MHz to 1 GHz in 8 Bands
» 251 tune positions/band

= Internal decoding and drivers

« Less than 2 in 3 - worlds tiniest

PRESELECTORS

« HF 1.5 to 34 MHz (750 tune steps)
« PC /AT Computer Board

1.5 to 88 MHz (1000 tune steps)
30 to 700 MHz (1000 tune steps)

C ORPORATI ON

5530 Union Centre Drive

West Chester, Ohlo 45069

Phone / 513 870-9060 - Fax / 513 870-9064
1-800-HOPPING
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Figure 3. Matching mechanical filter to driver and output stages.

more elaborate 10 MHz crystal filter and
then manipulate the various local oscil-
lators in such a way that the intersection
of the crystal filter passband and the
mechanical filter passband produces a
variable bandwidth and a variable center
frequency. As these are changed the
net tune-frequency remains constant.
Pairs of AM, SSB or CW filters with
matched frequency responses are most
effective. This method creates a valu-
able “operator’s aid” feature.

impedance Matching the
Mechanical Filter

The termination requirements for the
mechanical filters are shown in Figure 3.
The source Zg and load Z should be
2000 ohms, within 5 percent and as
purely resistive as possible across the 6
dB bandwidth, and should not become
highly reactive in the transition bands
(see later discussion). The matching
networks establish the correct value of
load impedance, R gap, at the output
terminal of the driver stage (to establish
the desired gain, stability and maximum
output excursion for that stage) and the
correct value of source impedance,
Routeuts for the output stage (to estab-
lish the desired input excursion, noise
figure and stability for that stage). They
also determine the ratio Vg/Vyy which
is needed for correct gain distribution.
The physical resistors, Rygr, are usually
required in order to help meet all of the
above requirements simultaneously (see
text below for a further word of clarifica-
tion of this point). Some signal power is
lost in them, but at this point in the sig-
nal path some resistive loss is tolerable.
Some of this resistive loading resides
within the QX product of the matching
network inductors. Also, in the interest
of accurate filter termination, the resis-
tive loading supplements the loading by
the active devices, which often show
considerable variation over temperature
and production tolerances.

Variations in the filter input and output
impedances Z¢  and Zg o,y also affect
Z,oap @nd Zgrpyr (Figure 3). Figures 4
and 5 show typical AM filter impedance

Figure 4. Filter input-Z magnitude
vs. frequency.
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Figure 5. Filter input-Z angle vs.
frequency.

magnitude and phase plots. In particu-
lar, the out-of-band overloading tenden-
cy at the output terminal of the driving
stage could be degraded by a large in-
crease in Z gap outside the filter pass-
band. The matching networks should be
designed with this potential problem in
mind. Equally important is that the filter
will work properly if it “sees” the correct
Zs and Z, at each end.

The L Network

The method shown in Figure 6 is a
simple network which provides the nec-
essary impedance transformation from
some high value down to 2000 ohms
without “coloring” the frequency re-
sponse of the mechanical filter. The idea
is to let the mechanical filter provide the
selectivity. This method provides a very
easy way to achieve resonance and im-
pedance matching simultaneously. The
behavior of this network can best be vi-
sualized with the Smith Chart diagram of
Figure 6, in which the center point is
normalized at 2000 ohms. Starting at
some desired high value of R at 455
kHz, the shunt coil has an inductive sus-
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Can you pick out the right

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-
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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.

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

We can test for all curtent 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
easier.

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

Headquarters: Delaware Water Gap, PA 18327-0136
TEL: 717-424-8510 FAX: 717-424-6213

Western Division: 505 Porter Way, Placentia, CA 92670
TEL: 714-579-7100 FAX: 714-579-7105

European Division: Champ Tignée 34, 4671 Barchon, Belgium

Where Shielding
is a Science
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Figure 6. Matching network (L-network) without stray

capacitance.

ceptance which traverses the path AB. It
arrives at the 2000 ohm constant resis-
tance circle at point B. A series capaci-
tive reactance then traverses the path
BC, where C is 2000 ohms. As the fre-
quency varies from 450 kHz to 460 kHz
the value of Zg (or Z) varies along the
path DCE.

A complication occurs because of the
stray capacitance, Cg, shown in Figure
7. This consists of the capacitances of
the coil, the wiring and the active device
involved. The Smith Chart of Figure 7
shows that now the inductive suscep-
tance must be significantly greater, path
AB. The shunt capacitive susceptance
of Cg lies along the return path BC, as
shown, and point C is on the 2000 ohm
circle, just as before. In other words, the
“effective” inductive susceptance is the
path AC. Series capacitive reactance
then traverses CD to the 2000 ohm
point. But when we look at the spread
(EDF) of Zg (or Z, ) from 450 kHz to 460
kHz we see that it is significantly greater
than before. The stray Cq sharpens the
selectivity of the network.

Too much LC selectivity, especially if
it is repeated at input and ouput, pro-
duces excessive rolloff at the passband
edges. It will also cause impedance mis-
match, causing excessive ripples at the
passband edges. This is based on my
experience with both actual circuits and
accurate SPICE simulations. The “pass-
band” involved might be that of a single
AM filter or a set of USB/LSB, or even
four channel multiplex, SSB filters which
are switch selected as discussed in a
later section. The L network is an excel-
lent answer to this problem.

For the best results over the 450 to
460 kHz band, especially for the wider
filters, the coil and the sum of its self-ca-
pacitance and other stray Cg should be
resonant as far as possible above 460
kHz. Coil catalogs usually give the value
of inductance at some low frequency,

48

capacitance.

where capacitive effects are small, and
also the self-resonant frequency from
which Cgq and Ligye can then be esti-
mated.

The coil and capacitor Cc must be
high quality components which are sta-
ble over temperature and time. Cg¢
should be an NPO trimmer in parallel
with a stable fixed capacitor. Other para-
meters such as stray Cg and active de-
vice I/0O impedances should be as con-
stant as reasonably possible. These sta-
bilities become more necessary as R in
Figure 6 or 7 becomes larger because
then, for some small fractional change
of Lgee or Cg, the mismatch and the
passband response degrade more
rapidly.

Equations 1 and 2 give values of Lgge
and C¢ (coupling capacitor) for a given
value of R, where R (as shown in Fig-
ures 6 and 7) is equal to twice the de-
Slfed Va'ue Of RLOAD (OI' ROUTPUT) |ndlcat'
ed in Figure 3. The variation in Zg (or Z,)
over frequency can then best be deter-
mined either from a Smith Chart pro-
gram (6) or by SPICE simulation. A fur-
ther word of explanation: R is the total
shunt resistance across the high imped-
ance terminals, not including the contri-
bution of the mechanical filter. If it
is twice Ry pap OF Rourpur then the filter
is properly terminated and, simul-
taneously, the load impedance of
the driver or the source impedance of
the output stage, in the passband, is the
desired value. In other words, the filter
and its matching network provide the
other R which, in parallel with the R
mentioned above, gives the desired
Rioap (or Routput) Within the filter pass-
band.

G  1564x10°xR
 JR-2000
1.224x107"°  Ligpe
SR

Q)

(2

(]
Lerr

Figure 7. Matching network (L-network) with stray

ey i\/1+4KL§FF—1 ,
TRUE=LeFF{ — ———> |
2KLgpe

K=8.178x90"C:

where in equation 3, Lyge is the cata-
log low frequency value of the inductor.

Figure 8 shows the L network as it is
used to transform from a low impedance
line R ne up to 2000 ohms. In this case
the Q'X,” product of the coil is part of the
mechanical filter's source or load resis-
tance (Rg or R_ ) and the L network
transforms R e up to a value R’ which,
in parallel with Q"X.’, is the desired 2000
ohms. A word of clarification: The series
combination R e and C’¢ in Figure 6 is
equivalent to a parallel combination
which consists of the resistive compo-
nent R’ and a capacitive component X’
which is “tuned out” by L’gre. Equations
4, 5 and 6 can be solved recursively for
L’ere and C’¢, starting with a value of
R’ = 2000 ohms. This process con-
verges rapidly because Q’'X,’ is usually
much greater than 2000 ohms. Be sure,
also, that the value of R g does not

vary.

3)

. 1
CC . O 4 &b
2.859 x 108 x y RLINE(RI = RLINE)

(4)

3G 1+8.173x 10 x C2 Rine 5)
8.173x10%xC;

4 S—R, (R Ay }=2 K OS
\ - PG
A L |

forx . \OOF

Mechanical
Filter

oveciw

Figure 8. Matching mechanical fil-
ter to lower impedance Ry;,..-
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Solutions

g™ — i - D V=

Wright Brothers Aeroplane
17th December, 1903
Kitty Hawk, North Carolina

‘ Hve Proems
Ferretec Has Solutions

The Wright brothers had problems. They developed 200 wing
designs that never flew. They had to invent their own wind tunnel
to test models. Most planes were too big, heavy, costly, or too
poorly engineered to get off the ground. But the Wright brothers
found new solutions to the old problems of human flight.

And they flew.

Ferretec offers new solutions to old problems. Problems with
YIG devices being too big, heavy, costly and requiring too much
power. Here are some new solutions to old YIG problems:

a Reduced size and weight: 12-stage band-reject filters
ina 1.4" cube

@ Wideband oscillator tuning: 4-18 GHz over MIL temperatures
2 Lower power: Integrated “10+4”” Band-reject/bandpass filters

0 Reduced cost: Filters and oscillators designed for low cost
commercial applications

Q Ultra-wide bandwidth filters: 7-stage 500 MHz BW
bandpass filters

@ Reduced size: Surface mount packages (.7 cubic inches)

a Extremely low phase noise: YIG Resonator Oscillators

Ferretec Advanced YIG Technology. Solutions that fly.

Flferretec

Ferretec Inc.

Subsystems Products Division

3342 Gateway Bivd.

Fremont, CA 94538

510-226-1216

FAX 510-651-8771
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Surface Mount
Temperature Variable
Attenuator

« Operating Frequency Range:
DC-6 GHz

* Attenuation Values:
1-10dBin 1 dB steps

¢ VSWR:1.30:1 Max. @ 1 GHz

¢ Temperature Range:
-55°Cto +125°C

* Available Temp. Coefficients:
03 thru 07, pos. or neg.
1X103_dB

dB/°C

» ChipSize:.122X.145X.030

Call For More Info

“ 1971 Old Cuthbert Road ’
Cheny Hill, New Jersey 08034

Phone:(609)429-7800

I'ECHND{OGY IhC Fax:(609)429-6814
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Other Design Factors

A receiver which has perhaps 100 dB
or more of gain compression due to
AGC has stringent stopband attenuation
requirements. In order not to spoil the
stopband rejection of strong adjacent
channel signals, my experience has
been that the inductors must be well
shielded, both electrostatically and mag-
netically. Circuit layout, shielding and
ground management are critical. Proce-
dure: temporarily disconnect the me-
chanical filter input and output leads
and fix all the problems. A later section
on filter switching contains further dis-
cussion of leakage. | have measured
better than 100 dB of ultimate attenua-
tion for these mechanical filters, there-
fore the stray paths around the filters
must be at least that good. | have also
noticed that small amounts of stray cou-
pling can produce some anomalous and
undesirable frequency response distor-
tions both inside and outside the pass-
band. These leakage problems are a lot
more manageable at the 455 kHz fre-
quency than at the much higher IF fre-
quencies that are often used.

The inductor core material should be
correct for 455 kHz. For high impedance
levels, ferrite with a p, of 125, using type
61, Q1 or 4C4 material provides small
coils. For lower impedance levels, pow-
dered iron assemblies with a p, of 20
(Carbonyl C) or 35 (Carbonyl HP) are
preferred. Since the coil is heavily
loaded (low operating Q) the coil Q need
not be greater than 50 or so as long as
its QX product is included in the imped-
ance transformer calculations.

When designing matching circuits, it is
necessary to be careful about intermod-
ulation (IM) in the core material (the me-
chanical filters are excellent (1) in this
respect). It is natural to want to use in-
ductors whose dimensions are appropri-
ate for these small filters, but troubles
can easily occur. During the receiver de-

sign process, determine the maximum
two-tone signal level that the mechani-
cal filters and the inductors are expected
to encounter and for which inband IM
performance is guaranteed. Using a
two-tone signal of the appropriate level,
check to see that the IM generated by
the cores is at least 20 dB better than
the requirement. Changes in core mate-
rial (powdered iron is preferred) and size
and perhaps a reduction in gain ahead
of the filters may be needed.

Another good reason for using the L
network is that it makes the inductance
value large and therefore the volts per
turn small, compared to other approach-
es which use smaller values of induc-
tance, thereby improving IM perfor-
mance. The inductor may, however, be
slightly larger physically. C¢q also
tends to increase (try to minimize).

A special case is when the filter input
network is at the output of the last mixer.
This core is vulnerable to wideband IM
distortion which can ruin the front end
intermodulation performance of the re-
ceiver. My experience with solid state
receiver circuitry is that small (but not
too small), fully shielded powdered iron
core coils at this location cause very lit-
tle trouble if the front-end amplification is
minimized.

Quite often we desire to drive the me-
chanical filter from a diode double bal-
anced mixer which “likes to see” a pure
resistance output load (50 ohms) over a
wide frequency range, in order to manxi-
mize the mixer's dynamic range. One
excellent approach is to insert a low
gain, low noise buffer amplifier whose
resistive input impedance is determined
by lossless feedback (4) and which is in-
variant with respect to the amplifier’s
output load variations (i.e., unilateral-
ized). Some kind of diplexing (LP/HP or
BP/BR) between mixer and amplifier, to
improve wideband resistive loading of
the mixer, is highly recommended. A
simple (read “crude”) compromise is a 3
dB pad. Also, mixers which are called
T.I.M. (Termination Insensitive Mixers)
are commercially available and should
be considered. Quite often, some reduc-
tion in mixer performance can be traded
for cost reductions. Maximum intermod-
ulation performance is not always the
prime consideration.

Balanced active FET mixers, as used
in medium performance receivers, tend
to be more tolerant of output load im-
pedance variations when driving a me-
chanical filter because a buffering action
similar to that described above is inher-
ent in their design.
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EUROPE

With the growing demand for wireless commu-
nication products, you need an IC supplier with
devices that know no boundaries.

That's exactly what you get with our wireless
communcation ICs. They are leading-edge, high-
ly integrated devices that make it easy for you
to design smaller, higher performance products.

I¢s possible because our ICs are designed to
meet all the key standards of the world, including
the standard of excellence.

Which is why designers from all parts of the
world choose us. They benefit from our years of
experience delivering innovative ICs for voice
and data communications.

North American Philips Corporation, 1993
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These ICs include both analog and digjtal
solutions in our powerful bipolar and QUBIC
BiICMOS processes. Plus low-voltage, low-power
RF and baseband ICs so your designs run longer

on fewer bartteries.

And we offer one of the world’s smallest pack-
ages—our SSOP (Shrink Small Outline Package).
With it you can design products that are more
portable than ever.

So before you map out your next wireless
design, be sure to include the highest standard in
integrated circuits.

Then you'll see why we have a world of

innovatve ICs on hand for your wireless designs.
1-800-447-1500 ext.1010AF

To deliver the most innovative wireless
communication ICs, we have to live up
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Semiconductors
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Figure 9. Relay switching of mechanical filters.

Finally, a very desirable approach to
circuit design with a mechanical filter, as
(1) points out, is to design its driver (or
load) amplifier stage to provide 2000
ohms output (or input) impedance, thus
minimizing the number of tuned LC net-
works. This may be easy to do, using re-
cently perfected wideband opamps (7)
from many vendors as IF amplifiers.
Some other examples are the NE602
mixer and the NE605 mixer/FM discrimi-
nator devices which have input/output

Figure 10. Diod

resistances in the 1000 to 2000 ohm
range.

It is necessary, though, to restrict
somehow the noise bandwidth of the
later amplifier stages, as mentioned be-
fore, so some tuned circuits will be
needed. The IF properties of any IC,
such as noise figure and two-tone inter-
modulation distortion, at maximum ex-
pected signal level and especially if
used before the filter, should be
checked out. Check also for crossover

2.4GHz, LOW COST
SIGNAL GENERATORS

Wayne Kerr/Farnell offers a family of
low cost, high performance, synthesized
signal generators.

The PSG2400A covers a range of

100kHz to 2.4GHz and features com-
prehensive modulation facilities, dual
modulating oscillators, 0.1Hz to 500kHz,
wideband FM, SELCALL/DTMF/AM/oM

and pulse. Sweep and sinad are standard.

The PSG1000B has a frequency range
of 10kHz to IGHz with AM/FM/¢M,
pulse optional, and much more.

Both units have IEEE-488.2 and
LabWindows drivers as standard. They
also have AC/DC/battery operation for
field applications.

" WAYNE KERR

stiuments Complny

For more details,
call 800-933-9319

11 Sixth Road « Woburn, MA 01801-1744 « TEL: 617-938-8390 ¢ FAX: 617-933-9523
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e switching of mechanical filters.

distortion, which can degrade the IM
ratio at lower signal levels. If a gain con-
trollable amplifier is used, check the IM
over the expected range of gain controi.
The gain control function should have,
ideally, a constant dB per volt slope
characteristic so that the AGC loop will
be stable.

Switching Circuitry

Two methods of switching mechanical
filters will be considered: relays and
diodes. The use of rotary gang switches
has been pretty well obsoleted in recent
times because of size restraints, pack-
aging problems, the use of automated
assembly and the desire to have soft-
ware control of the radio. Relay switch-
ing is an excellent and simple method,
but involves electromechanical hard-
ware which may be objectionable in
some cases. Diode switching is more
complicated and may be subject to inter-
modulation in the diodes but may have
greater reliability in difficult environ-
ments. It is also an excellent method.

Figure 9 shows a relay switching
method. In AM mode (see Figure 2d) a
3 dB, 2000 ohm pad is switched in. The
relays are ultra miniature SPDT types,
Potter & Brumfield type T81 or similar
(for example, Radio Shack 275-241),
with separate relays at input and output.
The filter 1/O terminals are grounded
when the filter is “deselected”, and bet-
ter than 100 dB of isolation is obtainable
if the layout is carefully done. One
cause of serious response degradation,
especially in the stopband, is due to ca-
pacitance from the center arm to the
relay coil forming a sneak path around a
“selected” filter. In one case, this capaci-
tance was 6 pF. A net value of just 0.1
pF from input to output causes very seri-
ous problems. The decoupling circuitry
for the relay coils helps to prevent prob-
lems of this kind. The relay method is
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very straightforward and low loss; the
relays are cheap (about $3 each).

The diode switching method is shown
in Figure 10. The diodes are Motorola
MPN3404 PIN bandswitching types with
1.5 pF reverse biased (12V) and 1.5
ohms or so forward biased (2.5mA).
Similar types of diodes are available in
surface mount packages. Note the ab-
sence of RF chokes in the signal path
which can spoil the 100 dB isolation by
spurious inductive coupling effects.

In this circuit we take a slightly differ-
ent approach to the L network in order
to minimize the signal loss due to the bi-
asing resistors. This loss could become
quite large (in one particular case | had
about 4.8 dB per switch) if we use the
approach in Figures 6 and 7. In Figure
10 the combined value of the diode bi-
asing resistors and the QX product of
the inductor (after it has been trans-
formed down) is the 2000 ohm pure re-
sistance loading which the filter de-
mands. In order to make this work effi-
ciently the driver stage should be a cur-
rent source (ideally) and the output
stage should have a very high input im-
pedance, both of which are easy to get
at 455 kHz. The values for the L net-
works are then chosen to get the de-
sired load impedance for the driver
stage and the source impedance for the
output stage. The values given in Figure
10 can be considered “starters” and can
be tweaked as required (especially the
10K resistors). SPICE simulations are
very helpful if accurate Q values are
used.

In my prototype setup, using the AM
filter, two tone third order inband IM
products (at 453.5/456.5 kHz) are better
than 70 dB below each tone
(454.5/455.5 kHz) at an input level of
0.0 dBm per tone. The total isolation for
a pair of turned off switches is better
than 100 dB, if the layout is properly
done (100 dB is a lot of dBs in such a
very small volume but, as mentioned be-
fore, it is very desirable).

The commercially available GaAs
SPDT switches, designed for 50 ohm
circuits, are less desirable because they
would require a pair of tuned matching
transformers for each mechanical filter.

A possible source of signal leak-
through concerns the grounding of the
input/output pins of a deselected
(switched-out) wideband filter or an at-
tenuator. If the points at which these
pins are grounded are at a different sig-
nal potential than the case of the filter a
small signal can be coupled into the fil-
ter and can induce a wideband output
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which may be down only 80 dB or so.
This can degrade the ultimate attenua-
tion of a switched-in narrowband filter. |
have seen this kind of problem.

There is another leakage problem
which | have found troublesome. Be-
cause of the large amount of amplifica-
tion at the 455 kHz IF frequency, espe-
cially at low signal levels when the AGC
is not operating, or just barely operating,
it is possible for the high level IF output
to find its way back into the input of ei-
ther the mechanical filter or the 455 kHz
amplifiers preceding the filter. The
symptom is that for low input signai fev-
els the ripple in the passband increases,
due to the feedback signail and the input
signal adding or subtracting at various
frequencies in the passband. As the
input signal level increases it overrides
the feedback leakage, which tends to re-
main constant, and this rippling effect is
reduced somewhat, but not adequately.
The lead filtering methods shown in Fig-
ures 9 and 10 help to eliminate this ef-
fect but other sneak paths, especially on
pc boards, can cause the problem.
Shielding, lead filtering and circuit layout
improvements are usually indicated.

IF Circuit Alignment

The tuneup of the mechanical filter
networks and all the other IF circuitry in-
volves simultaneous adjustments for
resonance and correct passband re-
sponse (low ripple and flat response).
The use of a sweep generator and loga-
rithmic amplitude display, for example a
spectrum analyzer-tracking generator
pair or scalar network analyzer with 455
kHz capability, should be considered in-
dispensable test equipment.

The Signetics NE604 log video detec-
tor chip ($5) makes an excellent lab-built
70 dB input device (total parts cost $50)
for a low frequency ($300) oscilloscope
which can be used in conjunction with a
low cost ($150) function generator with
sweep capability to produce a very low
cost alignment tool. | have built and
used an instrument using this approach;
it works quite well and does not tie up a
very expensive ($10000 minimum) piece
of test gear at a test station. A high im-
pedance input probe can be attached at
various points for signal tracing and
troubleshooting operations.

Conclusions

The small size, low cost and high
quality performance of the torsional
mode mechanical filters contribute to the
design of a superior HF receiver in a
small package. Layout of the filter cir-

cuitry in a small volume is a critical item.
The filters must be accurately terminat-
ed and impedance matched to the driver
and output stages. The receiver block
diagram, as discussed briefly in connec-
tion with Figure 2, is some acceptable
compromise between cost and perfor-
mance, with low intermodulation and
high narrowband sensitivity as conflict-
ing but resolvable goals.

The numerous contributions and criti-
cal review of this article by Bob Johnson
(8), Bill Domino and Peter Ysais, at
Rockwell Filter Products are greatly ap-
preciated. The encouragement of Lee
Cornet is also appreciated. Their many
years of experience with mechanical fil-
ter design, usage and marketing are
prominent throughout this article. RF
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RF cover story

New User Interface Makes
RF CAD EASI

By Raymond S. Pengelly
Compact Software

Compact Software’s Super-Compact
and Microwave Harmonica linear and
nonlinear circuit simulators have been
on the market for many years — 20
years in the case of Super-Compact!
For much of this time these powerful
CAD tools were used by engineers sit-
ting at monochrome or gray-scale termi-
nals linked to mainframe computers.
Graphics capabilities, the use of mice
and user-friendly menus were limited by
the data rate of the links between termi-
nals and CPU. More recently, users of
Compact’s PC products have enjoyed
superior graphics and user interfaces
thanks to OS/2 and Windows 3.x.

Compact Software has now intro-
duced totally revamped versions of its
Super-Compact and Microwave Har-
monica programs for workstations.
Using X-Windows and OSF-Motif stan-
dards, Versions 3.0 of these simulators
employ a very flexible interface called
EASI.

he EASi (Environment for Analog

Simulation) interface not only pro-
vides state-of-the art Motif-compliant
menus, dialogue boxes, display and
event managers, it also provides a pow-
erful and extensive “command level”
language allowing the software to inter-
act with other third-party toolsets. The
command menus, dialogue boxes, etc.
have the “look and feel” of Microsoft
Windows for PCs. The interface pro-
vides a modular program structure that
keeps the simulator “engine”, graphics
and editor modules separated, so a
number of different engines have ac-
cess to the graphics and editor modules.
Many resizable windows containing dif-
ferent information can be open concur-
rently.

Upon invoking the EASi interface the
user is presented with an Editor window
(Figure 1) which provides an immediate
indication of the Compact simulators
available on that workstation or node of
a network. The desired simulator is cho-
sen by clicking on the appropriate button
(top left window of Figure 1). Reflecting
designers’ needs, the interface allows
full editing and manipulation of circuit
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Figure 1. EASi operates from this Editor window.

Low Current Buol-Gate FET Mixer
with Common-Gote LO and RF Inputs

J
10#.; . mépF "
o d 8.8¢ —3
LO * 1
= 188 < 10pF

Figure 2. Schematic of a MESFET mixer for DECT application.
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Figure 3. Phase plane of FET at
LO port.

netlists whether they be prepared manu-
ally or via Serenade schematic extrac-
tion.

Productive Circuit Simulations
The new Version 3.0 simulators and
the EASi interface are best illustrated
with examples. An application of current
interest is new portable digital cellular
telephone equipment at signal frequen-
cies around 1800 MHz. Figure 2 shows
the schematic of a dual-gate MESFET,
low current consumption, 1C mixer for
the Digital European Cordless Tele-
phone (DECT) application. The
schematic is prepared using the X-Win-
dows Serenade Schematic Editor, the
netlist auto-extracted and then viewed in
the EASi interface Edit window. The
mixer consists of four FETs — two used
in cascode configuration for the mixer it-
self and two used to provide active
matching to the RF and LO ports of the
mixer. All the FETs are self-biased. The

Flgure 4. Phase plane of FET at
RF port.

gate-to-source voltages and drain-to-
source voltages are shown in Figure 2.
FET1 (the “top” FET of the mixer) has a
Vps of 3.7 volts with a Vgg of —1.3 volts.
FET2 (the “bottom” FET of the mixer)
has a Vpg of 0.5 volts and a Vgg of -0.8
volts. Both FETs are driven by common-
gate connected FETs operating with 3.5
volts drain-to-source voltages and —1.5
volt gate-to-source voltages. FET2 will
be driven with LO signal in this configu-
ration. This FET actually operates well
below the “knee” voltage. The common-
gate FETs are biased to achieve ap-
proximately 20 mS transconductance
and hence match to 50 ohms.

The RF signal frequency is in the new
digital European cellular communica-
tions band of 1805 to 1880 MHz with an
LO frequency variable between 1935
and 2010 MHz resulting in an IF fre-
quency of 130 MHz. The mixer is
matched through a simple paraliel in-
ductor/capacitor network at 130 MHz.

Figure 5. Conversion gain versus
frequency.

The LO level available is —10 dBm. The
required conversion gain of the mixer is
10 dB minimum.

Let us first investigate the characteris-
tics of the 4 FETs. After harmonic bal-
ance simulation, various data displays
can be viewed by using the Display
Manager to define the parameters re-
quired.

The drain of the common-gate FET at-
tached to the LO port has the phase
plane shown in Figure 3. The current
through this device is 3.5 mA with a volt-
age swing of approximately 1 volt into
the gate of the mixer cascode FET. The
average current in the mixer FET is 8
mA with an LO modulation of +2 mA.
The phase plane plot at the drain of the
common-gate FET connected to the RF
port is shown in Figure 4. Again the
mean current is 3 mA. Figure 4 also
shows the phase-plane plot at the drain
of FET1 in the cascode.

Figure 5 plots the conversion gain of
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Figure 6. Return loss at RF port
vs. frequency.

the mixer as a function of RF signal fre-
quency where the LO frequency is also
varied to maintain a constant IF of 130
MHz. The LO signal level was —10 dBm.
The RF signal level for this test was —20
dBm. The conversion gain is approxi-
mately 21 dB over most of the frequency
range. Changes in conversion gain over
the band are due to the interaction be-
tween the common-gate output imped-
ance and the input impedance of the
dual-gate FET at the RF port. The total
current taken by the mixer is 15 mA.
The small-signal conversion gain of the
mixer at the RF center frequency is 25.8
dB. 1 dB compression occurs at -30
dBm RF input power corresponding to a
-4.2 dBm output 1 dB compression
point.

Figures 6 and 7 show the return loss-
es at the RF port of the mixer as a func-
tion of frequency and power. In the first

Figure 7. Return loss at RF port
vs. power level.

case the RF input power level is —30
dBm. In the latter case we are sweeping
the power level over a 40 dB dynamic
range. The return loss is about 12 to 13
dB in both cases.

Figure 8 shows the return loss at the
LO port of the mixer as a function of LO
frequency at an RF input power level of
—30 dBm. The return loss is constant at
15 dB and is acceptable.

Figures 9 and 10 show the spectra at
the IF port corresponding to two differ-
ent RF signal levels — one at -60 dBm
and one at —30 dBm, the latter corre-
sponding to the 1 dB compression point.
The rejection of LO and RF signals at
the IF port for the first case is greater
than 50 dB, while in the second case it
is 30 dB; the LO signal being the highest
“breakthrough” signal at the IF port. The
RF signal frequency for this test was
1850 MHz.
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Figure 8. Return loss at LO port
vs. frequency.

Finally, Figure 11 shows the RF signal
and IF signal waveforms at the RF and
IF ports of the mixer respectively at a
signal level of —20 dBm corresponding
to 5 dB compression.

The EASi interface allows the user to
specify an almost limitless set of dis-
plays including user-defined equations.
For example, Figure 12 shows the AM
to PM conversion, or (IF output phase) —
(RF input phase) as a function of RF
input signal level over —-60 dBm to —20
dBm. Note that the phase difference is
constant up to input signal levels of —45
dBm, with a significant change as the
RF signal level goes through and be-
yond the input 1 dB compression point.

Electromagnetic Simulation

In many circuit designs today where
space is at a premium, conventional
nodal circuit analysis using pre-deter-
mined component models cannot al-
ways accurately describe the structures
that a design engineer wants to use, or
they may give no indication of potential
problems due to the close physical prox-
imity of components. In order to over-
come this situation Compact Software
supplies design engineers with a very
easy-to-use 3D electromagnetic simula-
tor called Explorer. Explorer is particu-
larly useful for multi-layer metal/dielec-
tric structures. The dielectric, enclosure

Figure 9. IF port spectrum at -60
dBm input.
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They're available in ultra-small surface mount
packages, on tape-and-reel for automated assembly, N
and they're proven. With a production rate of over 7 EEECE o | ‘\\\
million a month, no one knows MMICs like NEC. g .
For a set of our new Silicon MMIC data sheets, call -
vour nearest CEL Sales Office or circle the number below; N E C

e  California Eastern Laboratories | m—

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX 408) 988-0279 1 Santa Clara, CA €08) 988-7846 [ Los Angeles, CA (310) 645-0985
San Diego. CA (619) 46767271 Bellevue, WA (206) 455-1101 00 Richardson, TX (24) 437-5487 1 Shawnee, KS (913) 962-2161 ) Woodridge, IL (708) 241-3040 C1 Cockeysville, MDD (410) 667-1310
Peabody, MA (508) 535-2885 (1 fackensack, NJ (201) 487-1155 or 487-1160 00 Palm Bay, FL. (407) 727-80451 1 Sueellville, GA 404) 978-4443 [ Nepean, Ontario, Canada (613) 726-0626
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Figure 10. IF port spectrum at -30
dBm input.

and other parameters are input using
Motif dialogue boxes. After simulation,
data is displayed in a series of concur-
rent windows — displays inciude color
s-parameter plots and current density
distributions. S-parameter data is trans-
ferred in Super-Compact/Microwave
Harmonica compatible format to files
that can be used directly by the circuit
simulators.

Circuit Layouts

Besides allowing designers to define
circuits using the comprehensive Sere-
nade Schematic Editor, Compact Soft-
ware has also developed an extensive
Layout Editor. This editor is an applica-
tion overlay to the powerful AutoCAD®
software from Autodesk. It provides de-
sign engineers with auto-generation of
multi-layer hybrid and integrated circuit
layouts from the Serenade schematics.
Circuit elements can be dynamically re-
placed within the layout and modified
layout attributes back-annotated to
schematics and netlists. Layouts can be
produced from hierarchical schematics
maintaining hierarchical information. To
aid in producing customized component
libraries there are a number of example
footprints for transistor packages, chip

Figure 11. RF and IF waveforms
(at respective ports).

components, etc.

The design of a typical circuit starts by
drawing a schematic of that circuit using
the Serenade Schematic Editor. This
editor has multiple pop-up menus, elec-
trical rule-checking as well as user-con-
figurable menus and extensive libraries
of Compact Software simulator ele-
ments. All the circuit elements as well as
the information required to control the
simulator are contained in this schemat-
ic. When the schematic is completed an
Electrical Rule Check (ERC) is per-
formed to ensure, for example, that all
nodes are connected. The netlist for the
simulator is then automatically extracted
for simulation by one of Compact's sim-
ulators, or by other third-party simulators
such as P-Spice.

Once the basic design has been ana-
lyzed and optimized, basic layout-linked
information is added to the netlist — for
example, the orientation of bends, tees
etc. which will make the auto-layout
generation more efficient. Within the
property pages of the schematic sym-
bols company part codes can be de-
fined. This information can be used to
automatically select particular footprints
such as transistor packages or bond-
pads and preferred wire-bonding infor-

CRYSTAL FILTERS

TEMEX F1 ECTRONICS
' SMEX

TEMEX ELECTRONICS, INC.
3030 W. Deer Valley Road Phoenix, AZ 85027

(Tel) 602-780-1995

(Fax) 602-780-2431
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Figure 12. AM to PM conversion
vs. power level.

mation.

Take, for example, the VHF/UHF BJT
amplifier schematic shown in Figure 13.
The schematic representing the first lay-
out iteration is prepared and the circuit
re-analyzed to include all this informa-
tion. Figure 14 shows the layout of the
complete single stage amplifier. The lay-
out is multiple layer with the attributes of
different layers being defined in a user
library. Typical layers for hybrid circuits
include first and second level metalliza-
tion, dielectric, thin film resistor, hole
drilling, alignment and mask copyright.
Figure 15 shows the differences be-
tween the simulated performance of the
amplifier from schematic alone com-
pared with the performance achieved
after layout including all layout artifacts
such as bends, tees etc. and features
required because of layout and technol-
ogy constraints.

Super-Spice Uses EASi Interface
Super-Spice uses the EASi Interface
to provide extensive menu- driven con-
trol and output facilities. In microwave
ICs distributed elements are used fre-
quently as circuit components in such
circuits as amplifiers, oscillators, phase
shifters and switches. The majority of
circuits in the microwave arena are sim-
ulated in the frequency domain. Howev-
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Figure 13. VHF/UHF BJT amplifier
schematic.
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For ten years we've been supplying our
NE710 customers with the industry's leading FET.

What more could they ask for?

"My needs are simple: A FET that
delivers absolutely the best
noise performance available.
Period."

Introducing the new extra-low noise
Pseudomorphic Heterojunction

NF Ga PldB = Freg

NE526 05 115 1075 @ 12

In chip and low cost ceramic and hermetic packages

"How about a chip that does it
all? Good noise figures, good
gain, moderate output power,
and bandwidth enough for my
6 - 18 GHz amplifiers."

You've got it. Introducing the new
Heterojunction version:

NF Ga  P1dB  Freg

NESSZ 08 {105 | 125 | 12

In chip and low cost ceramic or hermetic packages

"How about a low cost plastic
version? One I can order in
volume for applications to

14 GHz."

Our high-vield lon Implant process
produces a consistant, uniform MESFET at
anew low cost.

NF Ga P1dB  Freg

NE76O 08 155 145 @4

In plastic. low cost ceramic and bermetic puckages and chips

NOTE:

Noise Figures (NF) in dB
Gain (Ga) in dB

Power Out (P1dB) in dBM
Frequency in GHiz

"How about a part with
Heterojunction-style
performance for my DBS, MMDS
and commercial communications
applications—at a MESFET price."

Meet the ideal second stage device:
NF  Ga P1dB | Freq

NE424 08 |115 | 110 [ 12

Int low cost ceramic packages

“I'm building mixers at 900 MH=
and need dual gate MESFETs by
the thousands. Can you fix me

up—at under 50¢ per part?"

We can—two different ways:

NEZSI NF Ga P1dB  Freq

08 120 120 09
NEZSS 08 120 150 09

In low: cost plustic packages

"I need a low noise FET for the
INA in my TVRO system. And,
of course, I need it in a high

volume, tape and reel package."

How about 4 0.6 dB noise figure at 12 GHz?
Introducing the new:

NF  Ga P1dB  Freq

NE324 06 {115 ( 110 | 12

In chip and low cost ceramiic and bermetic packages

"Don’t mess with the original!
It's designed into more of my
circuits than any other FET. The
710 is a workhorse; solid,
consistant—and I still use ‘em
by the truckload. Don't change!"

Here you go:

NF Ga P1dB  Freg

NE710 06 130 145 4
In chip form //
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They're here.
' They'refully *
characterized. — ~
And they're ready  «
j Lo shipt ./

™

For Data Sheets and a Small Signal
FET Product Selection Guide, call
your nearest CEL Sales Office, or

circle the number below.

NEC

s  California Eastern Laboratories —

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (08) 988-3500 FAX (408) 988-0279 [ Santa Clara, CA (408) 988-7846 [ Los Angeles, CA (310) 645-0985
San Diego, CA (619) 467-6727 01 Bellevue, WA (206) 455-1101 01 Richardson, TX (24) 437-5487 0 Shawnee, KS (913) 962-2161 01 Woodridge, IL (708) 241-3040 C1 Cockeysville, MD €10} 667-1310
Peabody, MA (508) 535-2885 C1 Hackensack, NJ (201) 487-1155 or 487-1160 O Palm Bay, F1. ¢07) 727-8045 00 Suellville, GA 404) 978-4443 ) Nepean, Ontario, Canada (613) 726-0626

OB, Califorma Eastern Laboratories
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Figure 14. BJT amplifier layout.

er, in high speed digital circuits, distrib-
uted elements such as coupied signal
lines cause unwanted parasitic effects
producing crosstalk, reflections and
loss.

Microwave designers have used a
combination of frequency and time do-
main simulation techniques for a num-
ber of years. The so-called harmonic
balance techniques are used in the non-

Figure 15. Schematic-only simulation compared to
full layout simulation of the BJT amplifier.

linear simulator Microwave Harmonica.
However, the analysis of true transient
effects in circuits is impractical using
such a technique. Time domain simula-
tors such as Spice are widely used, but
they generally lack the capability of pro-
viding accurate models for discontinu-
ities and dispersive, lossy distributed el-
ements.

These design problems are solved

using Super-Spice. This simulator con-
tains a two-dimensional EM solver for
distributed elements and discontinuities
where quasi-TEM wave propagation is
used, leading to fast computation times.
The program has been tested for accu-
racy for PCB applications with risetimes
down to 100 picoseconds. Super-Spice
automatically generates equivalent cir-
cuits for the interconnects and imple-

WBE

For faster service fax ad and address information
IMPEDANCE BRIDGES

Models AS6 & AS7 are broadband RF transformer

RF IN-RF OUT impedance bridges.

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

.
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When the device to be analysed is connected to the bridge test port, the
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corresponding increase in insertion loss (from RF IN to RF OUT) of the bridge is
read directly as return Joss (VSWR). Since this is not a resistor-diode (RF IN-DC
OUT) bridge type, special scope graticules, calibrated mismatches, square law 2-
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 sophi

d using an

ic RF Comparator (sec

A49), RF Amplifier (AS52), or RF Analyser (AS1) and a fixed or variable

or for

amplified to display return loss levels even below 50 dB.

ic direct ding. The more compiex measurements can be

Application Bridge Type

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

MIN. FREQ. RANGE
S0 dB Directivity
with .5 dB max
Open/Short Difference

Bridge Loss
RF In-RF Out

Price
for
Standard
50 ohm

ASTT
VHF Fixed

1-500 MHz

5-300 MHz

ASTIGA/6

1-650 MHz

5-600 MHz

12 dB nominal
or

Return Loss

ASTTU UHF Fixed

1-900 MHz

6 dB per leg
(RF lgl—Tcst

ASTT/30 Direct Reading

30 KHz-30 MHz

Port or
RF OUT-Test

Low
Frequency

ASTTLS Balun Null

300 KHz-100 MHz

Port)

ASTTLL

190 KHz-50 MHz

AS6GA/6 | VHF Variable

1-600 MHz

5-600 MHz

$258.00

344.00

B 393.00

nominal 31500

258.00

395.00

812 oz 5$32.00

* Other Models available.
various connector configurations.

Options include 50/75 ohm Impedance conversion, Termination and Data supplied with unit, DC blocking, and
Consult factory for specials and OEM applications.

WIDE BAND ENGINEERING COMPANY, INC.

P. O. Box 21652, Phoenix, AZ

64

85036
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Phone:

(602) 254-1570

Fax: (602) 254-1570
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1210 inductor Trimming
+10% capacitor

1008 inductor
+2%

0805 capacitor

PLUS TUNING

Why your tuned
circuits ought to

betix

Maybe it's time to rethink the way
you design high frequency RF circuits.

Instead of costly tuneable
components, why not switch to a fixed
LC approach using Coilcraft's tight
tolerance chip inductors.

You'll save up to 50% on component
costs. Eliminate the time and expense of
tuning. Cut board space from 50 to 70%.

And you'll end up with a circuit
that's more precise and stable.

We've broken the high price barrier
on tight tolerance chip inductors by

using a ceramic instead of a ferrite core.

Besides having a much higher SRF,
ceramic is electrically neutral.

So we can turn out a steady supply
of 2% parts and sell them at an
amazingly low price.

Our 2% inductors come in 1008
{56 nH - 1 pH} and 0805 (56 - 220 nH)
sizes. For non-critical applications,
our 5 and 10% parts offer maximum
savings.

For data sheets or to order one of our
Designer's Kits with prototyping
samples, call 800/322-2645.

BBM electronic engineers master

See our catalog in Vol A, Section 1800

INFO/CARD 133

1102 Sitver Lake Road, Cary IL 60013
800/322-2645 Fax 708/639-1469

Please see us at RF Expo West, Booth #1032.

Coilcraft offers low-cost
wideband RF transformers

Coilcraft offers a family of low-cost
wideband RF transformers that cover
the frequency range from .005 to 600
MHz, with impedance ratios from 1:1
to 4:1.

The transformers are offered in
tapped or untapped configurations
and are packaged in a low-profile
DIP-style plastic case. All parts are
available in either a through- hole or
surface mount version.

Applications include impedance
matching, voltage or current transfor-
mation, DC isolation, balanced/un-
balanced mixing, matching, power
splitting, coupling, and signal inver-
sion.

For more information, contact
Coilcraft, 1102 Silver Lake Road,
Cary IL 60013. 708/639-6400.

INFO/CARD 134

Precision test fixtures for
surface mount devices

Coilcraft offers a series of test fix-
tures that assure faster, more accurate
measurements of surface mount
components. They're especially well-
suited for testing tight-tolerance, low
value passive components at fre-
quencies from 1 to 1000 MHz.

The fixtures accommodate body
sizes 0805 to 1812 and have excep-
tionally low stray capacitance and
residual inductance. Several ver-
sions are offered for use with network
analyzers, spectrum analyzers, and
RF impedance analyzers such as the
Hewlett Packard 4191A. Prices
range from $425 to $498 depending
on configuration.

For more information, contact
Coilcraft, 1102 Silver Lake Road,
Cary IL 60013. 708/639-6400.
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ments them directly into the matrix
equation. This results in fast set-up
times.

The Wirth technique (1) is used for the
analysis of lossy multiple coupled lines
in Super-Spice. This is a fast technique
which, when coupled to the “method of
lines” used for the calculation of the
characteristic transmission parameters
of finite metal thickness lines, results in

unique and superior simulations.
Coupled line systems are modeled as
lossless coupled systems with augment-
ed RLC networks (1). Fast simulation is
provided by implementing directly the
model in a modified nodal analysis ma-
trix (2). Super-Spice contains a library of
discontinuities which are typically en-
countered in high-speed board layouts.
These include steps, right-angle bends

The new SR770 FFT Analyzer

bandwidth — plus a versatile
synthesized source

Dynamic Signal Analysis

with SRS FFT Spectrum Analyzers
I ey

has the outstanding performance and value you've come to expect from
SRS Spectrum Analyzers — 90 dB dynamic range. 100 kHz real-time

that generates clean .
sinewaves. two-tone
signals. white and
pink noise. and chirps.

The low distortion

(-80 dBc) source is
internally synchronized
to generate frequency
response measurements
accurate to 0.05 dB. Both the
SR760 and the SR770 quickly

+ 90 dB dynamic range

perform harmonic, band, sideband and 1/3 octave analysis. as well as
data tables and GO/NO GO testing.

« 476 pHz to 100 kHz frequency range

« Low distortion source (SR770) - sine,
two-tone, chirp, white and pink noise
+ GPIB. RS-232, printer port, disk drive

M T e
SR770......... $6500

SR760 ......... $4750
[ _ ==

(U.S. list)

(with and without chamfers), tee junc-
tions and cross junctions.

Summary

The EASI Interface has been devel-
oped to provide engineers and man-
agers with an intuitive, efficient and
comprehensive environment for RF and
microwave design. EASi is designed so
that it can be extended to accommodate
future simulator developments — a
good example of this being in the exten-
sion of its display capabilities to the out-
puts required from the new Super-Spice
program. This article has not only de-
scribed the EASI interface but has also
given a number of circuit examples to il-
justrate the functionality of the tool. RF

Readers desiring more information
can contact the author at the address
below, or they can circle Info/Card #99.
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