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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. 

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) GC1 5004 Linear 
Tuning Varactor; (H) GC84001 MNS Chip Capacitor. Beyond that, we've been 

providing this kind 
of quality service , 
for more than 
20 years. 

Sample requests filled promptly. 
Comprehensive, 120-page catalog free 
on request. For more information, 

call or write Donna Langan, 
Semiconductor Sales Manager, 

Loral Microwave-FSI, 
16 Maple Road, 
Chelmsford, MA 01824. 

3748. 

LDRAL 
Microwave-FSI 

Please see us at RF Expo West, Booths #835, 837. î' I 
'A, 



Performance and value beyond anything in its class 
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A AIQ 9 A MICROWAVE 
>>111 /JV 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 I 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 ora demonstration, contact 
your local IFR distributor or representative, or call IFR 
directly at 316/522-4981. 

IFR SYSTEMS, INC. 
un mtfrto witm mot it 

10200 West York Street / Wichita, Kansas 67215-8935 U SA 
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623 
INFO/CARD 2 
Please see us at RF Expo West, Booth #229. 
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dtto3GHz $]]^ 
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 pi 
Model 
No 

3SS, Pluc 
Passband 
MHz 

loss < 1 dB 

-in, de to 1200MHz 
Stopband. MHz 

loss loss Model 
> 20dB > 40dB No 

Passband 
MHz 

loss < 1 dB 

Stopband. MHz 
loss loss 

> 20dB > 40dB 
★ LP-5 
★ LP-10.7 
★ LP-21 4 
★ LP-30 
★ LP-50 
★ LP-70 
★ P-90 
★ LP-100 
★ LP-150 
★ LP-200 
Price. (1-9 qty 

SCLF-21 4 
SCLF-30 
SCLF-45 
SCLF-135 
Price, (1-9 qty 

DC-5 
DC- 11 
DC-22 
DC-32 
DC-48 
DC-60 
DC-81 
DC-98 
DC- 140 
DC-190 

. all models plu< 

Su 
DC-22 
DC-30 
DC-45 
DC-135 

, all models: $1 1 

8-10 10-200 ★LP-250 
19-24 24-200 *LP-300 
32-41 41-200 *LP-450 
47-61 61-200 ★LP-550 
70-90 90-200 ★LP-600 
90-117 117-300 *LP-750 
121-137 167-400 *LP-800 
146-189 189-400 *LP-850 
210-300 300-600 *LP-1000 
290-390 390-800 ★LP-1200 

-in $1495. BNC $32 95. SMA $34 95. Type N $35 

rface-mount, de to 570MHz 
32-41 41-200 SCLF-190 
47-61 61-200 SCLF-380 
70-90 90-200 SCLF-420 

210-300 300-600 
45 

DC-225 
DC-270 
DC-400 
DC-520 
DC-680 
DC- 700 
DC-720 
DC 760 
DC-900 
DC- 1000 

.95 

DC-190 
DC-380 
DC-420 

320-400 400-1200 
410-550 550-1200 
580-750 750-1800 
750-920 920-2000 
840 1120 1120-2000 
10001300 1300-2000 
1080-1400 1400-2000 
1100-1400 1400-2000 
1340-1750 1750-2000 
1620-2100 2100-2500 

290-390 390-800 
580-750 750-1800 
750-920 920-2000 

Flat Time Delay, de to 1870MHz 

Model 
No. 

Passband 
MHz 

loss < 1 2dB 

Stopband 
MHz 

loss loss 
> 10dB >20dB 

VSWR 
Freq Range. DC thru 
02fco 0.6ÍCO 
X X 

Group Delay Variations, ns 
Freq Range, DC thru 

fcp 2fco 267fco 
XXX 

★ BLP-39 
★ BLP-117 
★ BLP-156 
★ BLP-200 
★ BLP-300 
★ BLP-467 
ABLP-933 
ABLP-1870 
Price. (1-9 qty 
NOTE A: -93: 

DC-23 
DC-65 
DC-94 
DC- 120 
DC-180 
DC-280 
DC-560 
DC-850 

. all models: plug 
and -1870 only 

78-117 117 
234-312 312 
312-416 416 
400 534 534 
600 801 801 
934-1246 1246 
1866-2490 2490 
3740-6000 5000 

-in $1995, BNC $36 95. SL 
with connectors, at additional J 

1.3:1 23:1 
1.3:1 24 1 
03:1 1.1:1 
1.6:1 1.9:1 

125:1 22:1 
125 1 2.2:1 
1.3:1 22:1 

1.45:1 2.9:1 
1A $38.95. Type N $39.95 
2 above other connector mode 

0.7 4.0 5.0 
0.35 14 1.9 
0.3 11 15 
0.4 13 1.6 
0.2 0.6 0.8 
0.15 0.4 0.55 
009 0.2 0.28 
0.05 0.1 0.15 

ds. 

HIGH PASS 

frequency 

BANDPASS 

high ¡ 

Model 
No 

laSS, Plug-in 
Stopband 
MHz 

loss loss 
< 40dB < 20dB 

27.5 to 2 
Passband. 

MHz 
loss 
< 1dB 

200MHz 
VSWR 
Pass¬ 
band Model 
Typ No 

Stopband 
MHz 

loss loss 
< 40dB < 20dB 

Passband. 
MHz 
loss 
< 1dB 

VSWR 
Pass¬ 
band 
Typ 

★ HP-25 
★ HP-50 
★ HP-100 
★ HP-150 
★ HP-175 
★ HP-200 
★ HP-250 
★ HP-300 
Price. (1-9 c 

DC-13 13-19 
DC-20 20-26 
DC-40 40-55 
DC-70 70-95 
DC-70 70-105 
DC-90 90-116 
DC-100 100-150 
DC- 145 145-170 

ty), all models: plug-in $1^ 

27.5-200 
41-200 
90-400 
133-600 
160-800 
185-800 
225-1200 
290-1200 

95. BNC $36i 

1.8:1 ★ HP-400 
1.5:1 ★HP-500 
181 *HP-600 
1 8:1 *HP-700 
15:1 *HP-800 
16:1 *HP-900 
1.3:1 *HP-1000 
1.7:1 

5. SMA $38 95. Type 

DC-210 210-290 
DC-280 280-365 
DC-350 350-440 
DC-400 400-520 
DC-445 445-570 
DC-520 520-660 
DC-550 550-720 

$39 95 

395-1600 
500-1600 
600-1600 
700-1800 
780-2000 
910-2100 
1000-2200 

1.7:1 
1.8:1 
2.0:1 
1.6:1 
2.1:1 
1.8:1 
1.9:1 

bandpass, Elliptic Response, 
10.7 to70MHz 

Model 
No 

Center 
Freq 

(MHz) 

Passband 
I.L 1 5 dB 
Max 
(MHz) 

3 dB 
Bandwidth 

Typ 
(MHz) 

Sic 
I.L. 

>20dB 
at MHz 

pbands 
I.L 

>35dB 
at MHz 

★ BP-107 
★ BP-214 
★ BP-30 
★ BP-60 
★ BP- 70 

107 
21 4 
30.0 
600 
700 

96-11.5 
19.2-236 
270-33.0 
550-670 
630-770 

89-12 7 
17 9-25.3 
25-35 

495-705 
68.0-82.0 

75& 15 
155&29 
22&40 
44 & 79 
51 & 94 

0.6 & 50-1000 
3.0 & 80-1000 
32 & 99-1000 
4.6 & 190-1000 
60& 193-1000 

Price. (1 -9 qty), all models: plug-in $1895. 
BNC $40 95 SMA $42.95 Type N $43.95 

Constant Impedance, 
21 .4to70MHz 

Model 
No 

Center 
Freq. 

MHz 

Passband 
MHz 
loss 
<1dB 

Stopband 
loss 

>20dB 
at MHz 

VSWR 
1.3:1 

Total Band 
MHz 

★ IF-21.4 
★ IF-30 
★ IF-40 
★ IF-50 
★ IF-60 
★ IF-70 
Price. (1-
BNC $36 

21 4 
30 
42 
50 
60 
70 

qty), all 
95, SM/ 

18-25 
25-35 
35-49 
41-58 
50-70 
58-82 

nodels: plug 
\S3895. 

1 3 & 150 
1 9&210 
2.6 & 300 
3.1 & 350 
38&400 
44 & 490 

-in $14 95. 
'ype N $39 

DC-220 
DC-330 
DC-400 
DC-440 
DC-500 
DC-550 

35 

NOTE *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement. 

finding new ways 
setting higher standards 

INFO/CARD 3 

I, J Mini-Circuits » 
■ ■ ■ ■ p o. Box 3501 66, Brooklyn. New York 11235-0003 (718)934-4500 Fax (718) 332-4661 
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GaAs PAINS? 
CALL DAICO. 

NVR$£$ 
OFF <6 £ 

Stock GaAs Bi-Phase Modulators Stock GaAs MM1C Amplifiers 

Freq IL 

dB 

Switch 

Speed 

nSEC 

Phase 

Accuracy 

Degree 

Con¬ 

trol 

Package Part No. 

10-500 MHz 1.0 50 ♦/-I TTL TO8 DBP0938 

10-500 MHz 1.0 50 ♦/-I nL SMP DBP0738 

Stock Packaged GaAs Switches 

Con¬ 

fig 

Freq 

MHz 

IL 

dB 

Iso 

dB 

Switch 

Speed 

nSEC 

Con¬ 

trol 

Package Part No. 

SPST 5-1500 1.0 48 25 TTL TO-8 DSO699 

SPST 10-2000 1.8 67 35 TTL 14 Pin SMP DSO790 

SP2T DC-2000 0.5 35 3 - 8 Pin SO1C DSO702R 

SP2T DC-2000 0.6 30 3 - * 8 Pin SOIC DSO702T 

SP2T DC-2000 0.4 68 3 - TO-5 DSO850 

SP2T DC-2000 0.7 50 200 TTL TO-5 DSO813 

SP2T 5-2000 1.15 55 35 TTL 14 Pin DIP DSO602 

SP2T 54000 1.0 79 35 TTL SMA CDSO882 

SP4T DC-2000 1.7 70 75 TTL 14 Pin DIP DSO874 

Freq 

Range/GHz 
Typ 

Gain/dB 

Typ Noise 

Figure 

Typ 
Power 

/dBm 

Package Comments Part No. 

0.05-3.5 10 6.0 22 Chip P35-4100-0 

0.5-3.5 9 4.5 22 Chip Self-Biased P354101-0 

0.05-3.0 18 6.0 13 Chip LowVSWRs P35-4104-0 

0.8-1.8 21 3.5 8 Chip P35-4105-0 

1-6 7.5 4.6 20 Chip P354110-0 

6-18 5.5 5.5 15 Chip Pos.Gain Slope P354 140-0 

2-18 6.0 7.5 15 Chip AGC P354150-0 

36 2.0 2.8 14 Chip LowVSWRs P35-4160-0 

DAICO INDUSTRIES, INC. 
2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220 
Telephone 310/631-1 143 • FAX 310/631-8078 

AMPLIFIERS ATTENUATORS BIT DETECTORS COUPLERS MMICS MODULATORS PHASE SHIFTERS SWITCHES 

INFO/CARD 4 
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featured technology 
31 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 

43 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 

cover story 
57 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 

tutorial 
78 An Introduction to Noise Figure 

Noise origins and characterizations are discussed. 

departments 
— Jonathan Bird 

design awards 
84 A Narrow Band FM Discriminator 

This discriminator tracks deviations as small as 0.1 Hz. 

89 A Nodal Network Analysis Program 
This program offers quick, PC-based simulation. 

— George Kassabian 

— John A. Eisenberg 

92 Educational Project for Electronic Engineering Students 
This project demonstrates simple modulation phenomena — Yvon Roy 

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

107 Log Mac: Frequency and Time Domain Analysis 
This program yields Bode, impulse and step responses. — Jeff Crawford 

111 Antenna and Processor Techniques for Detection of Manmade 
RF Noise 
This apparatus detects sub-ambient RF noise. — F. N. Eddy 

8 Editorial 
13 Calendar 
14 Courses 
18 News 
26 Industry Insight 
67 New Products 
147 Product Report 
148 New Software 
150 New Literature 
151 Marketplace 
155 Info/Card 
157 Reader Survey 

121 Cross-Correlation Phase Noise Measurements 
This measurement system offers an extremely low noise floor. — Warren F. Walls 

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

— Scott L. Williams 

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

142 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. 

R.F. DESIGN (ISSN:0163-321X USPS: 453-490) is pub-
lished monthly plus one extra issue in summer. March 1993. 
Vol. 16, No. 3. Copyright 1993 by Cardiff Publishing Compa¬ 
ny, a subsidiary of Argus Press Holdings, Inc., 6300 S. Syra¬ 
cuse Way, Suite 650, Englewood, CO 80111 (303) 220-
0600. Contents may not be reproduced in any form without 
written permission. Second-Class Postage paid at Engle¬ 
wood, CO and at additional mailing offices. Subscription 
office: RF Design, P.O. Box 1077, Skokie, IL 60076. Sub¬ 
scriptions are: $39 per year in the United States; $49 per 
year for foreign countries. Additional cost for first class mail¬ 
ing. Payment must be made in U.S. funds and accompany 
request. If available, single copies and back issues are $5.00 
each (in the U.S.). This publication is available on 
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Zeeb Road, Ann Arbor, Ml 48106 USA (313) 761-4700. 
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HIGH POWER 
COUPLER 

100,000:1 BANDWIDTH 

RF editorial 
A Message to 
Washington 

TYPICAL SPECIFICATIONS 

MODEL C2630 

FREQUENCY RANGE ... .01-1000MHz 

COUPLING . 40db 

FLATNESS . ±0.6db 

DIRECTIVITY . 20db MIN 

VSWR (ML) . 1.3:1 

POWER . 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 

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¬ 

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. 

INFO/CARD 5 
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DROP-IN • CASELESS • HYBRIDS AND COUPLERS 
From 25 MHz to 18,000 MHz 

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-

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 
fordable price. Coil it to reduce 
coupling length, shape it to 

fit around layout obstacles and Couplers by the foot, a great 
even loop it to jump over design tool for engineers. HC 
circuit traces. and JC Wireline™ may be pur¬ 

chased in bulk 5 foot lengths, 
then cut and trimmed to the 

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. 

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. 

DROP-IN QUADRATURE COUPLERS AND HYBRIDS 
PART 
NUMBER 

FREQ 
MHz 

MID BAND 
COUPLING 

INSERTION 
LOSS 

ISOL. VSWR 

HCB2-5.93 225-400 2.7 dB 0.3 dB 20 dB 1.2:1 

JCB2-2.80 440-880 2.7 dB 0.3 dB 20 dB 1.2:1 

LCB2-2.63 500-1000 2.7 dB 0.2 dB 30 dB 1.1:1 

MCB3-2.06 810-990 2.8 dB 0.3 dB 20 dB 1.2:1 

GCB6-2.06 810-990 10.25 dB 0.1 dB 30 dB 1.2:1 

KCB2-1.31 1000-2000 2.7 dB 0.2 dB 30 dB 1.1:1 

HCB1-1.00 1710-1990 3.0 dB 0.2 dB 20 dB 1.2:1 

GCB6-1 .00 1710-1990 10.25 dB 0.1 dB 30 dB 1.2:1 

MCB3-0.14 9000-18000 2.8 dB 0.3 dB 20 dB 1.2:1 

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. 

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

— 

60 100 200 SOO 500 
WATTS WATTS WATTS WATTS WATTS 

ACTUAL SIZE 

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. 

|saqe 
U  LABORATORIES, INC. 

11 Huron Drive 
Natick, MA 01 760 

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 

Please see us at RF Expo West, Booth #907. 
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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: 

RF Monolithics, Inc. 
4441 Sigma Road 
Dallas, Texas 75244 USA 
Phone (214) 233-2903 
FAX (214) 387-8148 
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Seeing Is Believing! 

100MHz20GHz With 
20dB Directivity... In One Convenient Package! 

CALL MERRIMAC 
For The Ultimate In Wideband 

fed Merrimac 
41 Fairfield Place. West Caldwell, NJ 07006 
tel: (201) 575-1300 / FAX: (201) 575-0531 
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Digital Synthesis 

It’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. 

Monolithic NCOs 
Product 
STEL- 1130 

STEL-I172B 

STEL- 1173 

STEL-1173RH 

STEL- 1174 

STEL-1175 

Clock Frequency 
60 MHz 

50 MHz 

50 MHz 

40 MHz 

50 MHz 

80 MHz 

Description - —.. ., 
Linear Quadrature Amplitude Modulator ' J 

32-bit NCO, Quadrature Outputs 

48-bit NCO, Sub-MicroHz Resolution 

Rad Hard with 1 MRad Tolerance 

16-bit NCO, Low Price 

32-bit NCO with Linear PM 

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. 

STEL- 11 76 

STEL-1177 

STEL- 11 78 A 

STEL-1179 

STEL- 11 80 

STEL-2172 

STEL-2173 

80 MHz 

60 MHz 

80 MHz 

25 MHz 

60 MHz 

300 MHz 

1GHz 

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 

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. 

STANFORD 
= £ = 

ASIC 
Custom 
Products 
Division 

Board Level DDS Products _ 
Product Clock Frequency Description 
STEL-1272 Quadrature output DDS 

0 to 22 MHz 

STEL-1273 0 to 22 MHz DDS with Sub- MicroHz Resolution 

STEL-1275 0 to 35 MHz DDS with Linear PM 

STEL-1276 0 to 35 MHz DDS with 0.1 Hz Resolution and BCD Control 

STEL-1277 0 to 35 MHz DDS with Linear PM and FM 

STEL-I375A Oto 35 MHz Miniature DDS Module with Linear PM 

STEL-1376 Oto 35 MHz Miniature DDS Module with BCD Control 

STEL-1377 0 to 35 MHz Miniature DDS Module with Linear PM and FM 

STEL-1378A Dual 0 to 35 MHz Miniature DDS Module with PSK 

STEL-1479 0 to 12 MHz Hybrid DDS. 1.5" by 0.8", Low price 

STEL-2272 Oto 130 MHz DDS 

STEL-2273A 0 to 400 MHz DDS with PSK 

STEL-2373 0 to 400 MHz DDS Hybrid with PSK, 2" by 1.1” 

2421 Mission College Blvd. 
Santa Clara, CA 95056-0968 
Phone: 408/980-5684 
Fax: 408/727-1482 

Chassis Level DDS Products 
Product 
STEL-9272 

STEL-9275 

Clock Frequency 
Oto 130 MHz 

Oto 400 MHz 

Description 
Complete DDS with Phase Lockable Clock 

Complete DDS with Phase Lockable Clock 

For sales support outside the 
continental United States, 

please contact your 
International Sales 
Representatives. 

United Kingdom: 
BH IBEXSA Electronics Ltd. 
Mr. Mick Mercer 
Phone *44 622 8X246' 
FAX M4 622 882469 

Germany: 
Alfatron GmbH 
Mr. Christian Streicher 
Phone: +49 89 45 110 250 
FAX: *49 89 45 110 129 

France: 
P2M 
Mr. Philippe Resnier 
Phone: *33 1 30 62 64 64 
FAX: *33 I 30 62 40 10 

Italy (north): 
MicroElit S.p.A. 
Mr. Franco Cugusi 
Phone: *39 2 481 7900 
FAX: *39 2 481-3594 

Italy (south): 
MicroElit S.p.A. 
Dr Massimo Martinuzzi 
Phone: *39 6 868 94 326 
FAX: *39 6 827-5270 

Spain: 

Tekelee Espana 
Mr. Moises Gracia 
Phone: *34 1 320-4160 
FAX: *34 I 320-1018 

Denmark: 
Vallentin Ektronik ApS 
Mr Lan Vallentin 
Phone: *45 42 17 24 17 
FAX: *4542 17 15 18 

Japan: 

Manibun Corporation 
Mr. Toshi Ishizawa 
Phone: *81 3 3639-9821 
FAX: *81 3 3661-7433 

India: 

Accutrol Systems. Pvt . lid 
Mr. Vivek Raghavan 
Phone: *91 812 648079 

FAX: *91 22 202-9403 

Isreal: 
Reges Aviation 
Mr. Zeev Regev 

Phone: *972 3 533-4359 
FAX: *972 3 533-9302 

Sweden: 

I. E. K 
Mr Bill Osteriund 
Phone: *46 8 80 46 85 
FAX: *46 8 26 22 86 

Australia: 
Sabtek Electronics 
Mr. Grant Amor 
Phone: *61 8 373-0233 
FAX: *61 8 373-0206 

Switzerland: 
Dimos AG 
Mr. Urs Oggenfuss 
Phone: +41 I 730-4088 
FAX: *41 I 730-5133 
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RF calendar_ 
March 

15-18 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. 

17-1 9 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. 

23-25 Nepcon Electronics 
Birmingham, UK 

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

24-31 CeBIT ‘93 
Hannover, Germany 

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

30-31 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. 

30-2 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. 

April 
18-21 The 4th IEE Conference on Telecommunications 

Manchester, UK 
Information: ICT 93 Secretariat, Conference Services, IEE, 
Savoy Place, London, WC2R OBL, UK. Tel: (44) 071 240 1871. 
Fax: (44) 071 497 3633. 

18-22 Symposium on Ceramics for Wireless Communication 
Cincinnati, OH 

Information: Henry O’Bryan, AT&T Bell Laboratories. Tel: (908) 
582-6980. Fax: (908) 582-2521. 

18-22 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. 

28-30 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 

Surftrim" 
Surface Mount 

Trimmer Capacitors 
• 2 sizes: 

3.2 X 4.5 x 1.6 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. 

SPROGUE 
Gooomon 

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 
• Q to 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. 

SPROGUE 
Gooomon 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 
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Our' CLASS CRYSTALS 

STAY 
STABLE 

RF courses_ 
Cellular Radio 
May 11-14, 1993, Madison, Wl 

Information: The University of Wisconsin-Madison, Engineering 
Information. Tel: (800) 462-0876. 

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 l0/day for a 5.0 
MHz, 3rd overtone crystal and 5 x 10 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 a call at 1-800-424-0266 and let us show 
what we can do for you. 

EGuG 
FREQUENCY PRODUCTS 

4914 Gray Road •Cincinnati, Ohio 45232 I In Canada represented by: ELLAM & Assoc. Ltd. 

■■ Phone 513-542-5555 -FAX 513-542-5146 | Phone 613-727-3892 ■ FAX 613-727-0368 
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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 7-11,1 993, Los Angeles, CA 

Information: UCLA Short Course Program Office. Tel: (310) 
825-1047. Fax: (310) 206-2815. 

High Performance, 
Low Phase Noise. .. 

CRYSTAL 
OSCILLATORS 

We offer a wide variety of crystal oscillators including 
XO’s, TCXO's, TCVCXO's and OCXO's. These oscilla¬ 
tors are available with state-of-the-art performance in 
phase noise, short term stability and temperature 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. 

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 

Ionospheric 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, Merril A. Ferber. Tel: (202) 994-8522 
or (800) 424-9773. 

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. 

EGaG 
FREQUENCY PRODUCTS 

4914 Gray Road »Cincinnati. Ohio 45232 I In Canada represented by: ELLAM & Assoc. Ltd. 

■■ Phone 513-542-5555 • FAX 513-542-5146 I Phone 613-727-3892 • FAX 613-727-0368 

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. 

INFO/CARD 13 
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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-Field, 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. 

Ri 
Plezo Technology, Inc. 

Announces 

UPDATED HANDBOOK 
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: OCXO, TCXO, VCXO 
VCO and Clock Oscillators 

• IMPROVED SUBASSEMBLY CAPABILITY 

• CONTINUED RESEARCH ACTIVITY AT PTI 

For your copy 
please call or FAX tne PTI Sales Department 

P.O. Box 547859, Orlando, FL 32854-7859 
PH (407) 298-2000 FAX (407) 293-2979 

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 

INFO/CARD 14 
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LAP-TECH ¡NC. 

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. 

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

RF Design 

LAP-TECH INC. 
230 SIMPSON AVE. 

BOWMANVILLE, ONTARIO 

CANADA L1C2J3 

TEL: 416-623-4101 

FAX: 416-623-3886 

• CLOCK OSCILLATORS 0.25 -170 Mhz 
TTL, HCMOS AND ECL 
Hermetic packages with through hole 
and surface mount configurations 

• EMERGENCY SERVICE DELIVERY 
• QUALITY # 
JSO 9002 pendihg 

INFO/CARD 15 



Above the Noise by Gary Simonyan 

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 
Gary Simonyan 

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 502/1 5’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 
(0.5 in. dia.) and low cost. 

New from 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 

Frequency bands available 
VSWR 

Attenuators 

‘Combiner 

‘Filter banks 

‘Optional 

Upto +13 dBm 

Up to 40 GHz 

1.5:1 

Oto 127 dB in 1-dB steps or 

0 to 128 dB in 0.1 dB steps 

Combines input signal with noise 

Act on noise, signal, or both. Up to four of any type 

INFO/CARD 16 
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Precision 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 
delivers flat, broadband white 
noise from 100 MHz to 40 GHz. 
It’s compatible with the HP 
8970 and other popular noise 
figure meters, and has low 
VSWR across the entire band. 

The NC 346Ka has a built-in 
regulator that makes it 
insensitive to input voltage 
variations. The units are fully 
calibrated at frequency points 
throughout their operating 
range. ..and they’re available 
from stock. 

Specifications 
Frequency Output VSWR 

range (GHz) 

0.1 to 5 1.25:1 

5 to 18 1.30:1 

18 to 26.5 1.40:1 

26.5 to 40 1.50:1 

ENR 10 to 17 dB 

Input power +28 VDC +/-2 V at 30 

mA maximum. Built-in 

regulator 

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 E^/No, 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. 

Moists 

The white noise adviser 

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

ENR = 10log (V 290 ) 
¿do 

ENR can be conveniently applied in 
noise figure measurements (see 
Noise Application Note 115). ENR 
and Te 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, No, in dBm/Hz? 
A: For ENR values up to 30 dB, take 
the effective noise temperature (Te) 
of the noise source and insert it in 
the following equation: 

No (in dBm/Hz) = 
10log(kTe) dBm/Hz 

where k = 1.38 x 10 23 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: 

No (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 
commonly 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 Wlog(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 
Wlog(NBW). 

E. 49 Midland Avenue, Paramus, New Jersey 07652 
(201) 261-8797 • FAX (201 ) 261 -8339 



HF 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 

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 1.2 
3rd Order OIP (dBm) +38 +45 +42 
VSWR Input/Output 1.5:1/1.5:1 1.2:1/1.2:1 1.2:1/1.2:1 
DC Voltage (Vdc) 15 19-31 19-31 
DC Current (mA) 220 800 425 
DC Power Connector Solder Pin Filtered 9-pin Filtered 9-pin 

D-sub D-sub 
RF Connectors SMA (J) SMA (J) SMA (J) 

Q-bit Corporation 
2575 Pacific Avenue NE. Palm Bay, Florida 32905 

S' 407/727-1838 • « 407/727-3729 

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-volume 
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 
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FREE desk reference, consultant, 
resource center, and catalog 

comprehensive 
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 

Sturdy hardbound 
edition with 688 pages 
of facts, charts, graphs. 

and information. 

© 1993 Hewlett Packard Co. TMTÄM304/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, 

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. 

HEWLETT 
PACKARD 
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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 MHz 
Hybrid OCXO is 

Keeping a Low Profile 

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

TK802 OCXO Hybrid 
Guaranteed Specifications 

20 

• 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 

(-20° to +70C) 
Frequency Range 

Frquency Stability 
vs. Temp 
vs. Time 

Output 
Power 
Harmonics 
Sub Harmonics 
Spurious 
SSB Phase Noise 
Offset 
100 Hz 
1 KHz 
10 KHz 

Operating Power 

50-100 MHz 

±5X10 8
±1X10 6/Yr 

+7 dBm Min 
-20 dBc Min 
-55 dBc Min 
-80 dBc Min 

Level 
-100 dBc/Hz 
-135 dBc/Hz 
-155 dBc/Hz 

Oscillator 
Heater 

Price 

+19 Vdc @ 50 MA Max 
+28 Vdc @ 250 MA Max 

$790.00 (Qty 1-9) 

— MICROSONICS CORP. 
a subsidiary of Signal Technology Corporation 
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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 ISO 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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R AKO N TCXO’s 
OUTSTANDING QUALITY & PERFORMANCE 

Frequency Stability vs Reciprocal Temperature Ramp @ 2°C/min 

Elapsed Time (days) 

• 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 

Very low Hysteresis 
Low parts in 1010 Alan Variance 
G sensitivity of 2x1 O '0 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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REnews 
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 specialty 
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 

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

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 88 Long Hill Cross Roads 

dJU ENGINEERING She,ton - CT 06484
CORPORATTON DIVISION 
A New York Stock Exchange Company 

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 
AMPLIFIERS 
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: 

F GAIN NOISE 
GAIN VAR. FIGURE 

MODEL FREQUENCY (MIN.) (MAX.) (MAX.) 
NUMBER (GHz) (dB) (±dB) (dB) 

1 dB GAIN 
VSWR COMP. 
(MAX.) OUTPUT 

IN OUT (MIN., dBm) 

NOM. DC 
POWER 

(+15V, mA) 

AFSM2-001 00200-1 2 
AFSM2-001 00300-1 4 
AFSM2-001 00400-1 6 
AFSM2-001 00600-1 8 
AFSM2-005001 00-11 
AFSM2-01 000200-10 
AFSM2-02000400-13 
AFSM2-02000600-15 
AFSM2-00050100-20P 

k AFSM2-01000200-20P 

.1-2 

.1-3 

.1-4 

.1-6 

.5-1 
1-2 
2-4 
2-6 

.05-1 
1-2 

±1 
±1 
±1 
±1.5 
±1 
±1 
±1 
±1 
±1 
±1 

AFSM2-001 00200-1 2 AFSM2-00050100-20P 

? 28 

Z 26 

e 24 

m 18 
•o 

16 

O 
2.0« 

0 
c 
a 

0 c 20 

_ 0 5 
1.24 1.62 2.00 

Jo® 
1.0 

FREQUENCY (GHz) FREQUENCY (GHz) 

For additional information please call Hillar Küss on extension 259. 

100 Davids Drive, Hauppauge, NY 11788 
I — «TEL: (51 6)436-7400 «FAX: (51 6)436-7430 
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KF 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 — Sei-

Ceramic Bandpass 
Filters from Trans-Tech 
200MHz to 2.5GHz 

24 

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-1 19(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-1 19(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. 

Illinois Superconductor Wins U.S. 
Commerce Dept. Contract — Illi¬ 
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, 
Delfin 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. 

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 

G» 

Typical Applications* Center Frequency Bandwidth f<±MHz 
Insertion Loss (dB) in BW 

Ripple (dB Max.) in BW 
V.S.W.R. in BW Max. 

Attenuation (@fo± MHz) Min. 
Cellular 836.5 12.5 1.8 0.8 2.0 20(fo±77.5) 

Cordless Telephone 886.0 1.0 3.0 0.5 2.0 35(io±71.0) 
Spread Spectrum 915.0 12.5 1.8 0.8 2.0 20(i«±77.5) 

GPS 1575.0 10.0 0.7 0.5 2.0 20(io±140) 
* Other frequencies available, please call factory. 

Ceramic Solutions for a Wireless World. 

Winner of the 
1993 American 

Ceramic Society's 
Corporate Technical 
Achievement Award. 

Trans-Tech îïï 
5520 Adamstown Rd. ■ Adamstown, MD 21710 

Tel. (301) 695-9400 ■ Fax: (301) 695-7065 
Trans-Tech, Inc. is a subsidiary of Alpha Industnes, Inc 

ÈB Alpha 
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ANY KIT 

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

Fixed Inductors $9900 LL Chip Inductors M900 

Surface Mount Inductors $9900 5MM Surface Mount Coils $9900 

5MM Coils $5900 7MM Coils $5900 10MM Coils $5900 Molded Coils $5900

[Si TOKO PEHSTDEK 
RF/MICROWAVE DISTRIBUTION 
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UE industry insight_ 
Where Does HDTV/ATV Stand? 
By Gary A. Breed 
Editor 

The 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-

• General Instruments — 
DigiCipher 

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

• Zenith Corporation, AT&T — 
Digital HDTV 

• Massachusetts Institute of 
Technology, General Signal 
— Channel Compression 

• NHK (Japanese Group) — 
Narrow MUSE 

The five competing systems for the U.S. 
HDTV 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 small 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 AMPLIFIER SYSTEMS 
From KALMUS ENGINEERING, Of Course! 

EMI-EMC-RFI 

• AC Operation 
• Fully Protected 
• Drive Mismatched Loads 
• No VSWR Shutdown 
• ALC Flat Gain Response 
• Remote Functions 
• Lowest Prices 

ALL SOLID-STATE MOS-FET RF AMPLIFIER SYSTEMS 

- RFdlfTPin FREqUENCY RAM6E_ MIK USA PRICE 
700LC 1.5WCW .003-1000 MHz 33dB $ 1,695 
704FC 4WCW .5-1000 MHz 33dB $ 2,195 
210LC 10WCW .008-225 MHz 40dB $ 2 495 
71 OFC 10WCW 1-1000 MHz 40dB $ 6,695 
*727LC 10WCW .006-1000 MHz 44dB $ 7 750 

NEW 713FC 15WCW 10-1000 MHz 42dB $ 4 250 
225LC 25WCW .01-225 MHz 40dB $ 3 295 
•737LC 25WCW .01-1000 MHz 45dB $ 9,995 
712FC 25WCW 200-1000 MHz 45dB $ 6 950 

NEW 714FC 30WCW 10-1000 MHz 45dB $ 9 950 
250LC 50WCW .01-225 MHz 47dB $ 5 250 
715FC 50WCW 200-1000 MHz 47dB $16,990 
707FC 50WCW 400-1000 MHz 50dB $ 9 990 

NEW 716FC 50WCW 10-1000 MHz 47dB $17,950 
•747LC 50WCW .01-1000 MHz 47dB $19,500 
116FC 100WCW .01-225 MHz 50dB $ 8 800 
709FC 100WCW 500-1000 MHz 50dB $16,990 
717FC 100WCW 200-1000 MHz 50dB $19,500 

NEW 718FC 100WCW 10-1000 MHz 50dB $26,950 
*757LC 100WCW .01-1000 MHz 50dB $29 950 
122FC 250WCW .01-225 MHz 55dB $ 14 650 
723FC 300WCW 500-1000 MHz 55dB $29 995 

LA500G 500WCW 500-1000 MHz 57dB $53,500 

RUGGED VACUUM TUBE DISTRIBUTED AMPLIFIERS 
116C 100WCW .01-220 MHz 50dB $ 9 295 
122C 200WCW .01-220 MHz 53dB $11,750 
134C 500WCW .01-220 MHz 57dB $19 800 
137C 1000WCW .01-220 MHz 60dB $27 550 
140C 2000WCW .01-220 MHz 64dB $44,990 

Warranty: Full 18 months all parts. Vacuum tubes 90 days. 

* Indicates Dual-Band System (coaxial band switching) 

ENGINEERING 

The Wer III's Most Complete 
Une of HF Power Amplifiers 

1-800-344-3341 
(206) 4856000 n»(206) 4860657 
21820871h SE. Woodinville, WA 88072 USA 
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TRAK Commère 
Designed For Quality. Built For Pet 
Unbeatable Quality 

For many years engineers designing circuits over the VHF 

to microwave spectrum have recognized TRAK as a supplier 

of top quality components and subsystems. 

These products have been used in many 

applications from the earliest space 

programs to fighter aircraft to missiles to 

communication systems. 

Leading Edge Engineering 

TRAK is recognized for its innovations 

in RF and microwave product design. 

Our engineers have shrunk sizes while 

maintaining high performance and have 

introduced innovative packaging 

techniques now emulated by others. 

Cellular Radio Circulator 

Frequency 860-900 MHz 

Isolation 25 dB Minimum 

Insertion Loss 0.3 dB Maximum 

VSWR 1.19:1 

Operating Temp. 0-40’C 

Average Power 300 Watts 

Peak Power 1 KW 

Size .960 Diameter x .250 High 

Enter the Commercial Products Division 

Now TRAK’s Commercial Products Division offers these 

well-known TRAK qualities at highly competitive prices for 

commercial applications. If you don’t require the high 

overhead expense that comes with MIL 

Q-9858A or BS575O you don’t have to 

pay for it — but you get the same high 

quality! 

Products 

TRAK is producing circulators, 

isolators, crystal controlled oscillators 

and phase locked oscillators for Cellula 
Radio, Wireless Telephone, Microwave 
Links, and Test Equipment. TRAK 
Commercial Products Division also 



iai Components: 
formance. Priced For Competition. 
offers frequency multipliers, comb generators, IF amplifiers 

and synthesizers. 

American and European Manufacturing 
Our plants in Tampa, Florida and Dundee, Scotland give 

you a choice. Get the same high quality at commercial prices. 

TRAK COMMERCIAL PRODUCTS DIVISION 

Call or write: 
Jim Riddle 
TRAK Microwave Corp. 
4726 Eisenhower Blvd. 
Tampa, FL 33634 
Tel: 813-884-1411 
FAX: 813-886-2794 

Ken Allstaff 
TRAK Microwave Ltd. 
4 Lindsay Court 
Dundee, Scotland DD2 1TY 
Tel: (0382) 561509 
FAX: (0382) 562643 

M TRAK AÍICROI4MVE 
CORPORATION 
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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. 
From our economy PTS xlO, to our space¬ 
saving PTS 310, to our top-of-the-line PTS 1000, 
we have more models to cover your source needs 
from 100 KHz to 1 GHz. 
And more options, including: 

• OCXO, TCXO or external standard. 

But wait, there’s less! 
All of our synthesizers feature low power 
consumption, low spurious output (as low as 
-75 dBc), low phase noise, and fast frequency 
switching (as fast as 1 psecond). 

And all of our models are available, at a lower 
price, in a remote-only OEM configuration for 
easy integration into your OEM system. 

• choice of resolution from 
100 KHz to 0.1 Hz, 

• DDS with phase-
continuous switching, 

• digital phase rotation, 
• BCD or GPIB 
remote control, 

and almost a hundred 
others to let you specify a 
synthesizer so well-tailored 
to your requirements that 

Our full catalog has all the information you 
need to specify the 
most synthesizer for 
your money. 

Call or FAX us for your 
copy, or for immediate 
engineering assistance. 

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 
warranty period. 

PROGRAMMED TEST SOURCES 
P.O. Box 517 Littleton, MA 01460 

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. 

The 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 
in frequency between these two band 
edge frequencies is the bandwidth. In 
addition, some types of filters exhibit 
small changes in the attenuation charac¬ 
teristic of the passband. This is called 
the ripple and is the maximum allowable 
attenuation in the passband. Other per¬ 
formance parameters will be discussed 
later in the paper. 

Filter design consists of finding the 
number of elements needed and the 

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 filter 
order are based upon the desired filter 
characteristics. 
The equation governing the Cheby¬ 

shev response is shown below. 

182,1 = 1+E2Tn(«>) (1)

where: 

T2(w) = cos2(Ncos-1 io) for <o<1 
= cosh2(Ncos-1 (o) for œ>1 

e2 = 1Orno—1 
r= ripple in dB 
N = filter order as an integer 

IS21 12 = forward transmission 
coefficient using S-parameters 

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

IL = +10LOG [1 + e^cos^Ncos’w))] 
œ<1 (2) 

= +10LOG [1 + E2(cosh2(Ncosh'1œ))] 
w>1 (3) 

The filter order can be determined by 
using the following formula. 

T 
,-1 10’0-1 cosh -J- J— 

N >- -— -- (4) 
cosh-1 (œs ®c) 

where: 

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

e2 = ripple factor = 110’o -1 j 
r = ripple in dB 
(oc = cutoff frequency 
ws = stop frequency 
A = attenuation in dB at œs

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

R = tanh2(B/4) for N even (5) 

R = 1 for N odd (6) 

9i = 2a,/p (7) 

gk = -^- ,ak for K = 2,3. N (8) 
bk-i 9k-i 

where: 

B = In coth 
r 

17.37 

Figure 1. Lowpass prototype network with capacitive 
input. 

Figure 2. Lowpass prototype network with inductive 
input. 
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Figure 3. Highpass prototype network. Figure 4. Bandpass prototype network. 

r = ripple in dB 

ak = sin 
(2k-1)jt 

2N 
for k = 1,2. N 

p = sinh (B/2N) 
bk = pz + sin2(kn/N) for k = 1,2. N 
R = terminating resistance 

On Today’s Circuit, 

the Smallest And Fasti 
Leads the Field! 

The new MAH (ACMOS) 
and MEH (ECL) oscillators 
are well-suited for applications 
requiring high drive capability, 
fast rise/fall times, and tight symmetry. 

Leads are spaced on .300" x .300" centers (8-pin DIP 
compatible), and overall lateral dimensions are .520" x 
maximum. Operating frequency 
range is 70 to 135 MHz on the MAH 
with optional tristate, and 40 to 
150 MHz on the MEH. Gull wing lead 
configuration is available. For 
more information, contact M-tron. 

Mtron 
MAH (ACMOS) and MEH (ECL) 

Oscillators 

P.O. Box 630, Yankton, SD 57078 USA 
1-800-762-8800 Fax: 605-665-1709 

INDUSTRIES, INC. ' 1993 M-tron Industries, Inc. All 

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, <oc, the following 
equations are used. 

(9) 
<OC

(10) 
H(i)c

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. 

g(̂ i/gi (11) 

series L-> series C (12) 

shunt C-> shunt L (13) 
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mportant in the product 
MD 

Important in the manufacturer 

Reliability 

Highpass • Interdigital • Combline 
Bandpass • Diplexer • Notch • Hairpin 
Edge Coupled • Lowpass • Multiplexer k^l 

MICROWAVE INCORPORATED 

Call today and ask for K&L's Suspended Substrate Brochure 
* DOVER) TECHNOLOGIES COMPANY 
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E C D I A 
SINGLE LAYER 

CHIP CAPACITORS 

Only TECDIA has THREE! 
Figure 5. Bandstop prototype network. 

ONE: Atype 250V 

50 OHM 10 91 nH 10 91 nH 

3 65 pF 4= 6 29 pF ±3 65 pF S 50 OHM 

Figure 6. Chebyshev LPF lumped-element network. 

• Safety Margin around top 
• Top: TiW/Au 
• Bottom: TiW/Pt/Au 

TWO: Btype 250V 

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 L-> series LC (14) 

gR Aco 
where L=-a—, C =- -

Aco g R cog 

shunt C-» shunt LC 

where L = ̂ , 
®o9¡ 

(15) 

• Safety Margin around top & bottom 
• Top & Bottom: TiW/Au 

THREE: Ctype 100V 
Wo co-»—— 
Aco 

co coo 
coo co 

(16) 

where: 

<o0=ctr. freq, in rad /sec. = 7co,co2 
co,,co2 = lower and upper band-edge 

freq, in rad/sec. 
Aco = bandwidth = cog-co. 

• Solderable with Sn 60, 62, or 63 
• Top & Bottom: TiW/Pt/Au 

FOR CAPACITORS WITH: 

■ Extremely smooth and uniform 
metallized surfaces 

■ Pt metallization to withstand 
400°C die attach temperature 
up to 20 min max. 

■ TiW adhesion layer to prevent 
diffusion and provide stability 
at very high temperatures 

CALL: TtCDIPI 
2672 Bayshore Parkway, Suite 702 

Mountain View, CA 94043 
Tel: (415) 967-2828 Fax: (415) 967-8428 
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Please see us at RF Expo West, 
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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 = ̂R c = ̂o_ 
Aco qRcog 

shunt C -» series LC 

whre L= RAco g 

œo9, 

3 
RAco 

where: 

COn co coo 
co-» —- - -

Aco ( co0 co 

where: 

(18) 

(19) 

(oo = ctr. freq, in rad /sec. = \co,co2 
co,,«2 = lower and upper band-edge 

freq, in rad/sec. 
Aco = bandwidth = co2 - co, 

The bandstop prototype network is 
given in Figure 5. 
As an example, consider a lowpass fil¬ 

ter with the following requirements. 

1. r =0.1 dB 
2. fc =1.0 GHz 
3. fs =2.0 GHz 
4. A =30 dB 
5. R = 50 

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. 

ZRCOsßl + jZpSinßl . 
Z° Z0cosßl + jZRSinßl 

where: 

Zo = XMS line characteristic impedance 
ZR s load resistance 

„ , 2rt 
ß = wave number = — 

À 

(expressed as the phase change of 
a wave traveling down a transmis¬ 
sion line) 

I = length of transmission line 
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Use coin to rub off 

RF design with your 
current software. 

RF design with your 
future software. 

There's a right way and a 
wrong way to do RF design. 
Which way you choose 
depends on whether or not 
you turn the page. 



The wrong way: 
This is the high 
frequency time 
domain simulation 
typical HF CAE 
software offers. 

The right way: 
HP RFDS lets you do 
time & frequency 
domain simulations. 

The wrong way: 
Combined system and 
circuit simulation? 
Not with your 
current software. 

The right way: 
Now you can do system 
and circuit simulation 
in the same software. 

The wrong way: 
Phase noise & noise 
figure simulations on 
non-linear circuits? 
Sorry. 

The right way: 
HP RFDS does phase 
noise, noise figure & 
BER simulations on 
non-linear circuits. 

To eliminate the 
time-consuming 
trial-and-error design 
process, try a new 
generation of CAE 
software: 
HP RF Design System. 
When you’ve got to get a product to 
market, nothing is more frustrating 
than multiple iterations of your 
RF design. 

Wouldn’t life be easier if you could 
get it right the first time? Now you 

can with HP’s new RF Design 
System, the only software that 
facilitates the entire design process. 
Want proof? 

Can your current CAE solution 
combine system and circuit simula¬ 
tion in one software program? 

Or produce high frequency time 
domain simulations? 

Or offer advanced schematic-entry, 
comprehensive parts libraries, data 
analyses, test-equipment links, and 
automatic self-documentation? HP 
RFDS does. 

The fact is, unless you use HP RFDS, 
chances are you won’t get your 
design right the first time. And in 
today’s competitive race to market, 
you can’t afford to come in second. 

For a complete brochure on HP 
RFDS, call 1-800-452-4844. And 
ask for Ext. 7196. 

HP’s RF Design System — it’s the 
right way to do RF design. 

Ihnl HEWLETT
PACKARD 

TMNMD247/RFD 



For a short-circuited transmission line, 
the following holds true: 

ZR = 0 (21) 

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 ßl=0 to ßl=rr/2. At the latter 
condition the following holds true: 

ß’~ = £ (23) A. ¿ 

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-

X 
4 

(24) 

Since the length of the transmission 
line is a quarter-wavelength long, the 
transmission line is called a quarter¬ 
wavelength shorted stub. As ßl increas¬ 
es from rt/2 to rt, the reactance is nega¬ 
tive or capacitive. 
The quarter-wavelength frequency 

can be defined as shown below. 

High Efficiency 
TO-8 Amplifier 

Solutions 

|=A = Vç 
4 4f 

4i 
Then: 

Zin - j Zo tan —— 
À 

( Vc 1 
' 4fo J 

(25) 

(26) 

(27) 

.-.Zin - j Zo tan — Í — j (28) 
4 V fo 7 

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. 

Z4N = Zo^ C°S^-iZRCOtßl (29) 
jZRSinßl 

For the quarter-wavelength transmis¬ 
sion line: 

For immediate assistance, more information and a free catalog, 
call 408-492-1400, or send us a Fax at 408-492-1500. 

Zin - _ j Zo cot — Í 
foJ 

(30) 

Again, this stub will exhibit a periodic 

__________ -— - - Made in the U.S.A- -

ca
2225-K Martin Ave. Santa Clara. 
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Turn your 
shielded room 
into a reverb 
chamber 

at frequencies from 
30 to 1000 MHz. 

Figure 8. Chebyshev transmis¬ 
sion line network. 

Our Cavitenna* cavity-exciter uses 
the wall or ceiling as its ground¬ 
plane, and delivers field strengths 
you usually associate with anten¬ 
nas bigger than your room. 

This 4-foot-wide top-loaded 
monopole, with typical gain over 
5 dB, is especially welcome in the 
“difficult” mid frequencies 
between 30 and 150 MHz, where 
other fractional-wavelength anten¬ 
nas don’t measure up. Accepting 
input power as high as 3500 watts, 
the Cavitenna cranks out well over 
700 volts per meter at 100 MHz, 
and even more at 200 MHz. 

Magnetic mounting clamps 
make installation and relocation in 
the shielded room fast and easy. 
Easy, too, is the price. 
You should talk volts/meter and 

rf power with someone who knows 
your language and most often 
knows your problems. That’s one 
of our applications engineers, 
who’ll pick up the phone when you 
call, toll-free, 1-800-933-8181. 

nmPLiFien 

160 School House Road 
Souderton, PA 18964-9990 USA 
215-723-8181 • Fax 215-723-5688 

For engineering assistance and 

service throughout Europe, call 

EMV GmbH • Munich • 89-612-8054 

EMV Ltd. • London • 908-566-556 

EMV S.A.R.L. • Paris • 1-64-61-63-29 

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 co re¬ 
placed with the variable shown below. 

co^Q=tan|-*-l (31) 
l2 foj 

where: 
f = either cutoff or stop freq. 
f0 = 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. 

(32) 
Qc 

(33) nL¿c 

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. 

L—>Zo (shorted stub) 

G — (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 

Fig ure 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: 

1. r =0.01 dB 
2. f0 =1 .0 GHz 
3. fc =0.5 GHz 
4. fs =0.8 GHz which extends to 1.1 

GHz minimum 
5. A = 10 dB 
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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We’ll continue to provide only the highest quality RF connectors. 

Just 
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Reinvented 
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The 
We 11 deliver. On time. Every time. 

“Well” 
We’ll be happy to quote on your next order. 

Just give us a call at 203-223-2700. 

ITT Cannon 
SEALECTRO 
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length transmission lines. Instead, only 
bandstop and bandpass filters can be 
realized. RF 
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I/O MOD. & DEMOD. • PHASE DETECTORS • PHASE SHIFTERS 

ATTENUATORS • VECTOR MODULATORS and more... 

_ _ 
ran Boulevard « Paterson, New Jersey 07504 • (201) 881-8800 • Fax: (201) 881-8361 2 
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SIEMENS 

RF Performers 
Announcing 
the most advanced 
RF transistors for 
mobile communications. 

Siemens announces a full range of 
high-performance RF transistors offer¬ 
ing increased gain, reduced noise, 
and lower power consumption. Best of 
all, these advanced devices costless 

than devices you may currently be using. 
Call 1-800-77-SIEMENS, ext. 310 for a 
complete data kit on mobile communica¬ 
tions devices (including a data sheet about 
Siemens surface mount GaAs MMIC). 

Type Max Ratings Characteristics Application 

NPN 
^ceo 

V 

'c 

mA 

F 
900 MHz 
8 V 
dB 

Gpe 
900 MHz 
8 V 
dB 

Uce^c 
/ 0 to above 3 GHz 

V/mA 

BFP 180 8 3 19 15 1 to 3/0.2 to 2.5 paging system 

BFP 280 8 10 1.4 18 1 to 5/0.2 to 8 low-noise pager 

BFP 181 12 20 1.3 19 1 to 8/0.5 to 10 low-noise pre-amplifier 

BFP 182 12 35 1.2 19 1 to 8/1 to 20 low-noise amplifier 

BFP 183 12 65 1.2 19 1 to 8/2 to 28 low-noise amplifier 

BFP 193 12 80 1.2 19 3 to 8/5 to 40 low-distortion output stage 

BFP 196 12 120 1.4 18 3 to 8/30 to 100 low-distortion output stage 

SCI-1009 

Our tightly graded range of devices ensures matching your application as closely as possible to the 
optimum operating point. (This data is for the SOT143 package. However, devices are available in all 
packages pictured.) 
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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. 

The 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. 

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 2c 
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 

Receiver Topology 
A brief review of the analog receiver 

system architecture will help to put the 

Figure 1. Collins mechanical filter 
with size comparison. 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 
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 7 

Lower Sideband ra œocnin can a2□¿O-öböO-UlU o.oU o 
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 
526-8521-010 3.20 12 526-8638-010 20 0 8 

Filter Sets Phase Matched to ±3 across 70% of the 3dB bandwidth 
526-8630-030 3.30 8 
526-8561-030 8.50 8 
526-8615-020 16.0 8 

Pricing: Above filters 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 
Bl Costa Mesa, CA 92626 

VIW Rockwell Phone (714)540-7640 
International fax (714) 641-5320 

internal shielding and lead 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 so). 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 stones of all Wavetek components: 
manufacture of high performance miniature passive filters from 500 KHz 
attenuators and filters has led us to one ■L-; to 4 GHz, programmable attenuators 
important conclusion: There is no such 
thing as an unimportant component. 

Every RF and microwave compo¬ 
nent we make has the same dedication 

from DC to 3 GHz, standard and custom 
products. 

Today Wavetek filters and attenu¬ 
ators serve in a wide array of demand-

to quality and workmanship that our _ ing applications in aerospace, defense, 
highest Military Standard products do: JBBR| communications, and test equipment 
We know that not just something-bul ̂ ^^’lindustries. These industries count on 
someone depends on our products. us. So can you. Because we build every 

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¬ 

component knowing someone impor¬ 
tant relies on it. 

Find out how Wavetek RF and 
microwave components can deliver for 
you. Call 1-800-851-1202 today and 
request our free Wavetek RF & 
Microwave Components Catalog. 
Experience Wavetek delivery. 
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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. 

Figure 3. Matching mechanical filter to driver and output stages. 

• 1.5 MHz to 1 GHz in 8 Bands 
• 25 1 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) 

W TM 
CORPORATION 

5530 Union Centre Orive 
West Chester, Ohio 45069 
Phone 1513 870-9060 • Fax / 513 870-9064 
1-800-HOPPING 

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 Zs and load ZL 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, RLOAD , 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, 
Routput. for the output stage (to estab¬ 
lish the desired input excursion, noise 
figure and stability for that stage). They 
also determine the ratio V0UTA/,N which 
is needed for correct gain distribution. 
The physical resistors, RNET , 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 ZF ,N and ZF OUT also affect 
Zload and Z0UTPUT (Figure 3). Figures 4 
and 5 show typical AM filter impedance 

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

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 ZL0AD 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 ZL 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. 
Wb 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 
nght from the design stage. It can 

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 current EMC 

specs and standards, at your facility 
or ours. And with our EMC experts 
helping you from design to produc¬ 
tion, passing the test will be a lot 
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. 

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-

Instrument Specialties 

Where Shielding 
is a Science 

Headquarters: Delaware Water Gap, PA 18327-0136 
TEL: 717-424-8510 FAX: 717-424-6213 
Western Division: 505 Porter Way, Placentia, GA 92670 
TEL: 714-579-7100 FAX: 714-579-7105 
European Division: Champ Tignée 34, 4671 Barchon, Belgium 
TEL: +32-41-877170 FAX: +32-41-877175 
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Figure 6. Matching network (L-network) without stray 
capacitance. 

Figure 7. Matching network (L-network) with 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 Zs (or ZL) varies along the 
path DCE. 
A complication occurs because of the 

stray capacitance, Cs, 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 Cs 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 Zs (or ZL ) from 450 kHz to 460 
kHz we see that it is significantly greater 
than before. The stray Cs 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 Cs should be 
resonant as far as possible above 460 
kHz. Coil catalogs usually give the value 
of inductance at some low frequency, 

where capacitive effects are small, and 
also the self-resonant frequency from 
which CC0|L and LTRUE can then be esti¬ 
mated. 
The coil and capacitor Cc must be 

high quality components which are sta¬ 
ble over temperature and time. Cc 
should be an NPO trimmer in parallel 
with a stable fixed capacitor. Other para¬ 
meters such as stray Cs and active de¬ 
vice I/O 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 Leff or Cc, the mismatch and the 
passband response degrade more 
rapidly. 
Equations 1 and 2 give values of LEFF 

and Cc (coupling capacitor) for a given 
value of R, where R (as shown in Fig¬ 
ures 6 and 7) is equal to twice the de¬ 
sired value of RLOad (or ROutput) indicat¬ 
ed in Figure 3. The variation in Zs (or ZL) 
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 RLOad or ROutput 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 
RL0AD (°r ̂output) within the filter pass¬ 
band. 

1.564x10 sxR 

LeFF ~ \R-2OOO 

1.224x1 O’13 
cc=— ;- R2

48 

Ltrue - Leff (3) 

K = 8.173x1012 C| 
where in equation 3, LTRUE 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 Rune up to 2000 ohms. In this case 
the Q'Xl' product of the coil is part of the 
mechanical filter’s source or load resis¬ 
tance (Rs or Rl ) and the L network 
transforms RUNE up to a value R' which, 
in parallel with Q'XL', is the desired 2000 
ohms. A word of clarification: The series 
combination RUNE and C'c in Figure 6 is 
equivalent to a parallel combination 
which consists of the resistive compo¬ 
nent R' and a capacitive component Xc' 
which is “tuned out” by L'EFF . Equations 
4, 5 and 6 can be solved recursively for 
L'eff and C'c, starting with a value of 
R' = 2000 ohms. This process con¬ 
verges rapidly because Q'XL' is usually 
much greater than 2000 ohms. Be sure, 
also, that the value of RUNE does not 
vary. 

C¿ =- / . . (4) 
2.859 X 106 x ̂ Rline (r’ - RLINE ) 

1 + 8.173x1012 xCc2 R^ne 
- I0) 

8.173x1012 xC¿ 

(1) 

(2) Figure 8. Matching mechanical fil¬ 
ter to lower impedance RHne . 
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Solutions 
Wright Brothers Aeroplane 
17th December, 1903 
Kitty Hawk, North Carolina 

We All Have Problems 
Ferretee 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. 

Ferretee 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: 

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

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

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

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

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

□ Extremely low phase noise: YIG Resonator Oscillators 

Ferretee Advanced YIG Technology. Solutions that fly. 

IS ferretee 
Ferretee Inc. 
Subsystems Products Division 
3342 Gateway Blvd. 
Fremont, CA 94538 
510-226-1216 
FAX 510-65 1-8771 
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Beat 
The 
Heat 

R’~ 
2000 Q’ X’, 

Ltrue ~Leff 
-4K|^f2f-1 

2KL^f

(6) 

(7) 

Surface Mount 
Temperature Variable 
Attenuator 

• Operating Frequency Range: 
DC -6 GHz 

• Attenuation Values: 
1 -10 dB in 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. 
1X10-3 dB 

dB/°C 

• Chip Size: .122X.145 X.030 

Call For More Info 

1971 Old Cuthbert Road 
Cherry Hill, New Jersey 08034 

Phone:(609)429-7800 
TECHNOLOGY, INC. Fax:(609)429-6814 

K = 8.173x1012 Ccoil (8) 

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. I 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. I 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 pr of 125, using type 
61, Q1 or 4C4 material provides small 
coils. For lower impedance levels, pow¬ 
dered iron assemblies with a pr 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. Cc0|L 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 maxi¬ 
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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Figure 9. Relay switching of mechanical filters. Figure 10. Diode 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 

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 
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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 control. 
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 I/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 I 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 

which may be down only 80 dB or so. 
This can degrade the ultimate attenua¬ 
tion of a switched-in narrowband filter. I 
have seen this kind of problem. 
There is another leakage problem 

which I 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 AGO 
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 signal lev¬ 
els the ripple in the passband increases, 
due to the feedback signal 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. I 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 grayscale 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. 

The EASi (Environment for Analog 
S/mulation) 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 

Figure 1. EASi operates from this Editor window. 

Low Current Duol -Gate FEI M ixer 
with Cornmon~Gote LO and RF Inputs 

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

Figure 4. Phase plane of FET at 
RF port. 

Figure 5. Conversion gain versus 
frequency. 

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, IC 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 

gate-to-source voltages and drain-to-
source voltages are shown in Figure 2. 
FET 1 (the “top” FET of the mixer) has a 
VDS of 3.7 volts with a VGS of -1 .3 volts. 
FET2 (the “bottom” FET of the mixer) 
has a VDS of 0.5 volts and a VGS 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 parallel in-
ductor/capacitor network at 130 MHz. 

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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Amplifier 

UPAIO3 
FT=9GHz 

Differental 

Amplifier 

UPA104 
Fr=9GHz 

OR/NOR 

Functions 

Want to make life simpler? Reduce the parts count in your design 
with silicon MMICs from NEC. They're the low cost, no-hassle way 
to achieve your design goals. 

But be aware of the side effects! 
Reducing your parts count can also make your QC easier. 

Your overall circuit more reliable. And your assembly, whether 
manual or automated, faster and more efficient. 

Special Function MMICs I 
From $ 1.08 each 1 

UPC1684 
LED DRIVER 

150mA 

Drive Current 

300 Mbits NRZ 

UPCI663 
VIDEO AMPLIFIER 

170MHz @ 6^=100 

1.6ns Propagation 

Delay 

NEC MMICs come in chips and a variety of packages, including 
hermetic, low cost plastic, surface mount and tape and reel. 
So they’re ideal for high volume automated assembly. 

And their quality and reliability is proven: With a production 
rate of 7 million a month, no one knows MMICs like NEC. 

Our Silicon MMIC Product Selection Guide 
Note MMK prices based on 25K quantities 

. _ ® 

NEC 

lists specifications for dozens of parts. Chances 
are good it has just what you need. To get 
a copy, call your nearest CEL Sales Office 
or circle the number below. 

California Eastern Laboratories 

CEL Headquarters. «90 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 □ Santa Clara. CA (408) 988-7846 □ Los Angeles. CA (310) 645-0985 

San Diego, CA (619) 467-6727□ Bellevue, WA (206) 455-1101 □ Richardson, TX (214) 437-5487□ Shawnee, KS (913) 962-2161 □ Woodridge, IL (708) 241-3040 □ Cockeysville, MD (410) 667-1310 

Peabody MA (508) 535-2885 □ Hackensack, NJ (201) 487-1155 or 487-1160 □ Palm Bay FL (407) 727-8045 C Snellville, GA (404) 978-4443 □ Nepean, Ontario, Canada (613) 726-0626 

*’1992. California Eastern laboratories 
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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. 

Figure 8. Return loss at LO port 
vs. frequency. 

60 

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 

Measure Up With Coaxial Dynamics 
Model 83550 Digital Wattmeter 
The “Generation Gap” is filled with the “new” EXPEDITOR, 
microprocessor based R.F AnaDigit System. 
The EXPEDITOR power computer ... you make the demands, 
it fills the requirements. 
• Programmable forward AND reflected power ranges. 
• Can be used with the elements you now have. 
• Compatible with all Coaxial Dynamics line sizes 
and power ranges. 

• 18 scales from 100 mV to 50 kW. 
Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales network. 
• PEAK POWER CAPABILITY 
NOW AVAILABLE 

COAXIAL 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Fax: 216-267-3142 
Service and Dependability. ... A Part of Every Product 

INFO/CARD 49 

Figure 9. IF port spectrum at -60 
dBm input. 
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Our new Silicon MMICs 
help unsnarl wireless designs 

Two New Low Power Consumption Wideband Amps 
1.2/1.8GHZ, up to 19dB Gain, 18mW Power Dissipation 

Six New General Purpose Wideband Gain Blocks 
1.5-3GHZ, up to 33dB Gain 

Two New Frequency Convertors 
2GHz Operation, 5V/35mA bias, 5O-6OOMHz IF 

toe 

Our new Silicon MMICs are a cost-effective way to reduce 

part counts, improve reliability, simplify QC, and speed 

assembly of the circuits in your new wireless products. 

They're available in ultra-small surface mount 

packages, on tape-and-reel for automated assembly, 

and they're proven. With a production rate of over 7 

million a month, no one knows MMICs like NEC. 

For a set of our new Silicon MMIC data sheets, call 

your nearest CEL Sales Office or circle the number below. NEC 
California Eastern Laboratories 

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 □ Santa Clara, CA (408) 988-7846 □ Los Angeles, CA (310) 645-0985 

San Diego, CA (619) 467-67270 Bellevue, WA (206) 455-1101 □ Richardson. TX (214) 437-5487□ Shawnee, KS (913) 962-2161 □ Woodridge, IL (708) 241-3040 □ Cockeysville. MD (410) 667-1,310 

Peabody MA (508) 535-2885 □ Hackensack. NJ (201) 487-1155 or 487-1160 □ Palm Bay FL (407) 727-8045 □ Snellville, GA (404) 978-4443 □ Nepean. Ontario. Canada (613) 726-0626 

© 199.1 California Eastern laboratories 
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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 include 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). 

Figure 12. AM to PM conversion 
vs. power level. 

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-

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-

CRTSrAVIlTERSI 
• MONOLITHIC • DISCRETE • 

TEMEX ELECTRONICS 
L/C Filters and Crystals. 

is a manufacturer of Crystal Filters, Discriminators, 
TEMEX designs to custom specifications as well 

as the 10.7 MHz and 21.4 MHz standards. We take pride in fast response and 
the support of our customers. • PHONE • FAX • MAIL • 

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

(Tel) 602-780-1995 (Fax) 602-780-2431 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. 

Sv 
Co-

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 

How about a part with 
Heterojunction-style 

performance for my DBS. MMDS 
and commercial communications 
applications—at a MESFETprice. 

NE326 
NF Ga PldB Freq 

0.5 11.5 10.75 12 

Meet the ideal second stage device: 

hi chip and low cost ceramic and hermetic packages NE424 NF Ga P1dB Freq 

0.8 11.5 11.0 12 

hi low cost ceramic 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." 

"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!' 

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

NE332 
NF Ga PldB Freq 

0.8 10.5 12.5 12 

hi chip and low cast ceramic or hermetic packages 

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

14 GHz" 

Our high-yield Ion Implant process 
produces a consistant, uniform MESFET at 

a new lowcost. 

NE760 
NF Ga P1dB Freq 

0.8 15.5 14.5 4 

hi plastic, low cost ceramic ami hermetic packages and chips 

NOTE: 
Noise Figures (NF) in dB 
Gain (Ga) in dB 
Power Out (PldB) indBM 
Frequency in GHz 

"I'm building mixers at 900 MHz 
and need dual gate MESFETs by 
the thousands. Can you fix me 
up—at under 50c per part?" 

We can—two different wavs: 

NE251 
NE253 

NF Ga P1dB Freq 

0.8 12.0 12.0 0.9 

0.8 12.0 15.0 0.9 

hi low cost plastic packages 

"I need a loir noise FETfor the 
INA in my TVRO system. And, 
of course. I need it in a high 

volume, tape and reel package.' 

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

NE324 
NF Ga P1dB Freq 

0.6 11.5 11.0 12 

hi chip ami low cost ceramic and hermetic packages 

Here you go: 

NE710 NF Ga P1dB Freq 

0.6 13.0 14.5 4 

hi chip form 

They’re here 

They're fully 
characterized. 

And they're ready 
to ship! 

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

circle the number below. 

NEC 
California Eastern Laboratories 

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 □ Santa Clara, CA (408) 988-7846 □ Los Angeles, CA (310) 645-0985 

San Diego, CA (619) 467-6727n Bellevue, WA (206) 455-1101 □ Richardson, TX (214) 437-5487□ Shawnee, KS (913) 962-2161 n Woodridge, IL (708) 241-3040 □ Cockeysville, MD (410) 667-1310 

Peabody, MA (508) 535-2885 □ Hackensack, NJ (201) 487-1155 or 487-1160 □ Palm Bay, FL (407) 727-8045 □ Snellville, GA (404) 978-4443 □ Nepean, Ontario, Canada (613) 726-0626 

C 1992. California Eastern Laboraionr. 
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Figure 14. B JT amplifier layout. Figure 15. Schematic-only simulation compared to 
full layout simulation of the BJT amplifier. 

er, in high speed digital circuits, distrib¬ 
uted elements such as coupled 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¬ 

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-

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

For faster service fax ad and address information 

IMPEDANCE BRIDGES 

Models A56 & A57 are broadband RF transformer type 
RF IN-RF OUT impedance bridges. 

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

Test systems may be as simple as a signal generator, attenuator, bridge, 
detector and meter or more sophisticated using an automatic RF Comparator (see 
A49), RF Amplifier (A52), or RF Analyser (A51) and a fixed or variable 
attenuator for automatic direct reading. The more complex measurements can be 
amplified to display return loss levels even below 50 dB. 

Model* Application Bridge Type 
MIN. FREQ. RANGE 

40 dB Directivity 
with 1 dB max 

Open/Short Difference 

MIN FREQ. RANGE 
50 dB Directivity 
with .5 dB max 

Open/Short Difference 

Bridge Loss 
RF In-RF Out 

Short-Open 
Error Weight 

Price 
for 

Standard 
50 ohm 

A57T 
VHF Fixed 

Return Loss 

Direct Reading 

Balun Null 

1-500 MHz 5-300 MHz 
12 dB nominal 

or 
6 dB per leg 
(RF IN Test 

Port or 
RF OUT Test 

Port) 

1 dB max 

.2 dB 
typical 

3 oz. 

nominal 

$258.00 

A57TGA/6 1-650 MHz 5-600 MHz 344.00 

A57TU UHF Fixed 1-900 MHz — 393.00 

A57T/30 
Low 

Frequency 

30 KHz 30 MHz — 311.00 

AS7TLS 300 KHz 100 MHz — 258.00 

AS7TLL ... 190 KHz 50 MHz 395.00 

A56GA/6 VHF Variable 1-600 MHz 5-600 MHz 8 1/2 oz. 532.00 

• Other Models available. Options include 50/75 ohm Impedance conversion, Termination and Data supplied with unit, DC blocking, and 
various connector configurations. Consult factory for specials and OEM applications. 

WIDE BAND ENGINEERING COMPANY, INC 
P. O. Box 21652, Phoenix, AZ 85036 Phone: (602) 254-1570 Fax: (602) 254-1570 
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Whyyour tuned 
circuits ought to 

be fixei 

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 

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 60 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. 

BCm'electronic engineers master 
See our catalog in Vol A. Section 1800 

1102 Silver Lake Road. Cary IL 60013 

INFO/CARD 133 800/322-2645 Fax 708/639- >469 

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

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 41 91 A. 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 

Dynamic Signal Analysis 
with SRS FFT Spectrum Analyzers 

The new SR770 FFT Analyzer 
has the outstanding performance and value you’ve come to expect from 
SRS Spectrum Analyzers - 90 dB dynamic range, 100 kHz real-time 
bandwidth - plus a versatile 

(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¬ 
lustrate 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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synthesized source 
that generates clean 
sinewaves, two-tone 
signals, white and 
pink noise, and chiips. 

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

• 476 uHz to 100 kHz frequency range 
• 90 dB dynamic range 
• Low distortion source (SR770) - sine, 

two-tone, chirp, white and pink noise 
• GPIB. RS-232, printer port, disk drive 

SR770 

SR760 

$6500 
(U.S. list) 

$4750 
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Frequency response Using the SR770's 
low distortion synthesized source. Bode 
plots of amplitude, phase and group delay 
are quickly generated. 

Data analysis - Easy to use analysis 
functions include 1/3 octave, hand, sidehand 
and THD. Math functions and a responsive 
marker provide power and flexibility. 

STANFORD RESEARCH SYSTEMS 
1290-D Reamwood Avenue • Sunnyvale, CA 94089 
TEL (408)744-9040 • FAX 4087449049 
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RF products 
Spread Spectrum Generator 
The LRS-200 generates 

oseudorandom sequences that 
are useful for developing and 
testing spread spectrum and con¬ 
ventional data communication 
systems. These sequences are 
generated by a configurable 32-
stage shift register using linear 
feedback. The register length, 
feedback pattern, initial register 
contents, and length of the linear 
recursive sequence (LRS) can be 
set manually via a soft menu on 
the display, or automatically via 
an optional GPIB interface. Differ¬ 
ent modes of operation include 
BPSK, QS, Gold/JPL, Offset and 
a burst mode for radar applica¬ 
tions, with a maximum bit rate of 
25 MHz. External inputs include 
clock, data, sequence strobes, 

I and Q direct sequences, and a 
parallel interface for driving a fre¬ 
quency hopper. Options include 
longer generators (up to 192 
stages), multiple generators (up 
to six R32 generators) and cus¬ 
tom non-linear codes. Synchro¬ 
nous operation of two or more 
LRS-200S is possible. Semi-cus-
tom configurations are available. 
Both the chassis and keyboard 
are designed for rack mounting. 
A 16-stage shift register genera¬ 
tor, the LSB-100, is a benchtop, 
non-GPIB programmable version 
of the LSB-200. Both the LSB-
200 and LSB-100 are available 
off-the-shelf. 
New Wave Instruments 
INFO/CARD #250 

S-Band VCO 
Z-Communications announces 

the model C-810 VCO, with a fre¬ 
quency coverage of 2.6 to 3.0 
GHz within a tuning voltage of 0 
to 12 volts. This rugged VCO 
operates over the temperature 
range of -30 to +70 degrees C, 
making it suitable for many out¬ 

UHF, “All-Band”, 
Panel Antennas 
Micro-Communications intro¬ 

duces a new line of UHF 
“All-Band” multi-channel panel 
antennas, designed for HDTV. 
With the upcoming simul¬ 
cast period quickly approach¬ 
ing, broadcasters are starting 
to plan their HDTV RF sys¬ 
tem strategies. A recent survey 
of stations found that 95 per¬ 
cent of all stations want their 
new antenna to be located 
on their present tower. In some 
installations, it will be possible 
to diplex the new HDTV sig¬ 
nal and the existing NTSC signal 

GaAs CATV 
Converter/TV 
Tuner MMIC 
A GaAs upconverter MMIC 

which provides all the front-end 
functions for double conversion 
cable television set-top convert¬ 
ers and broadcast television 
tuners has been developed by 

door and indoor environments. 
The exceptional linearity, speci¬ 
fied at greater than 90 percent 
over the 2.6 to 3.0 GHz range, is 
another feature of this VCO tar¬ 
geted for broadband applications 
requiring large frequency cover¬ 
age and improved linearity. The 
C-810 requires a 15 V supply and 
draws less than 50 mA. It outputs 
15 ±2 dBm into a 50 ohm load, 
which is strong enough for most 
low level mixers. Phase noise is 
typically -95 dBc/Hz 10 kHz from 
the carrier. The C-810 is avail¬ 
able in the “Z-COMM industry 
standard”, 0.91 x 0.91 x 0.29 inch 
surface mount package. Samples 
are available from stock, with pro¬ 
duction quantities delivered within 
six weeks. 
Z-Communications, Inc. 
INFO/CARD #249 

SAW Filters for 
Cellular Phones 

Hitachi America expanded its 
SAW (Surface Acoustic Wave) 
filter product line with a com¬ 
plete family of extremely com¬ 
pact 820 to 950 MHz devices 
precisely tailored for most major 
cellular phone markets world¬ 
wide. These high stability, ad¬ 
justment-free, low insertion 
loss filters use 0.8 micron line 
and space geometry. They fea¬ 
ture sharp, wide passbands and 
deep stopband attenuation for 
use in AMPS, ETACS and 
GSM/NMT equipment. The HWC 
Series input and output imped¬ 
ances are designed to fit pure 
resistive (50 ohm) circuits, elimi¬ 
nating external matching net¬ 

RF Design 

into one multi-channel panel 
antenna. VSWR is less than 
1.10 from 470 to 800 MHz 
(channels 14-69). Power handl¬ 
ing capability is 2.5 kW per 
panel. Omnidirectional; peanut; 
wide, narrow and very narrow 
cardiod gain patterns can be 
produced with different panel 
configurations. Channel combin¬ 
ers and coaxial cable are also 
avialable. 
Micro-Communications, Inc. 
INFO/CARD #248 

Anadigics. The ACU50550 incor¬ 
porates a high degree of integra¬ 
tion, replacing more than 30 dis¬ 
crete components in a typical 
converter.The MMIC has three 
main sections: a Gilbert cell com¬ 
prising a low-noise amplifier with 
automatic gain control and a dou¬ 
ble balanced mixer, a phase split¬ 
ter, and a voltage controlled oscil¬ 
lator. The chip features AGC of 0 
to 8 dB, typical voltage tuning 
range for the VCO of 1.85 to 18 
V, and typical phase noise of 
-83 dBc/Hz 10 kHz from the car¬ 
rier. Typically, 84 channels in the 
50 to 550 MHz range are avail¬ 
able at the RF input. The 
ACU50550 is supplied in a plastic 
DIP and is priced at $14 in quan¬ 
tities of 100. 
Anadigics, Inc. 
INFO/CARD #247 

works. The HWC Series devices 
measure 3.5 x 3.5 x 1mm in their 
surface mount packages. In 
10,000 piece quantities, the 
HWCA605 and HWCB605 are 
$3.65. 
Hitachi America, Ltd. 
INFO/CARD #246 
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RF-2800 
Series 
• 1-88 MHz 
• +65 dBm 
OIP3
•+120 dBm 
0IP2

• 4.5 dB Noise 
Figure 

• 16 dB Gain 
• Lower Gains 
Available 

• Quality at 
Low Cost 

^ products continued 
Product Spotlight: Ferrites 

P.O. Box 740 
State College, PA 
16804 

High Dynamic Range 
• RF Front-end Systems 
• Antenna Preamplifiers 
• Antenna Multicouplers 
• 2-Tone Test Source Amplifier 

Related HDR Products 
• Mixers/Converters 
• RF Multicouplers 

See the Locus Difference 

■LOCUS, Inc. 
KAMAN 

814-466-6275 FAX 814-466-3341 

SMT Ferrite 
Beads 

Philips Components Discrete 
Products Division has intro¬ 
duced two surface mount ferrite 
beads for EMI/RFI suppression 

applications. The beads are 
available in 0.335 and 0.160 
inch size categories and are 
manufactured of 4S2 ferrite 
material. A flat piece of tinned 
copper wire is passed through 
and crimped on a rectangular 
ferrite bead. 
Philips Components 
INFO/CARD #245 

Flat Cable Cores 
Flat cable cores from Inter¬ 

mark slip over flat cables and 
offer 65 to 100 ohms imped¬ 
ance at 100 MHz. The cores 
are flat to conserve space and 
come is sizes accommodating 
10 to 50 conductor cables. 
Intermark (USA), Inc. 
INFO/CARD #244 

Beads On 
Interconnects 

Meritec’s Single Signal Inter¬ 
connect (SSI™ ) assemblies are 
now available with ferrite 
beads. The assemblies meet 
the requirements of electrically 
sensitive applications using 
high speed CMOS, ECL or 
GaAs logic. Current rating is 1.0 
amp/contact, and standard 
impedances from 50 to 100 
ohms are available. 
Méritée, Div. of Associated 
Enterprises 
INFO/CARD #243 

INFO/CARD 55 

compex corp NOW offers 

48 guaranteed 
delivery on 

Microwave CSA 
Ceramic Capacitors 
from 50 to 500 CHIPS 

(SINGLE LAYER) 

Dimensions quaranteed 
not to exceed 10, 20 
and 30 in width 

■ 10 mils from .1 to 120 pF 
■ 20 mil from .08 to 100 pF 
■ 30 mil from .1 to 220 pF 
■ Gold terminations 

Call 
for a 
listing 
of part 
numbers 

Miniature VHF Oscillators 

• Low Phase Noise 
• Excellent Temperature 

Stability 
• Small Package 
• Designed for Phase 
Locking 

Frequency: 12.5 to 130 MHz Package: 1.5x1.5x0.5" 
Temp Stability: ±3x1 O’7, 0°to+50°C 

Taunton Professional Parke 

compex 
ASK FOR CAROL FOR C J l< 
IMMEDIATE SERVICE ■ ■■ 

609/596-9388 

Wenzel 
Associates 
Quietly the best 

1005 La Posada Drive, Austin. Texas 78752 • 512-450-1400 • Fax 512-450-1490 

238 Taunton Blvd., Medford. NJ 08055 INFO/CARD 57 
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WHEN IT COMES TO HIGH-FREQUENCY DESIGN 

ON THE PC, WE’RE OF THE SAME MIND. 

The tools you need for today’s demanding linear and 
nonlinear high-frequency circuit design applications 

In the lab, on your desk, or at home, get the mobility 
you need. And these upwardly-compatible simulators 

Based on EEsof’s proven simulation technology, 
Touchstone® and Libra® for Windows'" give you 
the power of workstation software on your PC. For 
unparalleled capability and true Windows interface, 
EEsof is the only choice. 

network with EEsof’s workstation products. 
Real flexibility. True value. 

Call 818-879-6451 or 
800-343-3763 for a 
brochure. 

EErof 
The High-Frequency Design Tools 

Used Most Frequently 

Please see us at RF Expo West, Booths #120, 122. INFO/CARD 58 



Abscwihy 
»RIB’S Efflîsr 

OpAmps. 
Twice Tte Speed 

Of Ite Previous Champ 
The new ultra-high speed 
HFA1100 is absolutely the 
fastest monolithic silicon 
op amp you can get. With 
remarkable gain flatness of 
0.14 dB to 100 MHz. Slew 
rate of 2300 V/pS. And band¬ 
width of 850 MHz, thanks to 
our absolutely amazing HFA- 1 
process for high-speed linear 
devices. You can tap into this 
speed through a whole family 
of convenient op amp config¬ 
urations. Or as a semicustom 
design. Call us today You'll 
be absolutely satisfied. 

FAST. VERY FAST 
MHz 

900 

800 

700 

600 

500 

400 

300 

200 

100 

(J) HARRIS 

ANSWER 

HARRIS 
HFA1100 
HFA1120 
HFA1130 

ELANTEC 
EL2073 COM-

LINEAR 
CLC409 ANALOG BURR¬ 

DEVICES BROWN 
AD9617 OPA623 

-3dB Bandwidth I A, =+ 1 ) 

Think of it as a 200 mph fastball. 

Try our new AnswerFax service! 
Call 407-724-3818 and request document 2945. 

fAXKK) Or Q|| 1-800-4-HARRIS ext 7081 for a sample today! 
Please see us at RF Expo West, Booths #939, 941. 

HFA1100 
Series Features 
• 850MHz -3dB bandwidth 
• Unity' gain stable 
• 2300 V/ps slew rate 
• 1 Ips settling time (0.1%) 
• Excellent video specifications 
• <1 ns overdrive recoverv 
(HFA1130) 

• User programmable output 
voltage clamp (HFA1 130) 

• 60 mA output current 
• -40° to +85°C temp range 
• 8-pin packages: 
PDIR SOIC, CDIP 
Just $9-95 (100s) 

SEMICONDUCTOR 

INFO/CARD 59 



Rp products 
TEST 

EQUIPMENT 

Direct Digital 
Synthesizer 
The 2910 synthesizer is a 

bench instrument with an 11 digit 
I quid crystal display. It produces 
a very stable and low phase 
noise sine and TTL signals that 
are programmable from 0.000001 
Hz to 12 MHz. An external refer¬ 
ence input is standard. An option¬ 
al RS-232 interface is available. 
Base price for the 2910 is $995; 
1he optional RS-232 interface is 
$200. 
Novatech Instruments 
INFO/CARD #242 

Low Price Signal 
Generator 
The HP 8647A is a synthesized 

signal generator for RF communi¬ 
cations testing from 250 kHz to 
1000 MHz. The generator has 
specified amplitude accuracy of 
1.5 dB (typically < ±1 dB) and 
modular repair capability which 
does not require recalibration 
after module replacement. Cost 
of the HP 8647A is $4965. 
Hewlett-Packard Co. 
INFO/CARD #421 

Fading Simulator 
The RFS-1 signature measure¬ 

ment set is now available with 
improved software which pro¬ 
vides more powerful facilities for 
precise measurement of fading-
related parameters. Software 
improvements mainly concern the 
documentation of results. 
Wandel & Goltermann 
INFO/CARD #240 

Frequency 
Synthesizer 
Model SI-102 provides high 

performance over the frequency 
range of 0.1 Hz to 16 MHz. The 
synthesized source features 5 1/2 
digits of resolution from 0.1 Hz to 
16 MHz, providing 0.00001 Hz 
frequency resolution from 0.1 Hz 
to 1.0 Hz and 100 Hz resolution 
from 1 to 16 MHz. Price of the SI-
102 frequency synthesizer is 
$779, or a module only can be 
purchased for $554. 
Syntest Corp. 
INFO/CARD #239 

Switch Matrix 
System 
The model 7002, a ten-slot 

high density switch system from 
Keithley Instruments, is designed 
to support up to 400 two-pole 

multiplexer channels or 400 
matrix crosspoints. Due to high 
density design, the 7002 takes up 
just seven vertical inches in a 
standard rack. An optional light 
pen and LED channel status dis¬ 
play allow quick programming. 
Price for the model 7002 is 
$3595. 
Keithley Instruments 
INFO/CARD #238 

SUBSYSTEMS 

Guyed Tower 
The S-36 guyed tower is an all 

welded design meant for high 
strength, durability and minimal 
wind resistance. The tower fea¬ 

tures a 36-inch face with 20 foot 
sections and high strength, solid 
round legs and bracing. Climbing 
ladders and 12 cable supports 
are built-in. 
Andrew Corporation 
INFO/CARD #237 

Paging Antennas 
DecibelProducts has intro¬ 

duced the DB809K-YP and 
DB810K-YP, 928-932 MHz pag¬ 
ing antennas with 9 or 10 dB 
gain. Each uses Decibel’s Center 
Fed Transposed Tube™ design 
to provide a VSWR of 1.2:1 or 

RF Design 

Take Control. 
When frequency control is critical, 

call us for quick response, technical assistance, 
and precision production and testing 

of quartz crystals. 

DESIGN*PROTOTYPING 4 
MANUFACTURING 

CALL TOLL FREE: I-800-JAN-XTAL 
Post Office Box 06017 Í/x 

Fort Myers, Florida 33906 \ 

INFO/CARD 60 

Aggressive. Determined. Tenacious. 
Just Like Everyone Else Who Works Here. 

E.F.Johnson has been in the electronic components industry for 70 years, and 
we're in it to stay. Our new independence as a private company nas sparked a 
new energy. A new spirit. We are determined to win your RF connector and 
electronic hardware business. Our attitude toward satisfying today’s customer 
couldn’t be more aggressive. Just ask anyone who works here. Find out! 

Call us: 1-800-247-8256, ext 6281 

INFO/CARD 61 
Please see us at RF Expo West, Booths #1029, 1031. 



Mobile Radio 
Low Loss Saw Filters Rp products 

better. DB809K-YP is 3.5 meters 
long, and the DB810K-YP is 4 
meters long. Each antenna is 
tested for power rating compli¬ 
ance and the absence of inter¬ 
modulation generators. 
Decibel Products 
INFO/CARD #236 

SIGNAL 
PROCESSING 
COMPONENTS 

Center frequency 40 Io 1500 MHz 
Fractional Bandwidth 0.2 to 10% 
Insertion Loss: <10 dB 

THOMSON-ICS CORPORATION in the U.S & Canada 

P.O Box 1088 -Southwick MA 01077. Phone (41 3) 569 0575. Fax (4 13) 569 0529 

THOMSON SINTRA ACTIVITÉS SOUS-MARINES elsewhere 

DTAS Département des Techniques Acoustiques Spécialisées - 399. route des crêtes - BP 157 

06903 Sophia Antipolis Cedex France - Phone (33) 92 96 31 79. Fax (33 ) 92 96 31 90 

SAW BAW AO IO 
_ Devices and Subsystems_ 

Q THOMSONCSF 
World-Class Electronics 

Harmonic 
Generator 
Switchable Filters 
KW Microwave introduces new 

a new series of integrated gener¬ 
ator switchable filters, covering 
31 .25 to 343.75 MHz. It consists 
of a 31 .25 MHz harmonic genera¬ 
tor and a six channel switched fil¬ 
ter selecting harmonics between 
31.25 and 343.75 MHz with a 
62.5 MHz separation. Maximum 
switching speed is 200 ns. 

KW Microwave Corp. 
INFO/CARD #235 

Five Port 
Hybrid-Divider 
Sage Laboratories has devel¬ 

oped a device which combines a 
power divider and a magic tee 
hybrid. The input at one port is 
divided into two equal amplitude 
outputs and a third which is 3 dB 
above the other two; the phase 
unbalance of these three output 
ports is less than 7 degrees. A 
second input is evenly split 
between two output ports, but 
with 180 degree phase differ¬ 
ence. 
Sage Laboratories, Inc. 
INFO/CARD #234 

Isolators and 
Circulators 
Densitron Microwave has 

developed a range of isolators 
and circulators specifically for 
PCN systems. These devices 
have wide bandwidth (1710-1880 
MHz) or standard bandwidth 

INFO/CARD 62 
Please see us at RF Expo West, Booth #720._ 

High Performance Attenuators 

Manual ‘ 
837 

Step At 
50Q 

itenuators 
DC-1500MHz 0-102.5dB ,5dB Steps 

839 
1/839 
847 

50Q 
50Q 
75Q 

DC-2000MHz 
DC-lOOOMHz 
DC-lOOOMHz 

0-101dB 
0-22.1 dB 

0-102.5dB 

IdB Steps KS 
.IdB Steps g 
5dB Steps fcjjl 

849 75Q DC-1500MHz 0-101dB IdB Steps . — ■* --

1/849 75Q DC-500MHz 0-22.1 dB • IdB Steps == - “ == - -- — 
860 50Q DC-1500MHZ 0-132dB 
865 600Q DC-lMHz 0-132dB IdB Steps 
870 75Q DC-lOOOMHz 0-132dB IdB Steps 

_ .. ... New Low Prices 
Programmable Attenuators _ 

4440 50Q DC-1500MHZ 0-130dB lOdB Steps ycHc..ua^...y 

4450 50Q DC-1500MHZ 0-127dB IdB Steps hupressive Accuracy 
1/4450 50Q DC-lOOOMHz 0-16. 5dB IdB Steps Qu,ck Delivery 
4460 50Q DC-1500MHz 0-31dB IdB Steps 
4480 50Q DC-1500MHz 0-63dB IdB Steps tor Pnce ̂st and 1 catalog contact: 
4540 50Q DC-500MHZ 0-130dB 
4550 50Q DC-500MHz 0-127dB IdB Steps 12 Maple Avenue. PO Box 2025 

1/4550 50Q DC-500MHz 0-16. 5dB ■IdB Steps pine ßrook, NJ 07058-2025 USA 
4560 50Q DC-500MHZ 0-31 dB IdB Steps TEL: (201) 227-2000 
4580 50Q DC-500MHZ 0-63dB IdB Steps FAX: (201) 227-7760 
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JFW. . .The Leader In 
Rotary Attenuators 

Model 50BR-00I 

Available 50 and 75 Ohms Frequency Range 
DC-2000 MHz 

Model 50BR-0I7 
Frequency Range 
DC-1000 MHz 
Attenuation Range 
0-81 dB in .1 dB steps 

Model 50DR-003 
Frequency Range 
DC- 1000 MHz 
Attenuation Range 
0-50 dB in I dB steps 

Long 

Model 50R-043 
Frequency Range 
DC-1000 MHz 
Attenuation Range 
0-100 dB in 10 dB steps 

Standard or 
Special Configuration 

Attenuation Range 
0-1 10 dB in I dB steps 

Model 50R-084 
Frequency Range 
DC-2000 MHz 
Attenuation Range 
0-60 dB in 10 dB steps 

JFW Industries, Inc. 
5134 Commerce Square Drive 
Indianapolis, Indiana 46237 
317-887-1340 Fax:317-881-6790 

INFO/CARD 64 
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^ products 

70KHz-200MHz 

OSCILLATORS 
70KHz-200MHz 

TCXO, VCXO, TCVCXO 
4MHz-125MHz 

Call or fax TOLL FREE for information 

INTERNATIONAL CRYSTAL MFG. CO., INC. 
P.O. Box 26330 • 729 W. Sheridan • Oklahoma City, OK 73126-0330 • (405) 236-3741 

FAX (405) 235-1904 • Toll Free Phone 1-800 725-1426 • 24 Hour Toll Free Fax 1-800 322-9426 

INFO/CARD 65 
Please see us at RF Expo West, Booth #813. 

EMI Spring Gaskets 

(1805-1880 MHz). A standard 4-
port offers 50 dB isolation with 
0.4 dB insertion loss. 3-ports pro¬ 
vide 25 dB isolation and 0.25 db 
insertion loss. 
Densitron Microwave 
INFO/CARD #233 

Continuously 
Variable Delay 
Line 

Dynetics has introduced a con¬ 
tinuously variable delay line, 
model CVDL-40-10-5, that pro¬ 
duces any delay from 150 ns to 5 
us, with better than 1 ns preci¬ 
sion. The line can be custom built 
with intermediate frequencies 
from 30 to 90 MHz and 25 per¬ 
cent fractional bandwidths. The 
CVDL achieves maximum inser¬ 
tion loss of 17 dB with less than 4 
dB variation over the delay range. 
Dynetics, Inc. 
INFO/CARD #232 

Cavity Filters 
RLC Electronics has expanded 

its cavity filter line to include 
designs optimized for cellular, 
digital and other wireless commu¬ 
nications applications. Coaxial, 
interdigital and combline types 
are available, with models in the 
500 MHz to 40 GHz range. 
RLC Electronics, Inc. 
INFO/CARD #231 

MHz signal from a 1 to 4 V tuning 
voltage. The unit operates from 
+5V DC and provides 0 dBm min¬ 
imum output power. The VCO is 
available in pin, surface mount 
and seven pin hermetically 
sealed DIP packages. 
Micronetics 
INFO/CARD #229 

SEMI¬ 
CONDUCTORS 

High Output 
Amplifier 
Amplifonix announces the 

model TM9725, a linear high 
intercept amplifier. The power 
output at 1.0 dB compression is 
typically +26.5 dBm while main¬ 
taining a NF of 4.5 dB. Gain is 
typically 11.0 dB. The amplifier 
operates over -55 to +85 
degrees C and comes in a TO-8 
package, though various surface 
mount packages are available. 
Amplifonix, Inc. 
INFO/CARD #228 

Noise Diodes 
Noise Com has added two 

diodes to its NC 400 series of 
white Gaussian noise diodes. 
The two diodes (NC 405 and NC 

SIGNAL 
SOURCES 

Illi 

LENGTH OF SPRING 

□ Simple Grooves for Easy Assembly 
□ High Unit Loads for Better Conductivity 

□ Spring Coil Sizes from 0.015” to 1.000" 
□ Outstanding Resistance to Compression Set 

□ Excellent Shielding Effectiveness to 100 Ghz 

□ Beryllium Copper and Stainless Steel Materials 

□ Welded Diameters from 0.020” I.D. and Continuous Lengths 

Call or send for New Catalog and Fra« Samples: 
Tel: 800-366-1006 or 71 4-557-51 92 • Fax: 714-241-0185 

bal sent 
ENGINEERING COMPANY, INC 

High Stability 
Ovenized 
Oscillator 
A gold plated, stress-compen-

sated-cut crystal, gold plated 
crystal enclosure and environ¬ 
mental compensation result in an 
oscillator with aging stability of 
down to 5x10'"/day or better, 
and 1 x1 0 8/year stability. Temper¬ 
ature stability is 2x1 0'S over -50 
to +70 degrees C. Phase noise is 
145 dBc/Hz 1 kHz from the carri¬ 
er. 
Quartzlock Instruments 
INFO/CARD #230 

964 MHz VCO 
Model VCO-91010 voltage 

controlled oscillator, is ideally 
suited for cellular receiver appli¬ 
cations, delivering a 964 ±12 

406) cover 50 to 75 GHz and 75 
to 110 GHz respectively. The 
diodes produce symmetrical 
Gaussian white noise with a crest 
factor much larger than 5:1. The 
diodes are available in a number 
of packaging styles. 
Noise Com, Inc. 
INFO/CARD #227 

Low Noise,Wide¬ 
band Op Amp 
The CLC425 combines a wide 

gain-bandwidth (1.7 GHz) with 
an ultra-low input_ noise 
(1.05nV/7Hz , 1.6 pA/^Hz ) and 
excellent DC characteristics (100 
uV vos, 2 uV/’C drift) to provide a 
very precise wide dynamic range 

76 

620 WEST WARNER AVENUE. SANTA ANA. CALIFORNIA 92707-3398 
_ U.S, patents: 4,655,462; 4,934,666. 

INFO/CARD 66 
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100 W Amplifier 
Model BME5819-100 is a solid 

state, AB linear amplifier operat¬ 
ing from 500 to 1000 MHz in one 
broadband module. Power output 
is 100 W with overall gain of 50 

op amp offering closed loop gains 
of ±10 V/V. The price for the 
CLC425 is $4.75 in 1000 piece 
quantities. 
Comlinear Corporation 
INFO/CARD #226 

VCG Amplifier 
Burr-Brown’s VCA610 is a sta¬ 

ble, wideband, continuously vari¬ 
able voltage controlled gain 
amplifier. It has gain range of 80 
dB (-40 dB to +40 dB), 30 MHz 
bandwidth, 2.2 nV/^¿ voltage 
noise and 300 dB/us gain control 
slew rate. The VCA610 is avail¬ 
able in 8-pin DIP and SOIC pack¬ 
ages and is priced from $8.95 in 
100s. 
Burr-Brown Corp. 
INFO/CARD #225 

dB minimum. The amplifier has 
input/output overdrive as well as 
VSWR electronic protection. 
Power Systems 
Technology, Inc. 
INFO/CARD #222 

CABLES AND 
CONNECTORS 

AMPLIFIERS 

Market Specific 
Amplifiers 
The Commercial Band-Select 

Amplifiers (CBA'M ) are a series of 
SMA connectorized amplifiers 
with 40 percent bandwidth, +20 
dBm power output, 20 dB gain, 
12 V operating voltage and a 
3.25 X 1.25 X 0.625 inch alu¬ 
minum case. Members of the 
series specifically support several 
satellite systems, HDTV broad¬ 
cast, wireless data services and 
several other application areas. 
Frequency Products, Inc. 
INFO/CARD #224 

2 kW, Wideband 
Amplifier 
The IFI M810 is an air cooled 

amplifier with 65 dB minimum 
gain for the 0.01 to 220 MHz 
range. Bandpass flatness is ±2 
dB. The M810 dimensions are 69 
inches high, 27 inches wide and 
30 inches deep. Standard EIMAC 
tubes are used. 
Instruments for Industry 
INFO/CARD #223 

Filtered Terminal 
Blocks 
A new terminal block providing 

excellent EMI/RFI filtering of low 
voltage DC power lines and con¬ 
trol lines has been introduced by 
Spectrum Control. EMI/RFI filter¬ 
ing characteristics include capaci¬ 
tance values of 2500 pF +100 
percent, -0 percent, and DC 
resistance of 0.01 ohms max. 
Spectrum Control, Inc. 
INFO/CARD #221 

High Power 
Connectors 
Tru-Connector LC/LT series 

connectors handle up to 10,000 
Vrms and provide 50 ohms con¬ 
stant impedance. The connectors 
are available as plugs, jacks, 
receptacles and adapters. They 
accommodate cables from 0.400 

to 1.200 inch O.D. The LC/LT 
series is manufactured to MIL-C-
3650 specifications. 
Tru-Connector Corp. 
INFO/CARD #220 

RF Design 

I^ILPEY-FISHER 
A SUBSIDIARY 0F4t4TE< 

HIGHER FREQUENCY 
CRYSTALS and OSCILLATORS 

With our innovative high fre-
ûency fundamental crys- _. 

FXXlxq tals Valpey-Fisher can design 
I higher frequency ECL and J J 

ACMOS oscillators to meet 
your custom specifications. 

These crystals are ideal, too, in VCXO’s to 
enhance their pullability and in filters to 
increase bandwidth. 

CALL 1-800-982-5737 ext. 244 
with your requirements and 

for our new, expanded 

User’s Guide To Quartz Crystals 
And Oscillators 

Valpey-Fisher has been offering quality, service 
and technical support since 1931. 

Coming this summer— high performance crystals 
and oscillators in surface mount packages. 

INFO/CARD 67 

9386 SERIES 
CERAMIC TRIMMER 

CAPACITORS 
■ Snap-in PC or RPC mounting 
■ Flux resistant construction 
■ Auto-tune capability 
■ 7 ranges: 1.5-3 to 12-70 pF 

MANUFACTURING CORPORATION 
Rockaway Valley Road 
Boonton, N.J. 07005 

(201) 334-2676 FAX: 201-334-2954 

INFO/CARD 68 
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RF tutorial_ 
An Introduction to Noise Figure 
By Jonathan Bird 
Raytheon Company 

This article discusses the origin of 
several types of noise and the use of 
Noise Figure to describe the noise con¬ 
tribution of circuit elements to a signal. 

In all things on earth there exists a de¬ gree of randomness. In the world of 
electronics, the random nature of elec¬ 
tric current has been known for over a 
hundred years. It is a fact that no elec¬ 
tronic system is completely free of ran¬ 
dom noise. Small voltage fluctuations 
due to noise are always occuring in 
electronic circuits. One of the most fre¬ 
quently discussed forms of noise is 
known as thermal noise. Thermal noise 
is a random fluctuation in voltage 
caused by the random motion of charge 
carriers in any conducting medium at a 
temperature above absolute zero. This 
noise cannot exist at absolute zero be¬ 
cause charge carriers cannot move at 
absolute zero. As the name implies, the 
amount of thermal noise in a circuit is 
proportional to the temperature of the 
conducting devices in the circuit. The 
best visualization of thermal noise is to 
imagine a simple resistor at a tempera¬ 
ture above absolute zero. If one were to 
place a very sensitive oscilloscope 
probe across the resistor and examine 
the voltage in the time domain, he would 
find that there is a very tiny AC noise 
being generated by the resistor! 

If one thinks of the resistor as a small 
signal generator putting out a tiny noise 
voltage, it is easy to model how much 
noise is created. The RMS noise voltage 
is proportional to the temperature of the 
resistor and how resistive it is. Larger re¬ 
sistances and higher temperatures gen¬ 
erate more noise. The expression for 
the RMS thermal noise voltage of a re¬ 
sistor is: 

Figure 1. Block diagram of inter¬ 
nal workings of a “real world” 
amplifier. 

V2 = 4kTRB [or V = (4kTRB) 1/2] (1 ) 

where: 
k= Boltzman’s Constant (1.38x10 23 

Joules/Kelvin) 
T= Temperature in degrees Kelvin 

(K=273+Celsius) 
R= Resistance in ohms 
B= Bandwidth in Hertz in which the 

noise is observed 
How does bandwidth figure into this? 

This basically comes down to noise fre¬ 
quency. We know that the noise is AC, 
but what frequency is it? We don’t know. 
The frequency is just as random as the 
voltage! Therefore, there is equal prob¬ 
ability of noise at any frequency, occur¬ 
ing at any given time. If we examined 
the noise on a very sensitive and accu¬ 
rate spectrum analyzer, we would find 
that the noise has equal amplitude at all 
frequencies (this type of noise is re¬ 
ferred to as white noise). The more fre¬ 
quencies allowed into the measurement 
(i.e. the larger the bandwidth of the 
measurement) the larger the measured 
noise voltage will be. This means that 
the RMS noise voltage measured 
across a resistor is also a function of the 
bandwidth in which the measurement is 
made. 
Example: We wish to find the RMS 

noise voltage produced in a bandwidth 
of 1 MHz by a 1 Mohm resistor at room 
temperature (room temp = 17 C or 290 
K). 

Solution: A shortcut is to remember 
that 4kT at room temp is 1.60x10 20 
Joules. 

V = (4kTRB)V2 (2) 

= [(1. 60 X10"20)(1 X106)(1 X1 o6) ]V2 (3) 

= [1.60 X 10"8]V2 (4) (4) 

= 126 microvolts RMS (5) 

From the above example, we can see 
that if the input resistance of an AC volt¬ 
meter was 1 Mohm and the meter had a 
1 MHz bandwidth, the noise floor of the 
meter would be 126 pV regardless of 
how much gain the meter had. Signals 
below 126 pV would be lost in the noise. 
A 50 ohm resistor under the same con¬ 
ditions would produce only about 0.9 
pV. It is easy to see why low imped¬ 

ances are desirable in low noise circuits. 
To make things easier when dealing 

with noise, we frequently use the “lowest 
common denominator” to compare the 
noise of different devices. Although we 
may actually measure the noise of a de¬ 
vice in a 1 MHz bandwidth because it is 
easier, we usually convert that number 
to a 1 Hz bandwidth (the lowest com¬ 
mon denominator) in order to compare it 
to other noise sources. In other words, 
the noise measurement is taken in a 
bandwidth which is convenient and then 
converted to the value which would’ve 
been determined by measuring in a 1 
Hz bandwidth. To do this conversion, 
the measured noise is divided by a 
scale factor which is the square root of 
the measured bandwidth. For example, 
if we had measured a noise source to 
have 1 mV RMS noise in a 1 MHz band¬ 
width, we divide that noise voltage by 
B' /2 or (1 MHz)'" which is 1000. The 
noise in a 1 Hz bandwidth would be 1 
pV RMS. An examination of the units of 
this procedure will reveal that we should 
express this noise voltage as 1 pV/^Hz . 
It is important to note that noise voltage 
is not usually expressed in V/Hz. 

Available Noise Power 
In RF applications, we usually deal 

with circuits having matched input and 
output impedances, and are therefore 
more concerned with the power avail¬ 
able from a device than the voltage. In 
this case, it is common to express the 
noise of a device in terms of the avail¬ 
able noise power. The Maximum Power 
Transfer Theorem predicts that the 
noise power delivered from a source to 
a matched load can be derived: 

Figure 2. Amplifier at room tem¬ 
perature and with matched input 
and output. 
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800 to 2400MHz, to +26dBm from $199 
SPECIFICATIONS 
Pin Model 

In a broadband amplifier, excellent low-noise performance is 
generally synonymous with low power output because of design 
compromises. Not so with Mini-Circuits’ TO-, ZEL-, and ZHL- low-
noise amplifier series, where a noise level less than 1.5dB is 
accompanied with up to +26dBm power output. In front-end 
applications, it is undesirable for the amplified output to appear back 
at the input; these amplifiers effectively isolate the output signal from 
the input by as much as 35dB and use the shortest possible lead 
lengths to minimize parasitics and optimize NF performance. 
Detailed performance specs are included in our 740-pg RF/IF 
Designer's Handbook. 

Low-noise amplifiers are available in a rugged hermetically-
sealed TO-8 package, or in a tiny (less than one cubic inch) EMI-
shielded case, or a hefty EMI-shielded case for high power models. 

Available from stock, priced from $199 with better than 1,5dB NF 
performance, there's lots to shout about. 

Connector 
Version 
Freq. (GHz) 

NF, db, max' 

Gain dB. min. 
Output Pwr., dBm 

1 dB Comp 
Intercept Pt. 

3rd order, 
dBm typ. 

Price $ (Qty. 1 -9) 

TO 
0812LN 
ZEL 

0812LN 
08-1 2 
16 
1.5 
20 
+8 

TO 
1217LN 
ZEL 

1217LN 
1.2-1.7 

1.6 
1.5 
20 
+10 

TO 
1724LN 
ZEL 

1724LN 
1.7-2.4 
1.6 
1.5 
20 
+10 

ZHL 
0812HLN 
0.8-1 2 

ZHL 
1217HLN 
1.2-1 ™ 

ZHL 
1724HLN 
1.7-2.4 

NOTES 

2 
3 
4 

5 

18 25 22 

TO $199.00 

NF max. at room temperature 
Increases to 2 dB typ. at +85°C. 
SMA connectors only. ZEL and ZHL units. 
Operating temperature: -54°C to +85°C. 
DC power, 15V. 70mA for TO and ZEL. 

15V. 725mA for ZHL 
VSWR 2.5 1 

* TO-8 includes test fixture loss. 

finding new ways ... 
setting higher standards 

1.5 
30 
+26 

1.5 
30 
►26 

1.5 
30 ‘ 
+26 

36 36 36 

ZEL $274.00 ZHL $349.95 
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(Voc is the open circuit voltage of the 
source) 

P = (Voc/2)2/R (6) 

M^kTRB^^f/R (7) 
= (kTRB)/R (8) 
= kTB (9) 

AMAZING! 
A stable 
OCXO 

measuring only 
1.5"x1.25"x0.86' 

THAT’S SUBMINIATURE! 
TYPE CO-737 C0-738S 

Aging 1 xIO’/day 
3x107yr 

5x10’°/day I 
1 x107yr 
5x10 '/yr opt. 

0/50 C 
-20/+70 C 

±1 x10' 
±3x10' 

±1 x10’ 
±5x10’ 

Warm-up (3x10') 10 minutes 3 minutes 

Freq. Range 32kHz-50MHz 32kHz-32MHz 

Input/Output 15 Volts/7 dBm into 50Q 
or 15V/5V HCMOS 

To order a Free catalog, or for 
engineering assistance, call: 

(203) 853-4433 
I- r . J 

The Crystal Oscillator Company 

VECTRON LABORATORIES, INC. 
166 Glover Ave., P.O. Box 5160, Norwalk, CT 06856-5160 

A DOVER) TECHNOLOGIES COMPANY 

It is important to notice that the resis¬ 
tance (R) has dropped out of the equa¬ 
tion. Therefore, the available noise 
power from all finite, non-zero resis¬ 
tances is the same. 
So, in a 1 Hz bandwidth at 290 

degrees K (room temperature), 
kTB=4.0x10 21 watts. The watt however, 
is not a convenient unit for measuring 
RF noise or signals. The dBm is pre¬ 
ferred. (0 dBm = 1 milliwatt). Therefore, 
kTB at 290 K in a 1 Hz bandwidth is: 

= 10LOG[4.0xiO’21 watts/. OOIwatt] (10) 
= -174dBm (11) 

Since this is in a 1 Hz bandwidth 
(B=1), this is a lowest common denomi¬ 
nator, and is expressed as -174 
dBm/Hz. This means that at 290 K, the 
absolute lowest noise power which a cir¬ 
cuit can provide is -174 dBm/Hz. The 
only way to get noise power lower than 
this is to lower the temperature. Fre¬ 
quently, engineers will say that some¬ 
thing has a noise floor of kTB. When 
kTB is used as a reference noise level, 
the temperature is generally assumed to 
be 290 K such that the noise level in 
question is -174 dBm/Hz. 

In addition to thermal noise, amplifiers 
and other devices with semiconductors 
in them also contribute other forms of 
noise to a signal. Shot noise is a type of 
noise similar in spectral content to ther¬ 
mal noise. This noise is created in diode 
junctions (both in diodes and transis¬ 
tors). It comes about due to the way 
charge carriers are randomly emitted 
from the cathode (or emitter) during for¬ 
ward conduction. Flicker or 1 /f (pro¬ 
nounced “one over f”) noise also occurs 
in semiconductors. It is caused by the 
random recombination of minority carri¬ 
ers in the depletion region of the base¬ 
emitter junction of bipolar transistors. 
This noise is not of equal magnitude at 
all frequencies like thermal or shot 
noise, but is greatest at low frequencies 
and drops off at 10 dB/decade, as the 
observed frequency is increased. All of 
these different types of physical 
processes, unfortunately, lead to noisy 
devices. 

Noise Figure 
When designing circuits for use with 

extremely weak signals, noise is an im¬ 
portant consideration. The noise contri¬ 
bution of each device in the signal path 
must be low enough that it will not signif¬ 
icantly degrade the signal to noise ratio. 
Noise figure is used to describe the 

noise contribution of a device. An ideal 
amplifier would have no noise of its own, 
but would simply amplify what went into 
it. For example, a 10 dB amplifier would 
amplify the signal (and the noise) at its 
input by 10 dB. Therefore, although the 
noise floor at the output of the amplifier 
would be 10 dB higher than at the input, 
the amplifier would not change the sig¬ 
nal to noise ratio. A “real-world” amplifier 
will not only amplify the noise at its 
input, but will contribute its own noise to 
a signal. This reduces the signal to 
noise ratio at the output of the amplifier. 
Noise figure (NF) is a measure of how 
much a device (such as an amplifier) 
degrades the signal to noise ratio. 

In order to predict how noise will affect 
our signals, we can model noisy ampli¬ 
fiers with ideal amplifiers and noise 
sources. It is convenient to model a 
“real-world” amplifier as in Figure 1. This 
diagram shows the “real-world” amplifer 
to have two major internal components: 
an “ideal noiseless” amplifier and a 
noise source. The noise source adds 
noise to any signal which enters the am¬ 
plifier and then the ideal amplifier ampli¬ 
fies the whole thing by an amount equal 
to its gain, with no noise contribution of 
its own. 
The model makes certain assump¬ 

tions. The first is that the noise contribu¬ 
tion of the internal noise source is fixed. 
That is, the noise voltage which it sup¬ 
plies does not change with the input sig¬ 
nal level. It is a function of the design of 
the amplifier and cannot change. The 
second is that the input and output im¬ 
pedances of the amplifier are matched, 
such that the noise is purely based on 
the available noise power mathematics 
which were derived previously. 
As an example, let’s assume that we 

have an amplifier at room temperature 
with 10 dB of gain which has only a 
matched resistor at its input and output 
(see Figure 2). The noise at the input of 
the amplifier must be -174 dBm/Hz. If 
the amplifier is known to have a 3 dB 
NF, the internal noise source adds an 
equal noise to the input noise before 
amplification (i.e. doubles the input 
noise, therefore 10LOG(2) = 3 dB). 
Then, 10 dB of gain increases the noise 
by 10 dB. Therefore, the noise at the 
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dBm/Hz. 
The definition of NF is that it is calcu¬ 

lated with the noise floor at kTB and 
T=290 K such that the floor is -174 
dBm/Hz. 
Another way to visualize the process 

is to think in terms of kTB instead of 
dBm. Using Figure 2 as an example, if 
the amplifier has a matched input resis¬ 
tance and its noise power is -174 
dBm/Hz, then the input resistor is sup¬ 
plying 1 kTB of noise to the amplifier. If 
the amplifier is known to have a noise 
figure of 3 dB, that tells us that the inter¬ 
nal noise source will double the noise 
before amplification. Therefore, the in¬ 
ternal noise source must supply an addi¬ 
tional 1kTB of noise, to yield 2kTB, or 
twice the noise power. By thinking in this 
way, we can easily calculate how much 
actual power the noise source is con¬ 
tributing. This will prove helpful a little 
later. 
What if we used the same amplifier as 

in the previous example (10 dB gain, 3 
dB NF) except that the input noise floor 
was now somehow 6 dB higher than 
kTB (-168 dBm/Hz)? At first, one might 
think that we would add 13 dB to the 
input noise (10 dB of gain and 3 dB NF) 
and that would be the output noise. 
However, remember that the noise con¬ 
tribution of the amplifier’s noise source 
is fixed and does not change with input 
signal. Therefore, when more noise is 
present at the amplifier input, the contri¬ 
bution of the internal noise source is 
less significant in comparison. So, when 
the noise into an amplifier is higher than 
kTB, the amplifier’s noise figure plays a 
smaller role in the amplifier’s noise con¬ 
tribution. We must take this into account 
when calculating the noise contribution 
of the amplifier in these cases. 
This is quite obvious when we think in 

terms of kTB. If the input noise is 6 dB 
higher than kTB, it is 4 times kTB, or 
4kTB. We already determined that the 
contribution of the internal noise source 
in an amplifier with a noise figure of 3 
dB is 1kTB. Clearly, in the case where 
the input noise floor is higher than kTB, 
the contribution of the internal noise 
source (in this case, only 1kTB) is less 
significant than when the noise floor is 

noise figure of a 
device using 
equation 12 if we 

Figure 4. Effect of amplifier order on total noise fig¬ 
ure. 

adhere to the rule that the noise figure 
of a device is only calculated with the 
input noise level at kTB. 

NF = [S/N Ratio at device input (in dB)] 
- [S/N Ratio at device ouput (in dB)] 

(12) 

If a measurement of NF is attempted 
using equation 12 when the noise at the 
input of the device is not at kTB, the 
measurement will be wrong. 
Noise figure need not be expressed in 

dB. Noise Figure is the logarithm of 
Noise Factor, which is a power ratio. 
Frequently (as you will soon see) it is 
necessary to convert to a power ratio in 
order to make a calculation. Noise Fig¬ 
ure (NF) and Noise Factor are easily 
converted between using the following 
formulae: 

ond amp (in this case, 1kTB because 
the NF=3 dB, derived previously). 

Finally, calculate the increase in noise 
floor at the second amp as a ratio and 
convert to dB. [Ratio of (input noise 
floor) + (added noise) to (input noise 
floor) is (20kTB+1kTB) / (20kTB) = 
20/21.] This in dB = 10LOG(21/20) = 
.21 dB. Therefore, the second amplifier 
only increases the noise floor by .21 dB 
even though it has a noise figure of 3 
dB, simply because the noise floor at its 
input is significantly higher than kTB. 
An equation can be derived (see Ap¬ 

pendix) which computes the noise con¬ 
tribution of an amplifier given the input 
conditions (i.e. noise level) and noise 
figure. This equation (15) is a “lumped” 
version of the previous kTB calculation 
and does not account for the noise en¬ 
hancement due to the amplifier gain. 
That must be added on afterwards. 
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NF = 10 LOG [Noise Factor] 

Noise Factor = 10NF'10

(13) 

(14) 
Noise 

Contribution =10LOG 
of amp (in dB) 

Consider the circuit of Figure 3 which 
uses two identical amplifiers in cascade. 
Each amplifier has 10 dB of gain and 
NF=3 dB. The signal goes in at -40 
dBm with a noise floor at kTB. We can 
calculate that the signal at the output of 
the first amp is -30 dBm and the noise 
is (-174 dBm/Hz input noise)+(10 dB of 
gain)+(3 dB NF) = -161 dBm/Hz. We 
cannot use this method to compute the 
noise contribution of the second amplifi¬ 
er because we know that the noise en¬ 
tering the second amp is now signifi¬ 
cantly higher than kTB. It is fairly 
staightforward to go through the calcula¬ 
tions to compute the noise contribution 
of the second amp. Generally, one 
would use the kTB method: 

First, figure out how many kTBs are 
entering the second amp. (-161 dBm/Hz 
is 13 dB higher than kTB. 13 dB is a 
power ratio of 20x. So the noise floor at 
the second amp is 20 times kTB or 
20kTB.) 

Next, calculate how many kTBs are 
added by the noise source of the sec¬ 

(NFAO-1 
' Nfloor t174 j 

10 10

(15) 

To demonstrate this equation, we can 
see how the second amplifier in Figure 3 
affects the noise floor. The input noise is 
at -161 dBm/Hz and the NF = 3 (a noise 
factor of 2 from equation 14). From 
equation 15, the noise contribution of 
the second amp is found again to be .21 
dB. Then, the amplifier’s gain adds an¬ 
other 10 dB. The noise floor at the out¬ 
put of the chain is (-161 dBm/Hz) + 
(0.21 dB) + (10 dB) = -150.79 dBm/Hz. 
The first amplifier of Figure 3 de¬ 

grades the signal to noise ratio by 3 dB, 
while the second amplifier degrades it 
by only 0.21 dB. When amplifiers are 
cascaded together in order to amplify 
very weak signals, it is generally the first 
amplifier in the chain which will have the 
greatest influence upon the signal to 
noise ratio because the noise floor is 
lowest at that point in the chain. 
Frequently we are interested in deter¬ 

mining the total noise figure of a chain of 
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amplifiers (or other devices) but are not 
particularly interested in the individual 
contribution of each device. This can 
easily be approached with a common 
equation which takes into account the 
increasing noise floor due to amplifica¬ 
tion at the input to each amp. 

NFACtotai = NFAC, + NFÂ ~ 1 
G, 

! NFAC3-I ! 
Gi Gp 

+ 2JFACi-1 (16)

G1G2...Gn_l

where: 
NFAC = Noise factor of each stage 
G = Gain of each stage as a ratio, not 

dB (i.e. 4 X, not 6 dB) 

Using this equation, we can solve for 
the total NF of the amplifier pair in Fig¬ 
ure 3. 

NFACtola , = 2 + (2-1)/10 = 2+1/10 = 2.1, 
using equation 13, covert this to dB: 

NF = 10log(2.1) = 3.22 

This answer is almost the same as 
was calculated by summing the individ¬ 
ual contributions of each amplifier. 
(There are round off errors involved.) 
Equation 16 is an excellent tool to 

show that the first amplifier in a chain 
has the most significant effect on the 
total noise figure of the chain than any 
other amplifier in the chain. To prove 
that the lower noise figure amplifier 
should usually go first in a line of ampli¬ 
fiers (assuming all else is equal), imag¬ 
ine two amplifiers with equal gain, but 
with different noise figures (see Figure 
4). Assume 10 dB of gain in each ampli¬ 
fier. One amp is NF=3 dB and the other 
NF=6 dB. When the 3 dB NF amp is first 
in cascade, the total NF is 3.62 dB. 
When the 6 dB amp is first, the total NF 
is 6.3 dB! This also applies to gain. If 
two amplifiers have the same noise fig¬ 
ure but different gains, the higher gain 

amplifier should precede the lower gain 
amplifier to acheive the best overall 
noise figure. 

Noise Figure of Other Devices 
Up to this point, the discussion of 

noise figure has been confined to ampli¬ 
fiers. This is because amplifiers are 
commonly measured for noise figure 
and they make convenient examples. 
However, all devices which process a 
signal contribute noise and thus have a 
noise figure. Mixers, transistors, diodes, 
isolators, etc. all have noise figures. For 
example, RF attenuators (“pads”) have 
a noise figure which is equal to their at¬ 
tenuation value. A 10 dB pad has a 10 
dB NF. How? If a signal enters a pad 
and the noise floor is at -174 dBm/Hz, 
the signal is attenuated by 10 dB while 
the noise floor remains constant (it can¬ 
not get any lower than -174 dBm/Hz at 
room temperature). Therefore the signal 
to noise ratio through the pad is degrad¬ 
ed by 10 dB. Just like amplifiers, if the 
noise floor is above kTB, the signal to 
noise ratio degredation of the pad will be 
less than its noise figure. 

Conclusion 
Noise is created by many physical 

processes which cannot be avoided. 
Living with noise means we must be 
able to measure and predict it. One of 
the ways this is accomplished is through 
the noise figure, which is a means by 
which engineers describe the noise con¬ 
tribution of electrical devices to a signal. 
It takes a bit of experience to develop an 
intuitive “feel” for noise figure, but know¬ 
ing what noise figure is and why it is im¬ 
portant are the keys to building such ex¬ 
perience. 

Appendix 
Given the model in Figure 5 and the 

following notation: 
kTB@A = Number of kTB’s at point A, 
kTB@B = Number of kTB’s at point B, 
etc. 
The contribution of the “real-world” 

10LOG 

10LOG 

kTB@C 
kTB@ A 

kTB@ A + kTB@B 
kTB@ A 

= 10LOG 1+ kTB@B 
kTB@ A 

(19) 

And kTB@B = NFAC-1 (21) 

where NFAC is the Noise Factor of the 
amplifier. 

kTB@A = 10x',° (22) 

where X = the number of dB the noise 
floor is above kTB. So X = NFLOOR 
+174 (assuming room temperature, and 
where NFLOOR is the level of the noise 
floor in dBm/Hz.) 

Substituting: 

Noise 
Contribution =10LOG 1 + 

of amp (in dB) 

(NFAC)-1 
l'Nfloor+174'l 

101- 10 a 
(23) 

where: 
NFAC = Noise Factor of amp 
Nfloor = input noise floor in dBm/Hz. RF 
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amplifier to the noise level is a function 
of the noise floor at the input of the 
“ideal amp” compared to the noise level 
at the input of the “real world” amp, or: 

Contribution of amp = 10 LOG 
kTB@C 
kTB@ A 

(17) 
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RF design awards_ 
A Narrow Band FM Discriminator 
By George Kassabian 
University of California, San Diego 

This entry to the 1992 RF Design 
Awards was produced for an instrumen¬ 
tation application which required the 
ability to detect minute frequency devia¬ 
tions in piezoelectric transducers within 
milliseconds to several seconds. The 
operating frequency is 30 kHz and the 
FM varies from +0. 1 Hz to ±2 Hz in 100 
milliseconds or less. 

The circuit presented here is an effec¬ 
tive method of achieving extremely 

narrow bandwidth, low noise FM de¬ 
modulation and/or a tracking bandpass 
filter. A Q multiplying technique and the 
phase shifting properties of a series-
tuned LC circuit are the main compo¬ 
nents of this frequency discriminator. 

Circuit Description 
The heart of the Q multiplier consists 

of a low source-impedance buffer 
(LM6325, U1), that drives a series-tuned 
LC circuit. At resonance, a maximum 
voltage is developed at -90 degrees, 
and is coupled to the high input imped¬ 
ance op amp (LM356, U2), working as a 
unity gain non-inverting buffer. This pro¬ 
vides the driving voltage to a +90 de¬ 
gree phase shifter consisting of C1 (7 to 
10 pF) and R1 (10k). This network will 
provide the necessary positive feedback 
signal to be summed with the input sig¬ 
nal. The initial amplification of the in¬ 
coming signal is accomplished exclu¬ 
sively by the natural Q of the LC reso¬ 
nant circuit (which is very low, approxi¬ 
mately 50, in this circuit). As the positive 
feedback is applied, the major losses 
caused by the inductor, and to a lesser 
degree, the tuning capacitor, are com¬ 
pensated. This results in a large in¬ 
crease in Q or gain without increasing 
the noise due to the inherent passive 
amplification of the resonant LC circuit. 
A Q up to 3000 is possible without any 
instability. 
The Q set potentiometer, R1, will pro¬ 

vide a feedback level adjustment to set 
the width of the passband or the Q fac¬ 
tor. The lower the Q, the broader the fre¬ 
quency deviation that can be measured. 
Electronic fine-tuning is provided by the 
TLO 52, U3A, and the varicap, D1 . The 
FM signal is obtained by a phase sensi¬ 
tive detector, the AD 630, U4. The out¬ 
put is linear and proportional to the devi-

Figure 1. Schematic of the FM discriminator. 

MEASUREMENT PAUSED 

Figure 2. Tracking response of the discriminator. 

ation as long as the frequency devia¬ 
tions are within the narrow flat top por¬ 
tion of the tuned LC response curve. 
An AFC circuit was added to provide 

long term frequency stability and/or to 
be used as a tracking bandpass filter. 
The AFC consists of TLO 52, U3B. An 
error voltage integrator with a 3 or 30 
second time constant (fast or slow track) 
provides the summing voltage neces¬ 
sary to fine tune and phase-lock the LC 
tuned circuit to the incoming signal. RF 
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(-f) RF Prime 
Introduces an Industry First-
Leaded Surface Mount Passive 
Compop ex-Rap 

Now introducing Flex-Rap™ — 
RF Prime’s exclusive stress relieved, 
leaded surface mount component package 
Highest frequency — 3.0 GHz 
Lowest profile in the industry — .185 max. height 
Smallest footprint: .290 x .300 — 25% smaller than competition1

STRESS RELIEVED 

Specifications, selected models 

RF Prime, your surface mount technology leader, introduces 
Flex-Rap. This exclusive stress relieved surface mount package 
insures a non-rigid attachment to your printed circuit board and 
allows for easy inspection of solder reflow and flux removal. 
The non-rigid design of the component assures the user of 
increased solder joint reliability over that of a rigidly attached 
ceramic component. 

These mixers are in a .290 x .300 x.185 package with a footprint 
that is 25% smaller than that of the competition. 

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

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

Note 1: Equivalent footprints are available for MCL and Synergy 
leaded packages. 

Model Frequency, MHz LO Level Conv. Loss Price, 1 
LO/RF IF (dBm) (dB, TYP) (1-9) 

LRFMS-1L 10-500 DC-500 +3 6.0 4.95 
LRFMS-2L 500-1000 DC-1000 +3 6.0 5.95 
LRFMS-4L 400-1500 DC-900 +3 8.0 12.95 

LRFMS-1 0.5-500 DC-500 +7 6.0 4.95 
LRFMS-2 5-1000 DC-1000 +7 7.0 5.95 
LRFMS-2A 5-1000 10-1000 +7 6.0 5.95 
LRFMS-4 5-1500 DC-1000 +7 7.5 9.95 

LRFMS-5 10-2000 10-900 +7 8.0 12.95 
LRFMS-2T 1150-1900 DC-300 +7 6.0 10.95 
LRFMN-25 2000-3000 DC-500 +7 8.0 11.95 

LRFMS-1A-10 2-500 DC-500 +10 6.0 6.95 
LRFMS-2-10 5-1000 DC-1000 +10 7.0 7.95 
LRFMS-5-10 10-1500 10-1000 +10 7.5 11.95 

LRFMS-1 A-1 3 2-500 DC-500 +13 6.0 7.95 
LRFMS-2-13 5-1000 DC-1000 +13 7.0 8.95 
LRFMS-5-13 10-1500 10-1000 +13 7.5 13.95 

LRFMS-1A-17 2-500 DC-500 +17 7.0 9.95 
LRFMS-2-17 5-1000 DC-1000 +17 8.0 10.95 
LRFMS-5-17 10-1500 10-1000 +17 8.0 15.95 

So, it’s about time. 'V RF 
Dial 800-8 78-4669 V Prime 

RF Prime, Inc. • 11305 Sunrise Gold Circle • Rancho Cordova, CA 95742 • Ph: 916/852-8334 • Fax- 916/852-0689 
INFO/CARD 71 Please see us at RF Expo West, Booth #713. 
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Compact Software again leads the 
ANALOG DESIGN AUTOMATION 
field with its new EASi Interface. 

The exciting EASi Interface makes it even 
simpler to use our circuit simulators, 
Super-Compact and Microwave Harmonica. 

EASi (Environment for 
Analog Simulation) provides 
you with the most advanced 
user interface tools available 
today for workstation CAD. 
Using X-Windows and Motif 
standards, EASi presents you 
with a uniform environment -
a “look and feel” with clear

As EASi as 

GEB 

statistical analysis and more. EASi interfaces with 
our linear and nonlinear engines, including our new 
Super-Spice, as well as our electromagnetic simu¬ 

lator, Explorer, providing 
highly-acclaimed accuracy 
and efficiency of computa¬ 
tions. You switch from one 
engine to another with the 
mere “click” of a mouse 
button and when the 
simulations are complete, 
EASi guides you through the

menus, fill-forms, and editor windows that take you 
quickly through analysis, tuning, optimization. 

almost limitless possibilities of tabular and 
graphical outputs. And it’s network compatible too! 

WELCOME to a new world of high-productivity using Compact’s EASi Interface. 

Compact’ 
Software 
The Leader In CAD Software 

INFO/CARD 73 

483 McLean Boulevard, Paterson, NJ 07504 USA 
TEL: (201) 881-1200 or FAX: (201) 881-8361 

In Europe, contact the European Support Center 
TEL: (49) 7309-5075 or FAX: (49) 7309-3275 
Please see us at RF Expo West, Booths #320, 322. 
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A Nodal Network Analysis Program 
By John A. Eisenberg 
John A. Eisenberg and Associates 

MNAP9 is a full nodal circuit analysis 
orogram capable of analyzing any arbi¬ 
trary connection of components includ¬ 
ing resistors, capacitors, inductors, 
transmission lines, voltage controlled 
current sources and user supplied S-pa-
rameter blocks. In addition, the program 
will permit inclusion of microstrip lines 
on an alumina substrate of any reason¬ 
able thickness. 

The program was first developed to 
run on Z80 class computers under 

CP/M. I have converted my original 
code written in an early (1982 vintage) 
Microsoft Basic and ported it to a com¬ 
piled BASIC (Microway) running on the 
IBM PC and its clones. 

I wrote MNAP9 well before the era of 
commercial network analysis programs 
such as EEsof’s Touchstone. Having it 
on my desk-top PC saves me many trips 
to a community workstation on which 
Touchstone resides. MNAP9 has plenty 
of power to try out nearly any idea that 
you will dream up without the need to 
compete with your colleagues for use of 
the workstation. 
The program is command driven, and 

after first asking if a printer is available, 
solicits a command. A rich assortment of 
commands is provided for entering the 
circuit description, editing it or listing its 
contents. Input and output port node 
number assignments may be changed, 
as may the source and load resistances. 
Commands for reading or writing circuit 
files are available, as is a means of sav¬ 
ing an entire circuit as an S-parameter 
file. The saved S-parameter file may 
later be read in as a XSTR block, mak¬ 
ing the analysis of quite large circuits 
feasible. Commands for analyzing the 
circuit and printing the results are also 
present. Finally, a HELP command is 

provided which allows the user to 
browse page by page through the in¬ 
structions provided in the file SELP.INS. 
It should be noted that all entries to 
MNAP9 must be in upper case. You will 
get no help from “help”, only from 
“HELP”. 
As to theory, MNAP9 is a nodal circuit 

analysis program based on the reduc¬ 
tion of the indefinite admittance matrix 
(IAM) by a Gauss-Jordan elimination. As 
each element is entered, its IAM is com¬ 
puted at each specified frequency and is 
summed into the overall circuit IAM. 
This matrix is then reduced to a two-port 
admittance matrix between the specified 
generator and load nodes. The two-port 
Y-matrix is converted to an S-matrix for 
output. The majority of work in this 
process is bookkeeping. First the user 
enters node numbers, which can range 
from 0 (ground) to 99, are internally (and 
transparently to the user) reordered so 
that node 1 is the input node, node 2 the 
output node and the rest of the nodes 
appear in sequence. This makes it pos¬ 
sible to use a common set of routines to 
reduce the IAM. Additional bookkeeping 
is needed to always provide the user 
with their original set of nodes. The list 
of references used to build MNAP9 
would be too long to print here, however 
the book by Gupta, Garg and Chadha 
(1) does contain nearly all the theory un¬ 
derlying MNAP9. 
MNAP9 will run on any PC (8088, 

80286 80386 or 80486), as long as the 
system has an 80X87 co-processor. The 
program has passed the test of time in 
that most of the bigger bugs have been 
slain over the years since 1983, when 
the program was written. MNAP9 con¬ 
tains no optimizer nor does it do noise 
or non-linear analysis. However, the 
program does contain extensive error 

CIRCUIT TOPOLOGY AND ELEMENT VALUES 

LINE NUMBER 1 TYPE STLN 
CONNECTING NODES 1 2 
to« 80 OHMS 
LINE WIDTH: 0 f 

LINE NUMBER 2 
CONNECTING NODES 
CAPACITANCE IS 

LINE NUMBER 3 
CONNECTING NODES 

LEN: .01 
MILS ON I 

TYPE : 
; 2 
.54 PF 

TYPE I 

IN f 
50 MIL 

SC 

EPSILON 
, AL2O3 

Z0= 

STLN 

95 OHMS LEN: .102 
LINE WIDTH: 0 I 

LINE NUMBER 4 
CONNECTING NODES Mi 40 OHMS 

MILS OH 50 
IN 
MIL 

EPSILON 
AL2O3 

FREQ 

10 
12 
14 
16 
18 

GAIN-DB 

6.766122 
6.996293 
6.487228 
5.423945 
5.188361 
5 869666 
5.675028 

CIRCUIT ANALYSIS BY MNAP9 

T- PHASE 

110.1718 
45.14663 

-14.9333 
-67.57278 
-119.1384 
178.4853 
86.66737 

VSWR-IN 

-87.10943 
26.7601 
8.46581 
5.440884 
3.489869 
2.408189 
1.339383 

VSWR-OUT 

3.849658 
1.713233 
1.747014 
2.673651 
2.370625 
1.543109 
1.618449 

ISOLATION-DB 

-24.02161 
-22.50981 
-21.74826 
-21.42445 
-21.60345 
-22.88529 
-24.22191 

FREQ-MHZ 

6000.0 
8000.0 
10000.0 
12000.0 
14000.0 
16000.0 
18000.0 

1.023 
0 928 
0.789 
0.689 
0.555 
0.413 
0. 145 

<811 

-101.5 
-134.8 
-160.1 
172.4 

Figure 2. Analysis of circuit listed in Figure 1, (short 
form). 

RF Design 

LINE WIDTH: 0 1 

LINE NUMBER 5 
CONNECTING NODES 
INDUCTANCE IS 

TYPE STLN 
I 3 8 
LEN: .024 II 
MILS ON 

LINE NUMBER 6 
CONNECTING NODES 
FILE NAME IS LN700 

TYPE 
3 

.24 NH 

TYPE 

50 

SL 

N EPSILON 
MIL AL2O3 

XSTR 
0 

LINE NUMBER 7 
CONNECTING NODES 
INDUCTANCE IS 

LINE NUMBER 8 
CONNECTING NODES 

TYPE 
5 

.695 NH 

TYPE 

SL 

STLN 

Mi 70 OHMS 
LINE WIDTH: 0 f 

LINE NUMBER 9 
CONNECTING NODES 
Z0: 72 OHMS I 
LINE WIDTH: 0 I 

GENERATOR NODE 

LEN= .091 IN 
MILS ON 

EPSILON 
50 MIL AL2O3 

TYPE STLN 
» 6 7 
LEN: 099 II 
MILS ON 50 I 

N EPSILON = 
MIL AL2O3 

IS 
SOURCE RESISTANCE IS 
LOAD RESISTANCE IS 

LOAD NODE IS 
50 OHMS 
50 OHMS 

Figure 1. Circuit listing. 
checking that helps you out if you make 
an input or run time error. The easiest 
way to learn to use MNAP9 is to use the 
H command or print the file SELP.INS 
which contains instructions on how to 
use the program as well as a number of 
examples. Two sample circuit files, 
AMP618.DAT (a wideband reactively 
matched amplifier stage), and FET-
MDL.DAT (computes GaAs FET S-para-
meters from a simple equivalent circuit), 
are included as additional examples and 
test cases. AMP618.DAT uses the tran¬ 
sistor data file LN700.XST. Between the 
examples and the H command you 
should have no trouble figuring out how 
to use the program. 

CIRCUIT ANALYSIS BY MNAP9 

(812] 

0.063 
0.075 
0.082 
0 085 
0 083 
0.072 
0.062 

<812 

38.5 

-159.5 

[621] 

2.179 
2.238 
2 106 
1.867 
1 817 
1 966 
1 922 

<821 

110.2 

86 7 

[S22] 

0 588 
0.263 
0.272 
0.456 
0 407 
0.214 
0.236 

<S22 

30.0 

GT-DB 

Figure 3. Analysis of circuit listed in Figure 1, (S-
parameter form). 
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TO-8 
Filters 
$25.00 
each 

(quantity: 100 and up) 

■ 10 MHz to 2,500 MHz. 

■ 3 sections 

■ 3 dB bandwidths: 5% to 20% 

■ Stopband rejection: 50 dBc. 

■ Temperature: -25 to +50 °C 

■ Shock: to 15 G 

■ Vibration: to 5 G 

■ Relative humidity: to 90% 

Special models are also available 
in the TC series, with up to 6 sections, 
frequency ranges to 6,000 MHz, 3 dB 
bandwidths from 3% to 100% of the 
center frequency, and increased envi¬ 
ronmental capabilities. Other Lark En¬ 
gineering Company TO-8 package 
filter models include lowpass and 
highpass configurations, and also 
models that can be qualified to MIL¬ 
SPEC environmentals. 

Call, Write, or Bingo for 
our new 100 page Catalog! 

714-240-1233 

@
Lark Engineering Company 
A Division of Baier & Baier, Inc. 

27151 Calle Delgado 

San Juan Capistrano, CA 92675 

FAX: 714-240-7910 

MNAP9 is not a substitute for a full 
featured network analysis program, but 
it certainly is a handy tool to have on 
your desk at work or on your home com¬ 
puter. If you do not have a math co¬ 
processor, the MSDOS BASIC compati¬ 
ble file MNAP9.BAS is included; it is 
slow but it gets the job done. Please 
enjoy and provide whatever feedback 
that you wish. 

This program is available on disk from 
the RF Design Software Service. See 
below for ordering information. RF 
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sign and application of GaAs MMICs 
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RF Design Software Service 
Programs from RF Design, provided on disk for your convenience. 

March Program: RFD-0393 
"MNAP9 Nodal Network Analysis Program" by John Eisenberg. Full nodal analysis of cir¬ 

cuits containing resistors, capacitors, inductors, transmission lines, voltage-controlled current 
sources and user-supplied s-parameter blocks. (BASIC source code; a compiled version is also 
supplied that requires a math co-processor) 

March MAC Programs: RFD-0393-MAC 
"Series Feedback Oscillator Design" by Ted Grosch. This program maps circles of constant 

magnitude reflection coefficient through a transistor onto another plane, to determine feed¬ 
back reactances for oscillator design (Basic). 

"Log Mac. Frequency and Time Domain Analysis" by Jeff Crawford. Circuits that can be 
described as a transfer function in the Laplace domain can be analyzed by frequency re¬ 
sponse, or by impulse of step response in the time domain, performed in the convenient 
Macintosh operating environment (compiled). 

Call or write for a listing of all available programs 

We accept VISA, MasterCard, and American Express! When ordering by mail, 
please include card number, correct name, and expiration date. 
Order by telephone! Call (303) 770-4709 to place your credit card order Occasionally, 

you may reach an answering machine, but your call will be returned promptly. 

Each month's program(s). $ 15.00. postpaid, with article reprints and any author's notes. 
Price includes shipping to U.S. or Canadian addresses. Orders from other countries must add 
S8.00 per order for extra shipping and handling. Specify 3 1/2 or 5 1/4 inch disks 

Annual subscription. $ 130.00 postpaid.. ($ 170 Foreign, via Air Mail). get each program ASAP. 

Check, money order, VISA, MasterCard or American Express accepted for all orders. Purchase 
orders from U.S. and Canadian companies accepted for orders of $ 100 or more. All foreign or¬ 
ders must be pre-paid, with payment via charge card; or bank draft drawn on a bank located 
in the U.S. 

RF Design Software Service 
P.O. Box 3702 

Littleton, Colorado 80161-3702 U.S.A. 
(303) 770-4709 
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Register Early! 

1993 IEEE MTT-S 
International Microwave 
Symposium/Exhibition 

June 15 -17, Atlanta, Georgia 

■ An Outstanding Technical Program of Full 
Length and Short Papers, and Open Forum 

Featuring Sessions on: 
Biological Effects and Medical Applications • Passive 
Components, Transmission Lines, Discontinuities, and 
Transitions • Filters and Multiplexers • Ferrite 
Components • Acoustic and Surface Wave Components • 
Solid State Devices, Active Signal Processing and Control 
Components Direct M/W Signal Generators, Multipliers, 
Synthesizers, VCO’s and DRO's • Non-Linear Modeling 
and Analysis • Transistor Power Amplification • High 
Power Sources and Control Components • Low Noise 
Technology, LNAs, Mixers, Detectors and Receiver 
Technology • Microwave Integrated Circuits • Monolithic 
Circuits and Modules • Millimeter Wave Technology; 
Submillimeter Wave Techniques and Devices • Field 
Theory • EM Analytical and Numerical Techniques • CAD 
Procedures, Techniques, and Modeling • Guided Waves 
and Propagation Characteristics • Measurement Theory 
and Techniques • Microwave and Communication 
Systems • Phased and Active Arrays • Lightwave 
Technology and Techniques • Superconductivity 
Investigations and Application • Manufacturing Methods, 
Production Techniques and Packaging • New Materials 
and Microwave Techniques; Digital Signal Processing 

■ The World’s Largest Microwave Exhibition 
Visit the displays of more than 300 microwave component, 
device, instrumentation, material, and sub-system 
suppliers. 

■ Special Workshops and Panel Sessions 
Superconductivity in Microwave Systems: A Technology 
Assessment • High Power Microwave Generation and 
Applications • Ultra Low Noise Microwave Sources • Pico-
Second and Femto-Second Electromagnetic Pulses-Analysis and 
Applications • Thermal Aspects in Microwave Device and 
Circuit CAD • Wireless Communications Via Lightwaves • 
Mobile Communications-Satellite Systems* Filters and 
Multiplexers for Personal Communications • Materials 
Measurements • Electromagnetic Wave Interaction with Water 
and Moist Substances • Critical Issues in Experimental 
Validation • Microwave HBTs and HEMTs: Circuit Applications 
and Reliability • Combined Self-Consistent Particle Transport 
Simulation and Full Wave Dynamic Field Simulation for 
Monolithic Solid State Device and Circuit Calculations • EM 
Modeling of Microwave Packages and Interconnects • The Art of 
Designing Power MMICs • Civil Microwave Packaging • 
Microwave and Millimeter Wave Atmospheric Transmission • 
Surface Mount Packaging for High Volume MMIC Components 
• Direct Broadcast Satellite (DBS) Market Technology and 
Trends • MMICs in Commercial Markets • Multi-Function 
MMIC Design: Issues and Trade-offs 

■ Full Social Program 
Spouses’ tours, an exhibitor reception and the MTT-S Awards 
Banquet provide a memorable complement to the industry’s 
premier event. 

■ Register Now 
Send now for the program, advance registration and hotel 
reservation forms. Complete the coupon below and return it to 
the Microwave Journal*. 

National Telesystems Conference 
(held concurrently with the 1993 MTT-S International Microwave Symposium and Exhibition) 

Sessions Include: 
Optical Communications Personal Communications Systems 
Remotes Sensing Aircraft Navigation/Flight Safety 
Space Navigation/GPS Satellite Communications 
Data/Video/Audio Sat Transmission Telemetry 

Contact: National Telesystems Conference General Chairman, Eric N. Barnhart 
Georgia Tech Research Institute, Atlanta, GA 30332, Fax: (404) 894-3906 

Antennas 
IVHS 
Multimedia 
Radar 

□Yes, I would like additional information on attending MTT-S’93. Please send it to: 
Name_ Title_ 
Organization_ 
Address_ 
City _ State_ Zip_ 
Country _ Telephone_ 
Are you an MTT-S member? _ Yes □ No □ 
Have you ever attended MTT-S before?_ Yes □ No □ How many times?_ 
Microwave Journal ® 685 Canton Street, Norwood, Massachusetts 02062 RFD 



RF design awards 
Educational Project for Electronic 
Engineering Students 
By Yvon Roy 
Scientel Ltd. 

The object of this paper is to describe 
an apparatus and method of use, which 
demonstrate in a simple way, various 
modulation phenomena. It has been 
demonstrated to a number of students in 
electronics and it was noted that greater 
learning interest and motivation was 
generated. This paper also describes 
the quadradyne demodulators used in 
this project. 

The apparatus can generate standard 
AM with double sideband modula¬ 

tion, suppressed carrier AM with double 
sideband modulation and FM modula¬ 
tion. Special attention is given to the 
phenomena of the FM first carrier null 
and its effects on various waveforms. 
The apparatus consists of two modu¬ 

lators; the first one is the AM modulator 
operating at a frequency of 455 kHz 
which can generate either standard AM 
or DSB suppressed carrier. The second 
one is the FM modulator operating at 
100 MHz. 

The following test equipment is re¬ 
quired to make a full demonstration of 
each phenomena: an audio function 
generator with sinusoidal and triangular 
waves; an oscilloscope; and a spectrum 
analyzer with log and linear detectors 
(Our analyzer is an Anritsu model 
MS610J). 
The spectrum analyzer is used for cer¬ 

tain measurements as a selective nar¬ 
row-band demodulator (zero disper¬ 
sion). It must be capable of selecting 
any of the FM sidebands separated by a 
455 kHz bandwidth, demodulate in the 
linear mode, and feed the results to the 
oscilloscope for waveform observation. 

Description 
Figure 1 shows the circuit diagram of 

the 455 kHz modulator. It is built around 
a TV modulator IC, the Motorola 
MC1374P. Construction is not critical 
because of the low frequency. The 
buffer amplifier, a National LH-0002C, 
provides an impedance transformation. 

The 100 ohm potentiometer is used to 
vary the level fed to the FM modulator. 
The two 5000 ohm potentiometers are 
used to bias the MC1374P. One is used 
to bias for minimum carrier for the dou¬ 
ble sideband suppressed carrier mode; 
the other is used to bias for standard 
AM. The final output frequency is not 
critical and can be 455 kHz ±10 percent. 
A switch is used to select the modula¬ 
tion mode. 

Figure 2 shows the FM modulator built 
with a Motorola MC1648P oscillator. 
Two varactors, Motorola MV-209, are 
used to frequency modulate the oscilla¬ 
tor. The 5000 ohm potentiometer is 
used to bias the varactors for best lin¬ 
earity. The output frequency of approxi¬ 
mately 100 MHz can be adjusted by 
changing the length of the inductor. The 
output frequency can vary as much as 
10 MHz on each side since the spec¬ 
trum analyzer can follow these frequen¬ 
cies. The output level of the modulator is 
-5 dBm. In our prototype, the varactor 

IC-1 - Motorola MC-1374P 
IC-2 - National LH0002C 
L1 , L2 - Mouser Electronics #421 IF200 
C1 , C2 - silver mica, 300 pF 
All 0.1 uF cap., ceramic disc, 16V 
C3 -100 uF, 10 V, electrolytic 
All resistors 5%, 0.25 W 
ADJUSTMENT: Adjust R1 for minimum carrier; signal from function genera¬ 
tor should generate 500 mVpp at pin 8 of IC-2 (suppressed carrier double 
sideband). Adjust R2 and function generator level to achieve 800 mVpp at 
pin 8 of IC-2 (standard AM with carrier ). Adjust L2 for 455 kHz. Adjust LI for 
maximum output. 

IC-1 - Motorola MC-1648P 
All resistors 5%, 0.25 W 
Zener -5.1 V, 0.5 W 
All 0.1 and 0.01 uF capacitors ceramic, 16V 
C4 - 100 uF, 16 V electrolytic 
D1 , D2 - Motorola MV-209 
L1 - airwound, 6 turns, 3/16” dia., 5/16” long, 20 AWG 
C3 - 500 pF, silver mica 

Figure 1. 455 kHz modulator. Figure 2. FM modulator. 
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way from TCXO and DCXO quartz crystal devices 
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low-frequency 100-KHz crystal filters to our ceramic Gigafil® units, 
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SSI WITH H55 kHz CARRIER 
0 TO 100 PERCENT MODULATION 

Figure 3. Interconnection of equipment. 
Figure 4. Block diagram of a “quadradyne” demodu¬ 
lator. 

bias was 7.5 volts for best linearity; but 
this could be different with other varac¬ 
tors. Figure 3 shows the interconnec¬ 
tions of both modulators and the test in¬ 
struments. 

Observation of Modulation 
Phenomena 
AM: Standard AM and suppressed 

carrier AM can be observed on the oscil¬ 
loscope and the spectrum analyzer. 
Modulation can be applied from the 
function generator. The spectrum ana¬ 
lyzer should be tuned to 455 kHz and 
sideband analysis can be done. Enve¬ 
lope analysis can be observed on the 
oscilloscope. 
FM: It is a very well known fact that in 

FM modulation, it is possible with suffi¬ 
cient modulation capability to reach a 
level where the carrier is highly attenuat¬ 
ed; this is called ‘first carrier null.” If the 

100 MHz FM modulator is fed with the 
455 kHz signal (no modulation, just car¬ 
rier) it is possible to adjust the modula¬ 
tion level until the first carrier null oc¬ 
curs, Figure 5. If the level is increased 
further, the first 455 kHz sideband null 
occurs and so on. If modulation is ap¬ 
plied to the AM modulator from the func¬ 
tion generator at 5 kHz, the FM modula¬ 
tor will be fed with a signal which varies 
from zero level (100 percent) to maxi¬ 
mum peak envelope, Figure 6. By ob¬ 
serving the carrier of the FM modulator 
on the spectrum analyzer in the linear 
mode, it will be evident that the latter is 
AM modulated by a 5 kHz signal. The 
455 kHz sidebands of the FM modulator 
are also modulated by a 5 kHz signal. It 
is possible to adjust the modulation in 
such a way as to reach the first carrier 
null coinciding with the peak of the 455 
kHz modulated signal, therefore the car¬ 

rier of the FM modulator is 100 percent 
modulated. We now have a condition 
where the 5 kHz signal has been trans¬ 
ferred from the 455 kHz modulated car¬ 
rier to the carrier of the 100 MHz modu¬ 
lator and its sidebands. 

If the spectrum analyzer is operated in 
a narrow bandwidth in the linear detec¬ 
tion mode, it is possible to observe the 
waveform of the modulated FM carrier. 
Figure 7 shows the distorted 5 kHz 
wave at the bottom; the top signal is the 
envelope of the 455 kHz signal fed to 
the 100 MHz FM modulator. The wave¬ 
form is distorted because the transfer 
function in a FM modulator from no 
modulation of the carrier to first carrier 
null is not a linear one. This can be 
demonstrated by switching the function 
generator to a 5 kHz triangular wave as 
shown Figure 8. The response has the 
shape of a parabola, very similar to the 

. Hr Power 
' Components Inc. 

High Power 
Directional Couplers 

• Power to 2500 watt CW 

• Frequency band: 20-1,850 MHz 

• Low insertion loss 

• Hi directivity 

• Ultra flat coupling 

• Standard Coupling: 30, 40, 50 dB. 

• Directional & dual directional 

• Small mechanical size 

High Power 
Resistors & Terminations 

• Power from 10 - 800 watts CW 

• Low capacitance 

• R values from 1 - 20,000 ohms 

• All welded construction 

• Std. tolerance 5%, opt. 1% 

• Acrian drop in replacements 

• High quality metalizations 

• Custom configurations 

High Power 
90 Degree Hybrids 

• Power to 800 watt CW 

• Frequency range: 30-2,000 MHz 

• Low insertion loss 

• Excellent phase balance 

• Excellent amplitude balance 

• Small case sizes with flat tabs 

• 2-way & 4-way configurations 

• Custom frequency's available 

20 Peachtree Court • Holbrook, NY 11741 • Ph: (516) 467-4230 • FAX: (516) 467-4234 
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Figure 5. FM carrier modulated by 
455 kHz carrier at first carrier null. 
Log scale: 10 dB division. 

the detected wave is much more sinu¬ 
soidal. If the single sideband amplitude 
of the 455 kHz AM modulator is reduced 
while the carrier remains the same, the 
detected wave remains sinusoidal. It ap¬ 
pears from this demonstration that such 
a circuit can demodulate a single side¬ 
band signal with carrier and cancel out 
the quadrature distortion inherent in the 
single sideband system. This type of de¬ 
tector has been named the quadradyne 

detector. Conventional methods to elimi¬ 
nate the quadrature component require 
a synchronous detector, but the carrier 
regeneration is difficult to achieve be¬ 
cause of the presence of both AM and 
PM in the single sideband with carrier 
signal. 

It has also been demonstrated that if 
the FM modulator lacks linearity, the 
100 MHz carrier of the FM modulator 
has incidental FM as well as AM modu-

Figure 6. FM carrier modulated by 
455 kHz modulated signal. The 
455 kHz carrier is 100 percent 
modulated in standard AM by a 5 
kHz wave from the function gen¬ 
erator. Linear scale. 

NEW 85 MHz version joins 50 MHz SINGLE DDS 
and 50 MHz, 30 MHz, and 20 MHz DUAL DDS 

1 NEW lOOMHzDAC, 10 and 12 bit versions. 

• SINGLE CHIP PLL, DC to 1.6 GHz operation. 

Phase Noise -150dBc/Hz at 100 Hz offset. 

Figure 7. Top: modulated 455 kHz 
carrier by 5 kHz wave. Bottom: 
detected signal from spectrum 
analyzer. Linear scale. 
shape of a two tone test from a sup¬ 
pressed carrier AM generator. If such a 
two tone test signal from the 455 kHz 
AM modulator is fed to the 100 MHz FM 
modulator, it turns out that the quadra¬ 
ture component of the two tone test sig¬ 
nal has been almost canceled by the 
non-linear transfer function of the FM 
modulator as stated earlier, see Figure 
9. The demodulated wave is for a 100 
percent AM modulation of the 100 MHz 
carrier as shown in Figure 6. In Figure 
10, the modulation of the 100 MHz carri¬ 
er has been reduced to 50 percent and 

vco ROBUST. 
WIDEBAND VCO's, NOW covering 100 to 2400 MHz. 
100% Tested. No Dropout, Moding, Subharmonic Pumping. 

Qualcomm 
VLSI Products 

10555 Sorrento Valley Road 
San Diego, CA 92121-1617 USA 

Tel: (619) 597-5005 
- Fax: (619) 452-9096 
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All that test equipment you’ve been using, with its endless cabling and “we mean business” knobs and 
switches, has served you well over the years. But someday you’re going to need to replace it. That 
someday is today! 
Digital testing is a reality; Cellular testing is big business; Software-driven testing is the future, and it’s all 
available now in one box... the R2600 from Motorola. 
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• 1 GHz Signal Generator 
• Sweep Generator 
• Duplex Offset Generator 
• AC/DC Voltmeter 
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• AF & RF Counters 
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• 50 MHz Tracking Generator Option 
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Operator Selectable Special Functions; Help Screens; and a Color Monitor Port. 
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P.O. Box 2606 - M/D H3170 - Scottsdale, AZ 85252 
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© Copyright 1992 Motorola Inc. 
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Radio Links 

Figure 8. Top: modulated 455 kHz 
carrier by 5 kHz wave. Bottom: 
detected signal from spectrum 
analyzer. Linear scale. FM carrier 
is 100 percent AM modulated. 

Figure 11. FM carrier AM modulat¬ 
ed with incidental FM. 

Figure 12. FM carrier AM modulat¬ 
ed with incidental FM. 

Figure 9. Top: modulated 455 kHz 
carrier in suppressed carrier 
mode. Bottom: detected signal 
from spectrum analyzer. Linear 
scale. FM carrier is 100 percent 
AM modulated. 

Figure 10. Top: modulated 455 
kHz carrier in suppressed carrier 
mode. Bottom: detected signal 
from spectrum analyzer. FM carri¬ 
er is 50 percent AM modulated. 

lation. The varactor bias was changed to 
perform this test and the results are 
shown in Figures 11 and 12. Because of 
the limits imposed by our spectrum ana¬ 
lyzer (dispersion 100 kHz minimum and 
IF filter bandwidth 1 kHz minimum), it 
was not possible to verify the incidental 
FM with modulating frequencies below 5 
kHz. This test has demonstrated that the 
above modulation scheme can reveal 

the non-linearity of FM modulators by 
measurement of the incidental FM on 
the carrier while using low modulation 
frequencies from the function generator. 

Figure 4 shows the block diagram of a 
quadradyne detector for a practical ap¬ 
plication. 
The author encourages students and 

teachers to build this project and use it 
in the lab and/or classroom. Many more 
tests too long to be enumerated in this 
paper can be done. For example, wave¬ 
forms of the detected 455 kHz side¬ 
bands of the FM carrier are different 
from one sideband to another. Spectrum 
analysis reveals that some sidebands 
are AM modulated and others have sup¬ 
pressed carrier. Some sidebands have 
phase reversal of the 5 kHz demodulat¬ 
ed wave, etc. RF 
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president of Sci-
entel Ltd. and 
Rextel Communi¬ 
cations Inc. since 
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Canadian Broad¬ 
casting Corp, in 
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Eliminate leaseline and wireline 
costs 

Aggressively priced with quantity 
discounts available 

► Transmitter and receiver links in 
VHF, UHF and 900 MHz are 
designed specifically for high-
performance data transmission 

► Utility data system accommodates 
audio inputs (modem tones) or 

I TTL-level digital inputs 

► RS-232 radio modems available in 
VHF, UHF and spread-spectrum 
(unlicensed) frequencies 

.► A two-way radio manufacturer for 
more than 30 years 

Aerotron-Repco Sales, Inc. 
1-800-950-5633 

2400 Sand Lake Road 
Orlando, Florida 32809 

Dealer Inquiries Invited 
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Easy TESLA Block Diagram 
Simulation Runs on Your PC 
• Nonlinear time simulation with built-in spectrum analysis 

lets you test with noise, multipath and adjacent channels 

• Use TESLA to simulate modems, radios, cellular, GPS, 

spread spec, DSP, HDTV, radar, controls, audio 4 morel 

• Over 60 analog & digital blocks: Filters, VCO, Mixer, RFamp, 

Laplace, AD 4 D/A Converters, BER tester, Norse, S4H, 

Integ4dump, 5-Function Generator, Phase meter, 4 more! 

• Add new blocks with M0DGEN optiorv-BBS user library 

• Use OrCAD®to input block diagrams—runs under TESLA 

TESOFT Inc, PO Box 305 
Roswell GA 30077 

Phone 404-751-9785 
F AX 404-664-581 7 

CALL FOR WORKING DEMO DISK 
TESLA Simulator 3695 

MODGEN Model Generator $495 
Symbols for OrCAD/SDT® $195 
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RF design awards_ 

Program Aids Series-Feedback 
Transistor Oscillator Design 
By Theodore Grosch 

This program can be helpful in design¬ 
ing series-feedback oscillators of the 
form shown in Figures 1 and 2. The se¬ 
ries-feedback oscillator utilizes a feed¬ 
back circuit on the common terminal and 
a resonant terminating circuit on the 
input (port 1). This program will help to 
determine what the common terminal 
should be and the feedback circuit re¬ 
flection r3 and the termination circuit re¬ 
flection rt. The program will work on any 
Apple Macintosh computer with a copy 
of Microsoft BASIC. 

First, enter the transistor S-parame-
ters by using the “Enter” menu. 

There will be two active options in this 
menu. The S-parameters can be en¬ 
tered manually, or the S-parameters of a 
preset device can be selected. Select 
the “Enter Manually” menu item and an¬ 
swer the questions to enter the two-port, 
common- emitter S-parameters at the 
frequency of interest. 

Currently, the device used in the op¬ 
tion “Preset Device” is a NE02139B at 
1.5 GHz, but it can be changed when 
the program is stopped. To change the 
device, open the list window and edit the 
section near the top of the listing to any 
desired transistor. The preset option is 
valuable if the same transistor is ana¬ 
lyzed frequently. 

After the two-port, common-emitter S-
parameters are entered, the program 
calculates the three-port S-parameters. 
Then the “Config” menu will become ac¬ 

tive. The transistor can be analyzed in 
six configurations: common-emitter, 
common-base or common-collector and 
the output can be either of the two re¬ 
maining terminals. The common termi¬ 
nal is where the feedback Z3 is connect¬ 
ed. The six options are listed under the 
“Config” menu in shorthand form. The 
CC OE menu item refers to a common¬ 
collector, output-emitter configuration. 
There is one other menu item under 

“Config”, “All Configs”. When this menu 
item is picked, a table is produced which 
is shown in Figure 3. The table is de¬ 
signed to help choose a configuration 
that has the potential to satisfy the oscil¬ 
lation condition r0T|=1, by creating an 
infinite output reflection coefficient, To. 
When the “All Configs” menu item is 
chosen, the user will be asked what the 
magnitude of r3 will be. The program 
will then find the angle of r3 that will 
minimize the magnitude of Tt that forces 
To to be theoretically infinite. A smaller 
magnitude of Tt implies a higher loaded 
Q of the resonant termination circuit, 
and a lower phase noise from the oscil¬ 
lator. 
The table shows values of feedback 

reflection coefficient, “GAMMA- 3” and 
termination reflection coefficient, 
“GAMMA-T”, that will simultaneously 
minimize the magnitude of Tt and create 
an infinite output reflection coefficient To. 
Figure 3 shows a table constructed with 
the NE02139B transistor in all six possi¬ 
ble configurations. Three other columns 

are shown: the feedback circuit reflec¬ 
tion coefficient, the optimum value for 
the termination circuit reflection coeffi¬ 
cient and S22 of the transistor in the indi¬ 
cated common configuration and the 
feedback circuit Z3 inserted between the 
common terminal and ground. The first 
row for each configuration is the magni¬ 
tude and the second is the phase. 

For example, Figure 3 shows the table 
for the NE02139B when the ir3l is equal 
to one. A NE0219B transistor in the 
common-emitter, output-collector config¬ 
uration has an optimum ITtl when the 
angle of T3 is 142 degrees. This is the 
lowest value for IT, I that can be 
achieved that produces an infinite To 
with any angle of T3 when IT3I is equal 
to one. It can be seen that the lowest 
value for ITJ can be achieved in any 
configuration (with the IT3I=1) is the 

Figure 1. Transistor with series 
feedback element. 

« File Edit Search Run Windows E^ter Config ’[th : : 

TRANSISTOR 
2-PORT 

TABLE OF ALL FEEDBACKS FÜR NE02I39B 

I GAMMA-T 

COMMON 
TERMINAL 
EMITT 

EMITT 

COLLEC 

COLLEC 

BASE 

BASE 

Figure 2. Oscillator schematic. 

98 

OUTPUT 

I GAMMA- 3~~| 

OUTPUT FEEDBACK 
TERMINAL GAMMA-3 
COLLEC I 

BASE 

EMITT 

BASE 

EMITT 

COLLEC 

9999995 
-165 
9999999 
46 
9999984 
44 

I 10 

-78 

MAGIGAMMA TJ 
ANGIGAMMA T] 
9455107 

-82 
8653392 
47 
I 759812 
89 
6502018 

-155 
1.091607 
43 
9556778 
139 

MAGIS22) 
ANGIS221 
8656 129 

-68 8 
8054647 
158 7 
1 519972 
163 3 
5625064 

-101 9 
5659648 
106 2 
6586663 

Figure 3. Feedback parameters for all NE02139B 
configurations. 
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• lite Edit Search Run Windows Enter Config Graph Options 

MAG S22 ON TERMINATION PLANE EOR NE02139B 

COMMON EMITT, OUTPUT IS THE COLLEC, GAMMA= I , GAMMA ANGLE = 142 771 
MOUSE LOACT ION MAG = 9554263 ANG = -8130448 

GAMMA OUT = 24 I I ANG = -87 04 
MAX S22 OCCUPES AT T= 945527 ANG=-63 ' j 

Figure 4. Constant Sn and S22 circles on the feed¬ 
back r3 plane. 

Figure 5. Constant output reflection coefficient cir¬ 
cles on the termination plane. 

common-collector, output-base configu¬ 
ration (irtl=0.65). Also shown in the 
table is S22 of the two-port created by 
the transistor in the indicated configura¬ 
tion and the feedback r3 attached. This 
is useful to check if the circuit may oscil¬ 
late on its own if the termination network 
were replaced by a matched load. A 
value of one or greater shows the possi¬ 
bility of spurious oscillation. 
This table has four potential benefits: 

1. Configurations can be identified that 
may not oscillate at all, (for example; the 
common-base, output-emitter and com¬ 
mon-collector, output-emitter configura¬ 
tions in Figure 3 if ir3l=1 , Z,=50 ohms). 
2. The configuration with the minimum 
irtl can be easily identified (to maximize 
the loaded Q of the termination circuit). 
3. Identify possible spurious instabilities 
produced by the feedback circuit when 
IS22 I>1. 
4. Quickly determine the phase of r3 to 
see if the feedback network can be easi¬ 
ly synthesized. 

Note: When using the “All Configs” op¬ 
tion, a particular configuration must still 
be selected from the “Config” menu to 
go on with the program. 
Once the configuration of the oscillator 

circuit has been chosen, the “Graph” 
menu will be activated. The first item is 
“Stability”. This will calculate the stability 
factor, K, of the transistor in the selected 
configuration without any feedback. 
The next “Graph” option is “FB Plane”. 

This plots the locus of constant magni¬ 
tude Sn and S22 circles on the r3 plane. 
An example of the graphical output is 
shown in Figure 4. This is a plot of the 
r3 plane for the NE02139B in the com¬ 
mon-emitter, output-collector configura¬ 
tion. The circles are the locus of con¬ 
stant ISnl and IS22I=1 ,2, 3,. ..,10 on the 
r3 plane. This plot shows the values of 
S,, and S22 at any r3 when a feedback 

circuit is added to the common terminal 
and the resultant two-port S-parameters 
calculated. 
The mouse can be positioned any¬ 

where in this plane and depressed. The 
mouse position on the r3 plane will be 
displayed. At the bottom of the window, 
the values of S,, and S22 corresponding 
to this r3 for the feedback network are 
displayed. And finally, the reflection co¬ 
efficient (rt) that forces r0-><x> is dis¬ 
played, (this satisfies the oscillation con¬ 
dition rtr¡=1 when r0->~). 
The next two options under the 

“Graph” menu are very similar, “Plot” 
and “Resistance”. The user will be 
asked to supply the magnitude and 
angle of r3 that is to be used for the cal¬ 
culation. The default value (in brackets) 
will be the r3 with a magnitude of one 
and the optimum phase to minimize rt. 
The “Plot” option will map the locus of 

constant output reflection coefficient cir¬ 
cles on the termination impedance 
plane. Included on this graph is a circle 
that displays the locus of output resis¬ 
tance of a negative 50 ohms. 
The “Resistance” option will plot the 

locus of constant output resistance cir¬ 
cles on the termination plane. Included 
on this plot is the point where if Tt 

equals this impedance, the output re¬ 
flection coefficient will theoretically be 
infinite. 
These two options, “Plot” and “Resis¬ 

tance” are used to select the termination 
impedance to yield a desired output re¬ 
flection coefficient or output negative re¬ 
sistance. Figure 5 and Figure 6 show an 
example of the “Plot” and “Resistance” 
windows for the NE02139B in the com¬ 
mon-emitter, output-collector configura¬ 
tion with a feedback Tt=1 Z142.8. These 
are plots of the termination plane and 

w Fite Edit Search Run Windows Enter Config Graph Options 

Figure 6. Constant output resistance circles on the termination plane. 
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how the termination impedance effects 
the output reflection or resistance. The 
“Plot” window shows the locus of con¬ 
stant irol=1,2,3,...,1O on the Tt plane. 
The “Resistance” window will display the 
locus of constant Re(Zo)=25O, 200, 150, 
50, 0, -50, -100, -150, -200 and -250 
ohms on the Tt plane. The mouse can 
be clicked in any region of the Tt plane; 
the reflection coefficient at that mouse 

location is printed near the top of the 
screen, and the corresponding output 
reflection coefficient or output imped¬ 
ance is displayed near the bottom of the 
screen. 
Figure 5 shows the location of the 

mouse (arrow) where the circles of con¬ 
stant output reflection coefficient of 
1,2,3,. ..10 have been plotted. The cen¬ 
ter of these concentric circles (0.955Z 

Hy “^^International (USA), Inc. 
Phone: 606-283-5000 FAX: 606-283-0883 

We’ll support your Application with... 
• Product Design • Precision Quality 
• Prototyping • Fast Delivery 

CRYSTALS FILTERS 

-81.3) is the point where the combina¬ 
tion of feedback and termination reflec¬ 
tion coefficients will theoretically create 
an infinite output reflection coefficient. 

Figure 6 shows the constant, real out¬ 
put-resistance circles of 250, 200, 150, 
100, 50, 0, -50, ..., -250 ohms. The 
mouse is at Tt=0.943Z-105. With this 
termination impedance and the feed¬ 
back chosen, the output should have a 
negative resistance of 1500 ohms. 
The “Options” menu becomes active 

when in the “Plot” or “Resistance” win¬ 
dows. This menu allows the user to add 
circles and change r3. To change the 
feedback, choose the “Gamma” option. 
To add circles of a certain constant out¬ 
put reflection coefficient, choose the 
“S22” option. To add a specific constant 
output resistance circle to the display, 
choose the “Res” option. The “All Phas¬ 
es” option displays a circle on the rt 

plane that is the locus of r0->°° at all 
phases of r3. RF 

This program is available on disk from 
the RF Design Software Service. See 
page 90 for ordering information. 

AT Cut: 1-200 MHz 
Industry standard holders 
48-hr service available 

• Crystal and L-C: 1-100 MHz 
• Standard I F and custom designs 
• Discrete and Monolithic 

• Proven Reliability • 2-8 pole 

OSCILLATORS 

SPXO/CLOCK 
• Dual-in-line • CMOS, TTL, ECL 
• Multi-state • Surface-mount 

TCXO/VCXO 
• Wide temperature range 
• High stability 
• Low power consumption 
• Standard and custom designs 
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The Complete Scalar System 
With Source and Savings Built-In. 
Introducing RF Versions of Wiltron's 5400A 

Scalar Measurement System 
Three RF models provide frequency coverage from 

1 to 3000 MHz. The 5400A provides a total system for 
measuring transmission loss or gain, return loss and RF 
power. The 5400A provides synthesized sweeper accu¬ 
racy, ease of use, and 71 dB dynamic range - in a single 
integrated package - for less than the cost of an ordinary 
scalar analyzer and sweep generator combination. 

Full Performance 
and Features. 

You'll work with advanced marker and cursor fea¬ 
tures. Custom X-axis. Smoothing. Averaging. Trace 
memory. Buffered printer/plotter outputs. VGA color 
output. GP1B interface for ATE applications. External 
leveling. Reference channel. And more. For more infor¬ 
mation on this and other Wiltron products, contact 
one of the Sales Centers listed below. 

WILTRON 

U.S. Sales Centers: 
North West (408) 776-8305 
North East (201) 882-1988 
International Sales Centers: 
Europe 44 (582) 418853 
Canada (613) 828-1090 

South West (310) 715-8262 
South East (301) 590-0300 

Asia-Pacific 81 (3) 3440-2770 
Japan (03) 3446-1111 

Please see us at RF Expo West, Booths #710, 712. 



Not Iust Products ... solutions! 

For more than four decades. Lucas 

Weinschel has pioneered creativity 

IN MICROWAVE TECHNOLOGY. NOT JUST IN 

PRODUCT DEVELOPMENT. WHERE WE HOLD 

MORE THAN 40 PATENTS. BUT ALSO IN 

SUPPORT SERVICES. 

Lucas Weinschels EXPRESS 

OVERNIGHT SHIPMENT SERVICE IS ONE 

OF THE FASTEST AND MOST CONVENIENT 

WAYS FOR YOU TO ACQUIRE COMPONENTS 

FOR YOUR APPLICATION OR PRODUCTION 

USE. 

Find the components you 

NEED IN OUR QUICK REFERENCE CATALOG. 

Then call our toll free EXPRESS 

number. 1-800-542-4457. If the 

COMPONENTS YOU'RE LOOKING FOR ARE 

SHOWN WITH OUR EXPRESS SYMBOL. 

PAY FOR THE ORDER WITH YOUR VISA OR 

MASTERCARD ... OR ISSUE A PURCHASE 

ORDER ... AND THE COMPONENTS WILL BE 

IN YOUR HANDS THE VERY NEXT BUSINESS 

DAY. IF THEY'RE NOT. THE SHIPPING COST 

IS ON US! 

Our EXPRESS service also 

EXTENDS TO OTHER PRODUCTS THAT MAY 

BE AVAILABLE IN STOCK AT THE TIME OF 

YOUR ORDER. SO WHEN YOU CALL. PLEASE 

ASK OUR SALES REPRESENTATIVE FOR 

AVAILABILITY AND PRICE INFORMATION ON 

ALL THE PRODUCTS YOU MAY REQUIRE. 

For high quality products that 

DELIVER EXTRAORDINARY RELIABILITY. AND 

EXPERT GUIDANCE THAT DELIVERS TIMELY. 

COST-EFFECTIVE SOLUTIONS FOR THE MOST 

DEMANDING APPLICATIONS. DEPEND ON 

Lucas Weinschel. 





YOUR BEST TRAINING 

INVI 
FOR 1993 
We are still working on completing the schedule for RF Expo 
West, but you can start now using the matrix below to design a 
customized training program to meet your needs. 

WEDNESDAY, MARCH 17 Exhibit Hall Open 10am - 6pm 
8:30-11:30 AM CELLULAR RADIO ANTENNAS AND TRANSMISSION LINES CIRCUIT ANALYSIS TUTORIAL - Part I 

'A Single Chip Radio Transceiver for 900 MHz GSM Handsets. Mobile "Antenna Field Design for (VHF/UHF) Hand Held and Body "Driving Point Impedance Circuit Analysis Techniques” 

Terminals and Base Stations' Worn Applications" 

Cellular Repeaters and/or Cellular Microcells "Ferrite Rod Antennas for AM Broadcast Receivers" 

Use of Sigma-Delta Technology to ease Adjacent Channel Rejection ..^ Geneíatj[||] o( Rf Transmjssio|1 Line-

for Mobile Radio Systems 

1:30-4:30 PM POWER AMPLIFIER DESIGN RF SYSTEMS CIRCUIT ANALYSIS TUTORIAL - Part II 

“Use EMTP (ATP) to Understand RF Power Amplifiers" "Wireless Communications using Infrared Techniques" "Driving Point Impedance Circuit Analysis Techniques" 

"Tradeoffs in Practical Design of Class E High-Efficiency RF "A Medical Radio Frequency Network for the Aged" (continued) 

Power Amplifiers' “Miniaturization Techniques in Receiver Design" 

“1 kW PWM RF Power Generator for the HF Band" 

THURSDAY, MARCH 18 Exhibit Hall Open 10am - 6pm 
8:30-11:30 AM HF/VHF POWER AMPLIRERS OSCILLATORS ELECTROMAGNETIC MODELING 

“HF power amplifier operates in both class B and class 0" "Modulating Saw Oscillators" "Simplified Calculation of Planar Antenna Field Perturbation 

"Class-E Power Amplifier Delivers 24 W at 27 MHz at 89- "Practical Methods of Computer Simulation of Very High 0 by Integrated Active Feed" 

92% Efficiency, Using One Si .05 Transistor" Oscillators Using SPICE and LIBRA" 

"A New Method of Input/Output Impedance Measurement for 

Class C/D Amplifiers Using a Spectrum Analyzer" 

1:30-4:30 PM UHF AND L-BAND POWER AMPLIFIERS DIGITAL TRANSMISSION SYSTEMS COMPONENT APPLICATIONS 

"Transistors for High Power Linear Amplifiers in the 1.5 - 2.0 "The Development of X-Band SSPAs and ÛPSK Modulators "RF Circuits - The ASIC Way" 

GHz" for Remote Sensing Satellite Applications" "Tiny Transceiver. Wireless Microphone, and Superhet 

" 100-450 MHz 250 Watt Power Amplifier" "Simulating Common Impairments Found in RF Digital Receiver" 

Communications Systems' 

FRIDAY , MARCH 19 Exhibit Hall Open 10am - 1pm 
8:30-11:30 AM PERSONAL COMMUNICATIONS FREQUENCY SYNTHESIS COMPUTER METHODS 

"A Fully Integrated Modulator/Demodulator for DECT" "Wideband Synthesizer Design" "Knowledge Systems: 

"Vector Modulator IC's for use in Wireless Communication" "Operating Principle and Applications of a Frequency The Fast Track to RF Design and Testing Solutions" 

Independent Phase Tracking Circuit" "Nonlinear Noise Analysis for Wireless Communication Systems' 

"The Design of Software for Automated RF Testing" 

Registration Hours 
M 525-9154 * Vwt CJU3) 71*4X5* 

Tuesday. March 16 _  7am-6pm 

Wednesday, March 17. 7am-6pm 

Thursday, March 18.. . 7am-6pm 

Friday, March 19 . 7am-1pm 

Deli Lunch—Exhibit Hall 
Wednesday, March 17 11 :30am- 1:30pm 

Product Showcases: 
Don't miss these special areas set aside for exhibiting companies to present their latest and best. If you're an 
Enterprising engineer and want in-depth information on the newest in Treknology, look for Mr. Spock and Captain Kirk in 
the exhibit hall. They'll be able to transport you to the right location. See the Show Preview or your Official Show 
Program for companies participating and presentation times. 



STMENT 
At RF Expo West see the industry's largest exhibit floor 
— with thousands of RF-specific products and solu¬ 
tions. Here’s a look at what you can expect to see at 
this year's show. By preregistering now, you can be 
assured of receiving a Show Preview Guide (avail¬ 
able only by mail) listing RF Expo West exhibitors by 
product category. 

ONDISPLAY: 
CAD/CAE SOFTWARE & 
SYSTEMS 

Software 
Systems - Hardware 

COMPONENTS 
Capacitors 
Crystals 
Diodes 
Inductors 
Integrated Circuits 
Resistors 
Transformers 
Transistors 
Vacuum Tubes 

EMC PRODUCTS 
Absorbers 
AC Line Filters 
Anechoic Chambers 
ESD Control Devices 
Gaskets/Finger Stock 
Shielded Enclosures 
Shielding 
Surge & Transient 

Protectors 
Test Equipment & 

Systems 
MATERIALS & HARDWARE 

Cabinets and 
Enclosures 

Ceramics 
Component/Hybrid 

Packages 
Crystal Blanks 

Electronic Hardware 
Equipment Racks 
Ferrites, Other 

Magnetics 
Heat Sinks 
Insulating Materials 
PC Boards 
Sockets 
Substrates 

MODULES & HYBRIDS 
Amplifiers 
Detectors 
Filters 
Frequency Multipliers 
Limiters 
Mixers 
Modulators 
Noise Sources 
Oscillators 
Resonators 

SERVICES 
Antenna Measurement 
Circuit Assembly 
Consultants 
Custom Hybrids 
Custom ICs and ASICs 
EMC Testing 
Equipment Calibration 
Instrument 

Rental/Leasing 
PC Layout/Fabrication 
Plating/Coating 
Software Development 
Training/Education 

SYSTEM BLOCKS & 
SUBASSEMBLIES 

Amplifiers 
Frequency Converters 
Frequency 

Synthesizers 
Motion/Proximity 

Sensors 
Receivers 
RF Modems 
ToneEncoders/ 

Decoders 
Transmitters 

TEST EQUIPMENT 
Amplifiers (Lab) 
Antenna Measurement 

Systems 
Calibrators/Standards 
Dummy Loads 
Field Intensity Meters 
Frequency Counters 
Modulation Meters 
Network Analyzers 
Noise Figure Meters 
Noise Generators 
Oscilloscopes 
Power Meters 
Probes 
Pulse Generators 
RLC/Impedance 

Bridges 
Signal Level Meters 
Signal/Sweep 
Generators 
Spectrum Analyzers 
SWR Meters 
Test Fixtures 
Wave/Distortion 

Analyzers 
TRANSMISSION 
COMPONENTS 

Antenna Positioners 

Antennas 
Attenuators 
Coaxial Cable 
Directional Couplers 
Equalizers 
Filters 
Isolators/Circulators 
Loads 
Multicouplers 
Multiplexers/Diplexers 
Phase Shifters 
Power Dividers/ 

Combiners 
Relays 
RF Connectors 
Switches 
Terminations 
Tuners 

Questions? 
Register Now 

(303) 220-0600 
(800)525-9154 
:ax 
303) 770-0253 



INVESTMENT 
SPECIAL COURSES March 16,17,18, and 19 

Preregistration is required for these highly popular special courses. 
Please see the registration card for fee. 

signal amplifiers and oscillator design. The two- port model includes def 
nition of power gain, noise, cascaded elements and termination: 
Scattering parameters used to describe two-ports are introduced, inclui 
ing their definition and physical meanings. Computer-aided design an 
analysis using SPICE and commercial software is described, noting moi 
els, analysis techniques and optimization methods. S parameter base 
design of amplifiers is presented, followed by large signal amplifii 
design and the large signal concepts of dynamic range, intermodulatic 
distortion and load pull. Non-reciprocal networks (couplers, combinei 
and hybrids) are introduced, and the course concludes with oscillate 
design fundamentals. Instructors are Dr. Robert K .Feeney and Dr. Dav 
R. Hertling of the Georgia Tech School of Electrical Engineering. 

Oscillator Design Principles March 1 
Learn the fundamentals of oscillator design. Historically, oscillator desiç 
has been obscured with pages of equations for particular configuration 
In this course, basic concepts are applied to design various oscillatoi 
using a unified approach. Attendees learn how to evaluate oscillât' 
designs accurately. L-C distributed element, SAW and crystal oscillato 
are studied. Also considered are output level, starting time, harmonic Ie' 
els and phase noise performance. Instructor: Randy Rhea, Eagleware. 

Filter and Matching network Design: 
L-C and Distributed Circuits— HF to Microwaves March 16 
This course is designed for the practical engineer, packing a wealth of 
practical and useful information on these passive RF circuits into eight 
hours. Engineers with all levels of experience will benefit from the review 
of fundamental information on filter response and classic topologies for 
filters and matching networks, followed by design methods for implemen¬ 
tation of L-C and distributed-element filters and matching networks, from 
low radio frequencies to microwaves. Key performance parameters such 
as group delay and phase characteristics are covered, as are techniques 
for implementing the design of these networks using modern computer-
aided synthesis, analysis and optimization. Instructor: Randy Rhea, 
Eagleware. 

Introduction to RF Circuit Design 
Parti: Fundamental Concepts (CEUs Available) March 17 
This new course presents the fundamental concepts of RF systems, com¬ 
ponents, transmission lines and impedance matching. RF system con¬ 
cepts of gain, bandwidth, linear and nonlinear circuits and amplifier 
classes are followed by the network concepts of resonance, bandwidth, 
Q and maximum power transfer. Practical components, their models, 
characterization and specification are then discussed. Transmission line 
theory, traveling wave behavior, the Smith chart, and practical realization 
of transmission lines are discussed, covering the concepts of impedance, 
loss, dispersion and physical construction. The final topic is impedance 
transformation networks, including lossless and lossy elements, graphi¬ 
cal and analytical design, phase shift and bandwidth considerations, bal¬ 
anced networks and attenuators. Instructors are Dr. Robert K Feeney 
and Dr. David R. Hertling of the Georgia Tech School of Electrical 
Engineering. 

Introduction to RF Circuit Design 
Part II: Active Circuit Design (CEUs Available) March 18 
Active circuits are covered in this course, from basic models to advanced 
computer-aided design methods, from simple two-port concepts to large 

CEUs 
RF Expo West is pleased to announce that 
all Special Courses are now certified. For 
the first time Continuing Educational Unit's 
(CEU's) are now available from Georgia Tech 
School of Electrical Engineering. 

What does this mean to you? 

• Formal record of training 
certification 

• Enhanced chance of 
advancement/salary 
increases 

• Recognition of expertise/ 
experience 

• Viewed as an expert in 
the technology 

TO REGISTER, SEE THE INSIDE BACK PROTECTIVE COVER. 
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Log Mac: Frequency and Time 
Domain Analysis 
By Jeff Crawford 
The Aerospace Corporation 

Frequently during the process of de¬ 
signing a circuit, the circuit’s frequency 
response is of importance, and occa¬ 
sionally, the respective impulse or unit 
step time response is also of interest. 
Log Mac calculates these responses for 
any network which can be described as 
a transfer function in the Laplace do¬ 
main (s domain). Log Mac can be used 
to investigate the frequency response of 
passive or active filters and phase 
locked loops, and additionally, deter¬ 
mine settling times and transient re¬ 
sponses of these same kind of systems. 
Perhaps the most satisfying feature of 
the program is its full compliance with 
the Macintosh Toolbox, featuring multi¬ 
ple resizable windows, scrollable text 
output, and many user-friendly dialogue 
boxes to make program operation a 
breeze. The minimum requirement for 
use of the program is a later generation 
MacPIus. A compiled version of the pro¬ 
gram, supporting an on-board mathe¬ 
matics coprocessor, is also available. 

Log Mac performs the traditional Bode 
calculations, determining magnitude 

and phase of the rational s polynomial 
entered by the user. The data calculated 
is available in a scrollable text window 
and can be plotted simultaneously in an¬ 
other graphics window. Automatic graph 
scaling is incorporated to give clean 
plots in linear or logarithmic format. The 
number of significant digits on the X and 
Y axes as well as font size are automati¬ 
cally adjusted to maintain a clearly read¬ 
able output. A digital readout of cursor 
position is also selectable by the user to 
allow quick reading from the graph in 
numeric form. A robust root solver 
based upon Moore’s technique is resi¬ 
dent within Log Mac. At any time it is 
possible to execute this function and de¬ 
termine the numerator and denominator 
roots, accompanied by the residual error 
obtained upon resubstitution of each 
root into the respective numerator or de¬ 
nominator. The Moore method imple¬ 
mented here has been modified for im¬ 
proved accuracy in cases of multiple 
identical roots; more will be said about 
this later. 

Log Mac also performs the more inter¬ 
esting and difficult part of evaluating the 
inverse Laplace transform of the entered 
T(s) function. While a number of differ¬ 
ent techniques are available to perform 
this calculation, the method incorporated 
within Log Mac is that of partial fraction 
decomposition. A user may select from 
the appropriate dialogue box Impulse or 
Unit Step response analysis. Once 
again, tabular as well as graphical out¬ 
put of results is available to the user. 
Text and graphics data in both the fre¬ 
quency and time domain calculations 
can be saved to disk for later use. 

Example of a Frequency 
Response Calculation 
By way of illustration, let us consider 

the transfer function of a bandpass filter. 
Consider the transfer function of the 
bandpass filter in equation 1 below. 

T(»)- (1) 

_ S’ ._2J2z10'\S' ■ 3 89 -1O' ;_ 

S" +4260S3 +5. 48x1 O'S2 +8.43 x10’“S + 3. 89x10'* 

Figure 1 illustrates the coefficient 
entry dialogue in completed form, ready 
to execute the frequency domain analy¬ 
sis. Before execution, various attributes 
such as automatic scaling, number of X 
or Y divisions, graph titles, etc. may be 
selected by the user. Figure 2 graphical¬ 
ly displays the frequency response of 
T(s), while Figure 3 is the tabulated test 
output which can be routed to a scrol¬ 
lable text window. Figure 4 shows the 
results of the root calculations for both 
numerator and denominator with their 
associated residual errors to indicate a 
measure of goodness for each root de¬ 
termined. 

The Frequency Domain 
Calculations 
The calculations performed in this part 

of Log Mac are rather straightforward 
and involve only normal complex num¬ 
ber operations. At each frequency point, 
the magnitude and respective angle of 
T(s) are determined. A further descrip¬ 
tion of the root calculation is in order 
due to its importance to the partial frac-

Polynomial Coefficient* 

Polunomlal Charectariotlc« 
Start Frequency 

1200.0000 

End Frequency 

1100000.0000 I 

Stopi □ Freq Inc 

Figure 1. Coefficient entry 

tion decomposition method incorporated 
in the time response calculation to be 
discussed shortly. 
Log Mac’s Moore method is a deriva¬ 

tive-based algorithm with enhancements 
for multiple roots. This algorithm, stated 
mathematically, works to determine the 
n values of z which make the following 
polynomial identically equal to zero. 

f(z)=£(ak + jbk)zk =0 (2) 
k=o 

z = X + jy; f(z) = u + jv 

The Moore method adjusts the com¬ 
ponents of z = X + jy until the squared 
magnitude of f(z) = u + jv is zero at z = 
z,. The root factor (z - z,) is then re¬ 
moved from the polynomial by synthetic 
division and the process repeated until 
completion. The method is contingent 
upon the information available through 
the use of the Cauchy-Riemann equa¬ 
tions in equation 3. Incorporating equa¬ 
tion 3 into the partial derivative expres¬ 
sions dF/dx and äF/dy gives the next 

Figure 2. Frequency response. 

RF Design 107 



-0000000 
0 000000 
0 000000 
0000000 
0 000000 

0 000000 
-1 421741 
1 421741 
-0 881676 
0 881676 

R«»idu«J Errara 
-1 2666547. 16 
20160348.-16 
2 016O348.-16 
4 7378266. 19 
-4 7378266« 19 

Rui. lm.g 
5 5019129. 35 
-17780916« 16 
1 7780916«-16 
-6 5052130.-19 
6 5O5213O.-19 

_ 2 
la 

Figure 4. Pole and zero locations. Figure 5. Filter impulse response. 

Figure 3. Text output after analy¬ 
sis. 

step in the algorithm. The expressions in 
equation 5 are the same as the steps 
taken in the familiar Newton-Raphson 
technique. Further details of the method 
are available in references 1 and 2. 
An enhanced Moore method was 

ãu _ áv Ov _ du 
Ox dy ’ dx Oy 

F = u2 + V2

dF -f du dv 
dx dx dy J 

and 

(4) 

dF _( du dv 

dy dy dy 
d\/ dU A 

=2 -u—+v— 
V Ox Ox y 

Ax = -0.5^; Ay = -0.5^^ (5) 
Iff Pf 

, -V \2 z \2 

where If'l2 = f — ] + (— ] 
11 I Ox J I Ox J 

utilized in Log Mac that enables more 
accurate root extraction for cases involv¬ 
ing multiple roots. In cases of multiple 
roots, the accuracy of the root location 
can be significantly improved by an av¬ 
eraging process among those roots ap¬ 
pearing to be the same, however cor¬ 
rupted by numerical roundoff and asso¬ 
ciated effects. Consider the case below 
in which the following roots have been 
determined: 

R1 = 0.9999 + j0.9995 
R2 = 1.000021 -j1 0.00076 

Making the required adjustments to 
these roots requires an averaging 
process among each set of roots which 
are seen to be identical. The operation 
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depicted in expression 6 is performed 
automatically each time multiple root lo¬ 
cations of multiplicity N are detected. 

n 1 
Z — (Ren+jlmn) (6) 
n=l N 

Calculation of the Time Response 
Before Log Mac can be launched the 

user must ensure that the T(s) is en¬ 
tered and in proper form; i.e. the numer¬ 
ator order is less than the order of the 
denominator. Internally, Log Mac takes 
the inverse Laplace transform of T(s) di¬ 
rectly when the impulse response is re¬ 
quested. However, when the unit step 
response is selected, Log Mac automati¬ 
cally (hidden from the user) increases 
the order of each s-term by one in the 
denominator. For the polynomial T(s) 
entered earlier in the frequency re¬ 
sponse example, simple long division 
must be performed before doing an im¬ 
pulse response calculation; this is 
shown in equation 7. Should only the 
unit step response be desired, it is seen 
that multiplying T(s) by 1/s (which is 
done automatically by the program inter¬ 
nally) puts it into proper form for the time 
domain calculation, therefore the side 
operation of long division is not neces¬ 
sary. This subtle point can be confusing 
in cases where T(s) is bordering on 
proper form. 
The coefficients of the rational func¬ 

tion are entered as seen earlier. 
In the particular example considered 

T(S)-1 + (7) 

_ -4260 S3 + 1. 572 x 10* S* - 8.43X w’°S_ 

S' + 4260 S3 t 5. 48 x 10' S* + 8. 43 x 1O’° S + 3. 89 x io“ 

here, the great distance between pole 
locations requires the user to enter an 
allowable error in the roots of approxi¬ 
mately 1x10“4, otherwise the Moore root 
finder will give a nonconvergance error. 
After launching the impulse response 
calculation the following results are 
found as depicted in Figure 5. 
A feature which is especially attractive 

to students of electrical engineering is 
the fact that Log Mac will write out the 
time domain expression. The impulse 
time response for the bandpass filter is 
given by equation 6. An identical analy¬ 
sis of the filter for its unit step response 
can also be performed. 

Details of the Time Domain 
Calculation 
As mentioned earlier, a number of 

methods are available in the literature 
for the time domain calculation. Some of 
these methods include the partial frac¬ 
tion technique, Pade’(3), Gaver- Ste-
hfest(4) and Corrington(5) techniques. 
The Pade’ method makes an approxi¬ 

mation of est which is in the Laplace in¬ 
version integral of equation 8. 
The approximation is made only once 

and is represented by a truncated power 
c+j~ 

x(t)=— [x(s)eslds (8) 
j2n J 

C-joo 

series in which the first M + N + 1 terms 
are identical to the Taylor expansion of 
est , with the following terms slightly mod¬ 
ified. The accuracy of the entire method 
is contingent upon the complexity of the 
approximating function RN M (N = order 
of denominator, M = order of numera¬ 
tor), and the accuracy of the pole calcu¬ 
lations used to formulate R. The Pade’ 
method is suitable for the calculation of 
responses to nonperiodic excitations, 
but fails to satisfactorily solve those 
problems in which a periodic excitation 
is used. The validity for increasingly 
larger time intervals can be increased by 
using higher M and N, however, the ac¬ 
curacy is increasingly diminished by the 
integrity of the poles used in the Pade’ 
approximation as M and N grow large. 
The Gaver-Stehfest technique relies 

on the evaluation of the expected value 
of f(t) through the use of a three para¬ 
meter exponential probability density 
function. Further details of this algorithm 
will not be presented here, primarily be¬ 
cause functions which have oscillatory 
inverses cause considerable problems 
for this method. Another method which 
will only be mentioned is the Corrington 
method. This technique is able not only 
to calculate the inverse Laplace trans¬ 
form, but furthermore, one of its interme¬ 
diate steps gives the Z-transform coeffi¬ 
cients for the rational s polynomial. This 
method is not dependent on accurate 
pole determination, however, greater ac¬ 
curacy requires SVD (singular value de¬ 
composition) methods or a similar 
method to solve the Toeplitz matrix in¬ 
volved in the algorithm. 
The partial fraction method was se-
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This program is available on disk from 
the HF Design Software Service. See 
page 90 for ordering information. 
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lected for Log Mac because of its ability 
to give the user an explicit time function 
representation of a network described in 
the frequency domain by T(s). Log Mac, 
by virtue of its ability to write out the 
time domain function, is a great learning 
tool for the student as well as the prac¬ 
ticing engineer. The overall algorithm 
flow is shown in Figure 6. The enhance¬ 
ments added to the Moore method for 
multiple roots are necessary to maintain 
accuracy for the Laplace inversion 
method since any repeated roots con¬ 
tribute additional terms of the form t”-1 . 
Summarizing the partial fraction method, 
the types of terms which can appear in¬ 
clude the following: 

Single real roots: 

EMI PROTECTION 
DEVICES FROM KCK 

CNF41 Three terminal noise filter based on 
multilayer chip capacitor technology. 

• Small size and low stray inductance. 
• Noise reduction at higher frequencies than 
conventional SMD capacitors. 

• Solder plated nickel barrier terminations. 

DIP Multiple channel packages incorporating 
feed through capacitors. 

• Efficient EMI suppression from 10 MHz to 1 GHz. 
• Independent internal capacitors reduce cross-talk. 
• Multiple lines in a single package reduce circuit board size to 
allow for miniaturization. 

8 0 max W max 

Multiple real roots: 

Ki-e^'+Kzte^ + Kse““1
2 

Pair of complex roots: 

K = u+jv 

K K1

s + (a + jß) s+(a-jß) 

=> 2 e“at [u cos(ßt) + V sin(ßt)] 

The case of multiple identical complex 
roots is not handled in Log Mac. 
Log Mac is available for the Macintosh 

computer with or without the mathemat¬ 
ics coprocessor support. The version of 
the program described here has been 
successfully used on the later genera¬ 
tion Macintosh Plus and the Mac Clas¬ 
sic, as well as Macintosh llx, llci, and 
llsi. A version of the program for Win¬ 
dows may be made available sometime 
in the future; contact the author for fur¬ 
ther details. RF 

NF The combination of a chip capacitor and 
inductor in 3 and 4 pin SIP packages. 

• L, T and Pi equivalent circuits. 
• Filtering frequencies from 10 KHz to 1 GHz. 
• Maximum attenuation of 80 dB 

DNF A Pi type filter which is ideal for use in 
DC power supplies. 

• Available in 2 line or 3 line filtering modes. 
• Current handling capability from 250mA to 5A. 
• Maximum attenuation of 80 dB. 

FCD D-sub filter connector using internal feed 
through capacitors. 

• Male and female styles in 9, 15 and 25 pin versions. 
• Filtering frequencies from 10 MHz to 2 GHz. 
• Maximum attenuation of 80 dB. 

KCK America Inc. 

4080 Winnetka Ave. 
Rolling Meadows, IL 60008 

Tel:(708)577-0200 
Fax:(708)577-0201 
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Everything you expect from 
a powerful new generation of 
HP spectrum analyzers. 

© 1992 Hewlett-Packard Co. TMSAD250 

Introducing the HP 8590 & 
8560 E-Series: more 
performance than anything 
at their price — less price 
than anything with their 
performance. 

If advancing technologies and 
receding budgets make life 
difficult, it’s time to look at HP’s 
new generation of portable 
spectrum analyzers. 

Start with the new HP 8590 
E-Series, which offers an 
economical way to get surprising 
measurement power. Since there 
are 5 models, you buy exactly the 
frequency range you need. And 

get a spectrum analyzer that’s easy 
to use and can be configured for 
your specific application. All at a 
starting price of only $11,500. 

The remarkable HP 8560 E-Series 
delivers the kind of performance 
that until now was found only on 
expensive benchtop models. Yet 
the HP 8560 E-Series starts at only 
$26,000 — and you get lower 
phase noise, narrower resolution 
bandwidths, and improved 
sensitivity. Clearly, this level 
of performance doesn’t exist in 
any other spectrum analyzer at 
this price. 

Of course, you’ll want more details 
than we can provide here. So call 

1-800-452-4844. Ask for Ext. 
7149 and we’ll give you an 
ordering guide and detailed 
product information. Plus one 
very important thing. 

An early start on the next genera¬ 
tion of test solutions. 

There is a better way. 

KSI HEWLETT 
PACKARD 

In Canada call 1-800387-3867, Dept. 460. 

U. S. list prices. 
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Antenna and Processor Techniques 
for Detection of Manmade RF Noise 
By F.N. Eddy 
Independent Consultant 

Present RF! detection gear is inade¬ 
quate for assessing the vulnerability of 
high sensitivity receiving systems to 
local manmade noise. As a result, ex¬ 
cess expense is incurred by over-cau¬ 
tious designers of sensitive RF receiving 
systems who, being unable to measure 
noise at levels that might interfere with 
their systems, locate their equipment 
farther away from interference sources 
than may actually be necessary. 

Radiometric measurement techniques 
enable 20-40 dB greater man-made 

noise detection sensitivity than do more 
conventional RFI measurement proce¬ 
dures. This enhanced sensitivity can be 
used for finding quiet sites, for localizing 
interference sources or for providing 
warning of proximity to energized power 
lines. 
Tuned-loop, electrically-small antenna 

arrays have been developed which yield 
a highly directional response without de¬ 
graded noise performance, or which 
suppress distant noise sources. Such 
antennas are complementary to the ra¬ 
diometric processing scheme; they re¬ 
duce the time required to perform an 

RFI sweep compared to more conven¬ 
tional procedures (of the general type 
outlined by Harris (1)). 

Radiometric Processing 
Most man-made RFI is envelope mod¬ 

ulated at power-line or other fixed fre¬ 
quency rates. Computer-generated 
noise is generally observed at subhar¬ 
monics of the system clock frequency. 
Television, radar and high-speed digital 
communication signals likewise exhibit 
periodic envelope modulation. Exploita¬ 
tion of this envelope modulation fre¬ 
quently enables greater detection sensi¬ 
tivity than conventional power spectral 
density measurements. It also provides 
a means for differentiating and localizing 
noise sources whose spectral density is 
even less than that of the irreducible re¬ 
ceiver noise background, kTF (k = Boltz¬ 
mann’s constant, T = receiver tempera¬ 
ture, and F = receiver noise figure). 
To make this point clear, consider the 

specific example of HF noise radiated 
by AC power lines. Corona, insulator¬ 
breakdown, triac-switching, commutator¬ 
arcing and other noise sources of AC 
power-line noise are all envelope-modu¬ 

lated at harmonics of the fundamental 
AC line frequency (2). While the under¬ 
lying physics of corona and other dis¬ 
charges is extremely complex (3), it is 
self-evident that there can be little RF 
current when the instantaneous line volt¬ 
age is near zero. 
The observed RF noise current is 

highly nonlinear; thus even three-phase 
power lines exhibit substantial modula¬ 
tion at the first several harmonics of the 
AC line frequency. The strongest fre¬ 
quency component is generally at the 
fundamental and second harmonic; typi¬ 
cally at 180 or 240 Hz in a three-phase 
system within the United States or 
150/200 Hz in Europe (see Reference 
2). 
The key element in the development 

of high-sensitivity radio-astronomy sky¬ 
mapping systems was R.H. Dicke’s 
switching radiometer (4). By sequentially 
comparing the output of an antenna di¬ 
rected to some point on the celestial 
sphere with the output of a resistor at 
known temperature, it became possible 
to measure antenna noise temperatures 
much smaller than the noise tempera¬ 
ture of the amplifier. Detection of stellar 

Figure 2. Loop array to produce peak and null 180 
degrees apart. 
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Figure 3. Representative two ele¬ 
ment response. 

objects down to the primordial back¬ 
ground temperature of approximately 3 
Kelvins became feasible. Intuitively, this 
process is seen to work because the 
amplifier noise, unlike the desired sig¬ 
nal, is uncorrelated with the switching 
frequency, and hence, non-coherent 
processing gains are obtained on the 
order of: 

(WT) 1/2 , SNR « 1 (1) 

where W is the RF bandwidth and T is 
the post-detection integration period. 
Variants on Dicke’s radiometric scheme 
have been subsequently used to in¬ 
crease sensitivity and reduce DC drift in 
diverse applications. 
The processing stratagem to be de¬ 

scribed here is essentially that of a 
Dicke radiometer in which the switching 
(modulation) is performed externally 
(and for free) by the power company. 
While the phase of the interference may 
sometimes not be known, its fundamen¬ 
tal frequency is usually within a small 
fraction of a Hertz of the nominal line 
frequency. Thus, by comparing the 
noise energy in a given post-detection 
bandwidth at one or more modulation 
harmonics with that observed at other 
frequencies it is possible to provide an 
adaptive noise threshold for detecting 
envelope modulated interference 30 dB 
or more below ambient noise. 
This general process is shown in Fig¬ 

ure 1. If W is on the order of 10 MHz 
(practical in the low VHF spectrum) and 
T in the order of 1 sec, then the pro¬ 
cessing gain approaches 35 dB. At low 
HF frequencies, W is more typically lim¬ 
ited to the order of 5-10 kHz, yielding 
processing gains approaching 20 dB, 
again for a nominal 1 second integra¬ 
tion. 
This large processing gain enables 

site noise surveys to be carried out 
using compact, low-gain, moderately di¬ 
rective antennas. For example, it was 
possible to determine the probable im¬ 
pact of the Soviet Over-the-Horizon 
Backscatter radar (known as the “wood-

Figure 4. Nullerator response. 

pecker”) on a proposed HF system in 
Alaska by using a simple Beverage an¬ 
tenna (nominal 17-dB directivity) to sim¬ 
ulate the proposed 27 dBi receive array. 
The increased radiometric processing 

gain can be traded off for greater line-of-
sight detection range. Measurements 
carried out at over two-dozen U.S. sites 
suggest that under good line-of-sight 
propagation conditions, HF noise from 
35 kV distribution circuits can be detect¬ 
ed at 2 miles in open, flat terrain, using 
simple, electrically-short whip antennas. 
With 750 kV transmission lines, excess 
noise has been detected at 7-mile 
range. 

Out-of-Phase Antenna Array 
Weighting 

In the far-field an electrically-small 
loop provides peak response for 
sources in the plane of the loop as 
shown in Figure 2. The dual-lobed re¬ 
sponse shown can be converted into a 
single lobe response by summing loop 
outputs with a time-delay matched to the 
propagation delay in one direction. Use 
of two overlapping loops, spaced to min¬ 
imize mutual coupling, results in what 
we have called the “Master-Card array.” 
As shown in Figure 2, a time delay be¬ 

tween isolated elements At = D/c, intro¬ 
duces a perfect null in one direction 
along the array. Since the differential 
time delay is maximized in the reverse 
direction, a response peak is obtained 
180 degrees away from the array null. 
Use of loops aligned with the array axis, 
in place of whips or dipoles, yields addi¬ 
tional broadside nulls. 
The basic technique can be general¬ 

ized with multiple monopoles, dipoles, or 
loops having oscillating binomial Cheby¬ 
shev, or similar weighting. Single capac¬ 
itor tuning of the tuned multiloop array is 
feasible by appropriately interconnecting 
the loops. Modest structure sizes pro¬ 
vide adequate receive-only SNR from 
VLF up through low VHF frequencies. 

In single loop receive only applica¬ 
tions, required loop size can be estimat¬ 
ed using the Fano bound (least voltage 

reflection coefficient for infinite complex¬ 
ity matching network) for a series RL cir¬ 
cuit (5). 

T = exp[-RQ/(2 f0 L)] (2a) 

= exp[(-1.1E-5fMH2 b)3Q] (2b) 

Where Q » 1 (Q = f/B, B = band¬ 
width), R is the radiation resistance and 
L the inductance of the loop (using stan¬ 
dard expressions for single turn loop in¬ 
ductance and resistance for loop radius 
b in meters, assuming wire diameter to 
be in the order b/100). In equation 2 it is 
presumed that loop loss resistance is 
small compared with radiation resis¬ 
tance. 
The allowable mismatch loss is deter¬ 

mined by two factors: the external noise 
factor, and the array loss. External noise 
below roughly 100 MHz is established 
by background galactic noise, 

F = 10 log10(105/fMHz22) (3) 

Utilizing the first term in the Taylor-se-
ries expansions, in = (1 - 1/F) s = 1 -
1/2F, and ln(1-dx) = -dx, it is possible to 
estimate minimum loop radius b as a 
function of operating frequency, and sin¬ 
gle-loop loaded Q; specifically, for the 
case of a single element, equations 2 
and 3 yield 

b = [4.66/(fMHz 8 Q)l 1/3)](m) (4) 

For B = 10 kHz and f = 5 MHz, for ex¬ 
ample, the loop radius must exceed 
roughly .135 m (5.3 inches) for an exter¬ 
nal noise limited loop (i.e. tuned, receive 
only applications). As the HF noise sel¬ 
dom approaches the galactic limit even 
in quiet rural locations below 15 MHz, 
the bound is reasonably conservative. 
Note that greatest power-line interfer-
ence/background noise is generally ob¬ 
served between 2 and 10 MHz, but de¬ 
pendent upon time of day, season, etc. 
The far field array factor for the limit¬ 

ing case of an N-element oscillating bi¬ 
nomial array (John Stone’s sidelobe free 
array) is readily shown to be 

A = 2Nsin(N-1’{(7üD/À)(1-cos(0)} (5) 

Where 0 is the angle between source 
and array axis. Thus, along the array 
axis in the mainlobe direction, and as¬ 
suming D « X, 

A(0) = 2N (2nD/X)(N’1) (6) 

Similar expressions are readily de-
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Oscillator 
Design 

Handbook 

1. Oscillator Design Handbook 
You can benefit from the contributions of more than 20 top RF engineers 
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rived for Chebyshev, Taylor and similar 
weights. Equation 6 or its dual for differ¬ 
ent weighting, is readily substituted into 
equation 3 to establish minimum loop 
size in receive only arrays. For N = 2 
(the Master-Card array), the theoretical 
minimum loop spacing is given approxi¬ 
mately by 

D = 11/(fVH2 b3Q)(m) (7) 

Since D is approximately equal to 1.7 
b, to minimize mutual coupling and re¬ 
sultant backlobe degradation, 

b = 1.6/(f’jHzQ) 1/4 (m) (8) 

shown in Figure 3, were obtained with b 
= 0.4 and D = .68 m. Pattern measure¬ 
ments were made using local AM broad¬ 
cast band sources. These antennas 
have been also been tested in the low 
VHF frequency range to verify the un¬ 
derlying theory. 

The “Nullerator” Near-Field Array 
A more careful analysis of the residual 

voltage difference between a single pair 
of anti-phased isotropic elements in¬ 
cludes near field effects involving a 
common, range dependent factor 

k eD = [(2it j/X) + (1/r)] (10) 

Actually measured and difficult to pre¬ 
dict loop losses arising from transmis¬ 
sion lines, tuning capacitors, etc., sug¬ 
gest that as much as a twenty percent 
margin should be added to this theoreti¬ 
cal result. 

If the loop element itself is presumed 
to have a cos(0) response in the plane 
containing the loop axes, the N-element 
array, from equation 4, then has angular 
response 

e = 2N(sinN“1[(7tD/X)(1-cos(0)] cos(0)}(9) 

Representative two element response 
is shown in Figure 3 along with an ex¬ 
perimentally observed MF pattern. 
Mutual coupling and other error 

sources degrade attainable patterns. 
Using both brute force numerical solu¬ 
tion and local expansion of elliptic inte¬ 
gral functions, the mutual coupling was 
computed for coplanar loops having 
negligible thickness. Both the theoretical 
and actually observed mutual coupling 
between these coplanar loops exhibits a 
perfect null (> 60 dB) with partial overlap 
of about 1.7 b, mildly dependent upon 
loop thickness and lateral overlap. 
While Figure 3 shows only the N = 2 

case, similar techniques have been de¬ 
veloped for minimizing mutual-coupling 
induced pattern errors in higher order 
arrays. The experimental measurements 

where use has been made of the small 
angle approximations, sin(x) = x, and 
cos(x) = 1. Here, r is the range to a 
point source emitter, and j is the imagi¬ 
nary operator. The first term inside the 
square brackets is that due to far-field 
phase differential; the second is that due 
to amplitude difference. It is seen that 
the near field effects are large compared 
with the far field term for r « V2n. 
This relationship is maintained for 

higher order arrays but only the second 
order (two loop) case is discussed here. 
Using the zero in the array factor to can¬ 
cel the far-field mainlobe, it is then pos¬ 
sible to form uniformly weighted arrays 
with minimum far field response, but 
with maximum near field response. 
These apparently novel “near field” 
tuned arrays are effective in detecting 
local noise sources at ranges less than 
one wavelength while simultaneously 
minimizing response from more distant 
sources as sketched in Figure 4. 

Practical Implementation 
While alternative configurations are 

feasible and in some applications may 
have advantages, the series connected 
second order “Nullerator” and “Master 
Card” magnetic loop configurations 
shown in Figure 5 provide a reasonable 
basis for initial design. Note that a Fara¬ 
day shield is desirable to minimize fre¬ 
quency dependent electric field pickup 

<- 18- - ► 
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Figure 5. Magnetic loop configurations. 
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in large loops, but that this shield must 
be arranged so as not to support para¬ 
sitic currents. Winding sense can be re¬ 
versed one loop to the next to provide 
the required sign alternation. Note that it 
is necessary to terminate both even and 
odd modes to achieve desired null 
depth. 

Receiver/Processor 
Receiver/processor design is straight¬ 

forward, with a representative block dia¬ 
gram is shown in Figure 6. Elaborate IFs 
with wide dynamic range linear detec¬ 
tors have been designed, but in practice 
they have not provided any particular 
advantage over standard low cost, com¬ 
mercial IC IFs with AGC and simple de¬ 
tector circuits. As the result of its inher¬ 
ent nature this detector, no matter how 
linear, will generate in-band IMD prod¬ 
ucts; n x f1 ± m x f2 beat notes of sig¬ 
nals received. 
Note further that the SNR response is 

nonlinear: for input SNR « 1, the output 
SNR is reduced 20 dB for each 10 dB 
reduction in SNR at the detector input. 
(In the region near SNR = 1, the re¬ 
sponse is more complex and depends 
upon whether the detector is operated in 
its linear or square law regime). 
Both real time (FFT) digital spectrum 

analyzers and specially designed cir¬ 
cuits have been used for synthesizing 
“envelope matched” filters. When at¬ 
tempting to detect modulation harmoni¬ 
cally related to the power line frequency, 
it is almost mandatory that the receiver 
be operated from a DC power source or 
a generator with detuned governor, so 
that the system can distinguish local 
generator and power supply noise from 
the power line noise of interest. 

For the detection of 60 Hz harmonics, 
crystal controlled divider chains have 
been used to provide variable post de¬ 
tection bandwidths ranging from 0.05 Hz 
up to 2 Hz. Bandwidth selection is gov¬ 
erned primarily by required data rates. 
(It is probable that phase lock loops cap¬ 
turing the ambient 60 Hz E-field would 
provide at least comparable perfor¬ 
mance.) The outputs of two filters, typi¬ 
cally tuned to 360 Hz (for three phase 
circuits) and 377 Hz are separately en-

Figure 6. Receiver/processor 
schematic. 
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velope detected. The difference can be 
applied to a logarithmic difference ampli¬ 
fier whose output is then proportional to 
the logarithm of the AC line harmonic to 
background noise level ratio. 

Summary 
Hand-held, directional HF antennas 

and high-sensitivity radiometric process¬ 
ing techniques have been described 
which enable the rapid, unambiguous 
detection of power line and other modu¬ 
lated noise sources. These techniques 
have been employed in a variety of ap¬ 
plications over the past decade at fre¬ 
quencies ranging from roughly 100 kHz 
up above 100 MHz. These techniques 
have greatly increased attainable sensi¬ 
tivity in detecting manmade noise; they 
may additionally provide a practicable 
means for detecting and avoiding AC 
power lines. RF 
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RF measurements_ 

Cross-Correlation Phase Noise 
Measurements 
By Warren F. Walls 
Femtosecond Systems 

The typical method used to measure 
phase noise involves a single mixer that 
is driven by sources on its RF and LO 
ports. The IF port is then low pass fil¬ 
tered and amplified before it is connect¬ 
ed to a spectrum analyzer or F FT (Fig¬ 
ure 1). The noise floor of this technique 
is highly dependent upon the perfor¬ 
mance of the mixer, filter, and amplifiers 
(3-5). 

The cross-correlation measurement 
technique uses two duplicate sys¬ 

tems to drive a cross-correlation analyz¬ 
er. The oscillator signals are split with 
reactive splitters to provide a total of 2 
pairs of input signals. These signals are 
connected to the LO and RF ports of 
both double balanced mixers. The out¬ 
put of each mixer has its own low pass 
filter followed by a set of amplifiers. The 
output of both channels is then fed into 
the cross-correlation FFT analyzer (Fig¬ 
ure 2). The random noise contributed by 
the individual mixer-filter-amplifier 
strings is uncorrelated. The correlated 
noise is the actual noise of the input os¬ 
cillators plus some leakage due to the 
imperfect isolation characteristics of the 
power splitters. The cross-correlation 
measurement technique increases the 
time required to perform a measure¬ 
ment, but the noise floor is lowered due 
to the cancellation of the incoherent 
noise of the individual detector systems. 

Equipment Used 
A variety of off-the-shelf equipment 

was used to perform the tests discussed 
in this paper. Two low noise oscillators, 
one of which had a voltage tune port, 
were used to drive the mixers for these 

tests. Three power splitters from Mini¬ 
Circuits (ZFSC2-4) were used to split 
the oscillator signals. The system was 
calibrated (Kd measured) using a typical 
analog Tektronics oscilloscope. The ac¬ 
tual noise measurements were made on 
an HP cross-correlation FFT analyzer 
(35665A) and hard copies were made 
using an HP plotter. Finally, some care 
was used in selecting the particular ca¬ 
bles and connectors appropriate for low 
noise measurements. 

Single Mixer Phase Noise 
Measurement 
The single channel method is similar 

to a DSB receiver. The outputs of two 
oscillators are fed into the RF and LO 
ports of a double balanced mixer. The IF 
port of the mixer is then low pass filtered 
and amplified. After the low pass filter 
there is also a phase locked loop which 
drives the VCO (voltage controlled oscil¬ 
lator) port of one of the oscillators. This 
is required in order to have the two os¬ 
cillators track one another 90 degrees 
out of phase. The output of the ampli¬ 
fiers then drives a spectrum analyzer 
(Figure 1). The noise floor of this tech¬ 
nique is highly dependent upon the per¬ 
formance of the mixer, filter, and ampli¬ 
fiers (3-5). Initially the oscillators are 
tuned so that they are within a few thou¬ 
sand hertz of each other. The beat fre¬ 
quency that results is displayed on an 
oscilloscope. On the oscilloscope one 
can get a curve that relates a change in 
voltage to a change in radians. This is 
used to calibrate the sensitivity of the 

mixer. The calibration constant, Kd, is 
expressed in equation 1. 

△V Period 1 ... 
Kd- -̂ —ñ— X ~ AT 2n Gain 

where: 

AV = Vertical voltage change on 
scope 

AT = Change in time on scope to 
cause AV 

Period = Number of horizontal divisions 
for 1 period 

Gain = Gain of amplifiers on output of 
mixer 

Once the sensitivity of the mixer is de-
termined, the two oscillators are 
matched in frequency by activating the 
phase locked loop. The mixer now has 
two signals 90 degrees out of phase 
from each other. Once the oscillators 
are locked, a particular frequency range 
of interest can be viewed on the spec¬ 
trum analyzer. In order to report the ac¬ 
tual value of the phase noise for some 
offset from the carrier, several parame¬ 
ters need to be taken into account. One 
typically reports phase noise as spectral 
density of phase noise, S<J>(f), at some 
offset from the carrier as shown in equa¬ 
tion 2. 

.(o-fvgwï i Y i 
( BW Jt^(f)AGain2(0 

where: 

Figure 1. Single channel phase 
noise test set. 

Figure 2. Cross-correlation phase 
noise test set. 

Figure 3. Calibrating cross-corre¬ 
lation. 
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Figure 4. Comparison of single 
channel systems. 

Figure 5. Phase noise floor (0-50 
Hz). 

Figure 6. Phase noise floor (0-
51.2 kHz). 

Vn(f) = Noise voltage viewed on 
analyzer 

BW = Noise bandwidth correction 
to 1 Hz BW 

Kd(f) = Mixer sensitivity 
Gain(f) = Gain of amplifiers between 

mixer and analyzer 

This reports the double sideband 
phase noise of both oscillators. If one 
assumes equal contribution of noise 
from both sources, just subtract 3 dB to 
get the phase noise of one oscillator. 
The single sideband phase noise of one 
oscillator is achieved when another 3 dB 

is subtracted. 

Cross-Correlation System (Dual 
Mixer Phase Noise Measurement) 
The cross-correlation measurement 

technique uses two duplicate single 
channel systems like the one in Figure 
1. The output of the two detectors drive 
the ‘A’ and ‘B’ inputs of a cross-correla¬ 
tion spectrum analyzer. The oscillator 
signals are split with reactive splitters to 
provide a total of 2 pairs of input signals. 
These signals are connected to the LO 
and RF ports of both double balanced 
mixers. The output of each mixer has its 
own low pass filter followed by a set of 
amplifiers. The output of both channels 
is then fed into the cross-correlation FFT 
analyzer (Figure 2). The random noise 
contributed by the individual mixer-filter-
amplifier strings is uncorrelated. The 
correlated noise is the actual noise of 
the input oscillators plus some leakage 
due to the imperfect isolation character¬ 
istics of the power splitters. 
Just as with the single channel sys¬ 

tem, the mixer sensitivity must be cali¬ 
brated. This is accomplished by allowing 
the two oscillators to beat at a couple of 
thousand hertz or less (Figure 3). The 
difference in frequency between the two 

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 
HF AMPLIFIERS per MOTOROLA BULLETINS 

Complete Parts List for HF Amplifier» Described 
in the MOTOROLA R.F. Device Data 

AN758 300W $154.15 
AN762 140W $ 95.15 
AN779L 20W $ 83.79 
AN779H 20W $ 93.20 
AR313 300W $366.00 

EB63 140W $ 89.65 
EB27A 300W $136.80 
EB104 600W $371.65 
AR305 300W $346.82 

100 WATT 420-450 MHz PUSH-PULL LINEAR 
AMPLIFIER - SSB-FM-ATV 

KEB67—PK (Kit) . $159.95 
KEB67-PCB (PC Board) . $ 18.00 
KEB67—I (Manual) . $ 5.00 

signals produces a “beat note" or “beat 
frequency”. The beat frequency is 
viewed on the oscilloscope and the hori¬ 
zontal change in radians is measured 
for a specific voltage change. The ratio 
in volts/radians is the value of Kd (3). 
This calibration must be conducted on 
both of the single channel systems and 
then the combined mixer sensitivity is 
calculated in equation 3. 

Kd = ̂ ^K2 (3) 

The two single channel systems that 
were used for these tests were com¬ 
pared by modulating one oscillator with 
noise and viewing the individual phase 
noise detector outputs on the FFT. No¬ 
tice the relative flatness and levels of 
the two systems in Figure 4. 
The actual measurement of phase 

noise is very similar to the procedure for 
the single channel system. The oscilla¬ 
tors need to be locked using the phase 
locked loop and then the analyzer is set 
to the frequency range of interest. The 
numbers from the analyzer need to be 
plugged into equation 2 along with the 
combined mixer sensitivity which was 
calculated using equation 1 and equa¬ 
tion 3. The big difference between the 
two systems shows up in the improve¬ 
ment of noise floor due to the cancella¬ 
tion of the non-coherent noise of the in¬ 
dividual phase noise detectors. The 
noise floor improvement of the cross 
correlation system versus the single 
channel system is illustrated in Figure 5 
and Figure 6. 

Measurement Uncertainty 
The improved noise floor of the cross¬ 

correlation phase noise measurement 
technique does not come without a 
price. Many more samples are required 
in order to average out the uncorrelated 
noise. The confidence interval of a sin¬ 
gle channel phase noise detector is (6): 

(4) 

2 METER VHF AMPLIFIERS 

35 Watt Model 335A . $ 79.95 Kit 
75 Watt Model 875A . $119.95 Kit 
AvwiMHe in kM or wirwMe»led 

NEW!! 1K WATT 2-50 MHz Amplifier 
MOTOROLA AR347 $1,100.95 

POWER SPLITTERS and COMBINERS 
2—30MHz 

600 Watt PEP 2—Port . $ 69.95 
1000 Watt PEP 2—Port . $ 79.95 
1200 Watt PEP 4—Port . $ 89.95 

For detailed information and prices, call or write for our free catalog. 

We also stock Hard-to-Find parts 

CHIP CAPS—Kemet/ATC 
METALCLAD MICA CAPS-Unelco/Semco 
RF POWER TRANSISTORS 
MINI-CIRCUIT MIXERS 
SBL—1 (1-500Mz) . $ 6.50 
SBL-1X (10-1000MZ) . $ 7.95 

ARCO TRIMMER CAPACITORS 

VK200-20/4B RF Choke . $ 1.20 
56—590—65—3B Ferrite Bead ... . S 20 
Broadband HF Transformers 

Add $4.00 for shipping and handling. 

The confidence interval of a dual 
channel (cross-correlation measurement 
system) is: 

s;(t)=s^(f) i± 
2s: 

(5) 

where indices: 

X = cross correlation 
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m = measured (noise) 
s = single channel 
and, 
n = number of samples 

Equation 4 shows that for a single 
channel the confidence interval is ±10 
percent for 100 samples. Equation 5 
shows that to obtain the same confi¬ 
dence interval for a phase noise mea¬ 
surement 10 dB below the single chan¬ 
nel noise floor, 20,000 samples are re¬ 
quired. 

Conclusion 
The dual channel or cross-correlation 

method of phase noise results in a lower 
floor than the standard single channel 
method. This does, however, come at a 
cost of measurement speed. A great 
deal more averages are required to 
achieve the same level of confidence in 
a measurement. The lower noise floor 
that is now achievable using the cross¬ 
correlation method provides a level of 
characterization of extremely good oscil¬ 
lators that was not available using the 
single channel method. RF 

References 
1. D.A. Howe, D.W. Allan, and J.A. Barnes, 
“Properties of Signal Sources and Measure¬ 
ment Methods,” Proc, of 35th Annual Sympo¬ 
sium on Frequency Control, Philadelphia, PA, 
May 27-29, 1981, pp. A-1 (669)- A47. 
2. F.L. Walls, C.M. Felton, A.J.D. Clements, 
and T.D. Martin, “Accuracy Model for Phase 
Noise Measurements,” Proc, of 21st Annual 
Precise Time and Time Interval Planning 
Meeting, Redondo Beach, CA, Nov. 30-Dec. 
1, 1990. pp. 295-310; F.L. Walls, A.J.D. 
Clements, C.M. Felton, and T.D. Martin, "Pre¬ 
cision Phase Noise Metrology,” Proc, of Na¬ 
tional Conference of Standards Laboratories, 
Aug. 1991, pp. 257-275. 
3. "Characterization of Clocks and Oscilla¬ 
tors,” Eds. D.B. Sullivan, D.W. Allan, D.A. 
Howe, and F.L. Walls, NIST Tech Note 1337, 
1990. 
4. J. A. Barnes, A.R. Chi, L.S. Cutler, D.J. 
Healey, D.B. Leeson, T.E. McGunigal, J.A. 
Mullen, Jr., W.L. Smith, R.L. Sydnor, R.F.C. 
Vessot, and G.M.R. Winkler, “Characteriza¬ 
tion of Frequency Stability,” IEEE Transac¬ 
tions on Instrumentation and Measurement, 
vol. IM-20, pp. 105-120, 1971. 
5. D.W. Allan, H. Hellwig, P. Kartaschoff, J. 
Vanier, J. Vig, G.M.R. Winkler, and N. Yan-
noni, "Standard Terminology for Fundamental 
Frequency and Time Metrology,” Proc, of 
42nd Annual Symposium on Frequency Con¬ 
trol, Baltimore, MD, June 1-4, 1988, pp. 419-
425. 
6. F.L. Walls, D.B. Percival, and W.R. Irelan, 
“Biases and Variances of Several FFT Spec¬ 
tral Estimators as a Function of Noise Type 
and Number of Samples," Proc, of 43rd An¬ 
nual Symposium on Frequency Control, Den¬ 
ver, CO, May 31 -June 2, 1989, pp. 336-341. 

About the Author 
Warren F. Walls is the president of Femtosecond Systems in Columbia, Mary¬ 

land. Over the past nine years, his company has manufactured and marketed 
phase noise, amplitude noise, and Allan variance measurement equipment. He 
also had the opportunity to work for an RF solutions firm, Erbtec Engineering in 
Boulder, Colorado, for a year and a half. He can be reached at Femtosecond Sys¬ 
tems; P.O. Box 6005; Columbia, MD 21045-8005; or by phone at (410) 740- 1427. 

Custom En^neered 
FILTERS foot war... 

Surface 
Mount 

RF Design 

Connectonzed 

PC Mount 

perspec, on time, andin budget! 
LORCH ELECTRONICS offers 25 
years of engineering experience 
in the design of custom filters for 
a wide variety of demanding 
commercial, aerospace and 
military applications. 
Our knowledgeable design 

team is involved on a day-to-day 
basis in the development of 

• LOWPASS • HIGHPASS 

unique low-cost solutions to the 
most difficult filter problems. Using 
a modular design concept, they 
can offer a multitude of innovative 
solutions to the requirements for 
smaller packaging, tighter 
deliveries, and lower costs ... 
without sacrificing the need for 
high quality and reliability! 

BANDPASS • BANDSTOP 
MULTIPLEXER • HIGH POWER • TIME DOMAIN 

• FILTER SUBSYSTEMS 

Challenge our design team with your most difficult filter requirements. 
You’ll get an immediate response offering the best filter solution to meet 
your particular needs. Call, write, or FAX today! 

LORCH ELECTRONICS VERNITRON 
CORPORATION 

2801 72nd Street North • St. Petersburg. FL 33710 • (813) 347-2181 • FAX (813) 347-3881 
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RF amplifiers_ 

A Wideband Monolithic, Low-noise, 
Front-end Amplifier 
By Scott L. Williams 
Tektronix, Microelectronics Product Line 

In order to reduce the cost, size and 
power consumption of telecommunica¬ 
tion systems, it is becoming desirable to 
integrate discrete RF circuitry on high 
performance ASICs. Circuit blocks such 
as low-noise amplifiers (LNAs), mixers, 
voltage-controlled oscillators (VCOs), 
automatic gain control (AGC) and base 
band amplifiers have all been success¬ 
fully integrated in silicon bipolar 
processes such as Tektronix’ SHPi. 
SHPi features NPN transistors with an 
fmax of 9 GHz, P-channel JFETs with 
g^nC^ of 600 MHz, vanadium Schot¬ 
tky diodes, two types of implanted resis¬ 
tors (82 and 1350 W/sq), and 50 W/sq 
thin film nichrome resistors. 

As a demonstration of SHPi’s capabil¬ 
ities, an LNA was designed and fab¬ 

ricated on a QC6-40 analog array, pack¬ 
aged in a hybrid, and tested. The circuit 
has a 4.6 dB NF and 20 dB gain at 1 
GHz, which will be useful in applications 
such as GPS and cellular telephone re¬ 
ceivers. 

LNA Circuit Design 
In a receiver the gain and noise figure 

(NF) of the front-end LNA usually deter¬ 
mine the overall system NF. NFs of the 
later stages are not as critical, provided 
the LNA gain is sufficient. 
There are basically two kinds of noise 

contributors which limit circuit perfor¬ 
mance at high frequencies; resistor ther¬ 
mal noise and active device (diode or 
transistor) shot noise. In order to reduce 

UCC1 UCC2 UCC3 UCC9 

RIA 
rp250 

bv<in>=930 922« 

RIB 
rp250 

RIC 
rp250 

RID 
rp250 

01=3 9072a 
01 
n32 

RF1 

09 
n32 

125 NiCr 

IC 03-8 32699. 
03 
n32 

06=1.9002« 
06 
n8 

IC 

rp250 
buCout >-2.81799 

out 

02-725198« 
02 
n32 

" e NiCr 
-W— 
rp250 

RE2 
15 

qndl OiDAl GNDA2 GnDA3 GnDA9 
pad pad pad pad 

Figure 1. LNA schematic 

the number of noise contributors, LNA 
circuits usually contain very few active 
and passive devices. 
For example, most discrete LNA de¬ 

signs use only one active device which 
is specially fabricated to have low series 
base resistance. Reactive components 
are often used to set narrow-band gain 
and terminal impedances, further reduc¬ 

Figure 2. AC and transient simulation schematic. 

124 

» GNDB3 GnDB9 

ing noise figure. 
The planar topology of a typical IC 

process makes it difficult to minimize 
base resistance and the lack of suitable 
value on-chip reactive components 
makes attaining equivalent specifications 
with an integrated LNA challenging. 
Although some work is now being 

done in the area of IC inductors, IC de¬ 

¡SIMULATE 20 POINTS PER DECADE FROM 10MHZ TO 10GHZ 
ac analysis freq: 10meg 10g 20 type=dec 
¡SAVE NOISE DATA 
noise v(out) vin 

endac 
¡PROBE INOISE (INOISE IS THE EQUIVALENT INPUT NOISE 
VOLTAGE) 

probe inoise=inoise 
¡CALCULATE NOISE FACTOR, “F" (4KT=16.57576e-21V @ T=25C) 
F=mag(inoise)A2/(1 6.57576e-21 *50) 
¡CALCULATE AND PLOT NOISE FIGURE, “NF" 
NF=10*log10(F) 
plot NF 

Figure 3. NF extraction. 

March 1993 



The Final Piece 

If you have been puzzled in your search for a dependable supplier of M/A-COM 
components, you can solve your problem by contacting Richardson Electronics. 
No where will you find a more extensive inventory of M/A-COM RF power 

MOSFETS, RF bipolar and power hybrid amplifier modules. Having the products 
in stock means you won't be disrupted by long lead times. In fact, we ship more 

than 95% of all our orders the same day they are received. 

In the U.S. call 1-800-RF POWER and let Richardson piece your needs for 
M/A-COM products together. 

A\ Richardson 
W Electronics, Ltd. 

In Canada call 1-800-348-5580, Lincoln, England (0522) 542631 and International inquiries (708) 208-2200. 
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Figure 4. Noise figure vs. frequen¬ 
cy. 

Figure 5. Power gain (IS21I2) vs. 
frequency. 

signs usually depend on the use of ac¬ 
tive devices to effectively accomplish 
functions previously performed with ca¬ 
pacitors and inductors in discrete de¬ 
sign. Since active devices generate shot 
noise due to collector current and ther¬ 
mal noise due to base resistance (RB), 
they must be used judiciously. 

In order to achieve a 50 ohm input im¬ 
pedance without external reactive com¬ 
ponents, the design could use a com¬ 
mon-emitter (CE) configuration with an 
internal 50 ohm termination resistor. CE 
amplifiers are generally less noisy than 
common-base and common-collector 
stages, but the termination resistor adds 
3 dB to the NF. A better method is to 
employ shunt feedback around a CE 
stage. Not only does the feedback set 
the input impedance, but it also stabi¬ 
lizes the gain. 

Figure 1 shows the LNA schematic. It 
is similar in topology to the Signetics 
5205, employing two feedback loops 
around a CE stage (Q1) in order to 
achieve good linearity and NF while 
maintaining well matched impedances 
at the input and output. The series-shunt 
feedback loop containing Q3, Q4, RF1 
and RE1 sets the overall gain to approx¬ 
imately (RF1+RE1)/RE1. RE2 and RF2 
are a part of the shunt-series feedback 
which provides 50 ohm terminal imped¬ 
ances over frequency. A coupling ca¬ 
pacitor is required along with a 50 ohm 
output termination in order to maintain 
proper biasing and 50 ohm input imped¬ 
ance (see Figure 2). 
Q1 is a large contributor to the amplifi¬ 

er noise. A lot of design time was spent 
trying to reduce thermal noise due to RB

and shot noise generated from collector 
current (lc). Lowering RB helps to mini¬ 
mize noise; however, this requires in¬ 
creasing device size which lowers band¬ 
width due to larger Cjc and Cje . Reducing 
lc will lower shot noise, but also at the 
expense of bandwidth. 
Design goals were a bandwidth of 1.5 

GHz, 20 dB gain and NF < 5 dB. This 
led to the choice of an N32, the largest 
QC6 NPN, for Q1. The N32 has a nomi¬ 
nal RB of 18 ohms and is the major 
noise contributor to the circuit. Table 1 
lists the top noise contributors at 100 
MHz and 1 GHz. 
IC1 (lc of Q1) is dependent upon the 

value of R1. Neglecting the small volt¬ 
age drop across RE1 leads to the fol¬ 
lowing equation: 

IC1 = (Vcc - 3VBE ) / R1 

For Vcc = 5 V and VBE = 800 mV, 
choosing R1 to be 650 ohms will set IC1 
to 4 mA. The additional drop across 
RE1 was accounted for by lowering the 
final value to 625 W. 
As mentioned previously, RF1 and 

RE1 determine the gain of the amplifier. 
RE1 turns out to be a top noise contribu¬ 
tor and needs to be minimized. A 12 
ohm nichrome resistor was found to be 
a reasonable choice. The gain of 10 (20 

FREQUENCY: 100 MHz Total noise voltage is 4.40e-17 V7Hz. 

4 noise sources (3 resistors and 1 transistor) representing 95.6% of the 
total noise. 

RESISTOR SQUARED NOISE VOLTAGES (V7Hz) 

RS RE1 RF2 
total 1 91e-17 5.41e-18 3.21 e-1 8 

TRANSISTOR SQUARED NOISE VOLTAGES (V7Hz) 

transistor total rb rc re ib ic 
Q1 1.436-17 9.56e-18 8.54e-22 1.93e-19 2.00e-18 2.57e-18 

FREQUENCY: 1 GHz Total noise voltage is 6.32e-17 V7Hz. 

7 noise sources (3 resistors and 4 transistors) representing 95.0% of the 
total noise. 

RESISTOR SQUARED NOISE VOLTAGES (V7Hz) 

Figure 6. VSWR simulation schematic. 

RS RE1 RF2 
total 2.27e-17 6.35e-18 4.61e-18 

TRANSISTOR SQUARED NOISE VOLTAGES (V2/Hz) 

transistor total rb rc re ib ic 
Q1 
Q7 
Q6 
Q2 

1.99e-17 
2.39e-18 
2.08e-18 
2.05e-18 

1.18e-17 
1.93e-18 
1.13e-18 
1.55e-18 

1.08e-19 
2.18e-21 
1.31e-20 
3.47e-21 

2.26e-19 
3.63e-20 
2.47e-20 
3.14e-20 

2.54e-18 
1.90e-20 
2.07e-19 
1.34e-19 

5.23e-18 
4.01 e-1 9 
7.04e-19 
3.33e-19 

Table 1. Top noise contributors. 

;SIMULATE 20 POINTS PER DECADE FROM 10MHZ TO 
10GHZ, SAVE DATA 

ac analysis freq: 10meg 10g 10 type=dec 
endac 

probe v(in)=zin 

¡CALCULATE THE REFLECTION COEFFICIENT; S1 1 (GAMMA) 

gamma=(zin-50)/(zin+50) 

vswr=( 1 +mag(gamma))/(1 -mag(gamma)) 

plot vswr 

:igure 7. Code for calculation and plotting input 
VSWR vs. frequency. 
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Our Standard Filter Family Keeps 

First came 
GROWING! 

commercial 
70 MHz 

3dB 
Bandwidth 

Part 
Number 

0.125 
0.25 
0.50 
0.75 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

851539 
851541 
851542 
851543 
851544 
851545 
851546 
851547 
851548 
851549 
851550 
851551 
851552 
851553 
851554 
851555 
851556 
851505 
851557 
851558 
851559 
851560 
851475 
851841 
851842 
851843 
851844 
851845 
851846 
851847 
851848 
851849 
851850 
851851 
851852 
851853 
851854 
851855 
851856 
851857 
851858 

Then 
commercial 

140 MHz 
3dB 

Bandwidth 
Part 

Number 
And now standard 

0.25 
0.50 
0.75 
1.0 
1.5 
2.0 
2.5 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
24.0 
28.0 
32.0 
36.0 
40.0 
44.0 
48.0 
56.0 
64.0 
72.0 
80.0 

851900 
851901 
851902 
851903 
851904 
851905 
851906 
851907 
851909 
851911 
851913 
851915 
851917 
851919 
851921 
851923 
851925 
851927 
851929 
851931 
851933 
851935 
851937 
851939 
851941 
851943 
851945 
851947 
851948 
851949 
854101 

military 160 MHz 
SAW filters! 

3dB 
Bandwidth 

Part 
Number 

0.25 
0.50 
0.75 
1.0 
1.5 
2.0 
2.5 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
24.0 
28.0 
30.0 
32.0 
36.0 
40.0 

851950 
851951 
851952 
851953 
851954 
851955 
851956 
851957 
851959 
851961 
851963 
851965 
851967 
851969 
851971 
851973 
851975 
851977 
851979 
851981 
851983 
851985 
851986 
851987 
851989 
851991 

Manufac¬ 
tured and 
inspected 
to military 
criteria 

Internally 
impedance 
matched to 
50 ohms 

ESS screened 
using 
MIL-STD 
test methods 

Serialized 
with 
individual 
test data 

Next day 
delivery 
from 
Penstock! 

Get acquainted with the newest members of Sawtek's standard SAW filter family. Call 
Penstock now at 1-800-PENSTOC and place your order. Every standard filter is available 
for immediate delivery. If, however, your application calls for a filter not listed above, 
please contact Sawtek at 407-886-8860 to discuss your requirement. 

penstock: 
IF/RF/MICROWAVE DISTRIBUTION 

Sunnyvale, California 

H SAWTEK 
J INCORPORATED 

Orlando, Florida 
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TTE America’s Filter Specialist since 1956 

PASSIVE BANDPASS FILTERS PASSIVE LOWPASS FILTERS 

• Designs Include: Bessel, 
Butterworth, Chebyshev and 
Elliptical Function • Number 

of Poles: 2 to 6 • Frequency 
Range: 100Hz to 3000MHz • 

• Designs Include: 
Bessel, Butterworth, 

Chebyshev and 
Elliptical Function • Number of 

Package Styles: PCB, BNC or SMA 
• Guaranteed Shipment: 10 Working Days 
ARO (QTY 1-10) 

Poles: 2 to 11 • Frequency Range: 10Hz to 
3000MHz • Package Styles: PCB, BNC or 
SMA • Guaranteed Shipment: 10 Working 
Days ARO (QTY 1-10) 

PASSIVE DIPLEXERS & DUPLEXERS PASSIVE HIGHPASS FILTERS 

• Designs Include: Butterworth and Chebyshev 
• Types: Contiguous or Noncontiguous 

Passbands • Number 
of Poles: 2 to 6 • Fre¬ 
quency Range: 10kHz 

to 3000MHz • Package 

• Designs Include: Bessel, Butterworth, 
Chebyshev and Elliptical Function • Number 
of Poles: 2 to 11 • Frequency Range: 100Hz 
to 3000MHz • Package Styles: PCB, BNC or 
SMA • Guaranteed Shipment: 10 Working 

Styles: SMA • Shipment: 
10 Working Days ARO (QTY 1-10) 

Days ARO 

(QTY 1-10) 

STANDARD FILTERS «o» $10" 
A few of the features of this new Micro-Miniature series are • <1dB insertion 
loss (LPF) • >40dB stopband rejection • 60dB/octave roll off • 50Q impedance 
• VSWR > 1.7:1 • Hermetically sealed DIP & PCB cases • BNC packages 
available • QC program based on MIL-1-45208 • CAGE CODE 07766 

LOWPASS • DIP Cases, DC to 200MHz BANDPASS • DIP Cases, 10.7MHz to 200MHz 

Model 
No. 

Passband Stopband 
40dB Min@ 

Model 
No. 

Fo - Center 
Freq. 

o/oBW 
@3dB 1dB Max@ 3dB Nom@ 

DL-5 
DL-10.7 
DL-21.4 
DL-30 
DL-50 
DL-70 
DL-90 
DL-100 
DL-150 
DL-200 

5MHz 
11 MHz 
22MHz 
32MHz 
48MHz 
60MHz 
81MHz 
98MHz 
140MHz 
190MHz 

6MHz 
14MHz 

24.5MHz 
35MHz 
55MHz 
67MHz 
90MHz 
108MHz 
155MHz 
210MHz 

10MHz 
24MHz 
41 MHz 
61MHz 
90MHz 
117MHz 
157MHz 
189MHz 
300MHz 
390MHz 

DK-10.7-5P 
DK-21.4-5P 
DK-30-5P 
DK-40-5P 
DK-50-5P 
DK-60-5P 
DK-70-5P 
DK-100-5P 
DK-150-5P 
DK-200-5P 

10.7MHz 
21.4MHz 
30.0MHz 
40.0MHz 
50.0MHz 
60.0MHz 
70.0MHz 
100.0MHz 
150.0MHz 
200.0MHz 

5°/oF0 
5%F0 

5°/oF0 
5%F0 

5%F0 

5%F0 

5%F0 

5%F0 

5%F0 

5%F0

Case 484 is 0.4' x 0.8'H x 0.4'H. Case 1212 is 1.2' x 1.2" x 0.5'H. 

Need technical assistance? Call our engineering hot line (310) 445-2793. 
TTE, Incorporated 2251 Barry Avenue West Los Angeles, CA 90064 FAX: (310) 445-2791 TEL: (310) 478-8224 
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Figure 9. Output VSWR vs. fre¬ 
quency. 

¡PROBE THE OUPUT VOLTAGE 
probe v(out) 
¡EXTRACT THE OUTPUT VOLTAGE IN THE 400NS WINDOW 
vout=extract(v(out),5n,404.6n) 
¡PERFORM THE FFT AND ZOOM IN ON THE FREQUENCIES OF INTEREST 
specout=extract(db(fft(vout,per)),90meg,H5meg) 
¡16DB IS ADDED TO THE SPECTRUM TO TRANSLATE INTO UNITS OF DBM 
; 6DB (OF THE 16DB) ACCOUNTS FOR THE MIRROR IMAGE OF THE OUTPUT 
; VOLTAGE SPECTRUM WHICH LIES ALONG THE NEGATIVE FREQUENCY AXIS. 
; THE REST (10DB) CONVERTS FROM VOLTAGE AMPLITUDE TO RMS POWER 
; (DISSIPATED IN THE 50 Q LOAD). 

pout=specout+16 
plot pout 

Figure 12. TEKSPICE time domain output, FFT and plot functions. 

dB) is met by choosing RF1 = 125 W. 
RF1 is also made from nichrome in 
order to match RE1. 
An fT doubler, consisting of 06, Q7 

and Q2, provides level shifting for bias¬ 
ing purposes and improves bandwidth. 
Its bias current (IC6+ic2) is set bY RE2. 
The voltage drop across RE2 is approxi¬ 
mately equal to that of RE1. The calcu¬ 
lations of RE2 and R2 follow the selec¬ 
tion of all the transistor bias currents (for 
VCC=5V, VBE=800mV). 

RE2 = (IC1 +IC3)(RE1)/(IC2+IC6) 

R2 = [5 - 2Vbe - (lC3)(RF1) 
— (Ici+Ic3)(RE1 )] / (Ice+lcz) 

RF2 determines the input impedance, 
Rin. It should be noted that, to a point, 
noise is decreased as RF2 is increased. 
After choosing RF2, the output imped¬ 
ance may need adjustment by tweaking 
the values of RE2 and R2. 
The following equations (derived in 

Reference 2) give reasonable estimates 
for the input and output impedances: 

Rin = [(RF2 + RE2)(RE1 )R]/[(RE1 )R 
+ (RE2)(RF1 + RE1 + R)] 

Rout =[(RF1 + RE1)(RE2)R]/[(RE1) 
(RE2+RF2 + R)] Il (RF1 + RE1) 

where: 

R = Rs = RI (Rs and RI are the input and 
output termination resistors shown in 
Figure 2). Table 2 shows a list of simu¬ 
lated and measured LNA specifications. 

Simulation Results 
TEKSPICE along with the QC6 model 

libraries (Q6ATALL.3b0b) were used to 
simulate the LNA circuit performance. 
TEKSPICE is Tektronix’ enhanced 
SPICE engine with powerful post-pro-
cessing tools including the FFT. 
Alternate process state simulation li¬ 

braries [referred to as “Up” (U) and 
“Down” (D)] were used to simulate cir¬ 
cuit sensitivity to a “fast” and “slow” 
process. These libraries are the result of 
pushing process parameters to their 3 

sigma limits. Specifications such as NF 
and bandwidth are likely to have less 
variation than indicated by simulation 
with the U and D libraries. 
Some of the simulation techniques are 

described in this section. Sections of 
TEKSPICE code are shown for instruc¬ 
tive purposes. Note that comments in 
TEKSPICE code are preceded by the 
semi-colon (;) character. 

Noise Figure (NF) 
NF is simulated by running a small 

signal “AC analysis” with a “noise” state¬ 
ment included in the analysis block. Fig¬ 
ure 2 shows the circuit setup used for 
“AC” simulations. The input voltage 
source, vin , has an AC value of 1 V. The 
noise from the output termination resis¬ 
tor should not be included in the NF cal¬ 
culation. In order to ‘Tool” TEKSPICE, a 
“noiseless” 50 ohm resistor terminates 
the LNA output. The noiseless resistor 
model, shown in Figure 2 (inset), is 
merely a “Current Controlled Voltage 
Source” (CCVS) with its transfer func¬ 
tion set equal to R (in this case 50 
ohms). 
The TEKSPICE code shown in Figure 

3 initiates the simulation and extracts 
NF. 
Figure 4 shows a plot of simulated 

and measured NF versus frequencies. 
NF increases at high frequencies be¬ 
cause the transistor gains are rolling off 
and noise contributors following these 
devices are showing up as bigger terms 
at the input. As shown in Table 1, the 
top three noise contributors at 1 GHz 
are Q1, RE1 and RF2. 

Power Gain 
The same analysis used for simulating 

NF also provides power gain (IS21IZ) in¬ 
formation. The TEKSPICE code shown 
below calculates and plots gain vs fre¬ 
quency. 

gain_mag = mag(v(out)/v(in)) 
gain = 20*log10(gain_mag) 
plot gain 

Figure 5 shows a plot of simulated 
and measured gain vs frequency. The 
peaking is due to a common inductance 
in series with the two grounds (See Fig¬ 
ure 2). 

;SINT(OFFSET,AMPLITUDE,FREQUENCY) 

tran=sint(0.0,sqrt(8e-3*rs*10A(pavin/1 0)), 100meg)+ 

sint(0.0,sqrt(8e-3*rs*1 (^(pavin/l 0)), 105meg) 

Figure 10. TEKSPICE sum of two sinusoids. 

rs=50 
pavin=-30 
tran analysis time: 0 405n 400n/1024 reltol=1 e-7 chgtol=1 e-1 6 
endtran 

Figure 11. Transient analysis results. 
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Figure 13. Simulated IP3 (f1 = 100 
MHz, f2 = 105 MHz, Pavin = -30 
dBm). 

Voltage Standing Wave Ratio 
(VSWR) 
The circuit in Figure 6 was used for 

simulating VSWR at the input of the 
LNA. Small signal AC analysis is need¬ 
ed once again; a test signal, 11 (R1 pro¬ 
vides a DC path to ground to satisfy 
simulator convergence algorithm), of 
magnitude 1 is fed into the input of the 
amplifier. The resulting input voltage is 
therefore equal to the input impedance, 
Zin . In Figure 7, the TEKSPICE code 
runs the simulation and then calculates 
and plots input VSWR versus frequency. 
Figure 8 is a plot of input VSWR. 

Achieving good VSWR over frequency 
in a feedback circuit requires good over¬ 
all bandwidth. At frequencies greater 
than 1 GHz, gain is starting to roll off 
and, as a result, VSWR is greater than 
its low frequency value. 
The output VSWR, shown in Figure 9, 

was simulated and plotted in a similar 
manner, terminating the input in 50 
ohms and replacing RL with the test sig¬ 
nal. 

3rd Order Intercept (IP3) 
IP3 is a measure of signal distortion 

due to third order products. Refer to 
Reference 4 for a detailed definition. 
The measurement of IP3 is sometimes 
referred to as a “two tone test" because 
the input signal is comprised of two 
equal amplitude sinusoids. The two si¬ 
nusoids are usually close together in fre¬ 
quency and thus produce output compo¬ 
nents due to third order terms fairly 
close in frequency to the fundamental 
components. For example, if f1 and f2 
are chosen to be 100 MHz and 105 
MHz, respectively, there will be output 
frequency components at 95 MHz 
(2(f1-f2)), 100 MHz (f1), 105 MHz (f2) 
and 110 MHz (2(f2-f1)) (See Figure 13). 
The 95 MHz and 110 MHz distortion 
components are due to third order 
terms. IP3 can be calculated from the 
output power levels of these compo¬ 
nents. IP3 is defined as follows: 

IP3 = Pout+ IMR3/2 

¡RUN A TRANSIENT ANALYSIS VARYING PAVIN FROM -40DBM TO -2DBM 
var sweep pavin: -40 -2 2 
tran analysis time: 0 105n 100n/128 reltol=1e-7 chgtol=1 e-1 6it1 5=1 meg 
endtran 
endvar 
¡PROBE THE OUPUT VOLTAGE 
probe v(out) 
¡EXTRACT THE OUPUT WITHIN THE 100NS WINDOW 
vout=extract(v(out),5n,104.2n) 
¡PERFORM THE FFT AND ZOOM IN ON THE FREQUENCY OF INTEREST 
specout=extract(fft(vout,per),90meg, 110meg)) 
¡EXTRACT THE OUTPUT VOLTAGE AT THE FUNDAMENTAL FREQUENCY 
vout_db=db(imag(peak(specout))) 
¡PLOT THE OUTPUT POWER 
pout=vout_db+16 
plot pout 

Figure 14. Transient analysis run over a swept input power. 

where Poul is the output power of a 
fundamental component (in dBm) and 
IMR3 is the third order intermodulation 
ratio. IMR3 is defined as the difference in 
output power (dB) between the funda¬ 
mental components and the third order 
components. 

In TEKSPICE a transient analysis 
(large signal simulation) is needed to 
generate the two tones at the input. The 
simulated output will be in the time do¬ 
main, but with the use of the FFT func¬ 
tion, frequency domain data is obtained. 
Continuing the example, the text in Fig¬ 
ure 10 shows how the input voltage 
source in Figure 2 is set up in TEK¬ 
SPICE to deliver the sum of two sinu¬ 
soids. Each sine wave is defined in 
terms of offset, amplitude and frequen¬ 
cy. Notice that the amplitude is written 
as a function of source resistance “rs” 
and available input power “pavin” (in 
dBm). 

In this example the nonlinearities gen¬ 
erated by the amplifier will lead to fre¬ 
quency components occurring in 5 MHz 
increments (5 MHz is the greatest com¬ 
mon divisor of the two tones). In order 
for the FFT algorithm to extract these 
points, it must operate on a window of 
time equal to n/(5 MHz), where n is an 
integer greater than or equal to 1. 
Choosing n equal to 2 means that the 
FFT will extract frequency data every 
2.5 MHz (1/time window). The extra 
points show where the noise floor of the 
simulator resides; a good reality check. 
Too high a noise floor may dictate in¬ 
creasing the convergence parameters of 
the simulator. The TEKSPICE command 
block in Figure 11 shows the transient 
analysis of the 100 MHz/105 MHz two 
tone test: 

In this case, 2/(5 MHz) suggests a 400 
ns time window for the FFT. An extra 5 
ns is added to insure the amplifier 
reaches a steady state. 1024 points 

Figure 15. Simulated 1 dB com¬ 
pression at 100 MHz. 

within the 400 ns window gives an effec¬ 
tive sample rate of 2.56 Gs/s. (Nyquist 
frequency is 2.56 GHz/2 or 1.28GHz; 
aliasing should not be a problem). The 
TEKSPICE FFT must operate on 2" 
points, where n is an integer between 4 
and 15. 

After the simulation is run, the TEK¬ 
SPICE commands process the time do¬ 
main output, perform the FFT and plot 
the results (Figure 12). 

Figure 13 shows the simulated output 
spectrum of the two tone test where 
f1=100 MHz and f2=105 MHz. IMR3 is 
designated on the plot. As shown in Fig¬ 
ure 13, IP3 at frequencies near 100 MHz 
is +18 dBm. 

1 dB Compression 
The 1 dB Compression point is de¬ 

fined as the output power level at which 
the gain has decreased 1 dB from its 
low power value. The decrease is 
caused by nonlinearities inherent in the 
amplifier; an indication of the transition 
between small signal and large signal 
operation. Since the 1 dB compression 
is a large signal phenomenon, a tran¬ 
sient analysis is required for the simula¬ 
tion. The input voltage source, vin , 
shown in Figure 2 is programmed to be 
a sinusoid with a given offset, amplitude 
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Figure 16. LNA layout. 

and frequency. As in the IPs example 
above, the amplitude is written as a 
function of source resistance “rs” and 
available input power “pavin”. Note, for 
this example the frequency is chosen to 
be 100 MHz: 

;SINT(OFFSET,AMPLITUDE,FREQUENCY) 

tran=sint(O.O,sqrt 
(8e-3*rs* 10A(pavin/1 0)), 10Omeg) 

Running a transient analysis (Figure 
14) over a swept input power provides 
the data needed to determine the 1 dB 
compression point. Once again the FFT 
is applied to the time domain data such 
that the output power may be extracted 
at the fundamental frequency. Choosing 
a 100 ns time window and 128 data 
points will give FFT data every 10 MHz 
out to 1.28 GHz. Aliasing is not a prob¬ 
lem since 1.28 GHz is greater than the 
12th harmonic of the 100 MHz input fre¬ 
quency. 
Figure 15 is a plot of output power 

versus input power. Notice the 1 dB 
compression point is marked where the 
output power is 1 dB less than the 
straight line. 

Measured Results 
The measured specifications are listed 

along with the simulated numbers in 
Table 2. In addition, the plots in Figures 
4, 5, 8 and 9 contain measured data as 
well as the simulated nominal curves. 
The agreement is quite good. Some of 
the differences may be due to stray 
components not accounted for in the 
simulations or measurements, or mis¬ 
match between nominal simulation de¬ 
vice models and the devices on this par¬ 
ticular process lot. 

Layout and Packaging 
QuicKic™ , Tektronix’ schematic cap¬ 

ture and layout tool, was used to layout 

Simulated PIATALL.3b0b) Test Conditions 
Specification Measured Nom. Up Down (unless otherwise noted Tj-25'C, Vcc=5V) 
3dB Bandwidth 1.51 GHz 1.53 GHz 1.59GHz 1.21 GHz 
Noise Figure 3.6 dB 

4.6 dB 
3.6 dB 
4.5 dB 

3.2 dB 
3.7 dB 

4.5 dB 
5.9 dB 

f=100 MHz 
f=1 GHz 

Power Gain IS21 12 19.9 dB 
20.5 dB 

19.8 dB 
20.6 dB 

19.5 dB 
19.3 dB 

19.9 dB 
19.6 dB 

(=100 MHz 
f=1 GHz 

Gain Variation 
w/Temperature 

±0.05dB 
±0.68 dB 

±0.06 dB 
±0.31 dB 

±0.05 dB 
±1.64 dB 

(=100 MHz, Tj=25-125’C 
f=1 GHz, T,=25-125‘C 

Gain Variation 
w/Frequency 

±0.02 dB 
±0.13 dB 

±0.02 dB 
±0.10 dB 

±0.02 dB 
±0.10 dB 

±0.03 dB 
±0.38 dB 

f=10 MHz-100 MHz 
f=900 MHz-1 GHz 

Gain Variation 
w/Supply 

±0.22 dB 
±0.94 dB 

±0.18 dB 
±0.67 dB 

±0.19 dB 
±0.54 dB 

±0.18 dB 
±0.98 dB 

f=100 MHz, Vœ+4.5=5.5 V 
f=1 GHz, Va~4.5-5.5V 

Rev Isolation ls12 l -25.6 dB 
-24.5 dB 

-23.9 dB 
-24.7 dB 

-23.9 dB 
•23.0 dB 

■24.3 dB 
•27.2 dB 

(=100 MHz 
(=1 GHz 

Input VSWR 
Z0=50Q 

1.03:1 
1.40:1 

1.03:1 
1.42:1 

1.17:1 
1.49:1 

1.09:1 
1.56:1 

f=100 MHz 
f=1 GHz 

Output VSWR 
Z0=50Û 

1.21:1 
1.85:1 

1.28:1 
2.33:1 

1.28:1 
1.85:1 

1.23:1 
3.17:1 

f=100 MHz 
(=1 GHz 

1 dB 
Compression 

-13.0 dBm 
-18.7 dBm 

-14.8 dBm 
-20.9 dBm 

-13.2 dBm 
•16.7 dBm 

■16.5 dBm 
-22.9 dBm 

f=100MHz 
f-1 GHz 

Output IP3 16.7 dBm 
5.6 dBm 

17.9 dBm 
6.4 dBm 

19.1 dBm 
11.5 dBm 

16.3 dBm 
3.3 dBm 

(,-100 MHz, f2=1 05 MHz, P,n=-30 dBm 
f,=990 MHz, f2=1 GHz, Pin=-30dBm 

Power 
Dissipation 

102 mW 105 mW 119 mW 90 mW V^V.^S'C 

Table 2. Low noise amp measured and simulated results. 

the LNA on the QC6-40 analog array 
(see Figure 16). QuicKic provides netlist 
driven layout with built-in design rule 
checking, guaranteeing one-to-one cor¬ 
respondence between schematics and 
layout with no design rule violations. Be¬ 
cause the devices are preplaced on the 
QC6-40 (with the exception of nichrome 
resistors), layout time is significantly re¬ 
duced compared to a full custom design. 
In addition fab turn-around time and 
NRE are much less. 
Special attention was given to mini¬ 

mizing metal run distances in order to 
keep parasitic capacitances down. The 
use of multiple bond pads, and thus 
multiple bond wires, in the power sup¬ 
plies reduces the bond wire induc¬ 
tances. Also, simulations dictated that 
the two ground connections shown in 
Figure 1 be separated in order to cut a 
potential positive feedback loop from the 
output back to the input. The package 
used to characterize the LNA is a stan¬ 
dard hybrid package built by Tektronix 
for high frequency circuits (up to 18 
GHz, Reference 5). 
RF 
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ly amplifiers 

CAD of a Broad-Band Class-C 65 
Watt UHF Power Amplifier 
By Robert Baeten 
Motorola Inc. 

With the RF CAD tools available 
today, RF power amplifier design is be¬ 
coming less of a cut and try design 
methodology. Harmonic balance soft¬ 
ware, which simultaneously solves a 
network in the time and frequency do¬ 
mains, is the state-of-the-art in nonlinear 
RF CAD technology. Nonlinear models 
of bipolar power transistors for harmonic 
balance software are spinoffs of the 
Gummel-Poon model. Unfortunately, 
these models are not readily available 
from most device manufacturers which 
forces RF power amplifier designers to 
continue using conventional large-signal 
impedance design techniques. Even 
though large-signal impedance design 
isn’t ideal, power amplifiers can be de¬ 
signed and constructed with minimal 
tuning after circuit fabrication. 

Hejhall (1) presented a systematic ap¬ 
proach to designing power amplifiers 

using large-signal impedance data. This 
paper presents a power amplifier de¬ 
signed using Hejhall’s large-signal im¬ 
pedance methodology and commercially 
available CAD software. Simulated and 
measured results are shown for a 65 
Watt Class-C amplifier incorporating a 
Motorola MRF658 bipolar transistor op¬ 
erating over the frequency range from 
470-512 MHz and a supply voltage of 
12.5 volts. Minimum goals for gain, col¬ 
lector efficiency and IRL were 5 dB, 55 
percent and 15dB, respectively, across 
the frequency band. 

Design Methodology 
The first step in any power amplifier 

design is to choose an appropriate de¬ 
vice. Device selection is based on out¬ 
put power levels, power gain, collector 
efficiencies, supply voltage and frequen¬ 
cy band of operation. This paper as¬ 
sumes a device has already been identi¬ 
fied. 

After a suitable device has been se¬ 
lected, the designer proceeds to the 
second step which is to obtain the opti¬ 
mum large-signal source and load im¬ 
pedances. Wood and Davidson (2) pre¬ 
sented techniques for measuring large-
signal impedances of a device which are 
defined as the optimum input imped¬ 
ance, Z|N, and the conjugate of the load 
impedance, Z0L ‘, at a specific output 
power, supply voltage and frequency. 
The success of any power amplifier de¬ 
sign using this technique depends on 
the accuracy of the large-signal imped¬ 
ance data. The designer must be aware 
that large-signal impedances typically 
vary when the operating conditions 
change. It is a misconception that power 
amplifier circuits present a conjugate 
match to the output of the transistor (3). 
In actuality, the outputs are typically 
mismatched in Class-C power amplifiers 
in order to achieve a specific output 
power at a high collector efficiency. 
For broad-band designs, optimum im¬ 

pedance data at several frequencies 
across the band is desirable in order to 
determine impedance characteristics 
versus frequency. Ideally, one would 
prefer to have load-pull data (4) showing 
output power, power gain, and collector 
efficiency versus load impedance. This 
measurement technique is very time 
consuming and is efficiently accom¬ 
plished with an automated set-up. Load¬ 
pull data gives the designer insight into 
what happens to the output power if the 
load impedance deviates from the opti¬ 
mum value. This is especially useful in 
broad-band designs where it is difficult 
to track the optimum impedances at all 
frequencies. 
Table 1 shows typical large-signal im¬ 

pedance data for a Motorola MRF658 
NPN common-emitter bipolar transistor 
from 400 MHz to 520 MHz. It is impor¬ 
tant to realize that this data is refer¬ 

enced to the edge of the 1/2” CQ pack¬ 
age and the output power and supply 
voltage are 65 Watts and 12.5 Vdc, re¬ 
spectively. 
The third step in a power amplifier de¬ 

sign is to determine input and output 
matching networks using the large-sig¬ 
nal impedance data in Table 1. The sim¬ 
plest design technique is to first find a 
lumped element topology which match¬ 
es the input impedance, ZIN , and conju¬ 
gate of the load impedance, Z0L*. At 
UHF frequencies, matching networks 
typically consist of chip or tuning capaci¬ 
tors, wire-wound inductors, series trans¬ 
mission lines and shunt transmission 
line stubs. The most practical matching 
topology in broadband power amplifier 
designs is the lowpass L section con¬ 
sisting of a series inductor and shunt ca¬ 
pacitor. 
An initial matching network topology is 

obtained by trial and error on a Smith 
Chart™ applying basic impedance 
matching techniques. A computer pro¬ 
gram by Moline (5), Motorola’s Imped¬ 
ance Matching Program (MIMP), is an 
excellent tool for determining an ideal 
lossless matching network using the 
Smith Chart. This program includes 
lumped elements, microstrip transmis¬ 
sion lines and a unique distributed ca¬ 
pacitance element. MIMP allows the de¬ 
signer to see the effect of each match¬ 
ing element on the overall impedance 
transformation displayed on the Smith 
Chart. As element values are tuned, the 
results are continuously modified on the 

FREQ Zin Zol* 
[MHz] [Ohms] [Ohms] 

400 0.62+j2.8 1,2+j2.5 
440 0.72+j3.1 1.1+j2.8 
470 0.79+j3.3 0.98+j3.0 
490 0.84+j3.4 0.91+j3.2 
512 0.88+j3.5 0.84+j3.3 
520 0.90+j3.6 0.80+j3.4 

Table 1. Typical optimum input 
and conjugate of load imped¬ 
ances for MRF658. Pout = 65 
Watts, Vdc = 12.5 volts. 

March 1993 



FSD FORWARD AMPLIFIERS 
up to +50dBm IP3 50-1000MHz fmm $695 

Two-Tone Third Order 
Intermod 

Now, amplifiers to 1GHz with higher intercept point, 
improved reliability, lower DC current requirements, 

Utilizing feed forward phase and amplitude cancel¬ 
lation techniques, ZHL-P3 amplifiers offer significant 
advantages over conventional units ... cost savings, 
size and DC power reduction, 10dB higher two-tone 
third order intercept point. (IP3). 
Two models, 50-500MHz and 50-1000MHz, 

unconditionally stable, with more than 20dB gain and 
45dB reverse isolation will satisfy most system needs 
for low intermodulation distortion. Even amplifier 
second order intercept point is greater than +63dBm! 

So, check the specifications listed and re-evaluate 
your amplifier design decisions for improved system 
performance at lower cost. 
One-week shipment guaranteed. Only from Mini-Circuits. 

SPECIFICATIONS ZHL-1-50P3 ZHL-2-50P3 
Frequency, MHz. 50-500 . 50-1000 

Gain, Min, dB . 22 . 21 

Power Output<'>, dBm . 27<2>. 25 

Intercept Point, dBm 
IP2 . 70 . 63 
IP3 . 50 . 43 

DC Power 
Volts . 24  24 
Current, Amps . 1.3  0.65 

VSWR, 50 ohms. In/Out . 1 5:1 . 2:1 

Price (1-9) . $695.00  $895.00 
Size«» L X W X H, inch . 7 x 3.25 x 2.1 3 

(1) 1 dB compression 

(2) 30dBm, 50-250MHZ 

(3) Includes self-contained heat sink 

finding new ways . 
setting higher standards 

Mini-Circuits 
■■ ■■ PO Box 350166, Brooklyn. New York 11235-0003 (718)934-4500 Fax (718) 332-4661 

Distribution Centers NORTH AMERICA 800-654-7949 .417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 
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Figure 2. a) Shunt lumped ele¬ 
ment conversions to microstrip, 
b) Series inductor conversion to 
microstrip. 
Smith Chart display. 
Using the large-signal impedance data 

in Table 1, broadband lumped element 
input and output matching networks 
were designed with MIMP. In order to 
maintain a low Q, the first element of the 
matching network must be a shunt ca¬ 
pacitor which typically brings the imped¬ 
ance in the vicinity of the real axis on 
the Smith Chart. This capacitor is fol¬ 
lowed by lowpass L networks. For 
broadband designs, the number of low-
pass L sections is chosen to maintain a 
low loaded Q, achieve practical element 
values and flat return loss. 

The resulting lumped element net¬ 
works are shown in Figure 1. The input 
matching network consists of a shunt 
capacitor at the device interface and two 
lowpass L networks. The second L net¬ 
work has an inductor in parallel with the 
shunt capacitor. This resonant circuit 
provides the appropriate phase rotation 
versus frequency for optimal tracking of 
the device impedance. The output 
matching network is the same topology 
as the input with the addition of a third 
lowpass L network. The desired band¬ 
width could theoretically be achieved 
with fewer lowpass L sections at the ex¬ 
pense of circuit tunability and sensitivity 
to parameter variation. In MIMP, the 
lumped element matching networks 
shown in Figure 1 yield an input return 
loss greater than 21 dB and an output 
return loss greater than 19 dB across 
the frequency band from 470 to 512 
MHz. 
A vital factor which is important in 

achieving optimum performance of a 
power amplifier is the matching network 
close to the device. In this design, the 
94 pF capacitor on the input and 96 pF 
capacitor on the output are implemented 
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with two chip capacitors to ground, 
mounted directly on the package leads. 
This maintains even current distribution 
in the ground paths of the coplanar type 
structure of the 1/2” CQ transistor pack¬ 
age. By providing the appropriate 
matching elements close to the device, 
the harmonic termination is improved 
yielding higher gain and collector effi¬ 
ciency. 
An important point about the large-sig¬ 

nal impedance model is that the input 
and output are considered as separate 
entities. In practice this is not true. Any 
change in the output load impedance 
changes the device input impedance be¬ 
cause of internal feedback. The design¬ 
er has no feel for input match degrada¬ 
tion due to a load impedance which is 
not optimum over all in-band frequen¬ 
cies. This inadequacy could be over¬ 
come with an automated load pull sys¬ 
tem where the input is tuned for each 
load condition. 
The next step in the design process is 

to convert this lumped element design to 
a planar transmission line design such 
as microstrip and add in the appropriate 
bias feed circuitry. For this step in the 
design process, Academy™ (6) was 
used which generates a layout from a 
schematic diagram and provides a 
netlist for Touchstone™ or Libra™ simu¬ 
lation. Standard planar transmission line 
elements are added to the layout auto¬ 
matically, but the designer manually 
adds RF grounds where desired and 
some of the bias feed circuitry using the 
layout editor within Academy. 

In this amplifier design, shunt capaci¬ 
tors to ground were implemented with 
chip capacitors in the microstrip configu¬ 
ration. A chip capacitor connected in 
shunt between a microstrip line and 
ground, was modeled with a microstrip 
tee for single capacitors or microstrip 
cross junctions for two capacitors in par¬ 
allel. Chip capacitor values are adjusted 
to account for the effect of parasitic in¬ 
ductance. Shunt inductors were convert¬ 
ed to high impedance microstrip lines 
shorted to ground through a low imped¬ 
ance chip capacitor and series inductors 
were converted to series microstrip 
lines. It should be noted that microstrip 
line models as well as open and short 
circuit stubs exist within MIMP. This soft¬ 
ware also has a distributed capacitance 
model which is useful when the operat¬ 
ing frequency is high enough where chip 
capacitor widths are influential. The 
length of a short-circuited line represent¬ 
ing a lumped shunt inductor is given by 
the following equation: 

INFO/CARD 94 
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(1) 

where 
XL = Reactance of shunt inductor 
Zo = characteristic impedance of 

microstrip line 
X = wavelength of microstrip line 

The length of a series microstrip line 
representing a lumped series inductor 
can be approximated by the following 
equation: 

^sinAH 
I Zo J 2n 

(2) 

where 
XL = Reactance of series inductor 

Zo and X are given above. 

For low impedance lines and very long 
transmission lines this equation be¬ 
comes less accurate because of the dis¬ 
tributed capacitance inherent in a trans¬ 
mission line. The error produced in this 
conversion is corrected in circuit opti¬ 
mization. Figure 2 summarizes all of the 
lumped element conversions used in the 
transition from the lumped element de¬ 
sign to a microstrip configuration. The 
parasitic elements inherent in a chip ca¬ 
pacitor are also shown. 
The converted microstrip designs for 

the input and output matching networks 
are shown in Figures 3a and 3b. It 
should be noted that 50 ohm microstrip 
lines were used throughout and line 
lengths were calculated using reactance 
and wavelength values at 490 MHz. The 
circuit board used in this design was 
1/16” thick FR4 with 2 ounce copper. 
Simulated results of the input and output 
reflection coefficients in this initial de¬ 
sign using Touchstone and the lumped 
element design using MIMP are shown 
in Figures 3c and 3d. As shown in these 
figures, the converted microstrip design 
has reduced input and output return 
losses. The input return loss is greater 
than 8.5 dB and the output return loss is 
greater than 10 dB over the frequency 
band. At this point in the design, modifi¬ 
cation to the value and location of some 
of the matching elements, microstrip line 
lengths and characteristic impedances 
is necessary. This task is best accom¬ 
plished with an optimizer found on RF 
CAD programs such as Touchstone, 
MMICAD™ , and Super Compact™ . 
The first section of the DC feed struc¬ 

tures were included in Figures 3a and 
3b. It is important to connect the DC 
feed structures at a low impedance point 

RF Design 

Figure 3. a) Input matching network, b) Output matching network, c) 
input reflection coefficient, and d) output reflection coefficient. 

in the RF circuit for good isolation and 
minimal loading on the amplifier. For 
power transistors this is achieved by 
connecting both feed structures as close 
as possible to the device. In the output 
matching network, only the first choke 
coil and bypass capacitor are shown 
since this is all that is typically needed to 
accurately simulate in-band perfor¬ 
mance. In the final amplifier circuit, three 
stages of bypassing are employed in the 
collector feed structure to provide the 
appropriate terminations to the device at 
low frequencies to achieve stability. The 
feed structure on the input matching net¬ 

work does not include the DC return coil 
necessary for Class-C operation. This 
will be added later since it will not affect 
in-band performance. Kwitkowski (7) 
discusses feed structure design tech¬ 
niques in order to eliminate low frequen¬ 
cy instabilities. Many times the first de¬ 
sign will oscillate under a certain VSWR, 
drive condition, and/or supply voltage 
requiring changes to be made to the 
feed structure design. 
The final step in power amplifier de¬ 

sign is to optimize the microstrip design 
and generate a layout. This step usually 
requires several iterations between cir-
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Figure 4. Schematic diagram of optimized input matching network from 
Academy. 

Figure 5. Schematic diagram of optimized output matching network 
from Academy. 

cuit optimization and layout because 
amplifier designers typically have a 
given area factor. In this design, the 
power amplifier was intended to fit on a 
3” X 2.5” circuit board. In order to fit with¬ 
in this specified area, microstrip bends 
were implemented to meander the se¬ 
ries and shunt microstrip lines. Models 
are contained within Touchstone to sim¬ 
ulate the discontinuity and phase length 
of the bends. 

With this design technique, the input 
and output matching networks are best 
optimized separately. Optimization re¬ 
quires the designer to set specific goals, 
such as greater than 15 dB return loss 
over a specified frequency range. Then 
selected element values are allowed to 
vary until the error function is minimized. 
Variables in the optimization were chip 
capacitor value and location along with 
microstrip line dimensions. When a 

change in line width occurred, the mi¬ 
crostrip step model was implemented to 
account for the discontinuity. The opti¬ 
mization goal on the input was a return 
loss greater than 18 dB from 470 to 512 
MHz. Figure 4 shows the optimized 
input matching network and Figure 6a 
shows the input reflection coefficient 
predicted from Touchstone which is 
greater than 19 dB from 470 to 512 
MHz. 
Optimization of the output matching 

network is not as straightforward as the 
input matching network since the large-
signal impedance data does not reveal 
how fast the gain drops off as the load 
impedance deviates from the optimum 
value. There are basically two ways to 
optimize the output matching network. 
The first method is to simply specify a 
return loss looking into the matching 
network from the 50 ohm load. This 
technique was used on the input match¬ 
ing network and also used in MIMP to 
obtain the initial lumped element output 
matching network. The disadvantage 
with this technique is that the output 
power and efficiency are not known for a 
finite return loss. 
The second technique is to look into 

the output matching network from the 
device interface and optimize this im¬ 
pedance. This method is especially de¬ 
sired with load pull data because the 
output power and efficiency are known 
as the load impedance varies. Once an 
allowable gain and efficiency variation is 
known, the range of desirable load im¬ 
pedances are known from the load pull 
data. This range is then used as opti¬ 
mization goals. 

In this design load pull data was not 
implemented, but the second optimiza¬ 
tion technique was still employed on the 
output matching network. As in the input 
optimization, variables in the output net¬ 
work optimization were chip capacitor 
value and location along with microstrip 
line dimensions. Figure 5 shows the op¬ 
timized output matching network and 
Figure 6b shows the load impedance 
seen by the device predicted by Touch¬ 
stone. The predicted load impedance 
best matches the desired impedance 
around 490 MHz with the largest devia¬ 
tion occurring at the high end of the fre¬ 
quency band. 

Measured Results 
After constructing an amplifier, it func¬ 

tioned, but performance was not opti¬ 
mum. Some tuning was necessary in 
order to achieve the design goals across 
the frequency band of interest. The 

138 March 1993 



Figure 6. Predicted results for optimized microstrip design from Touch¬ 
stone, a) input reflection coefficient, b) load impedance. 

:igure 8. Diagram of assembled 
RF power amplifier. 

Figure 7. Schematic diagram of completed Class-C UHF power amplifi¬ 
er. 

Figure 9. Measured results a) average gain, input VSWR and efficiency 
for six amplifiers, b) output power versus input power. 

value and/or location of a few chip ca¬ 
pacitors were changed and an additional 
capacitor was added to optimize perfor¬ 
mance of the amplifier. A schematic dia¬ 
gram of the finished power amplifier is 
shown in Figure 7 and an assembly 
drawing is shown in Figure 8. It should 
be noted that the assembly drawing of 
the amplifier does not include the plated 
through holes in the ground planes. On 
the input matching network, a 1.5 pF 
chip capacitor, denoted by C2, was 
added to achieve good IRL performance 
across the frequency band. The values 
of capacitors C3 and C5 were changed 
from the optimized values in Touch¬ 
stone. In the output matching network, 
the location and value of capacitors Cn 
and C12 were adjusted to optimize gain 
and efficiency. 

Six amplifiers were constructed to de¬ 
termine repeatability of the amplifier de¬ 
sign. Figure 9a shows the average gain, 
VSWR, and efficiency for these ampli¬ 
fiers at 65 Watts output power. Across 
the frequency band from 470 MHz to 
512 MHz, the average gain was over 5 

dB at 65 watts output power, the worst 
case VSWR was under 1.3 (IRL > 17 
dB), and the collector efficiency was 
greater than 59 percent. The input 
VSWR agrees well with predicted re¬ 
sults from Touchstone. Figure 9b shows 
the output power versus input power at 
470 MHz, 490 MHz, and 512 MHz. The 
average saturated output power of the 
six amplifiers at 470 MHz was over 86 
Watts while at 512 MHz it was over 80 
Watts. 

Summary 
A 65 Watt Class-C UHF power amplifi¬ 

er was successfully designed and fabri¬ 
cated using large-signal impedance data 
and commercially available CAD soft¬ 
ware. This design technique minimized 
traditional cut and try methodology. 
Some tuning of the amplifier was neces¬ 
sary after circuit fabrication, but this was 
minimized by computer optimization in 
the design process. The success of this 
design technique relies heavily on the 
accuracy of the large-signal impedance 
data and accuracy of the models incor-

porated in the CAD program. RF 
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RF expo products_ 
85 MHZ Direct Digital Synthesis 
Analog Devices’ AD9955 pro¬ 
vides signals up to 100 MHz 
(typ.), with 85 MHz minimum. The 
device comprises a 32-bit phase 
accumulator and a 15-bit phase-
to-12-bit sine amplitude conver¬ 
sion circuit, all in a 80-pin PGFP 
package. The AD9955 needs just 
a clock and either the 12-bit 
AD9713B D/A converter or the 
10-bit AD9721 D/A converter for 
a complete, two-chip DDS solu¬ 
tion. In quantities in the 100’s, the 
price for the AD9955 is $29. 
Analog Devices 
INFO/CARD #190 

VXI Power Meter 
Giga-tronics’ CW and Peak VXI 
Power Meters are 100 to 1000 
times faster than traditional 
power meters. CW power sen¬ 

sors cover an unprecedented 90 
dB dynamic range. Also, peak 
power sensors and CW power 
sensors operate with the same 
power meter, eliminating the 
need for separate peak power 
meters in your ATE system. 
Giga-tronics, Inc. 
INFO/CARD #189 

FFT Spectrum 
Analyzer 
The SR770 FFT spectrum ana¬ 
lyzer offers 90 dB dynamic range, 
frequency spans from 0.191 Hz 
to 100 kHz and a fast 100 kHz 
real time bandwidth. The low dis¬ 
tortion (-80 dBc) synthesized 
source generates sine waves, 
two-tone signals, white and pink 
noise, and frequency chirps. U.S. 
list price is $6500.00. 
Stanford Research Systems 
INFO/CARD #188 

Signal Generator 
The R3365 (100 Hz to 8 GHz) 
features a tracking generator with 
a range of 100 kHz to 3.6 GHz 
and a power step function that 
permits a 30 dB level sweep in 
0.1 dB steps. Frequency calibra¬ 
tion is incorporated to optimize 
accuracy corresponding to setting 
function and to enable 110 dB of 
dynamic range. 
Advantest America, Inc. 
INFO/CARD #187 

DSP Spectral 
Analysis 
Using a bank-of-filters architec¬ 
ture, the 3054 Digital Signal Pro¬ 
cessing (DSP) System allows any 
frequency within the DC to 10 
MHz range to be viewed in real 
time. Memory processing and 
data compression methods 
expand stored capture time cov¬ 
erage to a range covering 0.8 
seconds to more than 26,000 
seconds. The 3054 DSP System 
is priced at $126,950. 
Tektronix, Inc. 
INFO/CARD #186 

Coaxial Delay Lines 
Coaxial delay lines with a wide 
variety of performance character¬ 
istics and in several configura¬ 
tions are available from Micro¬ 
Coax™ . Delay lines can be built 
of cables ranging in size from UT 
8 (0.008 in. dia.) through UT 250 

(0.25 in. dia.). Delays of 5, 10, 
25, 50 and 100 ns can be speci¬ 
fied. 
Micro-Coax Components. Inc. 
INFO/CARD #185 

Transistors 
California Eastern Laboratories 
will display a new series of four 
pin Super Mini-Mold NPN transis¬ 
tors in the 18 package and a new 
series of power FETs. 
California Eastern 
Laboratories, Inc. 
INFO/CARD #184 

Directly Heated 
Crystal 
The patented “DHXO" (Directly 
Heated Crystal Oscillator) uses a 
SC cut crystal with a “heater” 
deposited on the crystal blank. 
With a volume of one cubic inch 
and DC power input less than 1 
W, the DHXO has a frequency 
stability of ±2X1 O'7 over -20 to 
+70 degrees C. In quantities of 
1000, price is approximately 
$210. 
Piezo Crystal Company 
INFO/CARD #183 

Crystal Filters 
Filtronetics announces the avail¬ 
ability of high frequency crystal 
front end filters. A representative 
unit, model FN-1190 has a center 
frequency of 140 MHz and a 3 
dB bandwidth of 50 kHz. The 
size is 1.375 x 0.669 x 0.492 
inches. 
Filtronetics, Inc. 
INFO/CARD #182 

Amplifiers 
Three new amplifiers from LCF 
Enterprises will be featured at RF 
Expo West: a 100 W amplifier 
module, covering 225-400 MHz; 

a high speed blanking amplifier, 
covering 225-400 MHz at 100 W; 
and an ultra broadband amplifier, 
covering 10-1200 MHz at 10 W 
typical power. 
LCF Enterprises 
INFO/CARD #181 

SMT Inductors 
The ACCU-L series of surface 
mount RF inductors exhibit high 
SRF, high Q and low resis¬ 
tance. The inductors are ideal for 
applications between 100 MHz 
and over 2 GHz, with self-reso¬ 
nant frequencies from 2.2 GHz 
to 10 GHz. The series covers the 
range from 2.7 nH to 15 nH with 
tolerances of ±0.5 nH and ±5 
percent. 
AVX Corporation 
INFO/CARD #180 

100 W, Solid State 
Amplifier 
The Kalmus Engineering MOS¬ 
FET model 116FC boasts an 
instantaneous bandwidth of 
greater than 14 octaves. It 
produces 100 W of linear power 
with better than 0.5 dB gain flat¬ 

ness (ALC leveled) into 50 ohms. 
The 116FC gain is 50 dB with a 
minimum of 20 dB variable gain 
control. Its size is 19 x 7.5 x 17 
inches deep and it weighs 36 
pounds. 
Kalmus Engineering, Inc. 
INFO/CARD #179 

Sweep Generator 
The Boonton model 2200 synthe¬ 
sized microwave sweep gen¬ 
erator (10 MHz to 20 GHz), 
priced at $24,000, features high 
output power (as high as 
+11 dBm), unmatched spectral 
purity, versatile sweep trigger¬ 
ing, four independent markers, 
and true analog full-band, start¬ 
stop, and symmetrical (delta) 
sweeps. 
Boonton Electronics Corp. 
INFO/CARD #178 

Analyzers 
Modulation domain analyzers, 
operating up to 2 GHz, and time 
interval analyzers (10 MS/s, 
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w expo products 
100ps) will be displayed by 
Guide Technology. These anal¬ 
yzers can characterize dynamic 
RF signals and pulsed RF, 
as well as clock jitter in digital 
systems. 
Guide Technology, Inc. 
INFO/CARD #177 

C/N Generator 
The UFX-BER series of C/N gen¬ 
erators for BER testing can pro¬ 
duce Eb/No or C/N for IF back-to-
back or RF loop-back testing with 
accuracy of 0.21 dB RSS over a 
broad range of input or output 
lever, steps, increments and 
decrements. The instrument is 
available at 70 and 140 MHz, or 
any user specified frequencies up 
to 18 GHz. 
Noise Com, Inc. 
INFO/CARD #176 

VHF Amplifier 
ENI’s model 3200L RF power 
amplifier produces 200 W of lin¬ 
ear Class A output power over 
the frequency range of 250 kHz 
to 120 MHz. Nominal gain is 55 
dB and will withstand +13 dBm 
input signal for all output load 
conditions. The 3200L is avail¬ 
able at a cost of $1 1,985. 
ENI, Div. of Astee America, Inc. 
INFO/CARD #175 

500 MHz, 2.7 V FM IF 
Chip 
The SA626 is a low voltage, high 
performance monolithic FM IF 
system with high-speed RSSI. 
The chip is designed for high 
bandwidth portable communica¬ 
tion applications and will function 
down to 2.7 V. RF mixer input 
extends to past 500 MHz, and 
mixer conversion gain at 240 
MHz is 13 dB. The device is ESD 
hardened and has a power-down 
mode in which Icc = 200 uA. The 
SA626 is available in 20-lead 
SOL and 20-lead SSOP packag¬ 
ing. In quantities of 1000, the 
SA626 sells for $4.28 apiece. 
Philips Semiconductors 
INFO/CARD #174 

Pulsed Microwave 
Transistors 
Two medium pulse width, short 
duty cycle microwave power tran¬ 
sistors have been added to 
Motorola’s portfolio. The 
MRF1375 and MRF1500 
microwave power transistors 
deliver 375 and 500 watts of out¬ 
put power respectively and are 
intended as replacements for the 

discontinued Acrian DME1375 
and DME1500 devices. 
Motorola, Inc. 
INFO/CARD #173 

Semiconductors 
Alpha Industries will show their 
InGaAs pseudomorphic HEMTs, 
RF Microwave Varactor Designer 
Kit, HVLC beamless GaAs mixer 
diodes and FETs and PHEMTs 
for the first time at RF Expo 
West. 
Alpha Industries, Inc. 
INFO/CARD #172 

Switched Filter Bank 
K&L model 4SFB-368/464 is a 
four channel switched filter bank 
with an operating range from 368 
to 464 MHz. The unit measures 
1.25 X 1.5 X 0.5 inches and has 
switching speed less than 50 
nanoseconds. Typical bandwidth 
is 20 percent. 
K&L Microwave, Inc. 
INFO/CARD #171 

Ghost Simulator 
The HP 11759D dynamic ghost 
simulator provides precision mul¬ 
tipath and Doppler signals. The 
simulator’s frequency range is 50 
to 1000 MHz. The 11759D can 
simulate signal impairments 
caused by airplane motion, tower 
sway as well as fixed reflections 
from mountains and buildings. 
The simulator runs on any PC 
(386/20 MHz or better). Price is 
$56,500. 
Hewlett-Packard Co. 
INFO/CARD #170 

Amplifiers and 
Multipliers 
100 MHz to 8 GHz low noise 
PHEMT amplifiers, active fre¬ 
quency multipliers and 40 to 60 
GHz amplifiers will be shown by 
MilliWave 
MilliWave 
INFO/CARD #169 

Continuously 
Variable Attenuators 
Alan Industries introduces sever¬ 
al new additions to their popular 
“CAL" series of continuously vari¬ 
able attenuators. New models are 
available in vertical PCB, horizon¬ 
tal PCB, and panel mount config¬ 
urations. These devices operate 
over a DC-400 MHz frequency 
range with up to 25 dB of attenu¬ 
ation range. 
Alan Industries, Inc. 
INFO/CARD #168 

Single Layer 
Capacitor 
Compex is pleased to announce 
the single layer, parallel plate 
margin capacitor. Margin capaci¬ 
tors have the topside electrode 
withdrawn from the edges in 
order to increase the distance 
between electrodes and dramati¬ 
cally decrease the possibility of 
shorting when epoxy die mount¬ 
ing. 
Compex Corporation 
INFO/CARD #167 

Filters 
RS Microwave will show the 
DR series of dielectric resona¬ 
tor filters with wide stopbands, 
and a compact notch filter 
for Tacan rejection in JTIDS 
systems. 
RS Microwave 
INFO/CARD #166 

Signal Generators 
Models PSG1000B and PSG-
2400A are synthesized signal 
generators covering 10 kHz to 1 
GHz and 100 kHz to 2.4 GHz, 
respectively. Both have AM, FM 
and PM capability, along with an 
automatic SINAD meter. The 
2400A has two internal modula¬ 
tion sources and supports 
CTCSS, DTMF and SELCALL 
signaling systems. The 1000B 
supports CTCSS signalling sys¬ 
tems. 
Wayne Kerr/Farnell 
INFO/CARD #165 

Circuit Design For 
Windows 
EEsof introduces a trio of linear 
and nonlinear circuit design 
tools that fully utilize the Micro¬ 
soft Windows 3.1 graphical user 
interface. The family includes 
three programs — Touchstone, 
Libra and LineCalc for Win¬ 
dows, along with extensive 
models for high-frequency cir¬ 
cuit elements and libraries of 
popular RF and microwave 
transistors. 
EEsof 
INFO/CARD #164 

Limiter, Amplifier 
MMIC 
Model A9I301A4, a drop-in 
microwave limiter covering 500 
MHz to 18 GHz, handles 1 W 
CW, 10 W pulsed. The connec¬ 
torless design is 0.33 inches long 
and 0.25 inches wide. Model AL-
H102C is a distributed HEMT 

amplifier MMIC covering 2 to 20 
GHz and featuring 10 dB gain 
with 2.5 dB NF. 
FEI Microwave, Inc. 
INFO/CARD #163 

PCN/PCS Products 
The VDS 9000 series from Sciteq 
Electronics includes the VDS-
9000, a low-cost modular syn¬ 
thesizer; the VDS-9002 synthe¬ 
sized downconverter, the VDS-
9003 AGC amplifier; and the 
VDS-9004 power module, with 25 
dB gain and +30 dBm power 
output. 
Sciteq Electronics, Inc. 
INFO/CARD #162 

Crystal Ovens 
Isotemp Research has introduced 
a series of miniature crystal 
ovens for stabilizing the tempera¬ 
ture of quartz crystals. These 
ovens are available at any oper¬ 
ating voltage in the range of 5 to 
28 Vdc, with set temperatures 
from +35 to +95 degrees C. 
Prices range from $11.00 to 
$15.00 in 1000 piece quantities. 
Isotemp Research, Inc. 
INFO/CARD #161 

Capacitors 
Microelectronics will display their 
high power, non-magnetic ceram¬ 
ic capacitors for medical applica¬ 
tions. 
Microelectonics 
INFO/CARD #160 

Cable Assemblies 
Standard cable assemblies for 
instrumentation, commercial, con¬ 
formable and semi-rigid applica¬ 
tions are offered by Penstock. 
Lengths from three inches to six 
feet are in stock and ready for 
immediate delivery. SMA male to 
SMA male connectors are stan¬ 
dard; other configurations are 
available. 
Penstock Engineering Labs 
INFO/CARD #159 

GSM LNA 
The GSM low noise amplifier is 
specially designed for applica¬ 
tions in GSM base station 
receivers and operates in a fre¬ 
quency range from 880 to 915 
MHz. It exhibits exceptionally low 
noise figure and high third order 
intercept. While specifically tai¬ 
lored for the GSM band, it pro¬ 
vides similar performance in the 
824 to 849 MHz AMPS band. 
AT&T Microelectronics 
INFO/CARD #158 
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Building Blocks 
RNet™ Telemetry Products from Motorola 

RF Boards RF Modems Telemetry Radios 

INTRODUCING 
• RNet'“ “SLM” Packaging 
Only 3.9" LX2.5" WX1" H 

• RNet"' 9600 BPS Capable RF Modem in 
both Standard and “SLM” Packages 

For years, design engineers seeking solutions have been turning 
to Motorola for product support. Now, as you envision new 
opportunities within the context of a wireless society, Motorola is 
there again with building block RF components that will enable 
you to move from design to production . . . the RNet'“ Series of 
OEM RF boards, telemetry radios and RF modems. 

It doesn’t matter if you are dealing with remote control, RF Data 
Collection, alarm reporting, status monitoring, metering or 
SCADA applications, Motorola’s heritage of quality engineering 
and world class products provides you with the “Building 
Blocks” to support your current and future requirements. 

Envisioning . . . that’s your job. 
Enabling . . .that's ours. 
For more information and detailed specifications on RNet “ RF 
modems, telemetry radios and OEM radio modules, 

Call 1 /800-624-8999 Ext. 105 

RNet RF Modems 

Frequency 403-430 MHz, 450-470 MHz 
RF Output-TX 2 Watts or 4 Watts 
Selectable 
Data Rate 

1200/2400/4800/9600 BPS 
Asynchronous 

Modulation 1200,2400-MSK; 4800,9600-DGMSK 
Operation Half-Duplex or Simplex 

Protocol Transparent to the User 
Data Format 7 bits with even, odd, mark 

or space parity 
8 bits with even, odd, mark, space 
parity or no parity 

DTE Interface RS-232 or TTL 
Standby/RX 
Current Drain 32mA (RS-232) or 27mA (TTL) 

MOTOROLA 
1301 East Algonquin Road 
Schaumburg, IL 60196 

i « , Motorola, Radius and RNet are registered trademarks of Motorola, Inc. 
Specifications subject to change without notice. Ad#RT911 
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RF expo products_ 
Chip Inductors 
The 5000 series of chip inductors 
are encapsulated surface mount¬ 
ed inductors that are less than 
0.046 inches in height. This new 
series is ideal for use in high fre¬ 
quency hybrid and microwave 
applications when a high Q factor 
is required. Inductance values 
range from 8 nH to 10 uH. Typi¬ 
cal Q factor is 45. 
Vanguard Electronics Co. 
INFO/CARD #157 

Substrate Test 
Fixture 
The series WK-3000 adjustable 
universal substrate test fixture 
provides a highly flexible test 
platform for microstrip and copla¬ 
nar substrates. It also offers the 
flexibility of additional RF port 
additions from DC to 26.5 GHz. 
Thus multiple RF port units can 
be tested. Adjustments can be 
made in the X-, Y- and Z-axes to 
accommodate a variety of differ¬ 
ent substrate circuit configura¬ 
tions. 
Inter-Continental Microwave 
INFO/CARD #156 

Diplexers 
FSY Microwave announces a 
complete line of standard sus¬ 
pended substrate diplexers, cov¬ 
ering the 2 to 18 GHz frequency 
range. Standard crossovers are 
at 2, 4, 8, and 12 GHz. Both con-
nectorized and drop-in versions 
are available. 
FSY Microwave, Inc. 
INFO/CARD #155 

VXI Synthesizer 
Racal-Dana model 3261 is a sin¬ 
gle slot, C-size VXI synthesizer 
designed for both military and 
commercial VXIbus ATE systems 
requiring high stability and low 
phase noise. The synthesizers 
cover the range from 1 GHz to 18 
GHz (in bands). 
Racal-Dana Instruments 
INFO/CARD #154 

ocxo 
The N26 series of oven-con¬ 
trolled crystal oscillators offers a 
frequency stability of +5x1 0-9 
over 0 to 70 degrees C for a fre¬ 
quency in the range 1 kHz to 20 
MHz. It has an aging rate of 
5x10-, ° per day after 30 days. 
The OCXO comes standard with 
HOMOS output, requires a +15 
Vdc power supply, and has a +1 
ppm frequency adjustment. Avail¬ 
able options include TTL and 

Sine Wave output. 
Bliley Electric Co. 
INFO/CARD #153 

Flexible Cable 
Assemblies 
The HP160S high performance 
flexible cable assemblies are 
designed for optimal performance 
to 40 GHz. SMA, 3.5mm, 2.9mm 
and 2.4mm assemblies are avail¬ 
able. SWRs are 1.35:1 max. for 
straight 2.9mm and 2.4mm 
assemblies up to 40 GHz. 
Semflex, Inc. 
INFO/CARD #152 

Ceramic Packaging 
Tech-Ceram introduces new 
capabilities to produce leadless 
surface mount ceramic packages 
covering a broad range of appli¬ 
cations. Utilization of a cofire mul¬ 
tilayer ceramic tape process pro¬ 
vides a wide variety of designs 
including through hole vias, edge 
wraparound metallization and 
hermetic configurations. 
Tech-Ceram Corp. 
INFO/CARD #151 

High Rei Trimmer 
Caps 
Voltronics’ “SD” series of PTFE 
solid dielectric trimmers have 
capacitance ranges up to 1 to 32 
pF and are available with either a 
ceramic case and solder seal or a 
plain case and epoxy seal. Solid 
stability under shock and vibra¬ 
tion with no electrical path for 
internal shorts and 40 psi contin¬ 
uous seal make this the highest 
reliability part available. 
Voltronics Corporation 
INFO/CARD #150 

MMICs 
A family of SOIC-8 plastic pack¬ 
aged MMICs, designed for appli¬ 
cations in the 1.8, 2.4 and 5.8 
GHz ISM bands will be displayed 
by Harris Microwave. 
Harris Microwave 
Semiconductor 
INFO/CARD #149 

100 W, Broadband 
Amplifier 
A 0 dBm input provides 100 W 
output power within Amplifier 
Research’s model 100W1000M1 
100 MHz to 1 GHz frequency 
range. The all solid state design 
is smaller and more broadband 
than similar models. 
Amplifier Research 
INFO/CARD #148 

PCX Connector 
For applications requiring a small¬ 
er size, the PCX series combines 
the benefits of a lower insertion 
force, snap-on mating and a 
size reduction of 30 percent 
over the SMB series. With a 
frequency range of 3 GHz, this 
series is available in straight 
and right angle cable mounts and 
with broad mounting configura¬ 
tions. 
The Phoenix Company of 
Chicago, Inc. 
INFO/CARD #147 

Impedance Matching 
Software 
EEZMatch CAD software, version 
2, offers ease of use of various 
circle capabilities of the Smith 
Chart”: constant-gain (unilateral 
and bilateral), constant-noise, 
constant-Q, and stability. Also 
included is multi-frequency and 
multi-circuit capabilities for lumped 
and distributed components. 
Besser Associates 
INFO/CARD #146 

TCXO 
Piezo Technology’s Model 
X03016C offers a low profile 
package with a height of 0.310 
inches. The unit has ±4 ppm sta¬ 
bility over the temperature range 
of -45 to 70 degrees C, with 
aging less than 5 ppm over ten 
years. The standard frequency is 
21 .95 MHz with optional frequen¬ 
cies available between 15.0 and 
23.5 MHz. The unit features a 1 
Vpp sinewave output into 1000 
ohms. 
Piezo Technology, Inc. 
INFO/CARD #145 

Simulation 
Environment 
EASi (Environment for Analog 
Simulation) from Compact Soft¬ 
ware is an interface operating 
with MOTIF and X-Windows. The 
program provides a easy to use 
interface with SuperCompact, 
Microwave Harmonica and 
Super-Spice circuit simulators. 
Compact Software 
INFO/CARD #144 

YIG-Tuned Oscillator 
Ferretee has introduced a minia¬ 
ture YIG-tuned oscillator in a sur¬ 
face mount configuration. The 
package occupies a volume of 
only 0.7 cubic inches and weighs 
less than 2 ounces. The oscillator 
is specifically designed for low-

cost, commercial applications. 
Performance features include 
fast-switching, full 2-8 GHz cover¬ 
age and low phase noise. 
Ferretee, Inc. 
INFO/CARD #143 

SMT Glass Trimmer 
Caps 
Sprague-Goodman’s Pistoncap” 
trimmer capacitor line has been 
expanded to include surface 
mount glass models. Available in 
vertical and horizontal mount 
types, the trimmers come in stan¬ 
dard and extended capacitance 
ranges and both sealed and 
unsealed. Prices start at $2.10 for 
quantities of 5000. 
Sprague-Goodman, Inc. 
INFO/CARD #142 

Multi-Layer Chip 
Inductors 
Toko America is introducing a 
new line of multi-layer chip induc¬ 
tors designated the LL2012F 
series. These inductors feature 
an ultra-small footprint of 2.00mm 
x 1.2mm (0805 package) and a 
height less than 1mm. The new 
line utilizes Toko’s proprietary 
laminated ceramic material, 
allowing self-resonant frequen¬ 
cies of over 2 GHz and typical Qs 
of 29-30 at 400 MHz. The induc¬ 
tors are available from 4.7 to 82 
nH with 10 and 20 percent toler¬ 
ances. 
Toko America, Inc. 
INFO/CARD #141 

Cable Assemblies 
The “301” cable assemblies offer 
low loss at low cost. Insertion 
loss per 100 ft. of cable is 6.3 dB 
max. at 0.5 GHz and 41.3 dB 
max. at 18.0 GHz. The “Work¬ 
horse” series of cable assemblies 
are extremely durable assemblies 
designed for use at 18 and 26.5 
GHz. The cables are designed for 
strenuous flexing/mating situa¬ 
tions and are temperature tested 
from -55 to +125 degrees C. 
Quality Microwave Intercon¬ 
nects, Inc. 
INFO/CARD #140 

OCXO 
The CO-738S series of oven con¬ 
trolled crystal oscillators provide 
aging rates of 5x10-8 per year 
and temperature stabilities of +/-
1x10-9 over 0 to 50 degrees C 
and ±1x10'8 over -40 to +75 
degrees C. The package mea¬ 
sures only 1.5 x 1.25 x 0.86 inch¬ 
es, with frequencies ranging from 
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32 kHz to 32 MHz (and to 
50 MHz with relaxed specifica¬ 
tions). Price is $373 each for 100 
pieces with delivery in 12-14 
weeks. 
Vectron Laboratories, Inc. 
INFO/CARD #139 

Bandpass Filters 
Synergy Microwave announces 
its new line of high performance, 
low cost, elliptic response band¬ 
pass filters. These products are 
designed to cover the most popu¬ 
lar IF frequency bands in use 
today. The insertion loss is 1.5 
dB maximum and VSWR is 1.2 
dB typical in the passband. 
Prices start at $17.85 in quanti¬ 
ties of 1-9 for standard relay 
header packaging and $19.85 in 
leaded and non-leaded surface 
mount configurations. 
Synergy Microwave Corp. 
INFO/CARD #138 

Hybrid for Wireless 
and Cellular 
A miniature “drop-in” hybrid, 
series MCB3, is intended for wire¬ 
less and cellular applications. 
The patented Sage “Wireline™ ” 
technology was used to develop 
a bendable, 0.50 inch diameter 
quadrature hybrid. The hybrid 
features 60 W power handling 
and extremely low loss. 
Sage Laboratories, Inc. 
INFO/CARD #137 

Circulator and 
Isolators 
A new line of cellular circulators 
and isolators operating from 150 
to 2000 MHz is available from 
Ditom Microwave. 
Ditom Microwave, Inc. 
INFO/CARD #136 

Coaxial Elements, 
Bandpass Filters 
Miniature and sub-miniature 
coaxial transmission line ele¬ 
ments from Trans-Tech are 
meant for those circuits where 
small size is a major design fac¬ 
tor. Ceramic bandpass filters for 
200 MHz to 2.5 GHz provide low 
insertion loss, compact design 
and mechanical and frequency 
stability. 
Trans-Tech 
INFO/CARD #135 

Monolithic Log 
Amplifier 
The successive detection loga¬ 
rithmic amplifier from AEL 

Defense covers the 200 to 6000 
MHz range with only three band 
breaks. The logarithmic amplifiers 
have input dynamic range of 70 
dBm and video linearity of ±1.5 
dB. The devices feature small 
size, low DC power and low cost. 
AEL Defense Corp. 
INFO/CARD #134 

Resistors on Board 
Goguen Industries offers printed 
circuit boards with resistive print¬ 
ed components. 
Goguen Industries, Syrtek Div. 
INFO/CARD #133 

SMT AT-Cut Xtals 
An AT-cut crystal in surface 
mount packaging which possess¬ 
es all AT-cut motional parameters 
is being offered by EG&G Fre¬ 
quency Products. 
EG&G Frequency Products 
INFO/CARD #132 

Chip Capacitors 
Republic Electronics offers tem¬ 
perature compensating multilayer 
chip capacitors. Available in 0805 
and 1206 sizes, the capacitors 
have temperature coefficient rat¬ 
ings of NPO through N5600. The 
terminations are surface mount¬ 
able. 
Republic Electronics Corp. 
INFO/CARD #131 

Amplifiers 
The QBS-141/142 were specifi¬ 
cally designed for digital cellular 
receive base stations. Both 
devices have less than 1 dB 
noise at 25 degrees C, two 
redundant RF signal paths, 90 
degree hybrid combiners for soft-
fail, reverse voltage protection to 
100 V, and a DC power input 
fuse protected to 2.0 A. 
Q-bit Corporation 
INFO/CARD #130 

SMT VCXO for VHF 
TEW North America has devel¬ 
oped a sine wave VCXO for 
VHF use in a surface mount 
package, the VXS1815C. A nomi¬ 
nal frequency is available from 
60 MHz to 150 MHz. The 1cc 
package has a profile of only 
4.7mm, enabling mounting in 
tight places. The components 
come packaged in a plastic tray 
and are priced at $20 each in 
quantities of 10,000. 
TEW North America 
INFO/CARD #129 

SAW Filters 
Two new SAW filters are 

designed for North American Dig¬ 
ital Cellular (NADC) IF applica¬ 
tions. The PX1001 has a center 
frequency of 83.16 MHz, and the 
PX1002 has a center frequency 
of 86.85 MHz. Both filters have a 
minimum 3 dB bandwidth of 30 
kHz and feature low group delay 
ripple to minimize intersymbol 
interference. The filters are avail¬ 
able in 13.3 X 6.5mm SMT pack¬ 
ages. 
RF Monolithics, Inc. 
INFO/CARD #128 

Glass to Metal 
Feedthroughs 
Hermetic RF, DC and capacitive 
feedthroughs are designed for 
use in aluminum housings. They 
provide highly reliable her¬ 
metic sealing in cyclic military 
and processing temperature 
environments. Capacitance val¬ 
ues are available up to 
30,000 pF. 
Special Hermetic Products, Inc. 
INFO/CARD #127 

Emission 
Microscope 
The EDO/Barnes 1630 EMMI 
emission microscope nondestruc-
tively detects current leakage 
caused by dielectric failures. 
EMMI can monitor process con¬ 
trol during fabrication, verify 
designs and solve reliability prob¬ 
lems. 
Barnes Engineering Div., EDO 
Corp. 
INFO/CARD #126 

RF Mechanical 
Switches 
A complete line of RF mechanical 
switches are available from stock 
from Loral Microwave/Narda. The 
SEM series of switches are avail¬ 
able in SPST through SP6T and 
Transfer types. 
Loral Microwave/Narda 
INFO/CARD #125 

Traveling Wave 
Tubes 
LogiMetrics’ series EPA and CA 
HP TWTAs feature superior 
spectral purity and pulsed fidel¬ 
ity, which make then particu¬ 
larly suitable for use in radar, 
EW simulators, radar cross 
section systems, communica¬ 
tions amplifiers and suscepti¬ 
bility test systems. Reduced 
size, weight and modular de¬ 
sign result in ease of mainte¬ 
nance and handling, along 

with increased reliability. 
LogiMetrics, Inc. 
INFO/CARD #124 

Sweep/Scalar 
Analyzer 
A sweep/scalar analyzer from 
Wavetek features a 14 inch 
color monitor, 2-1100 MHz 
sweep range and a dual channel 
scalar network analyzer. 
Wavetek Communications Div. 
INFO/CARD #123 

GaAs FET Switch 
A 0.5 to 26.5 GHz, high¬ 
speed, ECL, GaAs FET switch 
provides a minimum 60 dB 
modulation depth. Switching 
speed is less than 9 ns (a 
6 ns option is available). Tran¬ 
sition times are less than 
3 ns. VSWR is a maximum of 
2.0:1 in both the “ON” and “OFF” 
states. Control is via balanced 
ECL. 
Custom Microwave 
Components 
INFO/CARD #122 

Modulator 
A high speed, bi-phase modulator 
is available in frequency ranges 
from 10 MHz to 1 GHz. The FP-
BPM-1047 is packaged in a stan¬ 
dard 0.51 X 0.39 inch flatpack. 
Amplitude balance of ±0.2 dB and 
phase balance of ±0.2 degrees 
are achieved. 
ST Olektron Corp. 
INFO/CARD #121 

DOS 
Qualcomm introduces the new 
Q2230C high-speed direct digital 
synthesizer with a clock rate to 
85 MHz. Four new DACs — the 
10-bit Q2510I and Q2515I and 
the 12-bit Q2520I and Q2525I — 
compliment Qualcomm’s family of 
DDS ICs. 
Qualcomm, Inc. 
INFO/CARD #120 

Temperature 
Variable Attenuator 
Thermopac” from EMC Technol¬ 
ogy is a temperature variable 
attenuator available with positive 
and negative temperature coeffi¬ 
cients. Typical temperature coef¬ 
ficient magnitudes are 0.01 dB 
per degree C over an operating 
temerature of -55 to +125 
degrees C. The attneuator mea¬ 
sure 0.030 X 0.122 X 0.145 inch¬ 
es. 
EMC Technology, Inc. 
INFO/CARD #119 
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RF product report_ 

Inductors and Capacitors: L and C 
for Changing Markets 

By Andy Kellett 
Technical Editor 

Electronic eras are defined in terms of 
their active devices. First there was 

the tube era, then the transistor age and 
now we live in the days of the IC. How¬ 
ever, even if you removed every active 
device from some RF device, you still 
could tell what era that circuit belonged 
to simply by looking at the inductors and 
capacitors left behind. Though their 
function is the same, today’s inductors 
and capacitors have evolved to work 
with today’s applications. 
The switch to surface mount devices 

has been the most visible change. Two 
requirements have driven this change, 
the need for smaller circuits and the 
need for automated parts placement. 
Standards for chip capacitor dimensions 
have emerged, but surface mount induc¬ 
tors are still competing to become de 
facto standards. “We have a basic in¬ 
ductor with an epoxy enclosure which 
we are offering, however marketing it is 
more difficult simply because there’s no 
real standard and everybody is out there 
promoting their own manufacturing ca¬ 
pabilities,” says Dick Kolster, Senior 
Marketing Manager for Siemens Com¬ 
ponents, Special Products Division. 
While surface mount components are 
finding their way deeper into the market, 
leaded components still find plenty of 
use. “There are still people utilizing the 
through-hole devices for those places 
where the high volume isn’t there,” says 
Bill Grajek, Sales Engineer for American 
Precision Industries, Delevan Division. 
Other changes which accommodate 

today’s applications are not visible. Sev¬ 
eral interviewed manufactures echoed 
each other when they said, “quality is a 
given.” “The market takes quality as a 
given, either you are pretty good to very 
good or you aren’t doing any business,” 
says Mark Sullivan, Director of Market¬ 
ing and R&D for Toko America. “Quality 
is a given, it used to be a selling point, 
now its a given,” says Tom Rowan, 
Vice-President of Sales and Marketing 

for Johanson Manufacturing Corpora¬ 
tion. 
Manufacturers of components are 

aware of the trend to reduce the number 
of final adjustments needed for a prod¬ 
uct. “An area that our customers focus 
on is the consistency of the devices, 
within the lot and from lot to lot. Consis¬ 
tency eliminates the need for tunability," 
says Dennis O’Toole, Product Marketing 
Manager for thin film devices at AVX. 
Makers of trimmer capacitors are aware 
that their products are not among a pro¬ 
duction engineer’s favorites. “If prices 
are not to an engineer’s liking they will 
work very hard not to design you into a 
new design, or to design you out of an 
existing design,” says Johanson’s 
Rowan. 
For consumer applications, adjust¬ 

ments are to be avoided, but for precise 
applications, high quality trimmers are 
still in high demand. “Our capacitors are 
stable, precise, multiturn capacitors,” 
says Voltronics Chairman Richard New¬ 
man, “they’re used in communications 
equipment, aircraft, missiles, MRI, all 
sorts of instruments — professional ap¬ 
plications." Likewise Johanson Manufac¬ 
turing concentrates on “the middle and 
the high end,” according to Rowan. 
What does an inductor or capacitor’s 

design cycle look like? “The decision to 
make a new component can be driven 
by individual customers as well as our 
own understanding of the market,” says 
Jeff Bartlett, AVX’s Director of Product 
Marketing. The next step may require 
nothing more than the substitution of 
one material for another, or the creation 
of an entirely original design. Voltronic’s 
Newman described how long he expects 
it will take to get a planned multiturn, 
surface mount trimmer capacitor into 
production, “It will take us about four 
months to finish the design, another 
couple of months to make some simple 
samples and another six months to eval¬ 
uate it — make model runs; it will proba¬ 

bly take a year and a half to two years to 
get it into production.” 
Many inductor and capacitor manufac¬ 

turers saw minuscule growth at best 
over the past three years. The growing 
wireless market only partly offset set¬ 
backs caused by reductions in military 
spending. For those companies that 
were not heavily invested in the military 
market, the market actually showed 
healthy growth. “We've seen a lot of 
growth in the last three years and a lot 
of other people haven’t. I think that’s be¬ 
cause we’ve come out with a lot of new 
products and we’re in a lot of high 
growth markets,” says Toko’s Sullivan. 
“Over the next year I don’t expect to see 
a bull market, but certainly we have bot¬ 
tomed out,” says Jerry Gordon, presi¬ 
dent of Compex Corporation, “and the 
commercial market is beginning to make 
itself felt more now than in the past.” 

Inductor and capacitor makers will un¬ 
doubtedly have buyers long into the fu¬ 
ture. Success depends on selling L and 
C in forms that fit thriving applications. 

RF 

For reprints of this report, contact 
Cardiff Publishing Company at (303) 
220-0600. Ask for the Circulation De¬ 
partment 
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™ERFDesigner® REsoftware 
SPICE Model for IGBTs 
Intusoft has produced a SPICE model 
for IGBTs. The model, represented by a 
SPICE subcircuit, is the first ever avail¬ 
able in a form that can be used for a 
variety of IGBT devices and for virtually 
all SPICE versions. The new model 
accurately simulates: switching losses, 
on-voltage, turn-on/turn-off delay, rise 
time/fall tail, active output impedance 
and other characteristics. 
Intusoft 
INFO/CARD #210 

CAD Program 
Version 2.02 of Decade-UX has been 
released by Cadshare Resources. 
Decade-UX includes a macro language 
which can use all of Decade-UX's draft¬ 
ing, grouping and database functions 
and can incorporate arithmetic, algebra¬ 
ic and trigonometric functions. Decade-
UX is priced at $995, and currently oper¬ 
ates on System 5 UNIX-based hardware 
platforms. 
Cadshare Resources, Inc. 
INFO/CARD #209 

Smith Chart® Simulation 
ARRL MicroSmith v2.00 is available for 
IBM PC and compatible computers. 
MicroSmith is a tool for designing 
matching networks with fixed or variable 
LC components, stub matching sections 
with transmission lines, etc. Version 
2.00 supports frequency-dependent ter¬ 
minations. The program requires 272k 
RAM and DOS 2.0 or higher. Retail 
price is $39.00 plus $3.00 shipping and 
handling. 
American Radio Relay League 
INFO/CARD #208 

Measurement Software 
EMC Consulting’s EMI Commercial 

Measurement program has been 
revised to meet the requirements of 
ANSIC63.4-1991. The program is avail¬ 
able in a standard version for the Anritsu 
MS2601 spectrum analyzer and in cus¬ 
tom versions for the HP8568/8566 and 
the Advantest R3361/3261 A&B spec¬ 
trum analyzers. 
EMC Consulting 
INFO/CARD #207 

RFDesigner : a powerful yet easy to use ana¬ 
log simulator. Saves time and money in design of 
RF/MW circuits. New S-parameter post-processing 
including time domain response. 

Gradient and Random optimization for any number 
of circuit components. Yield prediction with full 
Monte-Carlo analysis and data post-processing. 

_ CADDOCK 

More New Power Resistors 
New file management environment and program¬ 
ing language for easy handling of large projects 
with files of any size. 

RFSynthesist : a computer aided synthesis 
tool for lumped component filters and distributed 
structures, providing the first step in circuit design. 

SCHEMATIC CAPTURE: full-featured independent 
package: used as a project data base; data entry & 
auto back annotation; digital simulation included. 

PCB LAYOUT CAD with PROGRAMING capabili¬ 
ties, essential for design of RF/MW PCB layouts. 

Direct information exchange with all standard CAD 
environments: DXF, IGES. HPGL, GERBER etc. 

Very Low Inductance Designs 
Frequency Response > 500 Meg Hz. 
at 50Í1, 75U or 100^1. 

TO-220 Power Packages 
Kool-Tab Power Film Resistor 
20 Watts at 25 C Case Temperature 
• Metal Mounting Tab 

• Resistance Range of 0.05 ohm to 10K 

• Tolerance ±1%, +2%, ±5% or ±10% 

Kool-Pak™ Power Film Resistor 
50 Watts at 25 C Case Temperature 

Copper Heat Sink Integral in the Molded Package 

Resistance Range of 1.0 ohm to 10K 

• Tolerance ±1%, ±2%, +5% or +10% 

NETWORK ANALYZER INTERFACE: sw&hw 
(SCSI ■ IEEE488) for S-parameter data acquisition. 

COMPREHENSIVE USER SUPPORT: printed 
tutorial, reference and RF Handbook, automatic on¬ 
line manuals, RFDesigner Newsletter, and active 
consulting. mgSOFT software runs on all Macintosh 
models. 4 to 8 MB of RAM min. recommended. 

¡ fl ÇJ O O F f Limited 

213 Dunview Ave., Willowdale, Ont. M2N-4H9, Canada 
TEL: (416) 730-9611 FAX: (416) 733-3884 

• RFDes^ner R F Synthes;« -mgSOFT Untiled Al other trademarks belong to their respective owners 

More high 
performance 
resistor 
products from 

CADDOCK 

These products are manufactured with Caddock s exclusive Micronox’ 
Resistance Film Technologies. 

Applications Engineering 
Caddock Electronics, Inc. 
17271 North Umpqua Hwy. 
Roseburg. Oregon 97470 
Phone: (503)496-0700 
Fax: (503)496-0408 

Sales Office - USA and Canada 
Caddock Electronics. Inc. 
171 7 Chicago Avenue 

Riverside. California 92507 
Phone: (909)788-1700 

Fax: (909)369-1151 
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TMM® Microwave Materials. 
More temperature stable than alumina. 

But not as temperamental. 

The TMM family of 
microwave materials 

combines the best properties of 
ceramic and PTFE. 

Like alumina, TMM provides 
mechanical stability over a wide 
range of temperatures, but TMM 
offers an improved thermal coeffi¬ 
cient of dielectric constant and a 
coefficient of thermal expansion 
(CTE) matched to copper. 

It’s easier to work with. 

Like alumina, TMM Materials 
are easily wire bonded. And like soft 
substrates they are capable of 
standard printed circuit processing 
and machining. 

Designing is more flexible. 

TMM Materials are available in a 
wide range of dielectric constants: 
3.25, 4.5, 6.0 and 9.2. And they’re 
available in a wide range of metal 
claddings in large panel sizes up to 
12" X12", and in thicknesses from 
0.015" to 1". Call or write for more 
details today. 

Alumina data based on 
AFML-TR-72-39. Data below 
25°C is extrapolated. TMM 
data based on Rogers Corp. 
TR #5049. Contact us for 
more details. 

Technology for tomorrow built on TQC today. 

$ ROGERS 
Rogers Corporation 
Microwave & Circuit Materials Division 
100 S Roosevelt Avenue. Chandler. AZ 85226 
(602) 961-1382 FAX (602) 961-4533 
Rogers Japan, Inc., Tokyo; Tel; 03-3435-1951 
Mektron Europe, Ghent, Belgium; Tel: 32-91-353611 

TMM is a registered trademark of Rogers Corporation 

INFO/CARD 6 



r 1 
HIGH ENERGY CORP 
CERAMIC RF CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

IQ JENNINGS 
A LEAR SIEGLER COMPANY 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619)4384420 
FAX (619)4384759 
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RF literature 
Analog Design Software 
A 16-page color brochure describing the 
features and capabilities of the Series IV 
high-frequency analog design system is 
available from EEsof. Series IV compris¬ 
es the OmniSys system simulator, 
Touchstone and Libra linear circuit sim¬ 
ulators, and J-Omega non-linear circuit 
simulator. The software also includes a 
file management scheme, “test bench” 
measurement functions and a layout 
editor. 
EEsof, Inc. 
INFO/CARD #200 

Semiconductor Data Base 
D.A.T.A. is introducing the D.A.T.A. 
Parametric Access Library (D.A.T.A./ 
P/A/L/™), a CD-ROM version of the 
D.A.T.A. Digests. Ten component fami¬ 
lies are available: diodes, optoelectron¬ 
ics, thyristors, transistors, digital, inter¬ 
face, linear, memory, microprocessors 
and programmable logic. Subscriptions 
are available for any or all categories. 
Cost is $295 per category, or $1 930 for all. 
D.A.T.A. Business Publishing 
INFO/CARD #199 

Quartz Crystal Catalog 
An illustrated, eight-page booklet from 
JAN Crystals contains descriptions, 
specifications, and prices on crystals for 
frequency control, micro-processors, 
data transmission, telemetry & telecom¬ 
munication voice. The catalog is avail¬ 
able free of charge. 
JAN Crystals 
INFO/CARD #198 

Built-In-Test Note 
A one-page application note from 
Noise/Com describes the use of a noise 
diode in a balanced amplifier to provide 
remote measurement of the amplifier’s 
noise figure and gain. Information about 
Noise/Com’s line of noise diodes is also 
included. 
Noise/Com 
INFO/CARD #197 

Quartz Crystal and 
Oscillator Guide 
The Valpey-Fisher Expanded User’s 
Guide to Quartz Crystals and Oscillators 
contains a whole new section on oscilla¬ 
tor terms and definitions in addition to its 
glossary of crystal terms and definitions. 
Products described in the guide include 
high frequency fundamental crystals for 
filter and VCO applications. 
Valpey-Fisher 
INFO/CARD #196 

• GaAs NCO and DAC 
• 32 Bit Phase Accumulator 
• 11 Bit Direct Phase Port 

• Dedicated I and Q Data Ports for balanced/ 
unbalanced QPSK Modulation 

• RS-232 Interface to On-board 68HC11 
Microcontroller 

• User-friendly, Graphical Software 

To Order: 

• CMOS Compatible Inputs 
• 12 Bit Magnitude Output 
• On-board 310 MHz SAW Oscillator 

• Variety of digital modulation schemes including 
FSK, MSK, BPSK and QPSK 

• And much more— 

ALL ON A 3U VME CARD! 

602-732-3033 
For Application/Technical 
Information 602-732-2914 
or write: P.O Box 2606 
Scottsdale, AZ 85252 
^Copyright 1993 Motorola. Inc. 

NOW AVAILABLE FOR DELIVERY 

MOTOROLA 

GaAs Upconverter MMIC 
A detailed description of the use of its 
GaAs upconverter MMIC in double con¬ 
version cable television converters and 
television tuners is available without 
charge from Anadigics. The technical 
bulletin provides a functional description 
of the ACU50550 and discusses the key 
parts and functions. 
Anadigics, Inc. 
INFO/CARD #195 

Quartz Crystals and 
Oscillators 

Bliley Electric Co. has published a 
newly designed catalog of its crystal 
oscillator and quartz crystal compo¬ 
nents, Dimensional drawings and speci¬ 
fication tables are included for each 
device type. The catalog is free on 
request. 
Bliley Electric Company 
INFO/CARD #194 
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RF design 

MARKETPLACE 
WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE 
Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and 
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600. 

NOVA RF Systems, Inc. 
The Complete RF/Microwave Solution 

— RF/Microwave Systems 
— Custom Design/Consulting 
— Simulation Software 
— Synthesizers (PLL/DDS) 
— Complete Lab/Machine Shop 
— TDMA/CDMA/Spread Spectrum 

1740 Pine Valley Dr. • Vienna, Virginia 22182 
(703) 255-2353 

Coupled Line Filter Design Software 
Parfil: Chebychev & Butterworth Elliptic: Elliptic Function Filters 

SYNTHESIZE 
DIMENSIONS FOR: 
Combline Interdigital 
Hairpin Half Wave 

MANY STRUCT! RES 
Microstrip Shielded MS. 
Stripline Suspended Stripl. 
Reel. Bar Round Rod 

MINI OR BIG FILTERS: 
Combline @ 10 MHz < 1 sq in. 
Interdigital @ 1 GHz < .4 sq in. 
Rod Interdigital with 17 poles 

Insertion/ Rtn Loss Monitor 
Group Delay Plotter ( H PG L ) 
S - Parameters AutoCad <R > (DXF) 

SOUTHWEST MICROSYSTEMS 
PO Box 2697. Escondido. CA 92033 (619)747-6922 FAX: (619)747-5270 

INFO/CARD 107 INFO/CARD 108 

RF SPICE 
MODELS 

• BIPOLAR, FET, DIODE 
• NON-LINEAR MODELS 
• CLASS C POWER 
• OPTO, LOGIC, OPAMPS 
• MEASUREMENTS IN-HOUSE 

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

6987 N. Oracle Rd., Tucson, AZ 85704 
PHONE (602) 575-5323 FAX (602) 297-5160 

Quartz Crystals 
50 Khz to 200 Mhz 

TTL Clock Oscillators 
250 Khz to 70 Mhz 

HCMOS Clock Oscillators 
3.50 Mhz to 50 Mhz 

TTL and HCMOS Half Size and Surface Mount also available on request 

CAL CRYSTAL LAB, INC. • COMCLOK, INC. 
1142 No. Gilbert, Anaheim, CA 92801 • FAX 714-491-9825 

INFO/CARD 109 INFO/CARD 110 

RF engineering opportunities 
FAST QUARTZ CRYSTALS 

QUALITY CRYSTALS, MOST IN 15 DAYS 
EXPEDITED SERVICES 24 HOURS TO 10 DAYS 

- COMMUNICATIONS CRYSTALS *** 
*** CUSTOM CRYSTALS *** *** BASE PLATED BLANKS — 

AAA Frequency 
V V V Management 

15302 BOLSA CHICA ST 
HUNTINGTON BEACH, CA 92649 

PHONE 800 800—9825 FAX 714 890—1832 

SR. RF/MW DESIGN ENGINEER 
Trans-Tech, a leader in electronic ceramics, 
seeks Sr. Engineer to design Filters and re¬ 
lated products, develop testing for materials 
and circuitry. Experience required: 5-10 yrs. 
RF/MW Filter Design, Touchstone/Super-
Compact, and EE Degree or equivalent. Send 
resume to: Human Resources, TRANS-TECH, 
INC., 5520 Adamstown Rd., Adamstown, MD 
21710. Fax: (301) 695-7065. 

INFO/CARD 115 



HP engineering opportunities 

GPS RECEIVERS 
TELECOMMUNICATIONS 
REMOTE OCEAN SENSING 
EHF COMMUNICATIONS 

SPACE SYSTEMS 
C4I 

TOMORROW’S TECHNOLOGY TODAY! 

If this sounds like the technology you are interested 
in pursuing, talk to E-Systems, ECI Division. We are in 
search of talented engineers to staff a variety of exist¬ 
ing programs and to lead in the pursuit of new busi¬ 

ness. 

Opportunities exist for individuals with a back¬ 
ground in one of the following areas: 

GPS RECEIVERS ... Kalman Filters, Dynamic 
Simulation, Differential GPS, GPS Inertial Aiding, 
Attitude Determination. 

CRYPTOS ... Embedded Cryptographic Design, 
Red/Black Isolation, Security Fault Analysis, NSA 
Documentation. 

TELECOMMUNICATIONS ... Operational 
Concepts, ISDN Trunk Interfacing, Acoustic Design, 
Smart Card Development, Multi-Chip Module (MCM) 
Technology. 

CI .APPLICATIONS ... LANs/WANs, Multi-level 
Security, RF Modem Design, HF/UlIF/VHF, IMBPS 
to 5GBPS, 68000AME Designs. 

EHF SYSTEMS ... Space and Ground Terminals, 
MILSTAR LDR/MDR Waveform, Up/Downlink 

Systems. 

RF/MICROWAVE DESIGN ... MIC Solid State 

Power Amps, Ku Band. 

SOFTWARE DESIGN ... Ada, C, 175OA, RISC, 
DSP, Real-time, embedded microprocessor, DOD 
2167A, CASE Tools, SW Methodology. 

E-Systems offers very competitive salaries and 
an excellent benefits package which includes an 
Employee Stock Ownership Plan, 401 (k), and medi¬ 
cal and dental insurance. Qualified candidates should 
forward a resume and salary history to: Manager of 
Staffing, E-Systems, Inc., ECI Division, Post Office Box 
12248, St. Petersburg, Florida 33733-2248. 

RF Monolithics, Inc. 

RF Monolithics is North America's largest manufac¬ 
turer of SAW devices. We are now seeking the fol¬ 
lowing professional to join our SAW Design Team: 

SAW Design Engineer 
As a member of this team, you will be responsible 
for the design of SAW resonators, coupled resonator 
filters, SPUDT filters, delay lines, high-loss filters 
and new SAW devices in development. In addition 
to designing the product, with the use of computers, 
the engineer will also design RF tuning networks, 
write test procedures and prepare documentation 
for the manufacturing of the SAW device. 

This position requires a minimum of 2 years SAW 
design experience and a minimum of a BSEE de¬ 
gree. A MSEE or MS in physics will be considered 
in lieu of the 2 years SAW design experience. 

Please send resume and salary requirements to: 

Human Resources Department SDE 
RF Monolithics, Inc. 
4441 Sigma Road 
Dallas, Texas 75244 

Equal Opportunity Employer 

E-SYSTEMS 
The science of systems. 

U.S. Citizenship Required. 
Equal Opportunity Employer, M/F, D, V. 

SENIOR R.F. 
DESIGN ENGINEER 

A southeast Cleveland, Ohio, Corporation is 
seeking a senior level engineer to conduct re¬ 
search and design and develop new products. 
The development role will include project 
management and the establishment of project 
plans and schedules, from product inception 
through pilot production. Requirements: BSEE 
or equivalent, 5-7 years of experience in the 
design and development of radio frequency 
products, with special emphasis on trans¬ 
mission line related products such as filters, 
directional couplers. Candidates should be 
familiar with microstrip and stripline design 
techniques, and the use of cad tools for de¬ 
sign. Good mechanical aptitude required. 

An equal opportunity employer. 

BIRD ELECTRONIC CORPORATION 
30303 Aurora Road 

Solon, Ohio U.S.A. 44139-2794 
Phone: 216/248-1200 
FAX: 216/248-5426 



RF engineering opportunities 
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FREQUENCY SYNTHESIS 
Bandwidth 1 to 400 MHz Bandwidth . 1 to 230 MHz 
Step size. 
Frequency control 
Spurs . 
Size . 
Output . 

. <1 Hz 

. 30-bits, parallel 

. <-45 dBc typ 
3.75" X 4.78" X 0.89" 

Quadrature 

Step size . <30 Hz granularity 
Phase control . 12-bit 
Switching . 2 nanosecond update 
Spurs . -55 dBc typical (CW) 

OFFSET (Hz) 

ADS-431 
ADVANCED DDS 

DCP-1 
GaAs DDS 

For Synthetic Aperture Radar 
and other systems requiring 

This LOW COST module is perfect 
for ATE, simulation, EW, and all 

other applications where speed and 
phase continuity are important. 

The VDS-6030 is a low cost C-band 
solution, with excellent phase noise 
and low power dissipation. It's also 

available in L-band. 

SCITEQ 
specializes in advanced technology 

frequency synthesis 
using direct digital, phase-locked-loop, 

Arithmetically Locked Loop, and mix/filter 
designs, plus unique combination 

architectures that combine the advantages of 
multiple underlying technologies. 

state of the art LINEAR FM. 
Sciteq's DCP-1 provides 
extended bandwidth, high 
linearity, phase control, and 
excellent spectral purity. 

This one square inch waveform 
generator includes digital 
phase, frequency, and 
amplitude control, yet it only 
dissipates 1.5W atfck max. 

VDS-6030 
ARITHMETICALLY 
LOCKED LOOP 

DDS-1 
SYNTHESIZER & 
MODULATOR 

TYPICAL PHASE NOISE 

dBc/Hz 
-70 

-80 

-90 
■100 

•110 

■120 
100 1K 10K 100K 1M 

OFFSET (Hz) 
TYPICAL SPURS 

Bandwidth 4.65 to 5.25 GHz 
Step size . 2.5 MHz 
Outputs . 2-channels @ +17 dBm 
Total power . <5 W 
BIT. TTL lock indicator 
Spurs . -60 dBc 
Reference . 10 MHz, ext (internal optional) 

Maximum clock up to 25 MHz 
Frequency control. 32-bit 
Switching speed. <1 psec 
Output . SINE, 1 VP-P 
Phase noise. per the clock 
Gating . »100 dB ON/OFF, 1 -bit toggle 
Modulation . digital amplitude, <g>, FSK 

ELECTRONICS, INC. • 4775 Viewridge Ave. • San Diego, CA 92123 • (619)292-0500 • FAX (619)292-9120 
INFO/CARD 104 
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No One Supports Motorola's RF Products 
Better Than Richardson Electronics. 

■ Inventory 
■ Technical Assistance 
■ Delivery 
■ Design Help 

You're Supported by: 

■ An extensive inventory and off-the-shelf availability 
of Motorola RF power FETs, power Bipolar, small-signal 
transistors and power modules. 

■ Atoll-free hotline in the U.S.—1-800-RF POWER— 
to call for technical assistance and design help. 

Call Richardson today and let us take any RF concerns 
off your shoulders. 

U.S. (800) RF POWER Canada (800) 348-5580 

MOTOROLA A 
INFO/CARD 45 

Richardson 
Electronics, Ltd. 

Please see us at RF Expo West, Booths #829, 831. 



You can’t buy 
a better precision 
timepiece for 
under 2.4 GHz. 

If you’re operating in a frequency range from 100 MHz 
to 2.4 GHz, you can’t buy a better oscillator than an 
Andersen VCO. It gives you the highest spectral purity 
with the lowest spurious (> -60dB). And typical single 
sideband phase noise of > -1 19dBC @1 KHz offset. 

It’s compact. It’s rugged. It operates in temperatures up 
to 100°C. It can be tuned up to 1.5 MHz or phase-locked 
to a reference. Plus, its low mass and low profile make it 
ideal for surface-mount technology, DILS or flatpaks. 

Isn’t it about time you discovered the precision, the 
versatility and simplicity of designing with Andersen 
oscillators? Contact Andersen Laboratories, 45 Old 
Iron Ore Road, Bloomfield, CT 06002. Telephone 
(203) 286-9090/FAX 203-242-4472. 

® ANDERSEN LABORATORIES 

INFO/CARD 106 



Ninth Annual RF Expo West 
March 17-19 • San Jose Convention Center • San Jose, California 

Select type of registration and complete form below. IMPORTANT! complete one form per person. If more are needed, please copy 

Check box of your selection. 

□ THREE-DAY PASS 
includes sessions, exhibits, deli lunch 

& cocktail tickets 

$240.a person 
$185 .a person for 5-9 
$135.a person for 10 or more 
$315.a person ON-SITE 

□ ONE-DAY PASS 
includes sessions & exhibits 

$95 .a person 
$75.a person for 5-9 
$55.a person for 10 or more 
$120 .a person ON-SITE 

□ EXHIBITS ONLY PASS 
for the duration of the show 

$20 .a person 
$15.a person for 5-9 
$12 a person for 10 or more 
$35 a person ON-SITE 

(registrations must be mailed together to receive discount) 

Check box of course you would like to attend. 
Special Courses:These courses require preregistration. 

□ Filter and Matching 
Network Design 

Course Date: 
March 16, 1993 
8a.m. -5 p.m. 

□ Introduction to RF Circuit Design □ Introduction to RF Circuit Design □ Oscillator 
Part I: Fundamental Concepts Part II: Active Circuit Design Design Principles 

Course Date: 
March 17, 1993 
8a.m. -5 p.m. 

Course Date: 
March 18, 1993 
8a.m. -5 p.m. 

Course Date: 
March 19, 1993 
8a.m. -5 p.m. 

FEES (includes lunch and RFEW Exhibits Pass; textbook and class notes where applicable.) 

$275 for one course $465 for two courses (15% savings) $660 for three courses (20% savings) $770 for four courses (30% savings) 

Name- -- Title - --

Company Name-

Address -

City/State - -- Zip - Country-

Phone Fax_ D This is my first time to attend RFEW 

Badge should indicate: (please check one box) 

□ Broadcast, CATV, Video Equipment 

□ Instrument & Test Equipment 

□ Govt., Military, Aerospace ECM & EW 

Equipment 
□ Communications Equipment 

□ Components Manufacturer 

□ Labs & Consultants 

□ Other_ 

RF Expo Proceedings Available 
If you would like to order a copy of the 
Proceedings, please fill out the form above 
(name & address) and check box below. 
□ $70 Attendee price 

□ $145 Non-Attendee price 

Payment: 
□ Check enclosed (payable to RF Design magazine) 

□ MC □ VI □ AE Signj

Payment must accompany registration 

Please return to RFEW 93 Attendee Registration • 6300 S. Syracuse Way, Suite 650 • Englewood, CO 80111 
(303) 220-0600 or (800) 525-9154 FAX: (303) 770-4816 

RFD 3-93 



You can’t buy 
a better precision 
timepiece for 
under 2.4 GHz. 

If you’re operating in a frequency range from 100 MHz 
to 2.4 GHz, you can’t buy a better oscillator than an 
Andersen VCO. It gives you the highest spectral purity 
with the lowest spurious (> -60dB). And typical single 
sideband phase noise of > -1 19dBC @1 KHz offset. 

It’s compact. It’s rugged. It operates in temperatures up 
to 100°C. It can be tuned up to 1.5 MHz or phase-locked 
to a reference. Plus, its low mass and low profile make it 
ideal for surface-mount technology, DILS or flatpaks. 

Isn’t it about time you discovered the precision, the 
versatility and simplicity of designing with Andersen 
oscillators? Contact Andersen Laboratories, 45 Old 
Iron Ore Road, Bloomfield, CT 06002. Telephone 
(203) 286-9090/FAX 203-242-4472. 

® ANDERSEN LABORATORIES 




