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New from Loral Microwave-FSI 

A COMPLETE LINE OF HIGH 
PERFORMANCE CER MET DIODES. 
• Surface mount 
• High volume manufacturing 
• Hermetically sealed 
• Full face chip bond 
• Double terminal heatsinks 

plus reverse voltage rating to 1000 volts. 

CER-MET units are readily available in volume 
for both military and commercial applications. 
Quantities are already in stock for immediate 
shipment. 

Our PIN diodes are now available with ceramic 
package/metal electrode technology, designed to 
meet MIL-STD 19500. High performance specifica¬ 
tions include long lifetime, low series resistance. 

For more information, or to request samples, 
call or fax, Loral Microwave-FSI, 16 Maple Road, 
Chelmsford, MA 01824. Tel: (508)256-4113. 
Fax: (508)937-3748. 

Part No. Suggested 
Case 
Style 

Reverse Voltage 
Rating (Vr) - min 

Total Capacitance (pF) - max 
F=1MHz Vr=50v 

Series Resistance (RS)-ohms 
F=100 MHz 

Carrier 
Lifetime (Tl) 
psec(typ) 

Thermal 
Resistance 

(ej) 

lr< 10pA M1 M2 If = 100mA (max) If=200mA (typ) lf=10mA c/w 

SM0502 
SM0504 
SM0508 
SM0509 
SM0511 
SM0512 
SM0812 
SM1001 

M1 or M2 
M1orM2 
Ml or M2 
M1 or M2 
Ml or M2 

M2 
M2 
M2 

500 
500 
500 
500 
500 
500 
800 
1000 

0.45 
0.55 
0.85 
1.00 
1.30 
N/A 
N/A 
N/A 

0.50 
0.60 
0.95 
1.25 
1.45 
1.50 
1.30 
1.30 

0.70 
0.60 
0.40 
0.35 
0.30 
0.25 
0.40 
0.35 

0.55 
0.45 
0.25 
0.20 
0.15 
0.12 
0.25 
0.20 

1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 

35 
20 
15 
12 
9 
7 
7 
7 



Model AN930 
9 kHz to 22 GHz 

Model AN940 
9 kHz to 26.5 GHz 
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Model AN920 
9 kHz to 2.9 GHz 

REDEFINING PERFORMANCE & VALUE 
THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS 

With frequency coverage of 9 kHz to 2.9 GHz for the AN920, 
9 kHz to 22 GHz for the AN930, and 9 kHz to 26.5 GHz for 
the AN940, the AN900 series of spectrum analyzers can match 
your RF and microwave testing requirements. 

In addition to being full-featured, portable spectrum analyzers, 
each AN900 series model provides unique measurement 
features never before available on any spectrum analyzer. 
A wide 30 MHz resolution bandwidth filter provides 

unequalled measurement capability on wideband or spread 
spectrum signals. When used in combination with the built-in 
FM/AM receiver and modulation measurement scales, direct 
measurement of wideband signal modulation components, 
including frequency agile signals, is possible. 
A 25 MHz digitizing rate enables zero span measurements on 

pulsed RF and digital signals at sweep rates as fast as 200ns/div. 
Pretrigger and posttrigger delay allow precise time interval or 
gated measurements. 

An automatic trace limits test function performs unattended 
monitoring and detection of erroneous signal conditions. 
Captured signals can be automatically stored in memory with 
time and date stamp for later recall and analysis or sent directly 
to a plotter via the standard RS-232 or IEEE-488 interfaces. 
A logical front panel control layout that avoids the use of 

menus or shift keys simplifies operation and enhances user 
productivity. For field use, a rugged portable design is comple¬ 
mented by the ability to operate from DC power sources or 
from an optional rechargeable battery pack. 

Other optional built-in features, including a 2.9 GHz tracking 
generator, quasi-peak detector, and 0.02 ppm time base, 
expand each model's possible uses. 

RENT DIRECTLY FROM IFR 
Call 1-800-835-2352, Ext. 207 for details 

4 
Contact IFR for more information 
or to arrange for a demonstration of 
the AN920, AN930 or AN940. 

IFR SYSTEMS, INC. 

usa CMHfO WITH miot /* 10200 West York Street/ Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 / 1-800-835-2352 / FAX 316/522-1 360 
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LQ MODULATORS 



DEMODUMUtS 
1.15MHz to 1880MHz from $19.95 
l&Q Modulators and Demodulators... another smart offering from 
Mini-Circuits that’s pushing industry standards to new heights (and 
prices to new lows)! 

Infuse your cellular, radar and communication system project 
with the powerful new l&Q Modulator and Demodulator, surface 
mount and plug-in units. Units so reliable, the specified statistical 
data on performance holds up with rock-solid repeatability 
unit-to-unit. 
For high speed assembly operations, l&Q Modulators and 

Demodulators are available in tape and reel format, so you can bank 
on consistent assembly performance for production efficiency time 

after time ... and with prices starting at just $1 9.95, these powerful and 
compact units truly are the next generation of value on the market today. 

So, call your Mini-Circuits distribution center at a number listed 
below for guaranteed one week shipment or, turn to our applications 
department with your special specs for custom units at catalogue prices. 

We’re redefining what VALUE is all about! 

I/O MODULATORS 

MODEL NO 
MIQA-10M 
MIQA-21M 
MIOA-70M 
MIQA-70ML 
MIQA-91M 
MIQA-100M 
MIQA-108M 
MIQA-195M 
MIOC-88M 
MIQC-176M 
MIOC-895M 
MIQC-1785M 
MIQC-1880M 

□ MIQY-70M 
□ MIQY-1 40M 

MODEL NO 
MIOA-10D 
MIOA-21D 
MIOC-895D 
MIQY-1 25D 
MIOY-70D 
MIQY-1 40D 

FREQ 
(MHz) 

CONV 
LOSS 
(dB) 

9 
20 
66 
66 
86 
95 
103 
185 
52 
104 
868 
1710 
1805 
67 
137 

23 
73 
73 
95 
105 
113 
205 
88 
176 
895 
1785 
1880 
73 
143 

FREQ 
(MHz) 

9 
20 

868 
1 15 
67 
137 

23 
895 
1 35 
73 

143 

NON-HERMETICALLY SEALED 
MIQA case 4 x .8 x 4 in. 
MIQY case 8 x 8 x 4 in. 
MIOC case .8 x 8 x 4 in. 
MIQS case .8 x 4 x .2 in. 
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58 
6¿ 
62 
57 
55 
55 
5.5 
56 
5 7 
5.5 
8.0 
94) 
90 

5.8 
5.8 

020 
0.14 
010 
010 
010 
010 
010 
010 
010 
010 
010 
030 
030 
020 
020 

CARRIER 
REJ 
(dBc) 
Typ 
41 
50 
38 
38 
38 
38 
38 
38 
41 
38 
40 
35 
35 
40 

SIDEBAND 
REJ 
(dBc) 
Typ 
40 
40 
38 
38 
38 
38 
38 
38 
34 
36 
40 
35 
35 
36 
36 

HARM 
SUPPRESS 
(dBc) 

3xl/Q 
58 
48 
48 
48 
48 
48 
48 
48 
52 
47 
52 
40 
40 
47 
45 

Typ 
5x1/0 
68 
65 
58 
58 
58 
58 
58 
58 
66 
70 
58 
65 
65 
60 
60 

PRICE 
S 

QTY 
(1-9) 
4995 
3995 
3995 
49 95 
4995 
4995 
4995 
4995 
4995 
54 95 
9995 
9995 
99 95 
1995 
1995 

I/O DEMODULATORS 
CONV 
LOSS 
(dB) 

60 
61 

8.0 
50 
55 
55 

010 
015 
020 
010 
0 25 
025 

AMP 
UNBAL 
(dB) 
Typ 
015 
015 
015 
015 
010 
010 

PHASE 
UNBAL 
(Deg) 
Typ 
1.0 
0.7 
1.5 
1.0 
0.5 
0.5 

HARM 
SUPPRESS 
(dBc) Typ 

3xl/Q 
50 
64 

40 
59 
52 
47 

5xl/Q 

65 
67 

55 
67 
66 
70 

PRICE 
S 

QTY 
(1-9) 
4995 
4995 
9995 
2995 
1995 
1995 

See us at MTT-S, Booth #931. 

CO Mini-Circuits 
' DO OCA1CC O _ _ KI _ none nnnn nn, PO Box 350166. Brooklyn. New York 11235-0003 (718)934-4500 Fax (718) 332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS 740-pg HANDBOOK 

CUSTOM PRODUCT NEEDS Let Our Experience Work For You. 



Leader of the 
FLATPACK 

Flatpacks 

Con¬ 

fig 

Freq 

MHz 

IL 
dB 

Iso 
dB 

Switch 

Speed 

nSEC 

Part No. 

SPST 10-1000 1.25 70 35 8012 

SPST 400-2000 0.9 67 185 DS0551 

SP2T 10-1000 0.7 55 40 DS0860 

SP2T 5-2000 1.0 57 24 DS02800 

SP2T 5-1000 0.5 70 72 DS0962 

SP3T 10-1000 1.2 40 100 8008 

SP4T DC-2000 1.5 50 30 CS048024 

SP6T 10-1000 0.75 50 1000 8013 

1 Sect Atten 5-1000 0.9 10 30 DA0944-10 

1 Sect Atten 800-1200 0.9 50 80 DA0879 

3 Sect Atten 30-300 1.0 .25, .5, 1.0 200 8009 

5 Sect Atten 10-400 1.7 1,2, 4, 8, 16 100 8010 

Pulse Modulator 10-1000 2 80 300 8015 

Threshold Det 10-3000 Detects -25 to -10 dBm — 8014 

SWITCHES ATTENUATORS PHASE SHIFTERS MMICS 

Daico broadens it's product line with a proven series of 
Flatpacks and almost every part in our catalog can be 
manufactured in one of these packages'. Please call us.. .we 
have creative ways to meet all of your price, quality and 
performance requirements. 
Daico.. .always in control. 
INFO/CARD 4 

DAICO INDUSTRIES. INC. 
2453 E. Del Amo Blvd.. Rancho Dominguez. CA 90220 
Telephone 310 631-1143 • F.AX 310 631-8078 

WE ACCEPT VISA AND MASTERCARD 

BIT DETECTORS COUPLERS MODULATORS AMPLIFIERS 
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34 Combined Technology 

Amplifier Design 
Microstrip transmission line stubs are replaced 
by capacitors in this amplifier design, reducing 
size, and making designs more flexible. 

— Stanley Novak 

42 Simulating Coupled 
Transmission Lines with 
Super-Spice 
Lossy multiple-conductor transmission lines 
and their various discontinuities are accurately 
modeled by Compact Software's Super-Spice. 
A number of examples demonstrating the simu¬ 
lation accuracy are presented. 

— Krishnamoorthy Kottapalli 
departments 

matching 
52 A New CAD Method For Narrowband Matching 

Circuits 
Power transfer efficiency, taking into account finite inductor Q, is maximized in 
this nethod for designing narrowband matching circuits. — Mihai Albulet 
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64 A First Introduction to Frequency Hopping 
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This article is an entry-level introduction to the characteristics of frequency hop¬ 
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70 Class-S High-Efficiency Amplitude Modulator 
This article describes a 100 W, class-S modulator with an envelope bandwidth of 
57 kHz and an efficiency of about ninety percent. 

— Frederick H. Raab, Ph.D. and Daniel J. Rupp 

76 A Program For the Design Of Chebyshev 
Impedance-Transforming Lowpass Filters 
The program presented in this article calculates the elements of equiripple 
Chebyshev lowpass filters using special mapping functions. 

— Ljubomir Urshev and Antoaneta Stoeva 

78 RF Amplifier and Oscillator Design Using the 
UCFCAD Tools. 
The procedures used to design several types of linear RF amplifiers and oscil¬ 
lators using a design tool developed at the University of Central Florida is pre¬ 
sented. — Michael Rothery, Sam Richie, and Madjid Belkerdid 

The cover photo on this issue of RF Design was provided courtesy of Eagleware 
Corporation, representing the Featured Technology subject for May: Microstrip 
Design Techniques. The photo illustrates their M/FILTER program’s design capabili¬ 
ty for microstrip filters. 
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Werlatone 
DECADES AHEAD 

HIGH POWER 
DUAL DIRECTIONAL 

COUPLERS 

RF editorial 
Are There 
Too Many 
Engineering 
Conferences? 

MULTI-OCTAVE 
BANDWIDTH 

TYPICAL 
SPECIFICATIONS 

FREQ. RANGE . 80-1000 MHz 
INS. LOSS . 0.1 db 
FLATNESS . +/-0.5db 
DIRECTIVITY . 20 db min. 
VSWR ML . 1.2:1 max. 

MODEL C3240 
COUPLING . 40db nom. 
POWER CW. 200 watts 

MODEL C3271 
COUPLING . 50 db nom 
POWER CW . 1500 watts 

BROADBAND HIGH POWER 

• DIRECTIONAL COUPLERS 

• POWER COMBINERS 

• HYBRID JUNCTIONS 

P.O. BOX 47 • ROUTE 22 • BREWSTER, N.Y. 10509 

914-279-6187 »FAX 914-279-7404 

By Gary A. Breed 
Editor 

The recent RF Expo West in San Jose 
drew nearly 2000 engineers to attend 
classes, hear technical presentations 
and look over RF products. This admit¬ 
tedly moderate level of success was 
achieved despite the fact that the North¬ 
ern California area was saturated this 
spring with conferences whose titles 
contained such hot buzz words as 
mobile data, wireless, and portable. 

In the past three years, at least five 
brand new trade shows or technical con¬ 
ferences have been started, to address 
the growing level of engineering and 
product development in RF-based wire¬ 
less communications systems. Several 
other events have added the words 
wireless or portable, in order to cash in 
on the marketing frenzy surrounding 
those terms. I have heard quite a few 
suggestions that there are now too 
many shows and conferences. 
Well, the rush to capitalize on the 

rapid growth of the RF market may be 
slightly premature. This will be a very 
big market for RF components and sys¬ 
tems, but until it achieves the promised 
growth, there won’t be enough new 
engineers to fill up every one of these 
conferences. 
Having said that, I still don’t think 

there are too many! I have attended 
some of the new conferences, and know 
most of the established ones. Each one 
has its place — some are practically-ori¬ 
ented, others are more theoretical; 
some emphasize traditional academics, 
others feature up-and-coming 
researchers; some are directed toward 
management, others are aimed at engi¬ 
neers; some are narrowly focused, oth¬ 
ers have a broad approach. If there is 
unnecessary duplication, the “market¬ 
place" will surely make its decision 

about which ones are worth supporting. 
In a very short time (one or two years 

at the most), we will know just how big 
the RF market is going to become. In 
this period, many engineers will discover 
RF, either as a specialty or as part of a 
team working on some RF-based sys¬ 
tem. These engineers need conferences 
and trade exhibitions to speed the learn¬ 
ing process. 
Which brings the discussion back to 

the RF Expos. Although we have a long 
and successful track record, we are see¬ 
ing the effects of increased competition. 
To combat this, we have redoubled our 
efforts to identify their value. To help 
you decide to attend, and to help you 
justify that choice to your boss, we will 
provide far more advance information on 
future shows, starting with RF Expo 
East, November 15-17 in Orlando. 
You will get a syllabus for each of the 

short courses we offer in the first infor¬ 
mational mailing. Then we will publish 
paper abstracts and speaker biogra¬ 
phies for the scheduled technical pre¬ 
sentations. We will provide ongoing 
updates of the companies who will be 
exhibiting their products. We will be pro¬ 
viding all the good things that RF Expo 
is known for, but with a renewed effort to 
do them in the most relevant and useful 
manner. 

In the meantime, we will be participat¬ 
ing in other industry forums. Look for me 
and my RF Design staff colleagues at 
the MTT-S Symposium, the Frequency 
Control Symposium, the IEEE EMC 
Symposium, the Piezoelectric Devices 
Conference, and other important confer¬ 
ences and trade shows. Like I said 
before, I don’t think there are too many 
of them, but don’t ask my boss’ opinion 
when he reviews my travel budget!. 
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WHAT YOU’VE BEEN WAITING FOR! 

Technology of the Future 
Available Today 

WORLD’S FIRST 
14 Octave 250W 

SOLID-STATE RF Amplifier 
MODEL 122FC 

RF POWER CONTROLLER 

• Instantaneous bandwidth, no warm-up 

• Fully protected 

• No VSWR shutdown, drives mismatched loads 

• ALC gain leveling & power limit set 

All front panel controls available via remote connector 

• IEEE488 / RS232 interface capability 

• 19" rack mountable, weight 50 kg 

•US $19,950.00 

250 Watts CW 
.01 - 220 MHz 

ENGINEERING 

ne Wirts Must exilíele 
Line e! BF Pemr Bm/illBers 

1-800-344-3341 
(206) 485-9000 (206) 486-9657 

21820-87111 S.E. • Woodinville, WA 98072 • USA 

Paris, France 
i»n. 1-4645-0945 INFO/CARD 6 1-4645-2403 

More Than 200 Standard Models 
to Choose From 



High Power RF 
Amplifiers and Power Generators 
Our specialty is producing quality 

high power RF amplifiers, power 
generators and transmitters in the 
frequency range of 1 MHz to 250 MHz 
and at power levels up to 5000 watts. 
We can deliver amplifiers from 

stock, custom build your design or 
design a product to your specifications. 

We manufacture from start to 
finish using modem CAD tools and 

CNC machinery. 
Whether you need one or OEM 

quantities, you'll get the lowest prices and 
tne fastest delivery in the industry. 

For more information, call toll-free 
800-647-1801 and ask for Steven Pan. 

Free Information 
Write or call Steven Pan ... 800-647-1801 
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This FET linear amplifier covers VLF to 
VlIF with 200 watts continuous power output 
or 1500 watts output in pulse applications. 

200 Watt FET IÀnear Amplifier Module is 
ready-to-use. Can 
be combined to 
produce several 
kilowatts. 
Modules available 
for 2-30 MHz; 
30-120 MHz; 
120-250 MHz. 
Evaluate one today! 

The rugged Eimac^ 3CX1500A 7 tube in this HF 
amplifier delivers over 750 watts of continuous 
power or up to 4 KW of pulsed ouput power. 

We sell Eimac® tubes 
Call toll-free 800-647-1801 

ÁMKITMN« 
...the high power RF specialists 
921 Louisville Road • Starkville, MS 39759 
(601)323-8211 - FAX: (601)323-6551 
8 a.m. - 4:30 p.m. CST, Monday-Friday 
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analyze it! 

WMHz joe 

Optimized VSWR at all ports with Precise Return 
Loss Measurements ensures Merrimac Complex 
Networks enhance host systems specifications. 

Merrimac engineers design out poor impedance 
matching between adjacent components with 
comprehensive Time Domain Analysis. 

■Hk i $ $ Merrimac is your 
$ choice for Beamformers, 

Antenna Feeds and Custom Passive Networks. 

CALL MERRIMAC 
The Integration Innovators 

M Merrimac 
41 Fairfield Place. West Caldwell NJ 07006 
Tel: (201) 575-1 300/Fax: (201) 575-0531 
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It will unlock your car door 
from 50 feet away. And open doors 
on the other side of the world. 

Today’s wireless products, like this remote keyless 

entry system, are ingenious combinations of highly 

miniaturized, high-performance components - many 

of which are available from Murata, anywhere in 

the world. As a leader in important surface mount 

technologies, Murata’s manufacturing facilities in the 

United States, South America, Europe, Japan and else¬ 

where in Asia supply our customers with one of the 

broadest lines of superior components in the industry 

- including SAW filters and resonators, EMI filters, 

©1994 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved. 



:hin-film inductors, ceramic resonators, chip capaci-

:ors, microwave-related products and custom circuit 

nodules. As you begin designing your next wireless 

product, let us play a small part in making it the sort of 

success that will open doors for you all over the world. 

Our combined efforts will make the chances of that 

success anything but remote. For more information, 

call 1-800-831-9172, ext.111. 

® 
A small part 

in your success 

INFO/CARD 10 See us at MTT-S, Booth #725. 



Giga-tronics 

6080A&6082A 
Synthesized 

RF Signal 
Generators 

Giga-tronics Presents The Alternative 

To $30,000 And $40,000 RF Synthesizers. 

Hewlett-Packard makes a couple of 

very good RF synthesizers. And if 

you can afford the luxury of paying 

$30,000 or $40,000 for the name, 

by all means, call HP right now. 

They’ll be happy to take your order, 

and your money. 

However, if you’re looking for 

an RF synthesizer with outstanding 

performance and proven reliability 

for about half the price, you’d better 

call Giga-tronics. 

Here’s why: 

Performance. 

Check the charts. In virtually every 

category, the Giga-tronics 6080A 

and 6082A RF Synthesizers meet or 

exceed the specs of the HP machines. 

And they use the same GPIB com¬ 

mand set, for direct replacement 

without expensive new software. 

Experience. 

Granted, Hewlett-Packard has been 

around a long time. But, Giga-tronics 

is no Johnny-come-lately. 

Giga-tronics has a 13-year history 

of building test and measurement 

gear for the most demanding 

requirements. We’ve shipped 

thousands of instruments for use 

in the testing of radar, EW and 

communications systems. 

Reliability. 

Making reliable RF synthesizers is 

usually no fluke. 

However, in this case, it is. 



Both the 6080A and 6082A were 

originally introduced in 1990 by John 

Fluke Manufacturing Company. To 

date, thousands have performed 

flawlessly in the field. 

For added confidence, the 

instruments incorporate self¬ 

testing, internal diagnostics and 

modular design for easy fault 

isolation and repair. 

Service. 

If a problem occurs, Giga-tronics 

technical support staff can often 

help you find and fix the problem 

over the phone. 

If you need to return an instru¬ 

ment for repair, we can service it 

at our factory in California, or at 

one of our worldwide sales and 

service centers. 

But at Giga-tronics, customer 

service starts even before you 

become a customer. 

Whether you’re looking to buy 

one unit or one hundred, you’ll get 

the same assistance, including a 

demonstration at your facility. 

Price. 

Considering all this, the real ques¬ 

tion is not why Giga-tronics is so 

much less, but rather, why Hewlett-

Packard wants so much more? 

Specifications 

Hewlett-

Packard 

HP8642A 

Giga-tronics 
6080A 

Hewlett-

Packard 

HP8642B 

Giga-tronics 
6082A 

Frequency 

Range 

Switching speed 

.I to 1057 MHz 

<85 ms 

.01 to 1056 MHz 

<100 ms 

.1 to 21 15 MHz 

<85 ms 

.1 to 21 12 MHz 

<100 ms 

Spectral Purity* 

Spurious 

Subharmonics 

<-100 dBc 

None 

<-100 dBc 

None 

<-94 dBc 

<-45 dBc 

<-94 dBc 

<-45 dBc 

Phase Noise* 

@ 20 kHz offset <-134 dBc/Hz <-131 dBc/Hz <-125 dBc/Hz <-125 dBc/Hz 

Residual FM* 

(.3 to 3 kHz BW) <2 Hz <1.5 Hz <5 Hz <3 Hz 

Output 

Range* 

Accuracy 

Reverse Power Protection 

+16 to -140 dBm 

±l dB >-127 dBm 

50 Watts/50 Vdc 

+ 17 to -140 dBm 

il dB >-127 dBm 

50 Watts/50 Vdc 

+ 16 to -140 dBm 

±1 dB >-127 dBm 

25 Watts/25 Vdc 

+ 13 to -140 dBm 

±1 dB >-127 dBm 

25 Watts/25 Vdc 

Amplitude Modulation 

Depth 

Distortion @ 30% 

0-99.9% 

<2% 

0-99.9% 

<1.5% 

0-99.9% 

<2% 

0-99.9% 

<1.5% 

Frequency Modulation 

Max. Deviation* 

Distortion 

3 MHz 

<2% 

4 MHz 

<l%@50%Dev. 

3 MHz 

<2% 

8 MHz 

<l%@50%Dev. 

Phase Modulation 

Max. Deviation* 100 Rad. 40/400 Rad. 200 Rad. 80/800 Rad. 

Pulse Modulation 

On/off 

Rise/fall time 

Minimum Pulse Width 

>40 dB 

<400 ns 

<2 ps 

>40/60 dB 

<15 ns (Typ 7.5 ns) 

<30 ns 

>40/80 dB 

<400 ns 

<2 ps 

>80 dB 

<15 ns (Typ 7.5 ns) 

<30 ns 

Internal Modulation Source 

Level Range 

Waveforms 

Programmable 

20 Hz to 100 kHz 

0 to 3 Vpk 

Sine 

Yes 

0.1 Hz to 200 kHz 

0 to 4 Vpk 

Sine/Sq/Tri/Pulse 

Yes 

20 Hz to 100 kHz 

0 to 3 Vpk 

Sine 

Yes 

0.1 Hz to 200 kHz 

0 to 4 Vpk 

Sine/Sq/Tri/Pulse 

Yes 

Memory Locations (NVM) 51 Full Function 50 Full Function 51 Full Function 50 Full Function 

U.S. List Price $30,340 $16,950 $41,680 $22,950 

The question is not why Giga-tronics is so much less, 

but rather, why Hewlett-Packard wants so much more. 
♦Specifications for both the 6080A and the HP 8642A are at I GHz. Specifications for both the 6082 A and the HP 8642B are at 2GHz. 
Prices and specifications for the HP 8642A and HP 8642B are from the Hewlett-Packard 1993 catalog. 
Prices for the Giga-tronics 6080A and 6082A are U.S. list prices. 

So, if you’re interested in paying 

a lot less for great performance 

and proven reliability, backed by 

a worldwide network of service 

and support, call us toll free at 

800 726 GIGA (4442). We’ll send 

you more information and arrange 

for a demonstration. 

Giga ironies 

Giga-tronics Incorporated 

2495 Estand Way 

Pleasant Hill, California 94523 

Telephone 800 726 4442 

Telefax 510 680 7736 

INFO/CARD 11 
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RE letters 
Letters should be addressed to: Edi¬ 
tor, RF Design, 6300 S. Syracuse 
Way, Suite 650, Englewood, CO 
80111. Published letters may be 
edited for length or clarity. 

Feedback Requested 
Editor: 
My article, “A Program for Design and 

Analysis of Receivers”, ran in the Octo¬ 
ber 1993 issue of RF Design. I am inter¬ 
ested in obtaining feedback from those 
who have ordered the program. I am 
writing this letter in hopes that those 
subscribers who ordered the program 
will respond to me with suggestions on 
improvements and also inform me of 
how it is being used in their applications 
and its degree of usefulness. Any 
responses would be most appreciated. 
Please send all correspondence to: 
Naval Research Laboratory, 4555 Over¬ 
look Avenue Code 8131, Washington 
DC 20375, Attn: John Donohue 

John Donohue 
Naval Research Laboratory 
(202) 574-7331_ 

Biasing Error 
Editor: 

In Figure 1(a) of your tutorial on tran¬ 
sistor biasing (June ‘93) there is an 
emitter resistor missing. It would be very 
unusual to use the voltage-divider-type 
biasing without this resistor, as the base 
voltage would essentially be “clamped” 
to about 0.7 volts by the base emitter 
diode. In fact, without the emitter resis¬ 
tor, the bias circuits of Fig. 1(a) and 1(b) 
operate very similarly. 
A good rule of thumb is to make the 

ratio of the base-to-ground bias resistor 
to the emitter resistor somewhere 
between about 5 and 10. This gives fair¬ 
ly good independence of operating point 
from variations in transistor parameters 
and temperature. In critical cases, this 
ratio might be as low as 3. 

Jack Streater 
Mgr. Engineering 
Mentor Radio Company 

Errata 
In Albert Klappenberger’s March arti¬ 

cle, “Computer Design of Equal Shunt 
Value Tubular Bandpass Filters”, the 

expression for W, under equation 3 
should read: W, = L(2nF0)2, 
and the expression for Ck" in Figure 4 
should be: Ck' = Ck/n. 
Peter Hoberg was not identified as 

ECal Product Manager in March’s 
“Industry Insight” column. 

In the third paragraph of Carl Zatl’s 
March article, “A Transformed Feedback 
Attenuator”, Vout should be replaced 
with Vo. In the schematic of Figure 5, 
the inverting and non-inverting inputs to 
the amplifier should be switched, and 
the value of resistor R3 was omitted; it 
should be 30 ohms. In the “results” sec¬ 
tion, IP3 was measured at gains of 0 dB, 
-6 dB and -12 dB. 

In Table 1 of Don McClure’s February 
article, “Broadband Transmission Line 
Transformer Family Matches a Wide 
Range of Impedances”, the entry for a 
2/3 voltage ratio should read: 

Voltage Ratio Connections Minimum 

KV TRIMMER 
948 Years Experience! 
When reliability and accuracy count, call us. 948 
years of combined employee crystal experience 
and 43 years of service to businesses like 
yours translates into our dedication to 
the quality products and customer satis¬ 
faction that you deserve. 

• ENGINEERING AND DESIGN SUPPORT 

• EXPERIENCED SALES STAFF 

• CRYSTAL ANALYSIS 

• EXPEDITE SERVICE 

• CUSTOM CRYSTALS TO YOUR SPECS 

• MICRO-BALANCED/LAB CRYSTALS 

• SOON TO BE ISO 9001 CERTIFIED 

LIFETIME CRYSTAL GUARANTEE 

16 

Call or FAX for more information about Crystals, 
Elements, Oscillators and Accessories. 

When Quality Counts. .. 
INTERNATIONAL CRYSTAL MANUFACTURING. CO., INC. 

PHONE 24HOUR FAX 

1-800-725-1426 • 1-800-322-9426 
P.O. BOX 26330 • OKLAHOMA CITY, OK 73126 

INFO/CARD 12 

• NON-ROTATING PISTON • 10,000 TURNS ■ NO NOISE 
• MULTI TURN-LINEAR ‘HIGH VOLTAGE «SPECIALS 

Voltronics^ 
CORPORATION 

100-10 FORD ROAD • DENVILLE, NEW JERSEY 07834 
PHONE: 201-586-8585 • FAX: 201-586-3404 

WRITE, CALL OR FAX FOR CATALOGS 
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Trilithic ... Today's Icon in RF and Microwave Components 
Double click on our attenuator group to select units with 
requency ranges as high as 18 GHz. Types offered include 
irogrammable step, rotary step, bench top, pushbutton, 
nechanically switched, or fixed. 

W 50 or 75 OHM impedance 
W Fixed values from 1 to 60 dB 
V Power ratings from 0.5 to 500 Watts 
• Dynamic ranges to 127 dB 
V Step sizes as low as 0.1 dB 

Find help in our passive component group with a useful 
mixture of detectors, matching pads, high and low power 
terminations, feedthrough terminations, calibrated 
mismatches and DC blocks for many production and 
lab tests. 

* Terminations to 1000 Watts 
• 50, 75, 93 and 600 OHM matching pads 
< 1.0:1 through 5.0:1 calibrated mismatches 
V 50 and 75 OHM RF detectors 
V Many items available from stock 

’ul 1 down our switch menu for a diverse assortment of 
¡lectromechanical RF switches and switching/control 
ubsystems. Ideal for RF, video switching and data routing 
ipplications. 

W 50 or 75 OHM impedance 
V Frequency range of DC to 1 GHz 
V Typical isolation is 70 dB 
9 Voltages of 5, 12, and 24 VDC 
V Options of TTL control or latching relays 

Return to the filter group and there will be an unsurpassed 
election of surface mount L/C (first introduced by Trilithic), 
:avity, tubular, tunable and high power filters. 

Call 1-800-344-2412 
for our new 93 page 
catalog and a free 
copy of TRICAT, a 
DOS-based filter 
catalog on a disk for 
your PC. 

TRICAT version 2.1 
is now available on 
a 3 1/2” diskette! 

V Highpass, lowpass, bandpass and bandstop 
< Power ratings to 2 Kilowatts 
V For high reliability, military and wireless 

communications 
W High volume production capability 
W Connectorized, PC, or surface mount INFO/CARD 14 

9202 E. 33rd Street 
Indianapolis, Indiana 46236 
(317)895-3600 (800)344-2412 FAX (317) 895-3613 



No one gives you more options 

than M/A-COM when it comes to building 

the wireless infrastructure that today's 

marketplace demands. We're talking about 

hundreds of different, proven products, 

which are already hard at work in base 

stations located around the world. 

What's more, these 

days, you need a resource 

From discretes to integrated subsystems: 

transistors, power modules and multichannel 

linear power amplifiers. 

who is already 

working on 

solutions for the 

microcell- and 

picoceH¿7j5ed 

systems of 

tomorrow. That's exactly what you’W find 

at M/A-COM, where research and develop-

millions of dollars annually to develop the 

next generation of base station components. 

And to make it easy for you to integrate these 

new products into the complex matrix of 

vvire/ess systems (AMPS, TDMA, CDMA, GSM, 

DCS-1800, and PHP, to name just a few). 

1 hat kind of commitment has helped us 

create microwa^solutions for a whole range 

of tireless infrastructure applications. Fake, 

ment are an obsession. W e' re investing for example, our new integrated switch 



Entire Line Of Base Station 
Good Idea. 

w isolators 

and circulators to 

filters and attenuators. And, 

as you can see from this 

ad, much, much more. 

Of course, this is 

I 

matrix, which combiné 3 number of 

semiconductor switches a^d passive 

combiners into one eiegant, integrated 

solution. Or our extensive nne of 

multi-carrier, linear power amplifiers, 

optimized for digital base stations. Or 

our 7-16 connector, which dramatically 

reduces intermodulation distortion. 

Our products range from discretes to 

proof that a single ad just can't 

handle everything we could tell 

you about our base station 

components. That's why we also 

Components 

for traditional base stations, 

plus microcells and picocells. 

make lots of big, thick, sturdy catalogs. 

To get yours, or simply to learn more about 

us, call M/A-COM today at 1-800-366-2266, 

or the distributor nearest you. In Europe, 

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

ICs; from connectors tn cable assemblies; from 

r' it MTT-S Booth #503 Come see us at vi 11 
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RF courses_ 
Design and Processing of Power Hybrids 

May 12-13, 1994, Los Angeles, Ca 
Microwave/Millimeter-Wave Monolithic Integrated Circuits 

May 17-20, 1994, Los Angeles, CA 
Microwave/Millimeter-Wave Monolithic Integrated Circuits 

May 17-20, 1994, Los Angeles, CA 
Information: UCLA Extension, Engineering Short Courses, 
10995 Le Conte Ave., Ste. 542, Los Angeles, CA 90024. Tel: 
(310) 825-1047. Fax: (310) 206-2815. 

Modern Antennas 
May 16-18, 1994, Boulder, CO 

Antenna Measurement Techniques 
May 23-25, 1994, Boulder, CO 

Phased Array Antenna Technology 
June 13-15, 1994, Scottsdale, AZ 

Information: Technology Service Corporation, 962 Wayne 
Avenue, Suite 800, Silver Spring, MD 20901 . Tel: (301) 
565-2970. Fax: (301) 565-0673. 

1994 Worldwide HP-EEsof High-Frequency Modeling and 
Simulation Seminar 

June 6, 1994, Ft. Lauderdale, FL 
June 8, 1994, Richardson, TX 
June 10, 1994, Chicago, IL 
June 13, 1994, Mt. View, CA 
June 15, 1994, Los Angeles, CA 
June 17, 1994, Phoenix, AZ 

Information: HP-EEsof, 5601 Lindere Canyon road, Westlake 
Village, CA. Tel: (800) 343-3763. 

Low Earth Orbit Satellite Systems (LEO's) 
May 16-18, 1994, Washington, DC 

Global Positioning System: Principles and Practice 
June 7-10, 1994, Orlando, FL 

Microwave Radio Systems 
August 9-12, 1994, Washington, DC 

Information: The George Washington University, Continuing 
Engineering Education, Academic Center, Room T-308, 801 
22nd Street, N.W., Washington, DC 20052. Tel: (202) 
994-6106 or (800) 424-9773. Fax: (202) 872-0645. 

RF/MW Circuit Design: Linear/Non-Linear, Theory and 
Applications 

June 6-10, 1994, United Kingdom 
June 8-14, 1994, United Kingdom 

Active and Passive RF Components: Measurements, 
Models, and Data Extraction 

June 8-14, 1994, United Kingdom 
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46) 
122-175-70. Fax: (46) 122-143-47. 

DSP Without Tears 
May 18-20, 1994, San Jose, CA 
May 11-13, 1994, Richardson, TX 
May 18-20, 1994, San Jose, CA 
June 20-22, 1994, Boston, MA 
July 20-22, 1994, Salt Lake City, UT 

Information: Z Domain Technologies, Inc., 325 Pine Isle Court, 
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 664-6738. 
Fax: (404) 442-1210. 

Component Technology 
May 16-17, 1994, Washington, DC 

Reliability Predictions 
May 18, 1994, Washington, DC 

Information: Sav-Soft Products, P.O. Box 360974, Milpitas, CA 
95036. Tel: (408) 263-9150. 

Electromagnetic Fields - An Overview 
May 25, 1994, Detroit, Ml 
June 15, 1994, Atlanta, GA 

Power Quality: Problems, Analysis & Solutions 
May 17-18, 1994, Detroit, Ml 
June 7-9, 1994, Atlanta, GA 

Information: PowerCET Corporation, 2700 Augustine Drive, 
Suite 178, Santa Clara, 95054. Tel: (408) 988-1346. Fax: 
(408) 988-4869. 

Introduction to Radar Systems and Signal Processing 
May 17-19, 1994, Washington, DC 

Information: Research Associates of Syracuse, Incorporated, 
Hancock Army Complex, 510 Stewart Drive, N. Syracuse, NY 
13212. Tel: (315) 455-7157. 

Circuit Board Level Microwaves: Issues and Solutions 
May 23-24, 1994, San Diego, CA 

Information: Tom Laverghetta, TPL Associates, Inc., 516 E. 
First St., Auburn, IN 46706. Tel: (219) 925-1819. 

RF Component Measurements, Models and Data 
Extraction 

June 8-14, 1994, UK 
RF/MW Circuit Design II 

June 6-10, 1994, UK 
Information: Besser Associates, 4600 El Camino Real, Suite 
210, Los Altos, CA 94022. Tel: (415) 949-3300. Fax: (415) 
949-4400. 

Fundamentals of Data Communications & Local 
Area Networks 

May 16-17, 1994, Grand Rapids, Ml 
May 17-18, 1994, Seattle, WA 
May 18-19, 1994, Orlando, FL 
May 25-26, 1994, Philadelphia, PA 

Understanding Data Communications 
May 16-17, 1994, Chicago, IL 
May 19-20, 1994, New Orleans, LA 
May 23-24, 1994, St. Louis, MO 

Understanding LANS 
May 16-17, 1994, Anchorage, AK 
May 16-17, 1994, Chicago, IL 
May 19-20, 1994, Washington, DC 

Fundamentals of Telecommunications 
May 16-17, 1994, Tampa, FL 
May 23-24, 1994, Atlanta, GA 
May 25-26, 1994, Chicago, IL 

Information: Technology Interchange Group, Inc., Dept. 43, 
P.O. Box 2107, Clifton, NJ 07015. Tel: (201 ) 478-5400. Fax: 
(201) 478-4418. 

Measured Equation of Invariance 
May 19-21, 1994, San Francisco, CA 

Information: MEI Institute, P.O. Box 679, Berkeley, CA 94701. 
Fax: (510) 254-7639. 

20 May 1994 





DO YOU KNOW WHO WE ARE? 
We’ve been in the quartz 

crystal, oscillator and filter 

business for more than 50 

years. .. and we're probably 

the best kept secret around. 

Whether you have frequency 
generating, conditioning or 
packaging applications, we can 
fill most of your needs. 

CRYSTALS 

Choose from a variety of blanks or 
packaged crystals designed for low 
frequencies; high frequency funda¬ 
mental crystal oscillators or wide 
bandwidth filter applications. Also 
available are standard and precision 
AT's up to 250 MHz. 

OSCILLATORS 
If your application 
is in communica¬ 
tions or instrumen¬ 
tation our complete 
line of Clocks, 
VCXO's, TCXO's 
and OCXO's will give you the highest 
performance at the lowest total cost. 

PACKAGING 
As a user of our own glass-to-metal 
sealed packages, we understand your 
requirements for hermeticity, 
solderability and lhe need to meet 
MIL-STD testing. We know what our 
industry requires. 

For more information on our products 
or a catalog, call us at 717-243-5929. 
FAX 717-243-0079. 

HI REEVES-HOFFMAN 
=■ ■= DIVISION DYNAMICS CORPORATION OF AMERICA 

— 400 W. NORTH STREET 

CARLISLE, PA 17013 USA 

WE’RE THE BEST KEPT 
SECRETAROUND 
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See us at MTT-S, Booth #1244. 

RF calendar_ 
May 

23-24 Microwave and Millimeter-Wave Monolithic Circuits 
Symposium 
San Diego, CA 

Information: Richard B. Gold, Pacific Monolithics, 245 Santa 
Ana Court, Sunnyale,CA 94086-451 2. Tel: 
(408)732-8000. Fax: (408) 732-3413. 

23-27 IEEE/MTT-S International Microwave Symposium 
San Diego, CA 

Information: MTT-S Symposium 1994, c/o LRW Associates, 
1218 Balfour Drive, Arnold, MD 21012. 

27 Automatic RF Techniques Testing 43rd Conference 
San Diego, CA 

Information: Bill Pastori, Maury Microwave Corp. Tel: 
(909)987-4715. Fax: (909) 987-1112. 

May/June 
30-2 IEEE International Symposium of Circuits and Systems 

London, England 
Information: Electronic Industries Association, EIA Compo¬ 
nents Group, 2001 Pennsylvania, Avenue N.W., Washington, 
DC 20006-1813. Tel: (202) 457-4930. 

June 
1 -3 1994 IEEE Frequency Control Symposium 

Boston, MA 
Information: Michael Mirarchi or Barbara McGivney, Synergis¬ 
tic Management, Inc., 3100 Route 138, Wall Township, NJ 
07719. Tel: (908) 280-2024. 

1 -3 Virginia Tech Symposium on Wireless Personal 
Communications 
Blacksburg, VA 

Information: Conference Registrar, Donaldson Brown Hotel 
and Conference Center, Virginia Tech, Blacksburg, VA 
24061-0104. Tel: (703) 231-5182. Fax: (703) 231-3746. 

1 9-24 1994 IEEE AP-S International Symposium and URSI 
RadioScience Meeting 
Seattle, WA 

Information: Jan Kvamme, Conference Manager, UW Engi¬ 
neering Professional Programs, 3201 Fremont Avenue North, 
Seattle, WA 98103. Tel: (206) 543-5539. Fax: (206) 543-
2352. 

July 
4-7 HF Radio Systems and Techniques 

York, UK 
Information: HF ‘94 Secretariat, IEE Conference Services, 
Savoy Place, London WC2R 0BL, UK. Tel: 44-071-344-
5478/5477. Fax: 44-071-497 3633. 

August 
25-28 IEEE Electromagnetic Compatibility Symposium 

Chicago, IL 
Information: Thomas Braxton, Vice-Chair, AT&T Bell Labora¬ 
tories, Room 2B-217, 2000 N. Naperville Road, Naperville, IL 
60566. Tel: (708) 979-1299. Fax: (708) 979-5755. 
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Richardson Electronics is Your 
Global Partner in RF Technology 
Offering solutions to customer problems for 
more than 40 years, Richardson Electronics, 
Ltd. has grown into one of the world’s 
premier suppliers of RF devices. 

Richardson Electronics, Ltd. Presents. 

This Month’s Feature 
The New Motorola MRFIC Line RF Integrated Chip 

Set for PSC Applications 
This GaAs IC family of devices offers complete transmit and receive 
functions, less LO and filters, for a typical 1.8 GHz cordless telephone. 
While designed specifically for DECT and Japan Personal Handy Phone 
(JPHP) the chip set is applicable to other personal communications 
systems in the 1.9 GHz and 2.4 GHz bands. 

As Motorola's largest RF 
Distributor, Richardson 
Electronics, Ltd. has been 
offering solutions to customer's 
problems for years. The new 
Motorola MRFIC line is a prime 
solution to your wireless needs. 
Call 1-800-RF POWER for all 
your RF & Microwave needs. 

• Technical Expertise 

• Experience 

• Inventory 

• Market Knowledge 

• Supplier Literature 

MRFIC1801 

MRFIC1803 

• 1.8 GHz transmit/receive antenna switch 
• Usable Frequency Range = 1.5 to 2.5 GHz 
• High 1.0 dB Compression Point = 29 dBm (Typ) 
• Low Transmit Insertion Loss = 0.75 dB (Typ) 
• High Transmit to Receive Isolation = 22 dB (Typ) 
• Single Control Pin for Easy Switching Signal Interface 
• Low Current Drain = 300 pA (Typ) in TX 45 pA (Typ) in RX 

Our industry-leading RF 
suppliers ... 

MRFIC1804 

• 1.8 GHz upmixer, exciter and LO Amp 
• 10 dB IF to RF Conversion Gain 
• Usable Frequency Range = 1.7 to 2.5 GHz 
• Low Power Consumption = 80 mW (Typ) 
• Single Bias Supply = 2.7 to 3.3 V 
• No External Baluns Required 
• IF, LO and RF Ports Match to 50 Q 
• Low LO Power Requirement = -10 dBm (Typ) 

• 1.8 GHz Low Noise Amplifier and Down Mixer 
• Usable Frequency Range « 1.8 to 1.925 GHz 
• 14 dB Gain. 23 dB Noise Figure LNA 
• 4 dB Gain. 13 dB Noise Figure Mixer 
• 0.9 dB Mixer Input Intercept Point 
• Simple LO/IF Off-Chip Matching for Maximum Flexibility 
• Low Power Consumption = 24 mW (Typ) 
• Single Bias Supply = 2.7 to 3.3 V 
• Low LO Power Requirement = -5 dBm (Typ) 

'Evaluation Kits now available. Call 1-800-RF-POWER for details. 

^7 SGS-THOMSON 

Amphenol' 

EF JOHNSON 

PHILIPS 

RF PRODUCTS 

U.S. 
CANADA 

U.K. 
FRANCE 

ITALY 
SPAIN 

GERMANY 
JAPAN 

SINGAPORE 

(800) RF POWER 
(800) 348-5580 
(0522) 542631 
(1)34-26-4000 
(055) 420-10-30 
(1) 528-37-00 
(089) 80-02-13-1 
(3) 3874-9933 
(65) 298-4974 

Committed to the RF Market— 
zk Richardson 
v¡7 Electronics, Ltd. 

40W267 Keslinger Road 
LaFox, Illinois 60147 
(708) 208-2200 

Latin America and other international inquiries, contact Corporate Headquarters at (708) 208-2200 

AMERICAN 
MICROWAVE 

PINEAPPLE 
TECHNOLOGY 

GORE 



RF news 
Boston to Host 1994 IEEE International 
Frequency Control Symposium 

The 48th annual IEEE International 
Frequency Control Symposium will be 
held June 1, 2, and 3 at the Westin 
Hotel, Boston, Massachusetts, with tuto¬ 
rial sessions on May 31. The event is 
sponsored by the IEEE Ultrasonics, Fer¬ 
roelectrics, and Frequency Control Soci¬ 
ety, with technical participation by per¬ 
sonnel of the U.S. Army Research Labo¬ 
ratory at Ft. Monmouth, NJ. Topics at 
the international forum will include: fun¬ 
damental properties of quartz and other 
piezoelectric crystals; processing of 
quartz and other piezoelectric materials; 
theory and design of piezoelectric res¬ 
onators and filters (BAW and SAW); sta¬ 
ble oscillators and synthesizers; atomic 
and molecular frequency standards; and 
frequency and time coordination and 
distribution. Topics for special sessions 
include: new piezoelectric materials, 
cryogenic and whispering gallery mode 

dielectric resonators, cryogenic hydro¬ 
gen masers, RF- and laser-excited 
trapped ion standards, and 1/f noise 
processes in oscillators. Eight invited 
and 127 contributed papers are sched¬ 
uled to be presented. Plenary session 
speakers will present “1/f Noise Univer¬ 
sality in High-Technology Applications” 
and “Applications of Silicon Microma¬ 
chining to Resonator Fabrication.” Invit¬ 
ed speakers will present papers on 
acoustic wave attenuation, piezoelectric 
resonator materials, radar frequency 
requirements, SAW sensors, SAW 
devices on lithium tetraborate, and limi¬ 
tations on the instabilities of quartz oscil¬ 
lators. For an advance program and for 
registration information, call or write: 
Barbara McGivney, Synergistic Manage¬ 
ment, Inc., 3100 Route 138, Wall Town¬ 
ship, NJ 07719, USA. Tel: (908) 280-
2024. 

System Improves Permittivity Mea¬ 
surements - Recently, NIST 
researchers have developed and evalu¬ 
ated an improved coaxial air line system 
for measuring permittivity. The new sys¬ 
tem employs a 77 mm diameter coaxial 
air line instead of the conventional 7 mm 
line. The increased diameter line 
reduces the ratio of surface area to vol¬ 
ume for the sample dielectrics inserted 
in the line. An air gap between the sam¬ 
ple dielectric and center conductor is 
inevitable, but the improved proportions 
minimize the effect of the air gap. For 
example, a commercial ceramic that had 
nominal real permittivity of 270 (at 50 to 
1000 MHz) was measured at 275 after 
air-gap correction. The researchers 
hope to extend the method to the low-
frequency range of 0.1 MHz to 50 MHz. 
For technical information, contact 
Claude Weil, Div. 813.08 NIST, Boulder, 
CO 80303-3328. Tel: (303) 497-3198. 

Testing Lab Agreement Renewed -
NIST and the Standards Council of 
Canada renewed an agreement that 
provides mutual recognition of testing 
laboratories located within the territorial 
U.S. that are accredited by the NIST 
National Voluntary Laboratory Accredi¬ 
tation Program (NVLAP), and for testing 
laboratories within Canada that are 
accredited by SCC's Program for 
Accreditation of Laboratories, Canada 
(PALCAN). Both programs meet interna-

tional standards under ISO/IEC Guides 
25 and 58. Officials responsible for 
administering each system have partici¬ 
pated in assessment visits to testing lab¬ 
oratories accredited under the other 
national program. NVLAP accredits 900 
labs in 16 fields of testing, and the 
Canadian PALCAN program has 
accredited 150 labs in 14 areas. For 
PALCAN information contact, Manager 
Testing Division, SCC, 1200-45 O’Con¬ 
nor St., Ottawa, Ontario, Canada K1P 
6N7. (613) 238-3222. Fax: (613) 995-
4564. Contact NVLAP at A162 TRF 
Bldg., NIST, Gaithersburg, MD 20899-
0001, (301) 975-4016. Fax: (301) 926-
2884. 

ITU Reports 1992 Boom Market - The 
size of the global telecommunication 
market in 1992 was estimated at $535 
billion according to a report released at 
the World Telecommunication Develop¬ 
ment Conference in Buenos Aires this 
March. In 1992, revenues for services 
increased 8% from the previous year 
and equipment revenues rose by 9%. 
The 24 industrial nations of the Organi¬ 
zation for Economic Co-operation and 
Development (OECD) contributed 85% 
of global telecommunications service 
revenues although they are home to 
only 16% of the population. High income 
countries with only 15% of the popula¬ 
tion have 71% of the world’s telephone 
lines. The report looks at the successes 

of selected countries under different 
organizational set-ups and various 
stages of economic development. 

MCM's Software Tools Contract -
The Advanced Research Projects 
Agency (ARPA) awarded a two-year 
$2.8 million contract to Tanner 
Research Inc. to develop affordable 
software design tools for multi-chip mod¬ 
ules (MCMs). Funded by ARPA’s Appli¬ 
cation Specific Electronic Module 
(ASEM) initiative, it calls for the develop¬ 
ment of a suite of cost reduced MCM-
specific tools for place-and-route, signal 
integrity, design partitioning, testability, 
and thermal analysis. 

S1 1 Million Technology Reinvestment 
- The Communication Electronics Tech¬ 
nology Division (CET) of Watkins-John¬ 
son Company, along with Array Comm, 
Inc. and Spectrian, Inc., have received a 
research grant in a joint project to devel¬ 
op a Spatial Division Multiple Access 
(SDMA) digital base station for the Per¬ 
sonal Communications Services (PCS) 
wireless market. The system will 
address both commercial and military 
requirements with advanced technolo¬ 
gies such as SMART antenna systems, 
digitizers and FET power amplifiers. 

Command Post Aircraft - Boeing 
Defense and Space Group has given 
Scientific-Atlanta a $2.2 million contract 
for test equipment in support of Boeing's 
work on the E-4B National Emergency 
Command Post Aircraft. Tested will be 
the triband radomes that are used with 
satellite communications equipment car¬ 
ried aboard the modified 747 aircraft. 
The test system will assure the radome 
is performing properly by characterizing 
the unit before it is installed on the air¬ 
craft. The triband radome allows the Mil¬ 
star Extremely High Frequency commu¬ 
nications system, a jam resistant satel¬ 
lite satellite communications capability 
for the strategic and tactical forces of all 
U.S. military services, to become opera¬ 
tional. 

HTS Wire Research - A two year, $2 
million extended development program 
between American Superconductor Cor¬ 
poration (ASC) and Inco Alloys Interna¬ 
tional (IAI) continues lAI's funding for 
ASC's accelerated production of special¬ 
ized “metallic precursor” powders. 
These powders are the basis of one of 
the major methods of producing high 
temperature superconducting (HTS) 
wires. The use of HTS wires not only 
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The 48 cent solution. 
Wideband Amplifiers - From $.48 each 

UPC1653 
To 1300MHz 

18dB Gp

UPC 1654 
TollOOMHz 

19dB G„ 

UPC1655 
To 900MHz 

18dB Gp

CPC 1656 
To 850MHz 

19dBG„ 

UPC1658 
To 1100MHz 

17dB Gp 

2.0dB NF 

UPC1659 
600MHz to 

2300MHz 

23dB Gp

UPC1675 
To 2100MHz 

12dBGp

UPC1676 
To 1300MHz 

20dBGp 

4.0dBNF 

UPC1677 
To 1700MHz 

24dBGp 

PM = 19.5dBm 

UPC1678 
Up to 1900MHz 

23dBGp 

P = 18dBm OU 

UPC 1688 
Up to 1000MHz 

2IdB Gp 

4.0dB NF 

Prescalers -From $2.20 each 
• 

UPB586 
4- 512/256 

500MHz to 2.5GHz 

UPB587 
4- 2/4/8 

50MHz to 1.0GHz 

Va =2.2 to 3.5V 

I PB588 
4-64/128 

500MHz to 2.5GHz 

UPB581 
4-2 

500MHz to 2.8GHz 

UPB582 
4-4 

500MHz to 2.8GHz 

UPB584 
4-2 

500MHz to 2.5GHz 

UPB585 
4-4 

500MHz to 2.5GHz 

Freq. Convertors - From $1.58 each — 

UPC1685 
DC to 890MHz 

14dB GAIN 

Double Balanced 

Mixer Applications 

UPC 1686 
DC to 890MHz 

22dB GAIN 

UPC1687 
DC to 890MHz 

28dB GAIN 

IŒ of 38mA 

IF .Amplifier! 5 - From $3.50 each 

UPC1668 
10 to 170MHz 

Gt=14.5dB 

60dB Isolation 

UPC1669 
10 to 180MHz 

G=10.5dB 

55dB Isolation 

UPC167O 
10 to 150MHz 

IM(of56dBc 

60dB Isolation 

Transistor Arrays 
From $2.**0 each 

UPA101 
Ft=9GHz 

Double Balanced 

Mixer Applications 

UPA102 
Ft=9GHz 
Differental 

Amplifier 

UPA103 
Ft=9GHz 
Differental 

Amplifier 

UPA104 
Ft=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 

UPC1663 
VIDEO AMPLIFIER 

170MHz @ Awt= 100 

1.6ns Propagation 

Delay 

NEC MMICs come in chips and a variety of packages, including 
hemetic, 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 MMIC 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. 
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RF news continued 

results in more efficient power transmis¬ 
sion, but permits the winding of coils to 
generate stronger magnetic fields. 

"Window Curtain" Antenna - An 
antenna printed on both sides of a flexi¬ 
ble fiber-reinforced Teflon sheet can be 
hung in a window, from a wall, or placed 
on a roof. Developed at the Georgia 
Institute of Technology, the antenna can 
be camouflaged on the flat surfaces of 
buildings for satellite communications, 
TV, cellular and links. Mounted on a 
foam insulating board atop a conducting 
sheet (to prevent radiation from its back¬ 
side), the antenna weighs just a few 
pounds and averages 18 inches wide, 
30 inches long and 1 1/2 inches thick (at 
2 GHz). When suitably mounted it can 
be designed to operate from 500 MHz to 
4 GHz. The phasing of the dipoles on 
the antenna array determines the beam 
aiming direction. An automated software 
system for the design of these antennas 
turns user specification into instructions 
which can be sent electronically to a 
photolithography house so that within 48 
hours an antenna in a mailing tube 

could be delivered. Forty curtain anten¬ 
nas have been made. Sponsored by the 
U. S. Department of Defense, Georgia 
Institute of Technology is continuing 
research on inexpensive materials that 
would allow the antenna to be installed 
in the walls of new structures under thin 
plastic, stucco or even brick. 

Superconductor Base Station Filter 
Unveiled - Illinois Superconductor 
showed a prototype cellular base-station 
filter March 2nd at the CTIA convention 
in San Diego. The filter uses high-tem¬ 
perature superconductors to improve 
receiver sensitivity, minimize interfer¬ 
ence and increase the system’s capaci¬ 
ty. The filter technology reduces the 
interference of radio systems that are 
both physically and electrically close 

ABB HAFO to Produce Space-Quali¬ 
fied Components - ASEA Brown 
Boveri subsidiary, ABB HAFO, will pro¬ 
duce radiation-hardened ASIC chips 
based on Harris Semiconductor designs 
using its own proprietary SOS5 technol¬ 
ogy. The technology includes layering 

silicon onto an insulating substrate of 
sapphire. These will become standard 
components for satellites. The first 
round of products includes the Harris 
CD4000, HCS/HCTS, ACS/ACTS fami¬ 
lies and 65643/65647 memories. 

More Motorola GSM Equipment for 
U.K.'s Cellnet - A fourth contract 
between Motorola's Cellular Infrastruc¬ 
ture Group and U.K. cellular operator, 
Cellnet, brings to $98 million the total 
investment Cellnet has in Motorola’s 
GSM equipment. Installation of 600 sites 
across southern Britain, including the 
area around London, will be completed 
during the first half of 1994. The new 
outdoor cellsite, the ExCell™ , will be 
installed in several locations. 

Harris, Nat. Semi. Make MCM Agree¬ 
ment - Harris Electronic Design 
Automation, Inc. (EDA) will become the 
prime supplier of multi-chip module 
(MCM) design systems for National 
Semiconductor. The partnership could 
exceed $3 million in products and ser¬ 
vices over the next three years. National 

• • THE TIMING • • ' 
INDUSTRY LEADER 

For Telecom and Computer: \ 
RF, Wireless, LAN Cellular. Disk Drive, X 
PCMCIA, Medical & Instrumentation, X 

SURFACE 
MOUNT 

FOCUS 
AT 
FOX 

NEW •• CRYSTALS •• 
• FD - Micro Miniature 

1.1mm Max Height 
Ceramic SMD Crystal 
10 * 100MHz 

• FG - Miniature Tight Tolerance 
1.5mm Max Height SMD Crystal 
10 -250MHz 

* FK - Plastic Encapsulated 
Tight Tolerance 
SMD Crystal 3.579545 - 70MHz 

• FST/FSR Micro Miniautre 
Plastic Encapsulated 
SMD Watch Crystal 32.768kHz 

X 

X 

X 
X 
X 
X 

X 
X 
X 
X 

Fox Electronics 

NEW •• OSCILLATORS 
•F4100- HCMOS/TTL 

Dual Voltage 3.0 Volt I 5.0 Volt 
Low Current Standby Function 

• TCXO SMD Models 

X 
X 
X 

• Outputs Ranging from 
25 to 1000 Watts 

• 300kHz to 35MHz 
Frequency Range 

• Low Distortion, 
Class A Linear 

• Rugged, Solid State Design 

• Worldwide Service Network 

5570 Enterprise Parkway 
Fl. Myers, Florida 33905 

813) 693-0099 
Fax 813-693-1554 

Electro '94' 
Booth 3121 & 3123 

X 

For more information, contact us at: 

100 Highpower Rd.,« Rochester. NY 14623 

TEL: (716) 292 - 7440 • FAX: (716) 427-7839 

INFO/CARD 20 

26 

INFO/CARD 21 

May 1994 



For ten years we've been supplying our 
NE710 customers with the industry's leading FET. 

o 

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 MESFET price. 

NF Ga PldB Freq 

0.5 11.5 10.75 12 

Meet the ideal second stage device: 

In chip and Ion ml ceramic and hermetic pactages NE424 U.o 
Ga 

11.5 

PldB 

11.0 

In low cost ceramic packages 

Freq 

12 

"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, 
consistent-and I still use 'em 
by the truckload. Don't changer 

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

NF 

NE332 08
Ga P1dB Freq 

10.5 12.5 12 

hi chip and low cost ceramic or hermetic packages 

"Hou 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 low cost. 

NE7ÓO 
NF Ga PldB Freq 

0.8 15.5 14.5 4 

hi plastic, low cost ceramic and hermetic packages and chips 

NOTE: 
Noise Figures (NF) in dB 
Gain (Ga) in dB 
Power Out (PldB) in dBM 
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 50 c per part?" 

We can—two different ways: 

NE251 
NE253 

NF Ga P1dB Freq 

0.8 12.0 12.0 0.9 

0.8 12.0 15.0 0.9 

bi low cost plastic packages 

"I need a low noise FETfor the 
LNA 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 PldB Freq 

0.6 11.5 11.0 12 

hi chip and low cost ceramic and hermetic packages 
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Here you go: 

NE710 
NF Ga P1dB Freq 

0.6 13.0 14.5 4 

In chip form 

They're here. 

They're hilly 
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) 988-5500 FAX (408) 988-0279 □ Santa Clara, (408) 988-7846 Otos Angeles. CA (310) 645-0985 

San Diego, CA (619) 467-6727 □ Bellevue, WA (206) 455-1101 aRichardson, TX (214) 437-5487 aOlathe, KS (913) 780- 1380 □ Woodridge, IL (708) 241-3040 a Cockeysville, MD (410) 667-1310 

Peabody, MA (508) 535-2885 0 Hackensack, NJ (201) 487-1155 or487-1160oPalm Bay, FL (407) 727-8045 0 Snellville, GA (404) 978-4443 0 Nepean. Ontario, Canada (613) 726-0626 
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news continued 

Semiconductor purchased EDA’s 
FINESSE MCM™ design system as well 
as FINESSE MCM™ Design Kits to pro¬ 
vide design systems, services and solu¬ 
tions for physical implementation of 
electronic systems such as ICs, MCMs 
and PCBs. Harris is the sponsor of the 
Technical Alliance for Multi-chip Engi¬ 
neering (TAME) which is an organiza¬ 
tion of 35 companies that provide vari¬ 
ous services needed in the MCM field. 
TAME sponsors an end user source 
book of companies that offer technolo¬ 
gy, products and services that are key to 
the use and implementation of MCM 
technology. 

Trunked Radio Contract - Rohde & 
Schwarz has been given a contract to 
deliver a nation-wide trunked radio net¬ 
work for the United Arab Emirates by 
the end of the year. Initially, it will pro¬ 
vide communications between civil 
defense, fire services and the Coast 
Guard, as well as providing access to 
the public telephone service. A digital 
trunking switch, MMX-64, (based on 
ISDN techniques) will be the central 

node of the ACCESSNET®, which in 
the first stages will be covered by 20 
radio cells. 

Harris Receives Contract - The Royal 
Netherlands Army awarded Harris RF 
Communications Group in Rochester, 
New York a $40 million communication 
system contract. An additional $40 mil¬ 
lion is included for options for its next¬ 
generation high frequency secure com¬ 
munications systems. 

Advanced Technology Program -
NIST has opened a new general compe¬ 
tition to seek innovative industrial 
research programs for support under the 
Advanced Technology Program (ATP). 
An estimated $20 to $25 million in first 
year funding will be available in this 
competition. Proposals from all areas of 
technology will be accepted, and the 
deadline for full proposals is 3 p.m. 
EDT, June 22, 1994. Several program 
competitions focused on specific tech¬ 
nological and business goals will be 
announced later. For information or 
application, call (800) ATP-FUND (287-

3863). Fax: (301) 926-9524 or (301) 
869-1150. Internet: atp@micf.nist.gov. 
Write: ATP, A430 Administration, NIST, 
Gaithersburg, MD 20899-0001. 

Motorola’s GSM Bases Sold - Base 
station equipment and service contracts 
have been concluded with Sweden, 
Morocco and Thailand. The total value 
exceeds $35 million. 

Mid-May Move for FSY - The new 
address for FSY Microwave Inc.’s new 
facility is 7125 Riverwood Drive, Colum¬ 
bia, MD 21046. The 22,000 square foot 
facility was acquired to sustain FSY's 
continuing growth in supplying filters 
and multiplexers. Tel: (301) 294-8950. 
Fax: (301) 294-3007. 

RF Power Components Moves to 
Larger Facilities - RF Power Compo¬ 
nents, Inc., manufacturers of high power 
resistors, 90° hybrids, dividers, and dual 
directional couplers has moved to 125 
Wilbur Place, Bohemia, NE 11716-2482, 
USA. Tel: (516) 563-5050. Fax: (516) 
563-4747. 

Jnnwation 
_EXCELLENCE 
Performance 

Reliability 
■ 

5OP-766 SMA • High Frequency • DC-5 GHz 
75AP-012 PC • Low Distortion • Analog 
5OP-6O9 SMA • Wide Band • Solid State 

• Many standard models 

• 50 and 75 Ohm 

• Phase Constant 

•TTL 

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

We Are The 
Last Word In 
Programmable 
Attenuators. 
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Wireless Quality by Design 

W>te

J 

rt In Your Future 

Mixers • Transformers • Voltage Controlled Oscillators • Phase-Locked Synthesizers • Frequency Doublers • Switches 

VARI-L Company, Inc • 11101 East 51st Avenue • Denver, Colorado 80239 • 303/371-1560 • FAX: 303/371-0845 
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VERSION 6.0 

Serenade® PC for Windows " 
Super-Compact , Microwave Harmonica \ and Microwave Scope* 

RF, Microwave, and Lightwave Circuit Simulators 
Integrated with Schematic and Layout Editors 

Compact 
Software* 

201 McLean Boulevard 
Paterson, NJ 07504 
Tel: (201)881-1200 
FAX: (201)881-8361 

Super-Compact® 
Linear Circuit Simulator 

Microwave Harmonica 
Nonlinear Circuit Simulator 

Microwave Scope® 
Lightwave Circuit Simulator 
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Serenade® PC for Windows™ 
MICROWAVE SCOPE PC V6.0 

File Edit Settings Analyze Reports Utilities Window Help 

Open Print Accm Vprob Linear Nonin Ana Tune Optim Stat 
30 
Tile Cased 

Super-Compact, Microwave Harmonica, and Scope for Windows allow you to interact with 
powerful linear and nonlinear circuit simulator “engines” using superbly intuitive and easy-to-use 
interfaces. Simple menus, dialog boxes, and “fill-forms” are used, in addition to a new netlist 
editor, to make the product very easy to learn and use. 

Simulators link to Serenade Schematic and Layout Editors 

Serenade PC is a suite of CAD tools for schematic entry and automatic generation of circuit and 
subsystem layouts. Each engine can be used as a stand alone or inside a design system. 

* Schematic Editing 
* Netlist Extraction 
* Schematic Back-Annotation 
* Symbol Editing 
* Layout Generation and Editing 

In order to receive complete literature and a free demo software kit, please fax or send this page to 
Compact Software, or to the representative in your country. 

European Support Center 
Austria, Denmark, Finland, France, Germany, Italy, Luxembourg, 
Norway, Portugal, Spain, Sweden, Switzerland 
Technical Software Service (Germany) 
FAX: 49-7309-3275 - PHONE: 49-7309-5075 

Belgium - See The Netherlands 

Ireland - See United Kingdom 

Israel 
U.S.I.E. Ltd. 
FAX: 972-3-93-02558 - PHONE: 972-3-93-45979 

Japan 
Seki Technotron Corp 
FAX: 81-3-3820-1433 - PHONE: 81-3-3820-1714 

The Netherlands 
BFI Ibexsa Electronics, S.A. 
FAX: 31-20-65-31-353 - PHONE: 31-20-65-350 

South Africa 
Microwave & Electronic Technology 
FAX: 27-12-663-2978 - PHONE: 27-12-663-2975 

Taiwan 
Evergo Corporation 
FAX: 886-2-712-2466 - PHONE: 886-2-715-0283 

Turkey 
Momentum Projects & Consulting 
FAX: 90-1-257-7663 - PHONE: 90-1-257-7170 

United Kingdom 
BFI Ibexsa Electronics, S.A. 
FAX: 44-622-882469 - PHONE: 44-622-882467 

Name: 

Title: 

Company: 

Address: 

Fax #: 

Phone #: 

Interested in: 
_ Super-Compact 
_ Microwave Harmonica 
_ Microwave Scope 
_ Serenade Schematic Editor 
_ Serenade Layout Editor 

Platform: _ Workstation _ PC 

CSBQ001F 

Compact Software® 
201 McLean Boulevard • Paterson, NJ 07504 

Tel: (201) 881-1200 • FAX: (201) 881-8361 



RJFjndustry insight_ 
Miniaturization: 
Getting More for Less 
By Andy Kellett 
Technical Editor 

“Smaller is better” is almost an axiom in 
electronics. However, as axiomatic as 
that statement may seem, there are rea¬ 
sons for the ever-smaller size of electron¬ 
ic devices and components. This report 
looks at the factors driving RF miniatur¬ 
ization, and some of the technologies that 
enable RF miniaturization to take place. 
Unquestionably there is more demand 

for portable RF devices, and that is a 
major source of the demand for miniatur¬ 
ization. “Portability is a society driven 
thing,” says Tom Rose, Director of Strate¬ 
gic Marketing for M/A-COM’s Microelec¬ 
tronics Division, “the idea of having an 
office and secretary going away, and hav¬ 
ing people on the road with their phones, 
faxes and pagers is becoming popular.” 
Even in military markets, small size has 

become increasingly important. For 
example, the manpack radio has largely 
been replaced with handhelds. “Miniatur¬ 
ization is an enabling technology,” says 
Dr. Paul Hoff, Director of Lockheed-
Sander’s Microelectronics Center, “for 
example, the avionics in the F22 could 
not be implemented without the use of 
MMIC technology. “ 
Circuits and components are also 

shrinking so that increased functionality 
can be placed in familiar packages. A 
receiver within Seiko's Message Watch¬ 
es™ can extract time, personal mes¬ 
sages, traffic reports and other data from 
an FM broadcast subcarrier. The 
Advanced Communications and Time¬ 
keeping chipset within the watch compris¬ 
es a frequency synthesized receiver with 
digital baseband filtering and data recov¬ 
ery. The receiver chip is sophisticated 
enough to contain an image cancelling 
front-end and a power-down feature 
incorporated into the normal biasing 
scheme says Seiko Telecom Senior RF 
Engineer, Rick Suter. 

Miniaturization has had another effect 
on the Message Watch, however, by fur¬ 
ther intergating the circuits in the watch 
onto fewer die, the cost and complexity of 
the watch has been decreased. This third 
generation of the watch is 40 percent 
smaller and uses three instead of six 
chips says Gary Gaskill, Director of Sys-

The three chips inside Seiko's 
Message Watch™ comprise a fre¬ 
quency synthesized receiver with 
digital baseband filtering and 
data recovery 

terns Engineering and Business Develop¬ 
ment at Seiko Telecom. 
Cost is an important reason for minia¬ 

turization. “If you’re going to keep up with 
the cost curve you have to get more and 
more on a wafer,” says Richard Langlais, 
Director of Alpha Industries’ Sales Group. 
M/A-COM has reduced their chip size 
four to one in the last three years says 
Rose, “that’s allowed us to take GaAs 
chips into the competitive commercial 
marketplace at a competitive price,” says 
Rose. Increased integration reduces an 
end product's manufacturing and testing 
expenses, notes Kevin Townsend, Direc¬ 
tor of Sales and Marketing for Daico 
Industries, because more integration 
reduces parts counts 

How to Get More for Less 
Making things smaller, whether to satis¬ 

fy price or functional demands, can be 
done in several ways. For oscillator man¬ 
ufacturer MTI - Milliren Technologies, 
Inc., it is design work, not special devices, 
which let them shrink their products. 
“Right now crystals are about as small as 
technology permits, so we have to be cre¬ 
ative in the use of other components,” 
says Dan Trepanier, Sales Manager for 
MTI. 
Shrinking the size and cost of GaAs 

hybrid circuits is the goal of M/A-COM’s 
GMIC process. The process bonds GaAs 
chips to a layer of glass which has been 
deposited on a silicon wafer. Using stan¬ 
dard photolithographic processes, pas¬ 
sive devices and interconnects can be 
deposited on the glass surface, and Si 
devices can be grown in the substrate. 

Only after all the components are placed 
on the substrate is the wafer diced. 
Higher levels of integration have been 

the key to Teledyne Microwaves’ PCM¬ 
CIA Type 2-compatible “transceiver-on-a-
chip”, the TFE-1050. According to Tele¬ 
dyne Marketing Manager Mel Lee, both 
size and cost reduction prompted Tele¬ 
dyne to make theTFE-1050 monolithic. 
“It’s a pretty elegant solution in the sense 
that it does transmit and receive func¬ 
tions, it has the mixers on it and it even 
has trap filters on it,” says Lee. 
The next hurdle for GaAs MMIC manu¬ 

facturers will be to economically produce 
0.25 micron devices says Lockheed-
Sanders' Hoff. X-ray lithography will do 
that, and will also be used in silicon fabri¬ 
cation, says Hoff. 
As IC manufacturers work to put more 

and more functionality into a single pack¬ 
age, discrete semiconductor makers are 
simply trying to make the devices they 
have smaller and cheaper. “If you look 
back five years, people were willing to 
use ceramic packages, glass axial-lead 
devices, things of that nature,” says 
Alpha’s Langlais, “If you look at the 
devices we make for chip-on-board, you'll 
see they don’t do anything different from 
the ones made five years ago, but they 
do have a smaller footprint, and most 
importantly, they cost less.” 
Customers are also asking for smaller 

passive discrete devices. “The smaller 
you make a coil, the worse it performs in 
an RF environment,” says Paul Liebman, 
Marketing Manager for Coilcraft. For Coil¬ 
craft’s new series of 0603-sized wire¬ 
wound inductors, this tendency is partly 
offset by the reduced wire lengths need¬ 
ed for the smaller inductances used at 
higher frequencies. “We've all been work¬ 
ing hard at 900 MHz, and now we're 
going up to 1.2 or 1.8 GHz," says Lieb¬ 
man, "the bulk of the action we’re going 
to experience on this part is under 100 
nH.” 
The progress of miniaturization has 

always been a benchmark for the 
progress of electronics, and it will soon be 
marking the rapid progress of RF technol¬ 
ogy. RF 
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RF featured technology_ 

Combined Technology Amplifier 
Design 
By Stanley Novak 
Institute of Military Engineering, Brazil 

An alternative approach for the realiza¬ 
tion of high frequency and microwave 
amplifiers is investigated. When using 
transmission line matching circuits, it is 
always possible to realize match with 
open stubs electrically shorter than 90 
degrees. This paper shows that by sub¬ 
stituting the stubs with lumped elements, 
(in this case capacitors), the result is a 
more compact amplifier design that does 
not sacrifice performance. Examples of 
circuits using this alternative design are 
designed and analyzed by computer, 
and results are compared with actual 
amplifiers built using this method. The 
final product is a compact circuit requir¬ 
ing only a few parts. 

Designing amplifiers at high frequen¬ 
cies gives the engineer many 

options. When the wavelength of the sig¬ 
nal to be amplified is comparable with 
the physical dimensions of the intended 
amplifier design, additional flexibility may 
be added by including transmission lines 
as the elements of the circuit. At higher 
frequencies, many circuits are exclusive¬ 
ly implemented using transmission line 
elements. Alternatively, lumped ele¬ 
ments can be used exclusively to pro¬ 
vide for matching at the appropriate fre¬ 
quency. This approach is used particu¬ 
larly in some types of MMICs. 

In this work the combination of both 
technologies is investigated, and it is 
shown that in some cases the combined 

approach can have considerable advan¬ 
tage over the exclusive use of one or 
another technology. 

Matching Networks and Filters 
The design of amplifiers requires the 

use of matching elements, which provide 
for the narrow or wideband transforma¬ 
tion of input and output impedances of 
active devices to the impedance of the 
selected transmission line. Often, the 
input and output impedances of these 
bipolar transistors and FETs vary wildly. 
In the majority of cases, we exclusively 
use lumped element or transmission line 
matching networks. The appearance of 
high quality single and multilayer ceramic 
capacitors allows a simpler approach to 
the realization of matching networks. 
The amplifiers presented here replace 

the open stubs used in all-transmission 
line designs with capacitors. This will 
provide for more compact matching net¬ 
works and will give more flexibility to the 
design, as the capacitors may be moved 
along the transmission lines and their 
values varied if desired, (assuming that 
we use a shielded coplanar transmission 
line [1]). This is of course not possible 
with open stubs, which are permanently 
etched on the substrate. 
The actual design proceeds as follows: 

first the active device for the particular 
amplifier is selected, and its S-parame-
ters are evaluated for the selected fre¬ 
quency band. Then the suitability of the 

complete circuit for transmission line 
construction is evaluated. This will be the 
case mainly for frequencies above 300 
MHz where the transmission line solution 
has acceptable dimensions. Next, the 
matching network is designed using 
purely transmission-line elements. 

Initially considering only unconditional¬ 
ly stable devices at the chosen frequen¬ 
cy, there always exists a solution for 
realization of the matching circuits with 
open stubs electrically shorter than 90 
degrees. At the location of each open 
stub we can now calculate the equivalent 
capacitance which must be used to 
replace the stub. The wide variety of 
realizable matching circuits available to 
the amplifier designer is well illustrated 
[2]. In the case of conditionally stable 
amplifiers, the situation is a bit more 
complicated, as we need to verify if the 
solution for open stubs does not fall in 
the unstable region before proceeding 
with the design. 

Particularly at lower frequencies, 
where the dimensions of the stubs are 
comparable with the actual size of the 
substrate, replacing stubs with capaci¬ 
tors can substantially reduce the amplifi¬ 
er’s dimensions. 

For wider band operation we could use 
a negative feedback network in the 
design [3], or multiple element matching 
networks designed only with open stubs 
and calculate the equivalent capaci¬ 
tances to be placed at appropriate dis-

Figure 1. MRF 571 amplifier design 

Figure 2. Photographs of maximum-gain and low-
noise designs using MRF 571 and NE 02135 transis¬ 
tors. 
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Very New Amplifiers... at a very affordable 
price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very 
small, yet incredibly powerful (+17.5dBm typ. output at 1dB 
compression). The SOIC-8 pin surface mount units operate 
directly from a +3V to +5V single DC supply with 18dB typ. 
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tances. The final configuration will again 
be a single transmission line at the input 
and output of the amplifier, with chip 
capacitors placed at calculated intervals 
along the lines. This approach could 
obviously be extended to the design of 
filters and other types of ladder networks 
[4]. 

Alternatively, in many cases we can try 
to run an optimization program using ele¬ 
ments calculated for narrow band design 

as the starting values. 

Transmission Line Matching 
To demonstrate transmission line and 

stub matching with a two-element loss¬ 
less matching network, it is best to visu¬ 
alize the situation using the Smith chart. 
The proper transmission line length 
transforms the transistor input imped¬ 
ance to the point around the Smith Chart 
where the real part of the impedance is 

Two of the World’s 
Smallest Footprints 

equal to the characteristic impedance of 
the transmission line. Note that for the 
shortest length of the transmission line 
there are always two such points, one in 
the inductive part of the chart, another in 
the capacitive part of the chart. The 
length of the shorted or open stub then 
must cancel the imaginary part of the 
impedance at this point, completing the 
match. Because for this purpose we use 
parallel stubs, we complete the solution 
by using admittances on the chart. A 
similar approach is then used on the 
transistor output. Because in our case 
we are interested only in open stubs and 
their equivalent capacitances, we could 
write for admittance of the open stub 

Y os = jYotan9 

where 

(1) 

36 

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

Call 1-800-P1K-TOKO today for 
specifications, samples, and 
prototyping kits. We’ll also include a 
FREE RF Spectrum Chart, your 
complete product guide to 
applications across the RF Spectrum. 

6 = ßL = 
X(rad) 

or 

360L 

A(deg) 

(2) 

(3) 

where Yos is the admittance of the open 
stub, Yo the admittance of the transmis¬ 
sion line, ß the phase constant of the 
line, L the length of the line, À the free 
space wavelength = 3x108/f (m), and f is 
the frequency in Hertz. 
Because an open-circuited stub short¬ 

er than 90 electrical degrees always has 
positive susceptance, i.e. is always 
capacitive, we could write 

Yos = Pos = jYotan9 

or 

■ 0603 package for smallest size and 
0805 package for higher Qs 
■ E- 12 Series pitch from 1.5 to 82nH 
■ Ideal for high frequency designs up 
to 3GHz eliminates coupling between 
parts, delivering the highest possible 
SRF. Inherently more reliable and 
consistent versus wire wound types 
■ Tape and reel packaging for 
high volume, low cost automated 
manufacturing 
■ 5% tolerance available 
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tan9 = ̂  
Yo 

substituting for 0 from 2, 

ßL0S = tan-4 M 
k ’ o / 

giving for the open stub length 

Los 
k * — tan 
2n 

Bps 

Yo

(5) 

(6) 

(7) 

Finally, for the open stub equivalent 
capacitance we have 

c - Bps 
eq ’ 2nf 

(8) 

From equation 8 we can calculate the 
value of the capacitor which can replace 
the open stub at the particular frequency 
and distance. A word of caution must be 
added here. The capacitive susceptance 
of the stub is a tangential function, there-
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fore for electrical lengths of the stub 
more than about 60 degrees, the capaci¬ 
tive variation for the unit length becomes 
increasingly severe. In such cases we 
may need to use a variable capacitor or 
test a few fixed capacitors in the circuit to 
obtain the exact capacitance value. 

Combined Element Amplifier 
To verify the validity of this theoretical 

discussion, an amplifier with a two-ele¬ 
ment matching network for 1 GHz was 
designed and analyzed using various 
types of transistors. The results, as 
expected, confirm the validity of this 
approach. As an example, we demon¬ 
strate designs using the bipolar transis¬ 
tors MRF 571 (manufactured by Motoro¬ 
la) and NE 02135 (manufactured by 
NEC). The first device is unconditionally 
stable at the selected frequency of 1 
GHz, therefore no further adjustment 
was needed, and initially a maximum 
gain design was used. The second 
device is conditionally stable at 1 GHz, 
therefore we decided to reduce the theo¬ 
retical gain to 16 dB to obtain stability 
and verified the condition on the Smith 

chart. The parameters of the input and 
output transmission line-open stub 
matching circuits were calculated togeth¬ 
er with corresponding capacitances for 
the open stubs. 
The amplifiers were designed using 

computer synthesis programs [5], [6], 
selecting the solution for the open stubs. 
An additional feature of the program is 
the subroutine for calculation of the 
equivalent capacitance of the open 
stubs, which is displayed next to the 
dimensions for the stub parameters. 
The resulting computer printout for 

MRF 571 is shown in Table 1, together 
with calculations for the chosen sub¬ 
strate material, in this case Duroid 
D5880, having relative permeability 2.2 
and thickness of 0.7874 mm. 
To check the accuracy of the solution 

we used a circuit analysis program. The 
open stub equivalent capacitances 
instead of open stub lengths were used 
as an entry to the program to verify the 
assumptions. Calculated results are plot¬ 
ted in graphs together with measured 
values. 
A similar procedure was used to 

TRANSISTOR MRF571 O FREQUENCY 1000 MHZ 
INPUT-S(11)= .61 178 
FOR WARD-S0 1) 3 78 
REVERSE-S(12)- 9 000001E-02 37 
OUTPUT- S(22)= 28 -69 

CHAR. IMPEDANCE OF THE LINE = 50 OHM 
STAB FACTOR K1 036 "UNCONDITIONALLY STABLE" 
MAX GAIN IN DB=14 054 MAX NUMERIC GAIN= 25 438 

IMPEDANCE TO MATCH SOURCE RS=2 887 XS= 56 
IMPEDANCE TO MATCH LOAD RL=17.571 
XL=-73.95 

INPUT REFL.COEFF. 
ANGLE=-178 711 
OUTPUT REFL COEFF 
ANGLE=66.097 

MAGNITUDE= 89 

MAGNITUDE= 806 

LINE AND STUB MATCH TRANSISTOR MRF571 
© FREQUENCY 1000 MHZ 
""INPUT"" 
PARAMETER IMP (£1) LO EL.DEGREE EQ PARAM 
LINE LENGTH 50 035 12 868 
OPEN STUB 50 .21 75.691 (CAP=12 48PF) 
""OUTPUT"" 
OPEN OR SHORTED STUB? [O/SJO 

""OUTPUT"" 
PARAMETER IMP (Q) 
LINE I FNGTH 50 
OPEN STUB 50 

LO ELDEGREE 
.208 75.093 
194 69 842 

EQ PARAM 

(CAP= 8.671 PF) 

""MICROSTRIP CIRCUIT DESIGN"" 
PARAMETERS FOR MICROSTRIP LINES MRF571 
« 1000 MHZ CENTER FREQ 
SUBSTRATE REL DIEL CONST = 2.2 
SUBSTRATE THICKNESS = 0 7874 [mm) 
LINEWIDTH FOR 50 OHMS STUBS AND LINES = 2.397 [mm] 
OPEN STUB-IN LENGTH = 45 882 [mm] 
OPEN STUB-OUT LENGTH = 45.519 [mm] 
LINE LENGTH-IN = 7.8 [mm] I LINE LENGTH-OUT = 45.519 [mm] 
LINEWIDTH FOR MAINLINE 50 OHMS = 2.397 [mm] 
. CIRCUIT CONFIGURATION. 

GEN * S "* LINE *" TRANS *" LINE " S * LOAD 

Table 1. Computer synthesis for 
MRF 571 maximum gain amplifier. 

38 
INFO/CARD 30 

May 1994 



In the race to market, 
we offer you a few shortcuts. 

If you need magnetics for your 
prototype, our Designers Kits 
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Axial Lead Chokes 
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Horizontal Mount Inductors 
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Inductance: 31.5 nH - 720 nH 
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EMI/RFI Filter Kits 
Common Mode Data Line EMI Filters 
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Mag Amp Toroids 
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Power Filter Chokes 
Current: 3, 5, 10 Amps Inductance: 5 - 300 pH 
18 styles (48 total pieces) Kit P205 $75 

Axial Lead Power Chokes 
Current: .04 - 4.3 AC Amps 
Inductance: 3.9 pH - 82 pH 
30 values (2 of each) Kit P209 $150 

Other Magnetics Kits 
Low Pass LC Filters 

Poles: 3, 5 and 7 Cutoff frequency: 17 MHz 
Impedance: 50 Ohms 
3 filters (4 each) Kit D102 $60 

Common Mode Line Chokes 
Current: .25 - 9 Amps rms 
Inductance: 508 pH - 10.5 mH 
8 styles (2 of each) Kit P202 $100 
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design an amplifier for low noise opera¬ 
tion. For this type of design, the synthe¬ 
sis program requires that the minimum 
noise input reflection coefficient be spec¬ 
ified; this quantity is obtained from man¬ 
ufacturer spec sheets. 
For the NE 02135, which is only condi¬ 

tionally stable at the design frequency, 
we made similar calculations for both 
maximum gain and low-noise amplifiers. 
Amplifiers were realized by etching 

striplines on the chosen substrate, and 
providing ground along both sides of the 
stripline, thus forming a shielded copla¬ 
nar transmission line, (alternatively 
feedthrough to the ground side of the 
substrate can be made), The capacitors 
can be placed at the calculated dis¬ 
tances, and for fine tuning, moved a bit 
along the lines to obtain the best match. 
This type of design is very flexible 
because it is possible to etch 50 or 75 
ohm line of sufficient length on the sub¬ 
strate, and calculate amplifiers for differ¬ 
ent frequencies. Then, only the positions 
of the capacitors of different values will 
determine the exact frequency and final 
performance of the amplifier. Therefore, 
one type of substrate layout can be used 
for equalization of many types of ampli¬ 
fiers. Such a circuit has considerable 
advantages over standard stripline 
designs. 

Amplifier Circuit 
To keep the circuit as simple as possi¬ 

ble, two-resistor biasing was used. The 
circuit itself and the layout on the sub¬ 
strate is shown in Figure 1. The coupling 
capacitors Cc at the input and output of 
the amplifier limit the low frequency 
response, and are chosen so that the 
gain at lower frequencies is reduced to 
the desired value. In our case we chose 
22 pF coupling capacitors for both 
devices. All chip capacitors used in the 
design were manufactured by ATC. 
Capacitors C1 and C2 given by the com¬ 
puter for each particular application were 
placed at calculated distances L along 
the matching transmission line. Note that 
in the actual circuit their ground side is 
placed on the side where the power sup¬ 
ply decoupling capacitor is placed. This 
reduces the chance of unwanted reso¬ 
nances, which are always a danger in 
high frequency work. 
Proper grounding is of utmost impor¬ 

tance and the best solution is to provide 
feedthrough plated holes to the bottom 
ground plane close to each capacitor. 
The power supply decoupling capacitor 
Cd is 500 pF chip. Resistors R1 and R2 
are 1/8 W resistors or smaller, soldered 

directly on the line close to the device 
with the shortest leads possible. Their 
values are calculated to provide for the 
proper biasing conditions. The device 
itself is placed in the drilled hole in the 
substrate with ground leads soldered 
through holes on both sides of the sub¬ 
strate. The top of the substrate and the 
bottom ground plane then form a copla¬ 
nar shielded transmission line. A small 
island is etched on one side to provide 
for connection of a 12 V power supply in 
the case of the MRF 571, and 15 V in 
the case of the NE 02135. To assure 
that the coplanar planes along the cen¬ 
tral transmission line provide good 
ground, wide copper strips are wrapped 
on the edge of the substrate close to 
capacitors C1 and C2 and soldered on 
the top and bottom of the substrate. On 
the connector side, the ground plane is 
soldered to the connector on top and 
bottom with the center connector sol¬ 
dered to the central transmission line. 
Proper grounding prevents unwanted 
resonances which can substantially 
influence the overall performance of the 
amplifier. 

Results 
The completed amplifiers were 

checked and adjusted using the HP 
8754A network analyzer and measured 
using the HP 8790 noise figure meter. In 
the case of the MRF 571 bipolar transis¬ 
tor, the maximum gain design for a 1 
GHz center frequency actually resulted 
in a center frequency around 920 MHz, 
as shown in Figure 2. Reducing the 
input capacitor C1 (which has the 
biggest influence on the setting of center 
frequency) from the calculated value of 
12.48 pF (13 pF was used) to 8.2 pF 
moved the center frequency to 1 GHz, 
as is also shown in Figure 2 (this change 
also reduced the noise figure). 
The reason for the discrepancy in the 

C1 value may be explained by the fact 
that the equivalent open stub is over 60 
degrees long, i.e. the equivalent reac¬ 
tance is changing rapidly in this area 
(because it is a tangential function), so 
the capacitance adjustment is very sen¬ 
sitive. 
No attempt was made to move capaci¬ 

tors to compensate for the frequency 
deviation, and the distances to the 
capacitances were measured from the 
center of the device. Also, no correction 
for stray capacitances was included in 
the analysis program. In cases where a 
particular frequency is desired, a vari¬ 
able capacitor should be used at the 
input to set the frequency value. 

Figure 3. MRF 571 maximum gain 
amplifier. 

amplifier. 

For the next experiment we designed 
an amplifier for the same center frequen¬ 
cy, but optimized it for low noise opera¬ 
tion. The result was an amplifier with 
lower center frequency (using now 2.7 
and 3.6 pF chips instead of the calculat¬ 
ed 2.67 and 3.48 values), but with much 
wider bandwidth, and this time the noise 
figure was, as expected, much lower 
and centered around 2.2 dB. Analysis of 
the amplifier actually indicated the fre¬ 
quency shift, shown by comparing calcu¬ 
lated and measured values in Figure 3. 
This result could be expected, 

because to achieve the low noise perfor¬ 
mance we must actually mismatch the 
input of the amplifier, and this subse¬ 
quently results in shifted center frequen¬ 
cy. Therefore, to actually make an ampli¬ 
fier for minimum noise at some desired 
frequency, we need to start with the 
design at higher frequency and then use 
an analysis program to finely adjust the 
circuit for proper center frequency. But 
note that the measured and calculated 
values are very close for the 1 GHz 
design. In this case, the reduction of 
input capacitance did not result in signifi¬ 
cant change in gain and noise perfor¬ 
mance, because the amplifier was 
already mismatched for low noise opera¬ 
tion and because the equivalent open 
stub length was shorter than 60 degrees 
(actually 47.5 degrees), the circuit was 
not as sensitive to the change of operat¬ 
ing condition as the maximum gain case. 

Amplifiers realized with the NE 02135 
device were built using fiberglass sub-
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Frequency (MHz) 

Figure 5. NE 02135 maximum gain 
amplifier. 

Frequency (MHz) 

Figure 6. NE 02135 low noise 
amplifier. 

Conclusion 
For maximum gain amplifiers the actu¬ 

al gain at design frequency was lower 
than predicted, indicating the presence 
of losses not included in the theoretical 
models used for amplifier analysis. 
Some loss in gain may also be attrib¬ 

uted to the spread in actual device spec¬ 
ifications. In all cases the biasing was 
adjusted to the manufacturer recom¬ 
mended value. All the devices were 
selected at random from a batch and 
their S-parameters were not measured, 
but taken from manufacturers specifica¬ 
tions. 

In the case of low noise amplifiers, the 
calculated gain intercepted the mea¬ 
sured values close to the design fre¬ 
quency, and were lower at frequencies 
above the design frequency. Noise fig¬ 
ure were close to the manufacturer's val¬ 
ues. 
Coplanar shielded line, therefore, can 

be used as an attractive alternative to 
the conventional stripline for realization 
of microwave and high frequency ampli¬ 
fiers and other devices. RF 

A NEW FAMILY OF ULTRA 
WIDEBAND ANALOG SIGNAL 
PROCESSOR PRODUCTS. 
AVAILABLE NOW. ONLY FROM 
HUGHES ACTC: (310) 517-6700 

DUAL CHANNEL 12-BIT 40 MHz ANALOG-
TO-DIGITAL CONVERTER MODULE. Features 
DC-40 MHz clock capability, spurious-free 
dynamic range greater than 80 dB at 15 MHz 
video input, signal-to-noise greater than 65 dB at 
a compact size of 5.7" x 6.0" x 0.75". 

strate with permitivity 4.5 and thickness 
of 1.6 mm. The results of the measure¬ 
ments for both types of the amplifier are 
shown in Figure 4 and Figure 5. As in 
the case of the MRF 571 maximum gain 
amplifier, the calculated input capaci¬ 
tance of 6.8 pF needed to be decreased 
to 3 pF for the same reason (stub longer 
than 60 degrees), resulting once again 
in reduction of noise figure and wider 
bandwidth, but not to the same extent as 
the MRF 571 . This is due to the fact that 
in this case we have a conditionally sta¬ 
ble device with K = 0.664, which must 
be partially mismatched at the output to 
achieve stable operation, and is there¬ 
fore desensitized. This is similar to the 
case of low noise operation, but here we 
purposefully mismatch the input of the 
device. Both measurements are includ¬ 
ed in Figure 4. 

In the case of the low noise amplifier, 
the performance and behavior is similar 
to that of the MRF 571, but the usable 
gain extends above 1.2 GHz. Again, the 
reduction of input capacitance did not 
result in significant improvement of the 
performance, as the equivalent open 
stub was only 33 degrees long. 
To compare performance, amplifiers 

using both shielded coplanar line and 
conventional stripline were constructed, 
but the resulting performances were 
similar. The shielded coplanar line is 
obviously more suitable for the realiza¬ 
tion of combined technology amplifiers 
because it offers more flexibility in 
adjustments. 
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RF featured technology_ 

Simulating Coupled Transmission 
Lines with Super-Spice 
By Krishnamoorthy Kottapalli 
Compact Software, Inc. 

Compact Software's Super-Spice™ 
time-domain simulator extends the tradi¬ 
tional capabilities of SPICE-based simu¬ 
lation by providing RF and digital 
designers with the capability to model 
systems containing lossy coupled trans¬ 
mission lines. The coupled-line model in 
Super-Spice can represent up to ten 
coupled transmission lines on single and 
multi-layered substrates. This coupled-
line model makes it possible for design¬ 
ers to quickly identify circuit failures due 
to cross talk. Figure 1 shows a typical 
Super-Spice, work session which uti¬ 
lizes a graphics user interface based on 
X-Windows ™ and OSF/Motif™ . 

Traditionally, Spice simulators have 
been used extensively for transient 

and steady state analysis of many ana¬ 
log linear and non-linear circuits. The 
original Berkeley-Spice™ simulator, 
SPICE 2G6, required that the circuit 
topology be specificed using discrete 
circuit elements. Distributed elements 
such as uniform lossless transmission 

Figure 2. Single microstrip line. 
lines could be specified by their charac¬ 
teristic parameters, delay time and char¬ 
acteristic impedance. While these para¬ 
meters were easy to determine for 
transmission lines in homogenous 
media, (e.g., coaxial lines), their specifi¬ 
cation is very complicated in non-
homogenous media. 
The characterization of today’s domi¬ 

nant microstrip-based interconnects 
requires detailed numerical analysis. 
Relevant values for the characterization 
of typical single and coupled line struc¬ 
tures are readily accessible through 

microstrip lines. 
tables or CAD programs such as Super¬ 
Compact™ . Instead of specifying inter¬ 
connect characteristics by their electrical 
parameters, it is more convenient for 
designers to specify their physical 
dimensions. 

Super-Spice 
Super-Spice is an enhanced version 

of Berkeley-Spice and follows the 
PSPICE™ conventions. A unique fea¬ 
ture of Super-Spice is the integration of 
an electromagnetics module that char¬ 
acterizes single and coupled lossy 
microstrip lines on multiple substrate 
layers [1] accurately. Based on the 
physical dimensions and substrate para¬ 
meters of a single or coupled line geom¬ 
etry, the electromagnetics module auto¬ 
matically computes the associated elec¬ 
trical characteristics. These electrical 
characteristics are then passed to the 
Spice simulation portion of the program. 
With this modeling approach the design¬ 
er can specify the line by the available 
physical parameters. Also cross talk can 
be handled by specifying the geometry 
of closely spaced transmission lines, 
whether they are parallel or broad side 
coupled. 

Figure 1. Typical Super-Spice ™ session. 
Figure 4. Thick conductor lines 
analyzed with Super-Spice. 
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Figure 5. Schematic of radial coupled lines. 
Figure 6. Lossy, multi-conductor, coupled-line 
model, STRUC, in Super-Spice. 

A single or coupled transmission line 
element is defined by following the 
native Spice sub-circuit and model con¬ 
vention. Designers familiar with Spice 
can apply the Super-Spice specific inter¬ 
connect models. For instance, a single 
microstrip line as shown in Figure 2 can 
be referenced in Super-Spice by the fol¬ 
lowing sub-circuit reference: 

UJnput 1 2 feedjine L=10mm 

“Feedjine”, representing a feedline of 
lenght 10mm, is characterized in a 

model statement. Single and coupled 
line models are identified by the key¬ 
word STRUC: 

model feedjine STRUC 
+ WA=0.5mm 
+ H1=0.635mm EPS1=9.8 
+ RFA=1HMET=0.02mm 

The model parameters H1, WA and 
EPS1 refer to the line width, substrate 
height and dielectric constant. RFA 
specifies the metal resistivity normalized 
with respect to copper and HMET char¬ 

acterizes the metal thickness. Optional¬ 
ly, an additional parameter H2 can be 
specified to characterize the cover 
height of a housing. 

Parallel coupled microstrip lines with 
spacing SA (as shown in Figure 3) are 
specified in a similar way: 

UJnput 1 2 3 4 feed Jines L=10mm 

.model feedjines STRUC 
+ WA=0.5mm, 0.5mm 
+ SA=0.3mm 
+ H1=0.635mm EPS1=9.8 

For RF, 
Use ER. . E.F. Johnson 
RF Subminiature Connectors 

SMA, SMB & SMC 
New Surface Mounts RELIABILITY 

&ACCURACY. 
Precision Quartz 

CRYSTALS 
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communications, industrial, 
and O.E.M. crystal markets. 
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bend chamfered bend .model radiaUines STRUC 
+ WA=0.5mm, 0.5mm 
+ SA=0.3mm 
+ H1=0.635mm EPS1=9.8 
+RFA=1 HMET=0.005mm 
The general STRUC model from 

which many lossy multi-conductor, cou¬ 
pled line geometries can be derived is 
shown in Figure 6. The STRUC model in 
Super-Spice can be used to model 

transmission lines in various media such 
as microstrip, buried microstrip, stripline, 
coplanar and suspended stripline. 
Additional features of Super-Spice 

include models for microstrip discontinu¬ 
ities such as right angle bends, mitered 
bends, crosses, step junctions and T-
junctions. A schematic of such junctions 
is shown in Figure 7. Junctions are ref¬ 
erenced in Super-Spice through a sub 
circuit element that begins with the letter 

T-junction 

Figure 7. Microstrip discontinu¬ 
ities that can be analyzed using 
Super-Spice. 
+ RFA=1 HMET=O.005mm 

1 O 11 Imperative in the company 

Dependability 
Imperative in the component 

The specification of the metal thick¬ 
ness as described by HMET is valid for 
conductors with a width to thickness 
ratio of more than ten. However, for 
many digital and RF integrated circuits, 
the conductor thickness can be of the 
order of the conductor width. The cross 
section of such lines is shown in Figure 
4. It is common for the lines' cross sec¬ 
tion to be trapezoidal due to their manu¬ 
facturing process. Such thick lines can 
be modeled in Super-Spice by including 
two control parameters in the model 
statements. For the lines shown in Fig¬ 
ure 4, the model statement includes the 
control parameter IDICK and its thick¬ 
ness is specified by H3. The parameter 
WDELTA defines the undercut for the 
line: 

U_lnput 1 2 3 4 thick_feed_lines 
L=10mm 

model thick_feed_lines STRUC 
+ WA=0.5mm, 0.5mm 
+ SA=0.3mm 
+ H 1=0.635mm EPS1=9.8 
+ RFA=1 IDICK=1 H3=0.5mm 
WDELTA=0.25mm 

Super-Spice not only handles uniform¬ 
ly coupled lines but also models radial 
coupled lines. A schematic of radial cou¬ 
pled lines is shown in Figure 5. This 
coupled transmission line system can be 
modeled in Super-Spice by replacing 
the length parameter L with the angle 
PHI in the Super-Spice element state¬ 
ment, and specifying the inner radius 
XVA of the line with the shortest radius: 

U_lnput 1 2 3 4 radialjines PHI=90 

AND AT THE RIGHT PRICE. 
FSY Microwave, Inc. offers a complete line of HIGH PERFORMANCE 
RF AND MICROWAVE FILTERS & MULTIPLEXERS covering the DC to 
40 GHz frequency range in both standard and custom configurations. 
For the past decade, FSY Microwave, Inc. has specialized in only Filters 
& Multiplexers for commercial, military, and space applications. For 
QUALITY AND DEPENDABILITY AT THE RIGHT PRICE, call FSY 
Microwave, Inc. at (301) 294-8950 or FAX us your requirements directly 
at (301) 294-3007 

FSY MICRO WAVE 
1055 First Street • Rockville, MD 20850 
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Figure 8. Schematic of a pair of parallel coupled 
lossy lines with mismatched termination. 

Figure 10. Schematic of coupled line system with 
matched terminations. 

Z. As an example, a right angle bend 
element is specified by the following 
statement: 

ZJunction 1 2 corner 

.model corner LBEND 
+ H=0.635mm 
+ W1=0.635mm W2=0.635mm 
+ ER=9.8 

A T-junction is specified by the follow¬ 
ing statement: 

ZJunction 1 2 3 corner 

.model corner TJUNC 
+ H=0.635mm 
+ W1=0 635mm W2=0.635mm 
W3=0.635mm 
+ ER=9.8 

Examples 
Super-Spice was used to analyze a 

pair of parallel coupled microstrip lines 
on alumina substrate. One meter long 
lines with line width 140 mm and spac¬ 
ing 30 mm were deposited on a 0.56 
mm high substrate. A schematic for the 
coupled line system together with termi¬ 
nations is shown in Figure 8. 

The terminal voltages are shown in 
Figures 9 a and 9 b. Note that the cross 
talk at port 4 can reach levels of about 
50% of the input pulse at port 1. To 
reduce the coupling while maintaining 
the spacing between the lines, the cou¬ 
pled line system can be terminated in its 
characteristic termination impedance 
network. This network can be derived 
from the characteristic impedance net¬ 
work [2], which can be computed from 
Super-Spice’s output parameters. Fig¬ 
ure 10 shows the schematic of the cou¬ 
pled line system with the matched termi¬ 
nation network. Associated results for 
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Terminations up to (XX) watts 
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Marconi s 6200 Family of Microwave Test 
Sets have been making microwave scalar 
measurements to 46 GHz and providing 
high-speed, high-resolution fault location 
for coax lines & waveguide runs. 

Now a powerful & economical new addition 
to the family, the 6210 Reflection Analyzer 
is here. It uses the highly accurate "6-port 
coupler" technique to measure phase and 
amplitude characteristics of network 
inputs (Sn ). The Test Set thus provides 
accurate return-loss measurements, vector 

measurements, and time domain measure¬ 
ments. The frequency range of the Model 
6210 starts at 250 MHz and extends to 
26.5 GHz (or as limited by the host 6200 
Series Microwave Test Set). 

The Reflection Analyzer is housed in an 
add-on adaptor that fits below the 6200 
Series Microwave Test Set thereby retaining 
its compact profile for portable and field 
use. This adaptor technique also provides 
an easy upgrade route for users of the 
6200 Test Set now and at any time in the 
future. All existing features of the 6200 
Series Test Set are retained. 

Key features of the 6210 include: 

• Higher accuracy and wider range 
reflection measurements as compared 
to the RF bridge technique. 

• Both vector and time domain analysis so 
that the causes of reflections can be 
diagnosed. Especially useful with fault 
location. 

• Smith Chart presentation for easier 
impedance matching adjustments. 

• Simultaneous time domain and frequency 
domain measurements for full character¬ 
ization of an input port. 

For more information or to arrange a 
demonstration contact: 

Marconi Instruments, Inc. 
3 Pearl Court 
Allendale, NJ 07401 
1-800-233-2955 
201-934-9050 
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Figure 9. Terminal voltages for the coupled line sys¬ 
tem from Figure 8, (top-reflection, bottom-crosstalk). 

Figure 11. Terminal voltages for the coupled line sys¬ 
tem from Figure 10. (top-reflection, bottom-crosstalk). 

the terminal voltages are shown in Fig¬ 
ure 11 a and 11 b. Thanks to the proper 
termination of the lines, reflections and 
cross talk have been significantly 
reduced. 
Super-Spice provides the characteris¬ 

tic parameters for the coupled line sys¬ 

tem. These parameters can be used for 
design purposes with conventional 
Spice or other programs. For instance, 
those parameters can be used to syn¬ 
thesize a matching network for the cou¬ 
pled line system under investigation. 
Super-Spice outputs the model line 

parameters of the coupled line system, 
including the decoupled modal propaga¬ 
tion constant (ß), the decoupled modal 
impedance Zq and the current eigenvec¬ 
tor matrix. The delay values and DC 
resistance of the lines can also be 
obtained. 
To demonstrate the pulse degradation 

on a long propagation path, a microstrip 
meander line was analyzed. This circuit 
includes ten parallel coupled lines and 
18 right angle bends. The circuit uses a 
0.6 mm thick alumina substrate and 5 
mm thick copper lines. Each line section 
was chosen to be 500 mm long. A 
schematic of the line together with termi¬ 
nations is shown in Figure 12. Figure 13 
shows a plot of the input pulse and the 
output voltage waveform when the spac¬ 
ing is equal to the width of the line (s = 
w). Figure 14 shows a plot of the input 
pulse and the output voltage waveform 
when the spacing is one half the width 
of the line (s = w/2). Note the apparent 
signal degradation at the output end of 
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Figure 12. Schematic of a mean¬ 
der line consisting of ten parallel 
coupled lines and 18 corners. 

the line, which is mainly due to cross 
talk. 
As a final example, broad side cou¬ 

pled lines were analyzed, as illustrated 
in Figure 15. The first line was deposited 
on a 0.6 mm alumina substrate and the 
second line was deposited 0.2 mm 
above the first line on the same sub¬ 
strate. The terminal voltages are dis¬ 
played in Figure 16a and 16b. 

All of the examples listed were ana¬ 
lyzed on a Sun SPARC 10 workstation. 
The CPU time for the first example was 

Figure 15. Broad side coupled 
lines with terminations. 

Figure 13. Terminal voltage for 
the meander line of Figure 11 for 
s = w. 
two seconds for 80 data points. The 
CPU time for the third example, with 10 
coupled lines and 18 bends, was 22 
seconds for 220 analysis points. 

Summary 
Compact Software’s Super-Spice 

includes an electromagnetics module 
that makes accurate modeling of lossy 
multi-conductor transmission lines pos¬ 
sible. The model for uniform and radial 
coupled lines accepts geometrical input 
data and conforms to the Spice syntax. 
Additionally, Super-Spice provides 
models for microstrip discontinuities 
such as tees, bends, steps and cross¬ 
es. Various applications for the analy¬ 
sis of coupled lines have been present¬ 
ed to demonstrate the usefulness of the 
program. 
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Figure 16a. Terminal voltage of broad side coupled 
lines from Figure 15. 

Figure 16b. Terminal voltage of broad side coupled 
lines from Figure 15. 
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Rfmatching_ 

A New CAD Method For Narrowband 
Matching Circuits 
By Mihai Albulet 
Polytechnic Institute of IASSY 

The general problem of impedance 
matching consists of transforming a load 
impedance to the optimal working 
impedance of the generator. This article 
investigates narrowband matching cir¬ 
cuits (made up of three lumped ele¬ 
ments) used in RF power amplifiers. 

We choose this case to study 
because this solution is the most 

used in practice, being simple and pro¬ 
viding enough design flexibility. Consid¬ 
ering the specific problems of RF power 
amplifiers, the matching circuit connect¬ 
ed between the electron device and the 
load must meet a number of require¬ 
ments. It should, among other things: 

a) Transform the load impedance into 
an equivalent resistance which is opti¬ 
mal for the electron device. Otherwise, 
the RF power amplifier would operate 
under unfavorable conditions, its effi¬ 
ciency might decrease, and the signal 
being transmitted might be distorted. 

b) Maintain the specified amplitude-
and phase-frequency response over a 
certain frequency range according to the 
type of intelligence being transmitted 
and in compliance with relevant stan¬ 
dards. 

c) Attenuate (filter out) the higher har¬ 
monics so that any of the harmonic's 
power delivered to the load (the input to 
the subsequent stage or the antenna of 
the final stage) will not exceed the maxi¬ 
mum safe value. 

d) Have insignificant power loss, that 
is, maintain a high efficiency. In addition, 
there are some requirements with 
regard to cost, size, weight, reliability 
and practicality. 
Since the above requirements cannot 

be satisfied equally well, in practice they 
are divided into primary and secondary. 

Classical Design of Narrowband 
Matching Circuits 
The classical design method for nar¬ 

rowband matching circuits (with three 
ideal reactive elements) is based on 
choosing the circuit quality factor ([1] -
[4]). Quality factor is correlated (to some 

extent) with circuit bandwidth, harmonic 
attenuation and efficiency of power 
transfer through the circuit. In order to 
emphasize the bad points of this method 
we will analyze some examples. 
There are five matching circuits, (a 

through e, Figure 1), designed for the 
same source resistance (R =10 ohms), 
at center frequency f0=1 00 MHz. Q=3 
was chosen for circuits A, C and E, Q=4 
for B and D circuits. 
Table 1 contains the performances of 

the five matching circuits (with ideal 
reactive elements); thus we observe that 
bandwidth, harmonics attenuation and 
efficiency depend on both quality factor 
and (to a large extent) circuit configura¬ 
tion and load and source impedances. 

For the same circuit and same load 
and source impedances, if a higher 

designed for the same source 
resistance and center frequency. 
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quality factor is chosen for the same cir¬ 
cuit and same load and source imped¬ 
ances, a more selective circuit, with a 
lower power transfer efficiency, is 
obtained. Therefore, the quality factor 
does not offer an accurate quantitative 
information about circuit performances. 
On the other hand, neglecting losses in 
reactive elements results in significant 
errors, especially if the coil quality factor 
is low, or the frequency is relatively low. 

Proposed Design Method 
The method for narrowband matching 

circuit design proposed in this paper 
presents two important advantages: 

a) The design parameter used is the 
efficiency of power transfer through cir¬ 
cuit. This is very important in every situ¬ 
ation and, especially, when high power 
is transferred. This parameter has a pre¬ 
cise physical significance irrespective of 
circuit configuration and load and source 
impedances. 

b) It takes into account the finite quali¬ 
ty factor of inductances from circuit, 
reducing (sometimes significant) design 
errors. We note that because we know 
the order-of-magnitude of the of the 
inductance in the circuit, we know the 
inductors' quality factors with adequate 
precision. 
Taking into account the requirements 

that narrowband matching circuits used 
in RF power amplifiers must meet, we 
analyze here only lowpass and band-

CIRCUIT A (Q=3) B (Q=4) C (Q=3) D (Q=4) E (Q=3) 
a, (dB) 29.04 27.33 18.63 25.85 47.7 

[dB] 41.06 39.37 30.37 37.78 60.96 
n [%] 90.9 92.4 96 94.5 73.3 
fs [MHz] 109.2 111.1 123.7 116.6 103.8 

Note: 
- the second and third harmonics attenuation 

(a2, a3, in dBc), and the 3 dB upper frequency 
limit of band, have been calculated for source 
resistance Rg=10 ohms; 

- power transfer efficiency through circuit has 
been calculated neglecting lost power in capaci¬ 
tors; for coils, a quality factor Qo=1OO is 
assumed; 

Table 1. Performance of matching 
circuits in Figure 1. 
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RF TRANSFORMERS 
Over 80 off-the-shelf models... 

3KHz- from $195

Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency 
range?. ... Mini-Circuits offers a solution. 

Choose impedance ratios from 1:1 to 36:1 , in 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements*). 
Coaxial connector models are offered with 50 and 75 
ohm impedance; BNC standard, other types on request. 

Ultra-wideband response achieves low droop and fast T1H 

risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA 
primary current, use the T-H series. Fully detailed data 
appear in our 740-pg RF/IF Designer’s Handbook. 

Need units in a hurry?...all models are covered by our 
exclusive one-week shipment guarantee. 
Only from Mini-Circuits. 
‘units are not QPL listed 

INFO/CARD 42 

See us at MTT-S, Booth #931. 

T.m 
bent lead 

version style X 65 

CT Mini-Circuits 
■■ ■■ PO Box 350166. Brooklyn. New York 11235-0003 (718)934-4500 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY • EEM 

Fax (718) 332-4661 
• MINI-CIRCUITS' 740-pg HANDBOOK 

CUSTOM PRODUCT NEEDS.. Let Our Experience Work For You. 
F71Rev.E 



Figure 2. Circuit configurations used in the new design method. 
Figure 3. Transformation of PI, 
circuit. 

pass matching circuits. Circuit configura¬ 
tions are presented in Figure 2. 

Depending on matching circuit config¬ 
uration, load and source impedances 
are modelled in the most suitable way: 
resistive-reactive groups, parallel or 
series. 
The efficiency calculation only takes 

into account losses in coils, making the 
assumption that thet have finite quality 

factor, Qo. 
Calculations involved in obtaining 

design relations are simple (successive 
transformations resistance-reactance 
series parallel and solving nonlinear 
equation systems) but tedious. The only 
example presented here will be the way 
for obtaining the system of equations 
and solutions for PI, circuit, from Figure 
2. 

Only TECDIA has THREE! 
SINGLE LAYER CHIP CAPACITORS 

The requirements for theoretical real¬ 
izability impose restrictions (specific to 
each circuit configuration) concerning 
load and source impedances, efficiency 
and quality factor Qo. Because these 
requirements are expressed as compli¬ 
cated and irrelevant inequalities (from a 
practical point of view) we give up pre¬ 
senting them. The program directly com¬ 
putes the values of circuit elements, and 
when non-real or negative values are 
computed the decision is that the circuit 
cannot be practically achieved. 

ONE 
Type A 
250V 

TWO 
Type B 
250V 

THREE 
TypeC 
KM)V 

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 

2672 Bayshore Parkway, Suite 702. Mountain View, CA 94043 
Tel: (415)967-2828 Fax:(415)967-8428 

Design example. PI, circuit 
The original circuit is shown in Figure 

3a. In Figure 3b, X, and X2 denote, 
respectively, the reactances corre¬ 
sponding to the parallel groups (C, X ) 
and (C2 X|p), while X corresponds to the 
coil reactance. 
Transforming the parallel group (R lp , 
X2) into its series equivalent (R3, X3) 
results in the circuit shown in Figure 3c. 
The efficiency for the matching circuit is: 

INFO/CARD 43 See us at MTT-S, Booth #834. 

R3 __ ripx2Qq ( 1 ) 
R3+ro R1pX2Q0 + x(r?p + xl) 

FREQUENCY PRODUCTS 
ELECTRO DYNAMICS CRYSTAL CORP. 

The circuit shown in Figure 3d is 
derived from the circuit shown in Figure 
3c, transforming the series group R3+r0, 
X+X3 into the parallel equivalent (R4, 
X4); for this circuit, we can write the 
matching conditions: 
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Crystals 
• Microprocessor 
• Military Spec/QPL 
• Communication 
• Custom Crystals 

Oscillators 
• Hybrid Clock 
• TCXO 
• VCXO 
• Custom Oscillators 

X, + X4 =0 

R gp = R 4 

(2a,b) 

9075 Cody Overland Park KS 66214 
Phone (800) EDC-XTAL Fax (913) 888-1 260 

The solutions for the system of equa¬ 
tions (1) and (2) are: 

X __ R gpx 2_ 

Qo(1-n)X2 + nR 1p (3a) 

INFO/CARD 44 
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Synergy has introduced 
a selection of high per¬ 
formance, low cost 
standard catalog and 

custom highpass, lowpass and 
bandpass filters covering pass¬ 
bands within the DC to 2000 
MHz range. These filters are 
readily available in standard pin 
packages as well as the newest 
Synergy patented metal surface 
mount package with either leaded 
or flush mounting configurations. 

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

For a copy of our latest catalog, 
contact: 
SYNERGY MICROWAVE 
CORPORATION, 
483 McLean Boulevard, 
Paterson, NJ 07504. 
Phone (201) 881-8800 or 
FAX (201) 881-8361. 

NWCRCAN^ CORPORXnCN 

See us at MTT-S, Booth #903. INFO/CARD 45 



X = Q0
1— H RipX2 

n R?p + x2
(3b) 

X2 - Rip 
-T]Q0(i-n) 

1 + Qg(1-Ti)2-kn 
(3c) 

i + Qg(i-n)2-kn 

where 

k _ R9P (4) 

R ip 

Remarks: 
From X, and X2 we extract Xgp and 

X|p, respectively, and then the resulting 
C, and C2

In some situations the problem admits 
two solutions. If the load or source 
impedances don't have an inductive 
part, the problem has at most one solu¬ 
tion. 

If 

Qo(i-n)X2+nR 1p =o <5) 

Pl NETWORK 

F =100 MHz 
R1. C1 series/parallel - p 
R1 = 50 ohms 
C1 =20 pF 
Rg = 25 ohms 
Cg =10 pF 
ETA = 97% 
Q0 = 150 

“r_rLr_r_i 
Rg => Ccj C1 C2 Cl RI 

L = 42.213 nH (26.523 ohms) 
C1 = 104.619 pF 
C2 = 68 588 pF 

FREQUENCY ANALYSIS 
- POWER ATTENUATION 
(I) = IDEAL CURRENT SOURCE 
(U) = IDEAL VOLTAGE SOURCE 
- INPUT IMPEDANCE - MODULE [ohms] & PHASE [deg] 
-REAL & IMAGINARY PART [ohms] 

HARMONIC 2 
ATEN (I) = 26.545 dB 
ATEN (U) = 16.893 dB 
Zin = 8.228 EXP (j* -89.541) = .066 + j* -8.228 

HARMONIC 3 
ATEN (I) = 38.826 dB 
ATEN (U) = 24.74 dB 
Zin = 4 939 EXP (j* -89 936) = 006 + j* -4 939 

HARMONIC 4 
ATEN (I) = 46.854 dB 
ATEN (U) = 30.007 dB 

Figure 5. Example output. 

then the problem has solution only if 
Xgp>0; in this case the solution is 

C1=ZU~ WXgp 

(6) 

X, and X2 are found using equation 3. 
If 

1 + Q^(1-Ti)2 -ki] = 0 (7)

then: 

(k-r|)R 1p 

2(1-n)Q0
(8) 

X, X, are given in (3); if Xgp>0 we have, 
in addition, the solution: 

Q0(1-n)R 1p (9a) 
A — -

n 

V R 9P 

X1 = -Q^) <9b)

r  _ 1 
C 2 - ZU— (9c) WAgp 

Program Description 
Based on the new design method we 

wrote an IBM PC - GWBASIC program 
meant for the design of narrowband 
matching circuits, with the limitation that 
only resistive or capacitive load and 
source impedances are accepted. In 

fact, in most cases, impedances which 
are to be matched (at least for not too 
high frequencies), are resistive or 
capacitive. In addition, the source 
impedance is given as an RC parallel 
impedance (usually, the source is an 
active device which is modeled with a 
parallel capacitance or possibly a null 
capacitance). 

Frequency Analysis Assumptions 
In order to facilitate the design, the 

program can make an optional frequen¬ 
cy domain analysis based on the follow¬ 
ing observations: 

-It is assumed that the coils’ quality 
factor and elements’ values are constant 
versus frequency. Also, load resistance 
and capacitance may be considered 
constant with frequency either in the 
series or the parallel modelling, depend-

frequency F [MHz] = ? 100 
load impedance: RI, Cl parallel/series (P/S) ? p 
load resistance RI [ohms] = ? 50 
load capacitance Cl [pF] = ? 20 
source resistance rg [ohms] = ? 25 
source cap. Cg [pF] - (parallel with Rg) = ? 10 
efficiency ETA [%] = ? 97 
inductances quality factor QO = ? 150 
harmonics analysis ? (Y/N) ? y 
Fmin...Fmax analysis ? (Y/N) ? y 
Fmin [MHz] = ? 101 
Fmax [MHz] = ? 103 
step Df [MHz] = ? 1 

Figure 4. Example input screen. 
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Zin = 2.838 EXP (j* -89.989) = .001 +f -2.838 

FREQUENCY = 101 MHz 
ATEN (I) = -.269 dB 
ATEN (U) = .284 dB 
Zin = 26.646 EXP (j* -2.411) = 26.622 +j* -1.121 

FREQUENCY = 102 MHz 
ATEN (I) = -.516 dB 
ATEN (U) = .567 dB 
Zin = 28.32 EXP (j* -5.242) = 28.201 +j* -2.588 

FREQUENCY = 103 MHz 
ATEN (I) = -.73 dB 
ATEN (U) = 848 dB 
Zin = 29.978 EXP (j* -8.492) = 29.649 +j* -4.427 

PI NETWORK 

F =100 MHz 
R1, C1 series/parallel - p 
R1 =50 ohms 
C1 = 20 pF 
Rg = 25 ohms 
Cg =10 pF 
ETA = 97% 
QO =150 

~T~T Lr _ T'l 
Rg => Cg C1 C2 Cl RI 

I I I I I 
L = 17.153 nH (10.778 ohms) 
C1 = 1446 693 pF 
C2 = 162.213 pF 

FREQUENCY ANALYSIS 
- POWER ATTENUATION 
(I) = IDEAL CURRENT SOURCE 

ing on design data input. 
-In parallel modelling, source capaci¬ 

tance is considered constant with fre¬ 
quency. Therefore, output data are use¬ 
ful only as a first cut, because, in prac¬ 
tice, load and source reactance are sel¬ 
dom constant with frequency. 
-The program computes power attenu¬ 

ation on load (on harmonics or at a cer¬ 
tain frequency) based on the fact that 
either the circuit is driven by a current 
source (it models a non saturated active 
device), or that the circuit is driven by a 
voltage source (it models an active volt¬ 
age switching device). Power attenua¬ 
tion computed in this way characterizes 
only the matching circuit (including 
source reactance); the drive is assumed 
to be constant with frequency. 
-The program is able to compute the 

input impedance of the circuit both for 
harmonics and in arbitrary frequency 
intervals. Input impedance is computed 
as modulus and phase, real and imagi¬ 
nary part. 

Program Operation 
To run the program, call GWBASIC 

MATCH from the prompt and answer 
the on-screen questions. Note that: 

1. Load impedance is given as a RC 
series or parallel impedance; if R|C| is a 
parallel group, C, may be zero. 

2. Source impedance is given as a RC 
parallel impedance; Cg may be zero. 
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(U) = IDEAL VOLTAGE SOURCE 
- INPUT IMPEDANCE - MODULE [ohms) & PHASE 
(deg) 
-REAL & IMAGINARY PART (ohms) 

HARMONIC 2 
ATEN (I) = 16.369 dB 
ATEN (U) = 2.549 dB 
Zin = 5.093 EXP (j‘ -83.594) = .568 + j* -5.061 

HARMONIC 3 
ATEN (I) = 21.342 dB 
ATEN (U) = 2.95 dB 
Zin = 3.008 EXP (j’ -86.572) = .18 + f -3.003 

HARMONIC 4 
ATEN (I) = 24.3 dB 
ATEN (U) = 3.086 dB 
Zin = 2.174 EXP ()• -87.606) = .091 -2.172 

HARMONIC 5 
ATEN (I) = 26.443 dB 
ATEN (U) = 3.149 dB 
Zin = 1.711 EXP (j* -88.14601) = .005 +j* -1.71 

FREQUENCY = 101 MHz 
ATEN (I) = -.047 dB 
ATEN (U) = .077 dB 
Zin = 25.361 EXP (j- -4.94) = 25.267 +)• -2.184 

FREQUENCY = 102 MHz 
ATEN (I) = -.028 dB 
ATEN (U) = .151 dB 
Zin = 25.52 EXP ()• -9.850001) = 25.144 -4.366 

FREQUENCY = 103 MHz 
ATEN (I) = .057 dB 
ATEN (U) = .223 dB 
Zin = 25.483 EXP (j‘ -14.656) = 24.653 +j‘ -6.448 

3. If we choose “y” for “harmonics 
analysis”, the program computes power 
attenuation on load (in dB under carrier) 
and the input impedance of the circuit 
(as module and phase, real and imagi¬ 
nary part), for the first four harmonics. 
Power attenuation is computed on two 
assumptions: a) the circuit is driven by a 
current source, and b) the circuit is dri¬ 
ven by a voltage source - see Figure 5. 

4. If we choose “y” for “Fmin...Fmax 
analysis", the program computes power 
attenuation on load and the input imped¬ 
ance of the circuit, in an arbitrary fre¬ 
quency interval (for Fmin to Fmax with 
step Df). 
Three different networks can be cho¬ 

sen, PI networks, corresponding to con¬ 
figurations PH, PI2 and PI3; T networks, 
corresponding to circuit configurations 
T1, T2 and T3; and GAMMA networks, 
corresponding to circuit configurations 
GAMMA1 and GAMMA2; 
The calculations are performed for all 

circuit configurations which can be theo¬ 
retically achieved. 
After the program is run the user is 

given the option to print the results to a 

printer, complete anothert run, modify 
one or more parameters, or chose 
another network type (using the same 
parameters). 
MATCH is available through the RF 

Design Software Service. For ordering 
information, see page 89 RF 

References 
1. F. Davis, “Matching Network 

Designs with Computer Solutions”, 
Motorola Application Note AN-267 

2. Becciolini, “Impedance Matching 
Networks Applied to RF Power Transis¬ 
tors”, Motorola Application Note AN-721 

3. S. Novak, “CAD for Lumped Ele¬ 
ment Matching Circuits”, RF Design, 
February 1989 

4. Krauss, H.L., Bostian, C.V., Raab, 
F.H., Solid State Radio Engineering, 
John Wiley & Sons, 1980 

About the Author 
Mihai Albulet is with the Polytech¬ 

nic Institute of IASSY in Romania. 
He can be reached at O.P. 6, P.O. 
Box 1324, 6600 IASI, Romania. 

More Power in 
Less Space 
To meet your requirements 

RF POWER AMPLIFIER USERS ... 
Are you looking for a qualified supplier of MIL-SPEC, compact 
packaged, custom designed, RF Power Amplifiers, for airborne 
data links in the 1.4 to 2.4 GHz range? 

Call or Fax: Aydin Vector Division 
215-968-4271 FAX: 215-968-3214 

Typical Missile 
or Satellite 
RF Power Amplifier 

• Pulse, CW and Linear Models for severe environments 
• High output power, 2 to 1OO’s of watts 
• High efficiency 
• Video or Telemetry 
• Single and Multichannel compatible 
• Military and Commercial applications 
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RF products 

1 W, 3.3 V Power Amplifier IC 
ITT GTC announces the avail¬ 

ability of the second of a series 
of high gain RF power amplifier 
ICs targeted to meet the low 
cost, high reliability needs of the 
wireless telecommunications 
marketplace. Designated the 
ITT332 101 BD, the new GaAs 
RF IC two-stage power amplifier 
was designed for cellular radio 
power amplifier applications in 
the 824 to 849 MHz band. The 
ITT332101BD produces 1 watt of 
RF power output when driven 
with 1 milliwatt (30 dB power 
gain) while operating from a sin¬ 
gle 3.0 volt battery. The single 
battery operation not only 
reduces the overall power 
requirements of the equipment, 

but it also eliminates the RFI 
generated by negative power 
supply oscillators. The surface 
mount cellular radio IC is capa¬ 
ble of sustaining any mismatch 
without damage or spurious 
response. It operates in the 
“compressed" class A mode 
which means that the output is 
driven very hard resulting in 
increased efficiency. The device 
is mounted in the industry stan¬ 
dard 16-pin SOIC package. Engi¬ 
neering samples are available 
now, production quantities are 
scheduled for mid-Summer and 
will be priced less than $9.00 in 
quantities of 10,000. 
ITT GTC 
INFO/CARD #250 

Digital Radio 
Analyzers 
Tektronix has introduced the 

Advantest R2465A and R2471A 
digital radio transmitter analyzers 
for North American Dual-mode 
Standard transmitters. The 
R2465A consists of the Advan¬ 
test R3265A spectrum analyzer 
(100 Hz to 8 GHz) and R3541A 
modulation accuracy measure¬ 
ment unit. The R2471A consists 
of the R3271A spectrum analyzer 
(100 Hz to 25.5 GHz) and the 
R3541A. Spectrum analysis mea¬ 
surements include frequency 
accuracy, output power, and har¬ 
monic and spurious signal levels. 
Time-domain and time-gated 
spectrum analysis functions 
include burst rise and fall time, 

Surface Mount 
Couplers 
Two chip couplers, models D3-

3120 and 3220, are the latest in a 
new line of low cost surface 
mount components from ST 
Olektron Corp, fit a variety of 
PCN, GSM and medical applica¬ 
tions. These 10 and 20 dB 
devices can be used as BIT cir¬ 

ISM Diversity 
Antenna 
Teledyne Electronic Technolo¬ 

gies’ model TFE-1015 antenna 
series provides diversity recep¬ 
tion for indoor propagation envi¬ 
ronments. The antenna covers 
the 2.400 to 2.483 GHz band with 
two antennas, one vertically 
polarized and the other horizon¬ 
tally polarized. An integrated 
diversity select switch (a SPDT 
switch) switches in 1 ps with a ±5 
V control voltage. Antenna gain is 
2 dBi for both the horizontal and 
vertical antennas. Maximum 

Rotary Joint 
Cable 
A coaxial cable with built-in 

rotary joint makes for quicker, 
more convenient connections in 
test sets, pedestals and other 
hard to reach places in 
microwave systems. The single¬ 
channel Kevlin Ro-Cable® should 
come in especially handy during 
acceptance testing. It prevents 

average burst power, and adja¬ 
cent channel power. The DSP¬ 
based R3541A modulation accu¬ 
racy measurement unit down 
converts, digitizes, and digitally 
demodulates rt/4 DQPSK signals. 
The R2465A digital radio trans¬ 
mitter analyzer is priced at 
$52,000, and the R2471A is at 
$58,000. 
Tektronix 
INFO/CARD #249 

cuits or as a method of power¬ 
monitoring transmit and receive 
paths. Frequency range is 800 -
2000 MHz with an insertion loss 
of 0.4 dB and VSWR of 1.2:1. 
Coupling varies from 21 dB at 
800 MHz to 14 dB at 2000 MHz. 
Guaranteed maximum power 
handling is 15 W from 800 to 
1000 MHz, 5 W from 1400 to 
1600 MHz, and 3 W from 1800 to 
2000 MHz. Maximum power dis¬ 
sipation for the coupler termina¬ 
tion resistance is 200 mW. The 
ceramic chip device measures 
0.18 X 0.10 inches. Price is $2.25 
from 25 to 1000 pieces. Delivery 
is from stock. 
ST Olektron Corp. 
INFO/CARD #248 
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VSWR is 2.5:1. Maximum control 
current is 3 mA, with 1 mA typi¬ 
cal. The TFE-1015 comes with an 
RG-158 cable with SMA male 
connector. The substrate holding 
the two antennas measures 3.6 x 
3.6 inches. 
Teledyne Electronic 
Technologies 
INFO/CARD #247 

cable twist or loosening at one 
end as the other end is tightened. 
It also eleminates cable twist and 
rotation due to moving test sets 
and instrumentation during test¬ 
ing or set-up. It can minimize 
reading errors caused by such 
twisting. Usable at up to 26 GHz, 
Ro-Cable comes in standard 2-
and 3-ft lengths, flexible or semi¬ 
rigid, with SMA compatible con¬ 
nectors at each end. Typical 
VSWR is 2.00:1, and insertion 
loss is 3.10 dB. Other lengths or 
connectors are available as spe¬ 
cials. Specify rotary-joint connec¬ 
tor model 21168 for up to 8 GHz, 
and model 21166 for up to 26 
GHz. 
Kevlin Microwave Division 
INFO/CARD #246 
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Product Spotlight: 
Hand Tools 
Low Effort Crimper 
The AMP® Pro-Crimper™ II 

hand tool requires 40 percent 
less hand force than similar 
industry-standard tools, while 
offering high reliability termina¬ 
tion of a broad range of prod¬ 
ucts. Its ratchet control ensures 
a complete crimping cycle. The 
tool, which uses interchangable 
dies, will crimp terminals and 

splices, various coaxial connec¬ 
tors, and many other connector 
types. Pricing ranges from $65 
to $1 10, for a tool assembly with 
die for the most popular styles. 
AMP, Inc. 
INFO/CARD #245 

Crimp Tool and Dies 
RF Industries' RFA-4005 is 

supplied with one RFA-4005-
020 crimping tool frame and 
two die sets, the RFA-4005-01 
and RFA-4005-02. The RFA-
4006 contains two crimping tool 
frames and the same two die 
as the RFA-4005. The RFA-
4005-01 die crimps RG58/U, 
RG59/U, RG142/U, RG8X, 
Proflex and various video 
cables. The RFA-4005-02 die 
crimps RG8/U, RG123/U, and 
Belden 9913 cables. 
RF Industries, Ltd. 
INFO/CARD #244 

Ceramic Dielectric 
Trimmer Capacitors 
Rugged 5 & 7 mm types 

Operating temp: -55° to +125°C 
Cap ranges: 1.3-2.0 pF to 12-160 pF 

Miniature types suitable for hybrids 
Operating temp: -25° to +85°C 
3 series: 2.0 x 1.2 mm; 3.0 x 1.5 mm; 

5.0 x 2.0 mm 
Cap ranges: 2.5-10 pF to 5.5-40 pF 

Microwave types 
Operating temp: -55° to 85°C 
Cap ranges: 0.5-2.0 pF; 1-4.0 pF; 2.0-10 pF 
Q > 500 at 100 MHz 

Plastic encased 4 x 4.5 mm and 5 mm types 
Designed for volume applications 
Surface mount and printed-thru-hole models 
Cap ranges: 1.7-3.0 pF to 10-50 pF 

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

SPRAGUE 
GOODmAn 

TEST 
EQUIPMENT 

310 MHz Dual¬ 
Channel Synthesizer 
The PTS D310 is a broadband, 

dual-channel instrument contain¬ 
ing two fully independent low 
phase-noise, low spurious output, 

fast switching frequency synthe¬ 
sizers, each covering 100 kHz to 
310 MHz with 0.1 Hz resolution. 
Output power is up to +13 dBm. 
Each channel is controlled 
through a 50-pin parallel interface 
which is pin compatible with the 
interface on current PTS synthe¬ 
sizers. 
Programmed Test Sources, Inc. 
INFO/CARD #243 

12-Digit Counter 
The new HP 53132A, a 225 

MHz universal counter, provides 
12 digit per second measure¬ 

ments. The new counter also 
speeds computer controlled tests 
with 200 fully formatted measure¬ 
ments per eocond. In addition to 
frequency, period and time inter¬ 
val, the HP 531 32A can measure 
pulse parameters, duty cycle, fre¬ 
quency ratios and more. An 
optional third channel provides 
frequency measurements of up to 
3 GHz. The HP 531 32A universal 
counter is priced at $2400. 
Hewlett-Packard Co. 
INFO/CARD #242 

Cellular 
Service Monitor 
The pCELL-100 from IFR Sys¬ 

tems is a test system for North 
American Cellular mobile tele¬ 
phones, supporting AMPS, 
NAMPS and the IS-54 systems, 
with more systems on the way. 
Both automatic and manual tests 
can be performed, and an identifi¬ 
cation function alows quick 
checking of MIN, ESN and tele¬ 
phone capabilities. Generator 
and receiver systems operate 
from 869.01 to 893.97 MHz and 
824.01 to 848.97 MHz, respec¬ 
tively, with 0.01 MHz rsolution. 
IFR Systems, Inc. 
INFO/CARD #241 

Calibration Kit 
Maury Microwave announces 

the availability of the series 

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

INFO/CARD 47 
See us at MTT-S, Booth #439. See us at Electro, Booth #4504. 

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

INFO/CARD 48 59 
See us at MTT-S, Booth #439. See us at Electro, Booth #4504. 
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See Us at Booth 841: RF Expo West 
PCB Design within AutoCAD 

RF - Microwave - Analog - Flex 
EPD - AutoSchem - Hybrid - GerbArt - Gerb2CAD - Pour 

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

• Pour complex ground planes (Pos or Neg) 
• Automatic Parts, FAB, Rats, Netcheck, DRCs, etc. 
• Advanced Edge Vector programs 

AutoSchem - Finallyl One that really works in AutoCAD 
• Works inside EPD/PCB drawing for Auto-Annotation. 
• Flexible format part list which updates schematic. 

Hybrid Designer - MultiChip Module • Thick Film 
• Automatic die, bond wire and bond patterns 
• Works with EPD and AutoSchem 

GerbArt Deluxe - AutoCAD «—» Gerber Translator 
Recommended by Gerber Systems 

• Converts all AutoCAD variations 
• Fast, Powerful and Automatic 

shareware/demo disks! 
p/ione;408-462-6494 
/ox.408-475-0738 
CAD Design Services, Inc. 

;806-C Soquel Ave., Santa Cruz, CA 95062 
AUTOCAD IS A REGISTERED TRADEMARK OF AUTODESK. INC 

INFO/CARD 49 

Radio Links 

► 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 

r A two-way radio manufacturer for 
more than 30 years 

Dpnco Aerotroi-Repco Sales, Inc. 
1-800-950-5633 

I 2400 Sand Lake Road 
I Orlando, Florida 32809 

Dealer Inquiries Invited 
INFO/CARD 50 

UEPLQductS 
8450H precision SC connector 
calibration kits for vector network 
analyzers (VANAs). The series 
8450 are designed for use with a 
variety of VANAs which utilize 3.5 
mm or 2.92 mm (K) test set or 
test cable connectors. The series 
8450H kits are provided with both 
male and female calibration stan¬ 
dards including sliding and fixed 
terminations, open circuits, and 
short circuits, along with calibra¬ 
tion constants provided on the 
storage medium appropriate for 
the VANA being calibrated. 
Maury Microwave Corp. 
INFO/CARD #240 

CABLES & 
CONNECTORS 

High Shielded Coax 
SuperFlex high shielded coax 

assemblies operate through 18 
GHz with insertion loss of 1 dB/ft 
at 18 GHz and typical VSWR of 
1.30:1. The cable has a diameter 
of 0.125 inches and minimum 
bend radius of 0.25 inches, with 
excellent electrical stability ver¬ 
sus flexure. Its Quadraform shield 
design maintains RF leakage 
below -85 dB through 18 GHz. 
Storm Products Co. 
INFO/CARD #239 

Plug-in Contact SMA 
Coaxial Components Corp, has 

announced the release of a “pre¬ 
assembled” SMA plug for RG402 
(0.141 dia.) semi-rigid cable. 
Model 3207A-01-1 is directly sol¬ 
dered to the cable after stripping 
back the center contact of the 
cable and plugging it into the 
female contact at the rear of the 
connector. The interface is in 
accordance with MIL-C-
3901 2/SMA. 
Coaxial Components Corp. 
INFO/CARD #238 

Low Loss Cables 
Times Microwave announces 

the availability of LMR-200 and 
LMR-240 flexible communica¬ 
tions cable. Although LMR-200’s 
outer diameter is 0.195 inches, 
the same as RG-58, it has more 
than 30% lower attenuation, even 
lower than RG-8X. LMR-240’s 
outer diameter is 0.240 inches, 
yet provides attenuation compa¬ 
rable to RG-8, a 0.405 inch OD 
cable. LMR cable uses a bonded 
Al tape and overbraid outer con¬ 
ductor with a foam polyethylene 

continued 

dielectric, providing lower loss 
and better RF shielding than con¬ 
ventional RG cables. Available 
from stock, LMR-240 is $0.40/ft, 
and LMR-200 is $0.32/ft. 
Times Microwave Systems 
INFO/CARD #238 

AMPLIFIERS 

10 w 
Broadband Amp 
Model 1200-1 0-40R is a solid¬ 

state amplifier that delivers 10 
watts of output power over the 
frequency range of 10 to 1200 
MHz. The unit delivers 40 dB of 
gain. The amplifier system has 

automated current limiting and 
will continue to operate into high 
VSWR loads and automatically 
recover. The amplifier system 
sells for $5950. 
LCF Enterprises 
INFO/CARD #237 

Inmarsat Power 
The M67791, from the Elec¬ 

tronic Device Group of Mitsubishi 
Electronics America, operates in 
the 1626 to 1661 MHz frequency 
range and functions as the driver 
stage for Inmarsat satellite sys¬ 
tem mobile telephone uplinks. 
The device features 7 W output 
power and 25% minimum total 
efficiency on a 15 V power sup¬ 
ply. The M67791 comes in a 
flanged, 5-pin package. 
Mitsubishi Electronics 
America, Inc. 
INFO/CARD #236 

Linearized 
Multi-Channel Amp 
Milcom International is now 

making available their field 
proven multi-channel feedforward 
amplifier. This state of the art 
amplifier offers up to 1 kW PEP 
with all intermodulation distortion 
products well within FCC emis¬ 
sion mask requirements. Also 
available are the individual class 
A and linearized class AB mod¬ 
ules from this amplifier, which 
feature high 3rd order intercept 
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points. 
Milcom International, Inc. 
INFO/CARD #235 

Linear Hybrid Amp 
Phoenix Microwave’s model 

PA996 offers linear output power 
of 20 dBm from 50 to 500 MHz 
with typical third order intercept 
point of 35 dB. Minimum gain is 
18.0 dB, and noise figure is 4.0 
dB across the entire frequency 
range. The amplifier operates 
from +15 VDC and 160 mA. The 
unit is offered in a hermetic dual 
in-line or flatpack package. 
Phoenix Microwave Corp. 
INFO/CARD #234 

AMPS Duplex 
Amplifier 
KW Microwave introduces an 

AMPS full-duplex amplifier in the 
frequency range of 869 to 894 
MHz for Rx and 824 to 849 for 
Tx. The Rx gain is 5 dB mini¬ 
mum. Output power at Tx fre¬ 
quencies is 1.5 W minimum for 
input of 600 mW typical. Input 
and output VSWR is 2.0:1 maxi¬ 

mum and Tx/Rx isolation is 50 dB 
minimum. DC power consumption 
is 14 V at 1 A maximum. The KW 
Microwave part no. is INT-l-891-
901-12666. 
KW Microwave Corp. 
INFO/CARD #233 

SEMI¬ 
CONDUCTORS 

DSP Down-Convert¬ 
ers in TAB Form 

Harris’ HSP45116, 16-bit 
numerically controlled oscillator, 
and its HSP43220, linear phase 
lowpass decimating filter, are 
now available in tape automated 
bonding (TAB) packages. TAB-
mounted die permit easy han¬ 
dling, with testability comparable 
to conventionally packaged ICs. 
The TAB versions of the two 
devices are available fully tested 
in commercial and military tem¬ 
perature grades for attachment to 
printed circuit boards, chip-on-

board assemblies, and multichip 
modules. 
Harris Semiconductor 
INFO/CARD #232 

High Speed 
Clock Chip Family 
The Clockworks™ family of 

chips from Synergy Semiconduc¬ 
tor consists of a range of frequen¬ 
cy synthesizers, clock generators, 
clock distribution and drivers, pro¬ 
grammable delay lines, and 
phase locked loops. All members 
of the family interface with each 
other in PECL, and interface with 
the rest of the system through 
TTL. In quantities of 1000, prices 
range from $7.85 to $19.85. 
Synergy Semiconductor 
INFO/CARD #231 

GSM Baseband 
Chipset 
Analog Devices and the Tech¬ 

nology Partnership of Cambridge, 
England, have announced a 
GSM chipset, integrating all the 
circuitry and software required to 
implement the baseband portion 

of a Phase 2 handset. The three-
device set consists of a digital 
ASIC (the physical layer proces¬ 
sor), an algorithm signal proces¬ 
sor, and a dedicated mixed-signal 
device (the baseband converter). 
The parts will operate from 3 or 5 
V supply voltages and will be 
available for sampling, along with 
an evaluation board, in the sec¬ 
ond quarter 1994. 
Analog Devices, Inc. 
Technology Partnership 
INFO/CARD #230 

12-bit A/D 
Burr-Brown’s ADS605 is a 12-

bit sampling analog-to-digital con¬ 
verter that provides a wideband 
track/hold 12-bit quantizer, timing 
circuitry, and low drift internal ref¬ 
erence, all in an economical 28-
pin DIP. Both DC and dynamic 
AC specifications are guaranteed 
to Nyquist. The track/hold, with its 
32 MHz full-power bandwidth, 
gives designers -79 dBc spuri¬ 
ous-free dynamic range. The 
ADS605 dissipates 1.4W. 
Burr-Brown Corp. 
INFO/CARD #229 

FILTERS 
High 

Performance 
Filters 

Low 
Cost 

Solutions 

INFO/CARD 51 

RF Design 

KR Electronics designs and manufactures all types of LC 
Filters for the OEM market. Linear phase anti-aliasing, 
phased matched bandpass and group delay equalized 
video filters with sin(x)/x correction are a few of our 
specialties. 

KR Model 2124 lowpass filter balances cost, size, and 
performance. Ideally suited for many video applications. 

□ Passband Ripple <0.15 dB to 5.5 MHz 
□ Group Delay Ripple <20 nsec to 5.0 MHz 
□ Stopband >40 dB by 8 MHz 
□ DIP Package 0.60" x 0.87" x 0.30" 

Choose one of our standard filters or let us design one to 
your specifications. Call or fax for a fast response. 

Quality Filters for Over 20 Years 

KR Electronics, Inc. 
91 Avenel Street, Avenel, NJ 07001 

Phone: (908) 636-1900 • Fax: (908) 636-1982 

INFO/CARD 52 
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products continued 

SIGNAL 
PROCESSING 
COMPONENTS 

available covering 824 to 890 
MHz and 750 to 950 MHz. Ampli¬ 
tude balance is 0.1 dB. Two-way 

SP4T Switch 
Mini-Circuits’ GSWA-4-30DR is 

a GaAs SP4T switch covering DC 
to 3000 MHz, with specification 
limits 4.5a typical from mean. 
Switching time is typically 25 ns, 
insertion loss is 0.9 dB, and typi¬ 
cal isolation is 30 to 40 dB. 
Housed in a low-cost, 28-pin 
PLCC package, the GSWA-4-
30DR costs $19.95 each. 
Mini-Circuits 
INFO/CARD #228 

Power Dividers 
Polyflon now offers two- and 

four-way power dividers. The 
power dividers are microstrip 
designs, computer optimized for 
lowest insertion loss, input and 
output mismatches, and highest 
isolation. Four-way dividers are 

dividers covering 1700 to 5100 
MHz are available, with 0.1 dB 
amplitude balance. 
Crane Polyflon 
INFO/CARD #227 

Bandpass Filter 
KeL-Com bandpass filter 

model BP-140/35 has a mini¬ 

mum 3 dB bandwidth of 35 MHz 
and f0 insertion loss less than 
1.0 dB. Typical group delay vari¬ 
ation is 2 ns over 135 to 145 
MHz. Ultimate attenuation is 50 
dB to 800 MHz. Typical VSWR is 
1.5:1. Package dimensions are 
0.8 X 0.4 X 0.4 inches, with radial 
leads for through hole mounting. 
Cost is $30.00 in production 
quantities. 
KeL-Com 
INFO/CARD #226 

Terminated/ 
Reflective Switch 
Daico Industries introduces the 

model DSW48024 SP4T termi¬ 
nated or reflective switch that fea¬ 
tures an operating frequency of 
DC to 2000 MHz. The switch pro¬ 
vides isolation of 60 dB from DC 
to 500 MHz, 46 dB from 500 to 
1000 MHz, and 33 dB from 1000 
to 2000 MHz. VSWR is 1.3:1 with 
a switching speed of 30 ns (50% 
control to 10%/90% RF). The 
switch is controlled by a TTL dri¬ 
ver in a 14-pin, 0.38 inch square 
flatpack. 

Daico Industries, Inc. 
INFO/CARD #225 

Broadband Switches 
QEC’s SRF series switches 

are bi-directional and suitable 
for cable, RF and data applica¬ 
tions. Signal routing can be con¬ 
trolled directly by 12 VDC 
applied via D-9 connector, or 
TTL interface. The switches’ fre¬ 
quency range is DC to 1750 
MHz, with typical 0.5 dB inser¬ 
tion loss, 50 dB ioslation and 14 
dB return loss. 
Quintech Electronics and 
Communications, Inc. 
INFO/CARD #224 

SIGNAL 
SOURCES 

OCXO 
Oak Frequency Control 

Group's 4879 OCXO offers ±5 x 
10-8 temperature stability from 
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-20 to +70 °C, in a 1.5 inch 
square by 0.5 inch package. 
Aging is only ±2 x 10~9 per day. 
The 4879 is available between 5 
and 20 MHz, and offers Sine or 
HCMOS output. Small quantity 
orders are available in four to six 
weeks. 
Oak Frequency Control Group 
INFO/CARD #223 

VCO Oscillators 
Conner-Winfield introduces an 

expanded line of voltage con¬ 
trolled oscillators. These units 
are available in both through-
hole and surface mount pack¬ 
ages, and cover a frequency 
range of 100 kHz through 1.6 
GHz. They are available with 

crystals in a state-of-the-art 
ceramic miniature package 
designed for all Type 2 and Type 
3 PCMCIA applications. Standard 
frequency range is 11.0592 MHz 
to 40.000 MHz. 
Ecliptek Corporation 
INFO/CARD #220 

Porcelain/Variable 
Capacitors 
North American Capacitor 

Company introduces the Mallory/ 
Microelectronics lines of multilay¬ 
er ceramic and porcelain capaci¬ 

either squarewave or sinewave 
outputs. An example unit, the 
PL14R1/R2 is priced at $41.50 
each in quantities between 10 
and 24. 
Conner-Winfield Corp. 
INFO/CARD #222 

ocxo 
MTI-Milliren Technologies has 

released the 230 Series, a family 
of miniature OCXOs with high 
performace thermal stability, 
aging, and phase noise. The typi¬ 
cal specs for a 10 MHz, SC-cut 
OCXO are thermal stability of 2.5 
x IO“8 (from -30 to +70 eC), 
aging of 7 x 10-10 per day, and 
phase noise lower than -85 
dBc/Hz at a 1 Hz offset. The 
series uses either AT- or SC-cut 
resonators and is available at fre¬ 
quencies from 40 kHz to 40 MHz. 
Package dimensions are 1.42 x 
1.07 x 0.76 inches. Prices range 
from $1 60 to $365. 
MTI-Millren Technologies, Inc. 
INFO/CARD #221 

tors in chip and leaded styles, 
and variable capacitors operable 
at frequencies up to 300 GHz. Q-
factors exceed 10,000 at 1 MHz 
for the porcelain capacitors, while 
the variable capacitors have Qs 
ranging from 1200 to 10,000 at 
100 MHz. 
North American Capacitor Co. 
INFO/CARD #219 

Vectron’s vcxo 
at 622.08 MHz 

for 
SONET OC-12 
454Y2600 Series 

DISCRETE 
COMPONENTS 

X-tals for PCMCIA 
Ecliptek has introduced the 

ECCM1 series of surface-mount 

Trimmer Capacitors 
Sprague-Goodman has intro¬ 

duced two new polyimide dielec¬ 
tric trimmer capacitors to its 
FILTRIM® series; both offer a 
wide capacitance range of 25.0 to 
600.0 pF. The model GZN60100 
adjusts from the top, and the 
model GZP60100 adjusts from 
the side. Both are leaded, 
through-hole mounted. Pricing for 
either model is $7.50 each for 
1000 pieces. 
Sprague-Goodman 
Electronics, Inc. 
INFO/CARD #218 

Low Profile Crystal 
Fox Electronics has further 

reduced the height of their sur¬ 
face mount crystals. The crystals 
are 1.1 mm high, including stad-
offs, and are available in the fre¬ 
quency range of 10 to 100 MHz. 
Standard tolerances are ±50 
ppm at 25° C and from -10 to 
+60° C, with 10 ppm tolerances 
and other temperature ranges 
available. 
Fox Electronics 
INFO/CARD #217 

Output: ECL or PECL 
Jitter: <10psrms 

Deviation: Maintains lock 
for 10 years 

Stability: ±20 ppm over 
O°C/+ 70 °C 

to -40°C/+ 85°C 
Size: 24 Pin Double Dip 

0.8" x 1.4" x 0.2 
Write/phone/fax 
Vectron today 
...ask about 

Vectron 's Sonet Clock 
Recovery Module 
Series SCRM-155. 

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

(203) 853-4433 
Fax: (203) 849-1423 

VECTRON 

The Crystal Oscillator Company 

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

* : DOVER TECHNOLOGIES COMmNV 
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Rf tutorial 

A First Introduction to Frequency 
Hopping Spread Spectrum 

By Gary A. Breed 
Editor 

Last month, this tutorial column 
reviewed the fundamentals of direct 
sequence spread spectrum. This month, 
the other major spread spectrum tech¬ 
nique, frequency hopping, is introduced 
in a conceptual, block diagram form. 
This description is intended for readers 
who have no prior experience with 
spread spectrum. 

Spread spectrum (SS) is a modulation 
technique that uses a wide band¬ 

width, transmitting a signal with low 
energy density per unit frequency. This 
characteristic can be used to improve 
reliability in low signal-to-noise condi¬ 
tions, to reduce interference to and from 
other users of the same region of the RF 
spectrum, and to introduce a measure of 
security through the complexity of the 
modulation scheme. 
Last month’s review of direct 

sequence SS showed that a modulated 
data signal can be spread over a very 
wide bandwidth using a pseudo-random 
chipping code. The random nature of 
the resulting signal creates sidebands 
which spread over a wide range of fre¬ 
quencies on either side of the carrier fre¬ 
quency. Therefore, in direct sequence 
SS, the signal has a specific carrier fre¬ 

quency, with information that is “hidden” 
in the data stream that has been altered 
by the PN code. 
Frequency hopping, in its simplest 

form, creates an SS signal by moving 
the carrier frequency according to some 
pseudo-random pattern, with a modula¬ 
tion method that may be the same as 
direct sequence SS before the chipping 
code is introduced (BPSK or QPSK), or 
some other digital modulation method 
(FSK, MSK, OOK). In this case, the 
information is “hidden” by the uncertain¬ 
ty of the next transmitted frequency. 

The advantage of frequency hopping 
is that the signal, although changing fre¬ 
quency, remains narrowband, with the 
excellent signal-to-noise performance 
and interference rejection afforded by 
narrow filters. The disadvantage is the 
complexity of the RF circuitry required to 
support very fast frequency changes. 
This can increase cost and complexity 
of the hardware, as well as limit the data 
rate that can be transmitted. 

Generating Frequency Hopping 
Spread Spectrum 
Figure 1 is the block diagram of a sim¬ 

ple frequency hopping SS transmitter. 
The digital input goes to a conventional 

modulator, which generates an IF sig¬ 
nal. The PN code is applied to logic that 
controls a fast-switching frequency syn¬ 
thesizer. The output of this synthesizer 
becomes the local oscillator of an 
upconversion stage that takes the mod¬ 
ulated signal to the final operating fre¬ 
quency, with hopping that follows the 
synthesizer frequency changes. 

In a current frequency hopping sys¬ 
tem, the hopping rate might be 1000 fre¬ 
quencies per second. To minimize pre¬ 
dictability of the hopping sequence, the 
pseudo-random number (PN) code 
should be updated at perhaps 256 or 
512 kchips per second. This increases 
the randomness of the code, making it 
far more difficult to determine the PN 
code by analyzing the frequency hop¬ 
ping pattern. 
Data rates may be transmitted up to 1 

Mbit/s using current commercial hopping 
technology. This means that up to 1000 
bits will be transmitted during one hop 
(less pause time during the required set¬ 
tling time for a new frequency). Synchro¬ 
nization is required at the data rate in 
frequency hopping SS, rather than the 
much faster chipping rate in direct 
sequence SS. 
The key element in frequency hopping 

Figure 1. Simplified block diagram of a frequency hopping spread spectrum transmitter. 
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MIXERS 
UNPRECEDENTED 

IN VALUE. 

SURFACE MOUNT 
board area .25 x .30" 

tape and reel available 

SOLDER PLATE 
OVER NICKEL METALIZATION 
improves solder reflow reliability 

and eliminates leaching 

RUGGED CONSTRUCTION 
passes MIL-M-28837 

shock and vibration tests 

ALL-WELDED 
INTERNAL CONSTRUCTION 

withstands up to 240°C for 5 minutes 

actual size 

ALL-CERAMIC 5 to 3000MHz J39L 
Now you can buy very low-cost, high-performance 

commercial mixers with the ruggedness and reliability 
required for military applications. That’s value! 

... Only from Mini-Circuits. 

Model LO Freq. (MHz) 
(dBm) LO,RF IF 

finding new ways 
setting higher standards 

RMS-1 1X 
RMS-11 F 
RMS-30 
RMS-25MH 

+7 5-1900 
+7 350-2000 
+7 200-3000 
+13 5-2500 

5-1000 
DC-400 
DC-1000 
5-1500 

Midband, dB 
Conv. Isol 
Loss L-R L-l 

7.1 29 31 
5.5 31 30 
6.5 26 22 
7.5 32 32 

$ea. 
(10-49) 

3.95 
4.95 
6.95 
7 95 

Mini-Circuits.- .......... 
■ ■ ■ ■ PO Box 350166. Brooklyn. New York 11235-0003 ( 718)934-4500 Fax (718) 332-4661 

Distribution Centers NORTH AMERICA soo-654 7949 .417-335-5935 Fax 417-335-5945 EUROPE 44 252-835094 Fax 44-252-837010 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTORY • EEM . MINI-CIRCUITS' 740-pg HANDBOOK 

CUSTOM PRODUCT NEEDS. Let Our Experience Work For You. 

See us at MTT-S, Booth #931. INFO/CARD 54 
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SS systems is clearly the local oscillator, 
typically a frequency synthesizer, which 
must switch rapidly across the band of 
frequencies being used, with consistent 
settling time and low spurious content 
(especially in the receiver). These fea¬ 
tures may result in compromises in cir¬ 
cuit complexity, power consumption and 
cost, which are major factors in current 
SS applications. 

Fast-Switching Synthesizer 
Technologies 

Direct synthesis, phase locked loop 
(PLL), direct digital synthesis (DDS), 
and even unlocked voltage controlled 
oscillators can be used to obtain the fre¬ 
quency switching speed required for fre¬ 
quency hopping SS. Each method has a 
different set of advantages and disad¬ 
vantages: 
Unlocked oscillator(s) — Simplicity is 

the advantage of using an ordinary VCO 
with some kind of open-loop control to 
change frequencies. Accuracy is the dis¬ 
advantage. Although some early sys¬ 
tems may have used this technique, it is 
not very practical. Obvious problems 

include repeatable tuning, drift due to 
environmental effects and calibration. 

Direct synthesis — A bank of crystal 
oscillators, each one tuned to a hopping 
frequency, is the simplest form of a syn¬ 
thesizer for SS. More likely, such a 
direct synthesizer uses a combination of 
stable reference crystal oscillators which 
are multiplied, divided, mixed and fil¬ 
tered to create a programmable fre¬ 
quency output. Fast switching speed is 
achieved because there is no time con¬ 
stant inherent to direct synthesis — 
there is no feedback path to add a 
delay, making the switching speed 
dependent only on the circuitry used to 
switch the signal paths, typically diode 
switches. 

Direct synthesis circuitry can become 
complex, although it is generally 
straightforward in design. Also, unless 
additional complexity is included, this is 
not a phase locked technique, and the 
modulation must be a noncoherent type 
such as AM or FSK. 
PLL synthesis — The phase locked 

loop is a thoroughly analyzed and highly 
developed method of generating tunable 

signals. However, in frequency hopping, 
there is a necessary tradeoff between 
spectral purity and switching speed; 
they have an inverse relationship. How¬ 
ever, techniques have been developed 
that minimize the performance degrada¬ 
tion of high-speed PLLs. Such tech¬ 
niques include pre-steering of the VCO 
to minimize settling time; fractional-n 
techniques that allow a higher frequency 
reference and, thus, a wider loop band¬ 
width; and multiple-loop designs that 
achieve high resolution frequency steps 
from two or more fast synthesizers. The 
author is also aware of “ping-pong” 
techniques that use multiple PLLs in a 
manner that allows one PLL to settle 
while another is on-line as the LO. Using 
one or more of these enhancements 
allows a PLL to be an effective frequen¬ 
cy hopping LO. 

Direct digital synthesis — DDS may 
be the single greatest advance in fast¬ 
switching frequency synthesis. The out¬ 
put frequency is constructed from a digi¬ 
tized sine wave look-up table that is 
sampled by the digital circuitry. Conver¬ 
sion from a digital word to a voltage 
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■ New Low Prices 
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■ Quick Delivery 
■ Long Operational Life 
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Kay Elemetrics Corp. 
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1994 MH S — MMWMC, NTC & ARFTG 

1994 MMWMC SCHEDULE 1994 NTC SCHEDULE 

The 1994 IEEE Microwave and Millimeter Wave Monolithic Circuits 
(MMWMC) Symposium is held on Sunday, Monday and Tuesday, May 
22-24. 1994. in conjunction with the 1994 International Microwave 
Symposium (IMS), at the San Diego Convention Center (SDCC). 
Sessions open to attendees of either symposium include the Sunday 
workshop, the three joint sessions on Tuesday and the Wednesday 
Interactive Forum, where 12 papers will be presented. For additional infor¬ 
mation, contact Sanjay Moghe, c/o LRW Assoc., 1218 Balfour Dr., Arnold, 
MD 21012 Fax (410) 647-5136 

The 1994 National Telesystems Conference (NTC) will be held on 
Thursday, Friday and Saturday, May 26 to May 28. in conjunction with the 
1994 International Microwave Symposium (IMS), at the San Diego 
Convention Center (SDCC). Joint sessions will be held on Thursday May 
26 and a tutorial short course will be held on Saturday May 28. 

Thursday, May 26, 1994 

Sunday, May 22, 1994 
8:30 am- 5:00 PM Wireless Communications Workshop 

7:00 am-5:00 pm 
7:00 am-5:00 pm 
7:00 am-8:00 am 
8:30 am-5:00 pm 
11:45 am-1:15 pm 
7:30 PM-10:00 pm 

Registration-SDCC 
Speakers Preparation-SDCC 
Speakers Breakfast-SDCC 
Technical Program-SDCC 
NTC Luncheon-SDCC 
NTC Board of Directors Meeting 

5:00 pm- 9:00 pm Registration-SDCC 
7:00 AM-1 0:00 pm Reception-Marriott Hotel 

Friday, May 27, 1994 

Monday, May 23, 1994 
7:00 pm-5:00 pm 
7:00 am-5:00 pm 
7:00 am-8:00 am 
8:00 am-5:00 pm 

12:00 pm-1:30 pm 
6:00 pm-8:00 pm 

Registration-SDCC 
Speakers Preparation-SDCC 
Continental Breakfast-SDCC 
Technical Sessions-SDCC 
MMWMC Panel Session-PMON 
Microwave Journal MTT-S Reception 

7:00 am-5:00 pm 
7:00 am-5:00 pm 
7:00 am-8:00 am 
8:30 am-5:00 pm 
1:30 pm-4:30 pm 

Registration-SDCC 
Speakers Preparation-SDCC 
Speakers Breakfast-SDCC 
Technical Sessions-SDCC 
Technical Tours-Shipboard 

Saturday, May 28, 1994 
8:30 pm-5:00 pm NTC Short Course on “Phased Array Antennas 

for the 1990s and Beyond’-Marriott Marina Hotel 

Tuesday, May 24, 1994 ARFTG CONFERENCE SCHEDULE 

7:00 pm- 5:00 pm 
7:00 am- 5:00 pm 
8:30 AM-1 0:00 am 
10:10 am-12:00 pm 
12:00 pm- 1:30 pm 

1:30 pm-5:00 pm 

Registration-SDCC 
Speakers Preparation-SDCC 
Technical Program (Joint with IMS) 
IMS Plenary Session-SDCC 
1994/1995 MMWMC 
Steering Committee Meeting 
Technical Program (Joint with IMS) 

ARFTG conference functions will be 
Hotel & Marina. Friday May 27, 1994. 

held in the San Diego Marriott 

Wednesday, May 25, 1994 
2:30 pm-5:00 pm Interactive Forum 

7:30 am-3:00 pm 
7:30 am-8:30 pm 
7:30 am-8:30 am 
7:30 am-4:00 pm 
7:30 am-5:00 pm 
8:30 AM-1 1:45 am 
12:00 pm-1:30 pm 
1:30 pm-5:00 pm 

Registration 
Continental Breakfast 
Speakers' Breakfast 
Speakers' Preparation Torrey 3 

Manchester Foyer 
Manchester Rooms 1 & 2 
Torrey 3 

ARFTG Exhibits 
Technical Sessions 
Lunch and Awards 
Technical Sessions 

Manchester Rooms 1 & 2 
San Diego Ballroom Salon C 
San Diego Ballroom Salon A 
San Diego Ballroom Salon C 

Attendees are urged to make their hotel reservations at the San Diego 
Marriott or nearby hotel immediately upon receipt of this program. 

Visit us at Exhibit Booth 440 
MTT-S International Microwave Symposium 

May 23-27, 1994 
San Diego, California 



1994 MTT-S — SCHEDULE OF EVENTS 

SUNDAY — MAY 22 

5:00 pm to 9:00 pm Registration San Diego Convention Center 
7:00 pm to 10:00 pm MMWMC Reception Marriott Hotel, Marina F & G Rooms 

8:00 am to 5:00 pm WSFA Wireless Communications Marriott Hotel, Marina D Room 

MONDAY — MAY 23 

7:00 AM to 

8:00 am to 

8:00 AM to 

1:00 pm to 

5:00 PM 

5:00 pm 

12:00 PM 

5:00 pm 

Registration 

WMFA 
WMFB 

WMHE 
WMHG 

WMHH 

San Diego Convention Center 

EM Field Solvers, Rm. 8 
Low Noise MW Sources, Rm. 7B 

CAD of MW Components, Rm. 9 
Lightsats, Rm. 11B 

Superconducting Technology, Rm. 3 

WMFC 
WMFD 

WMHF 

WMHI 

Noise in Amplifiers Rm. 7A 
MW Process of Materials, Rm. 10 

On-Wafer Measurements, Rm. 11A 

CAD of MW Systems, Rm. 4 

12:00 pm to 1:30 pm 

6:00 PM to 8:00 pm 
8:00 am to 5:00 pm 

PMON: Can mm-Wave Products be Used for Dual Use? 

Microwave Journal/MTT-S Reception 
MMWMC Symposium 

Room 6C, San Diego Convention Center 

San Diego Aerospace Museum 
San Diego Convention Center 

TUESDAY— MAY 24 

7:00 am to 5:00 pm Registration 
8:00 am to 5:00 pm MMWMC Symposium 

8:30 am to 10:00 am TU1 A: Signal Control 
Circuits 

10:15 am to 12:00 pm TU2G: Plenary Session 

San Diego Convention Center 
San Diego Convention Center 

TU1B: Time Domain TU1C: Optical 
Methods Transmitters 

Dr. Andrew Viterbi and Professor Hal Sobol 

TU1D: Sources and 
Control Components 

Room 6B, San Diego 

TU1E: Ferrite 
Comps & Techn 

Convention Center 

12:00 pm to 1:30 pm 

1:30 pm to 3:00 pm 

2:30 pm to 5:00 pm 

3:30 pm to 5:00 pm 

7:30 pm to 10:00 pm 

PTUA: Power MMICs for Commercial Applications: Real Products for a Change 

PTUB: Design and Producibility of MMIC Compatible Ferrite Components 

Room 8 San Diego Convention Center 

Room 7A, San Diego Convention Center 

TU3A: Receiver MMIC 
Components 

TU3F: Open Forum 

TU4A: Novel Monolithic 
Technology 

TU3B: Control of Leakage TU3C: Fiber Optic Link 
in Guided Waves Technology 

TU3D: 30th Anniversary: 
Matthaei, Young & Jones 

TU3E: Superconducting 
Comps & Subsystems 

Room 6A, San Diego Convention Center 

TU4B: New Guided Wave TU4C: Lightwave Comm TU4D: Acoustic Sensors 
Structures & Phenomena Systems & Components Devices & Applications 

TU4E: Biological Effects 
& Medical Applications 

RTUG: Microwaves after the Cold War Marriott Hotel, Marina Room D 

Student Paper Competition Marriott Torrey Room 3C 

WEDNESDAY — MAY 25 

8:00 am to 5:00 pm Registration San Diego Convention Center 

8:30 AM to 10:00 am WE1 A: Power Amps for WE1B: Freq Domain WE1C: Active & Passive WE1D: MW & mm-Wave WE1 E: mm-Wave HEMT 
Mobile/Satellite Comm Methods & Applications Planar Filters Applications in PCS Amplifiers/Receivers 

Mn-S NEWS 

Historical Exhibit — Visit the Microwave Theory and Techniques Society Historical Exhibit located conveniently 
in the midst of the commercial exhibition area at the San Diego Convention Center. Relax and browse through the 
MTT-S library collection of historical documents and trace the early expositions of microwave theory and 
important experimental results. Stop by the videotape room for scheduled viewing of tapes like the Public 
Television NOVA program on the development of the first automatic tracking and gunfire control RADAR system 
by the Rad Lab. Wander through a portion of the permanent MTT historical exhibit of artifacts covering the 
development of microwave devices dating back to the early 1930s. Trace the development of electron devices 
from early simple tubes to klystrons, magnetrons, and traveling wave tubes to solid-state MMIC chips and T/R 
modules. Top off your tour with a peek at new exhibits displaying the latest in flipped MMIC chips and a brief 
hardware demonstration of the evolution of the traveling wave tube. The Historical Exhibit is centrally located on 
the ground floor of the Convention Center and is open Tuesday through Thursday from 9:00 am to 4:00 pm. 

Museum Reception — The Microwave Journal will host a reception on Monday, May 23 from 6:00 to 8:00 p.m. 
at the San Diego Aerospace Museum in Balboa Park. Beverages and hors d’oeuvres will be served. Bus 
transportation will be provided from the Convention Center to the museum, and for the return. Symposium or 
exhibition badges will be required. 

MTT-S Preview Section 



1994 MH S — SCHEDULE OF EVENTS 

WEDNESDAY — MAY 25 (continued) 

10:30 AM to 12:00 pm WE2A: HBT & PHEMT WE2B: EM Analytic WE2C: Waveguide and WE2D: MW & mm-Wave WE2E: mm-Wave and 
Power Amplifiers and Numerical Techn Dielectric Resonator FillersComm Applications sub-mm-Wave Sources 

12:00 pm to 1:30 pm PWEC: Microwave and mm-Wave IC Interconnect Technology Room 8, San Diego Convention Center 

PWED: Circuit Design with Direct Optimization-Driven EM Simulators Room 7A, San Diego Convention Center 

1:30 pm to 3:00 pm 

2:30 pm to 5:00 PM 

3:30 pm to 5:00 pm 

WE3A: MW & mm-Wave 
Power Amplifiers 

WE3F: Open Forum 

WE4A: SAW Filters 
& Convolvers 

WE3B: Active & Quasi- WE3C: FET Based 
Optical Antennas I Modeling 

Room 6A, San Diego Convention Center 

WE4B: Active & Quasi- WE4C: HBT Modeling 
Optical Antennas II 

WE3D: Practical WE3E: Passive 
Applications of Field Theory Components I 

WE4D: Dual Military WE4E: Passive 
& Commercial Use Components II 

5:45- 7:15 pm 
7:30-10:00 PM 

Industry-Hosted Cocktail Reception 
Awards Banquet 

Marriott Hotel, San Diego Ballroom 
Marriott Hotel, Marriott Hall 

THURSDAY — MAY 26 

Registration 
NTC 

8:00 am to 5:00 pm San Diego Convention Center 
8:30 am to 5:00 pm San Diego Convention Center 

8:30 am to 10:00 am TH1 A: NTC Opening 
Session 

TH1B: mm-Wave Low 
Noise Recvrs & Amps 

TH1C: Device & Circuit 
Measurements 

10:30 am to 12:00 pm TH2A: Active Array 
Radar Systems 

TH2B: Receiver 
Components & Techn. 

TH2C: Microwave 
Measurements 

TH1D: Opto-Microwave 
Devices 

TH2D: Integration of 
Photonic & MW Comp. 

TH1E: CAD 
Methodology 

TH2E: Field Theory 
Based CAD 

12:00 pm to 1:30 pm PTHE: Low Noise Amplifier Linearity 

PTHF: Overview of Software Law from an Engineer's Perspective 

Room 8, San Diego Convention Center 

Room 7A, San Diego Convention Center 

1:30 pm to 3:00 pm 

3:30 pm to 5:00 pm 

TH3A: Phased & Active TH3B: Nonlinear 
Array Components I Modeling & Analysis 

TH4A: MW and mm-Wave TH4B: Propagation in 
System Application Planar Structures 

TH3C: Electro-Optic TH3D: Comm Applications TH3E: MIC I: Frequency 
Measurements of High Power MWs Convrtrs & Amps 

TH4C: Packaging and TH4D: High Power TH4E: MIC II: Substrates 
Interconnect Technology Sources & Control Comp. & Applications 

FRIDAY — MAY 27 

8:30 am to 5:00 pm 
8:30 AM to 5:00 PM 

8:00 am to 5:00 pm 

8:00 AM to 12:00 pm 

1:00 pm to 5:00 pm 

ARFTG Conference 
NTC 

WFFA 
WFFB 

WFHE 

WFHG 

Marriott Hotel, San Diego Ballroom 
San Diego Convention Center 

Quasi-Opt Circuits and Systems, Rm. 10 WFFC 
mm-Wave Applications in Autos, Rm. 8 WFFD 

Filters for Mobile Communications, Rm. 11A WFHF 

Optically Generated Terahertz Pulses, Rm. 7A 

Interconnect & Packaging, Rm. 9 
RF Signal Processing MMICs, Rm. 6C 

Optically-Fed Wireless Comm, Rm. 11B 

SATURDAY — MAY 28 

NTC Short Course: Phased and Active Arrays in the 1990s and Beyond Marriott Hotel, Del Mar Room 

Mn-S NEWS 

Mini-Circuits Breakfast — Mini-Circuits invites all participants in the MTT-S show to join them for a free 
complimentary breakfast on Tuesday May 24th and Wednesday May 25th. There are no strings attached; just 
have fun and meet with friends. Breakfast will take place both mornings at the Marriott Hotel & Marina, 333 West 
Harbor Drive, in the Marina Ballroom E from 7:30 a.m. to 10:00 a.m. Stop by either morning for a free breakfast, 
pick up a free 740 page Designers Handbook and have a souvenier photo taken of yourself. For more 
information, contact Mini-Circuits at 718-934-4500. 

Student Paper Competition — The MTT-S student paper competition encourages and recognizes excellence in 
research in microwave science and technology. Each year, outstanding student papers are presented in a 
dedicated technical session. Prizes are awarded for the best presentations. All student authors are given 
certificates and complimentary tickets to the Awards Banquet. Prizes for this year’s contest were provided through 
a generous donation by the Hewlett-Packard Co. The student paper competition will be held Tuesday at 7:30 pm at 
the Marriott Hotel. Torrey Room 3. Everyone is welcome to attend. 

Cocktail Reception — An industry-hosted cocktail reception will be held in the Marriott Marina Ballroom on 
Wednesday May 25 from 5:45 to 7:15 p.m. Beverage tickets are included in registration packets. 

RF Design - May 1994 



1994 MH S — EXHIBITOR UST 

Accumet Engineering Corp. 635 
Advance Reproductions Corp. 210 
Advanced Electromagnetics, Inc. 1325 
Advanced Technology Group . 1033 
AEL Industries Inc., 
Microwave/Antenna Division . 520 
Aerowave Inc. 1201 
A.J. Tuck Co. 1403 
Alan Industries Inc. 832 
Alcatel Network Systems-Ferrocom . 327 
Alessi Inc. 1144 
Allied Signal Laminate Systems Inc. 626 
Alpha Industries. 619 
American Technical Ceramics. 426 
Amphenol RF/Microwave . 1049 
Amplica, Inc. 306 
Amplidyne, Inc. 450 
Amplifier Research. 203 
Amplifonix Inc. 342 
Anadigics Inc. 512 
Anaren Microwave Inc. 423 
Andersen Laboratories Inc. 1233 
Andrew Corp. 91 1 
Anritsu Wiltron . 732 
Apollo Microwaves Ltd. 438 
Applied Microwave & Wireless . 1339 
Applied Systems Engineering Inc. 548 
Argus Trade Shows. 440 
Arion, Inc . 816 
Artech House Inc. 409 
Assemblies Inc. 742 
Astrolab Inc. 1243 
ATN Microwave Inc. 812 
Avantek/Hewlett-Packard . 1212 
AVX Corp. 602 
Balo Hermetics Co. 1328 
Bandgap Technology Corp. 641 
Belden Wire and Cable. 1043 
Boonton Electronics Corp. 1319 

Brush Wellman Inc. 1313 
Buckbee-Mears . 1238 
Bullen Ultrasonics Inc. 940 
Cablewave Systems . 231 
California Eastern Labs . 714 
Cascade Microtech . 813 
Celeritek Inc. 846 
Charles E. Gillman Co. 239 
Cinetic Inc. 233 
Coleman Microwave Co. 1031 
Communication Techniques Inc. 703 
Compac Development Corp. 1112 
Compact Software Inc. 904 
Compex Corp. 332 
Component General Inc. 649 
Comstron, a div. of Aeroflex . 738 
Connecting Devices Inc. 804 
Continental Microwave & Tool Co. Inc. 800 
Coors Ceramic Co. 524 
Cougar Components . 910 
CRC Press Inc. 444 
CTT Inc. 310 
C.W. Swift & Associates Inc. 1327 
Daden Associates. 81 1 
Dage Corp. 1210 
DBS Microwave, Inc . 942 
Delphi Components, Inc. 436 
Delta Electronics Manufacturing Co. 314 
Densitron Microwave Ltd. 245 
Diacon Inc. 948 
Dielectric Labs Inc. 709 
Ditom Microwave, Inc. 436 
Dorado International Corp. 1318 
Dow-Key Microwave Corp. 225 
Du Pont Superconductivity . 1137 
Dynatech Microwave Technology. 304 
Dynatex International. 1421 
Dynawave Inc. 1246 
E.I.P. Metals-Evered Tube Div. 241 

EXHIBITOR HIGHLIGHTS 

California Eastern Laboratories 
New from California Eastern Laboratories is the NEC Wireless 

Sampler. Designed to help speed up wireless circuit design, this 
kit puts over 100 NEC parts right at the design engineer’s finger¬ 
tips. Data sheets, application notes, and S-parameters in 
diskette are included. CEL will also be showing NEC's new 
UPA800T. Developed for Oager and other wireless applications 
to 2.5 GHz, this unique NPN transistor combines a pair of 10 
GHz fT NE680 die in an ultraminiature 1.25 mm x 2 mm surface 
mount package. 

Eagleware 
Eagleware is announcing the new SYSTEM 32 family of inte¬ 
grated HF synthesis and simulation software for IBM PCs. This 
family supports DOS and 32-bit Microsoft Windows and 
Windows NT operating systems with totally interchangeable 

files. The 32-bit versions are faster than 16-bit Windows prod¬ 
uct, break many memory barriers, support multitasking and sup¬ 
port multiple instance. Engineering departments may operate in 
a mix of these operating environments and still share user circuit 
and data files. All Eagleware synthesis and simulation programs 
are available as SYSTEM 32 products. 

Giga-tronics Incorporated 
Giga-tronics Incorporated will demonstrate its full line of 

microwave and RF test equipment at booth 632. The Giga-tron¬ 
ics Synthesized RF Signal Generators cover 10 kHz to 2.1 GHz 
and the Synthesized Microwave Signal and Sweep Generators 
cover 10 MHz to 40 GHz. Different models features various 
built-in modulation cpabilities. Giga-tronics will also show its one 
and two channel CW and Peak Power Meters, Precision Scalar 
Analyzer, and VXIbus Synthesized Signal Generation and 
Power Measurement System. 

Hughes Advanced Circuit Technology Center 
A family of ultra wideband analog signal processor products is 

MTT-S Preview Section 



1994 MTT-S — EXHIBITOR LIST 

Eagleware. 414 
EDO Corp./Barnes Eng. Div. 523 
EEV Inc. 513 
EIP Microwave Inc. 737 
Electro Magnetic Applications, Inc. 1325 
Elisra. 1132 
EMC Technology Inc. 201 
EMF Systems Inc. 1234 
EMS Technologies, Inc. 1239 
Ferretee . 1131 
Filtran Microcircuits Inc. 323 
Flexco Microwave . 625 
Florida RF Labs Inc. 419 
Focus Microwaves Inc. 744 
Fotofabrication Corp. 840 
Frequency Electronics Inc. 420 
FSY Microwave Inc. 534 
Fujitsu Compound Seminconductor Inc. 504 
Gamma-f Corp. 1215 
GEC-Marconi Materials Tech. 545 
Gel-Pak Div./Vichem Corp. 220 
General Microwave Corp. 1114 
GGB Industries Inc. 1144 
GHz Technologies . 21 5 
Giga-tronics Inc. 632 
Gilbert Engineering Co. Inc. 1320 
Harris Farinon Components . 842 
Haverhill Cable & Mfg. Corp. 810 
Herotek Inc. 607 
Hewlett-Packard/Avantek . 720 
Hewlett-Packard Co. and HP-EEsof. 720 
Hittite Microwave Corp. 544 
Huber + Suhner Inc. 631 
Hughes Aircraft Co. 1332 
Insulated Wire Inc. 536 
Integrated Microwave . 723 
Inter-Continental Microwave. 425, 926 
International Manufacturing Services Inc. 435 
Ion Beam Milling Inc. 639 

ITS Electronics Inc. 533 
ITT GTC. 527 
ITT Sealectro, Inc. 525 
JCA Technology Inc. 1213 
JFW Industries Inc. 1140 
Johanson Dielectrics Inc. 907 
Johanson Manufacturing Corp. 907 
Johnstech International Corp. 1236 
K & L Microwave Inc. 604 
Kalmus Engineering, Inc. 301 
Kaman Instrumentation . 441 
Karl Suss America Inc. 836 
KDI/triangle Electronics Inc. 320 
KW Microwave Corp. 234 
Kyocera America Inc. 601 
LCF Enterprises. 510 
LEMO RF. 1039 
Litton Solid State . 620 
Locus, Inc. 1232 
LogiMetrics Inc. 344 
Loral Microwave . 403 
Lucas Aerospace, Inc. 1003 
M/A-COM . 503 
MAC Technology Inc. 324 
MacNeal-Schwendler Corp. 232 
Magnum Microwave Corp. 222 
Marconi Instruments Inc. 207 
Matcom Inc. 932 
Matrix . 537 
Maury Microwave Corp. 920 
Menlo Industries . 224 
Merrimac Industries Inc. 1231 
Metelics Corp. 514 
MIC Technology Corp. MCD . 627 
Micro Lambda Inc. 740 
MIC Technology Corp. TFD. 000 
Micro-Chem Inc. 433 
Micro-Coax . 914 
Micro-Now Instrument Co. 1202 

introduced by Hughes Advanced Circuit Technology Center. 
New members include a Dual Channel 12-bit 40 MHz Analog-to-
Digital Converter Module, a Programmable IF 8-bit 500 MHz I-
Q-A/D Processor Module, A Dual 14-bit Digital-to-Analog 
Converter, and a Successive Detection Logarithmic Amplifier. 
All advanced circuits are available now, exclusively from 
Hughes ACTC, Booth 1332. 

Sciteq Electronics, Inc. 
Sciteq's mission is to develop, produce, and market 

advanced-technology frequency synthesizers and other RF sub¬ 
systems. Quality ranges from military (easiest) to commercial 
(tough because failures are unacceptable). Specialties include 
broadband DDSs, digital chip generators, the Arithmetically 
Locked Loop (a fractional-n derivative), andcombination archi¬ 
tectures. Standard products are tailored for PCS/wireless, com¬ 
munication, imaging radars, VSAT, satcom earth stations, and 
research projects. Sciteq offers enabling solutions to aggressive 
system development. 

Tecdia, Inc. 
Tecdia capacitors will satisfy a wide variety of your microwave 

capacitor needs. These chip caps are designed and manufac¬ 
tured specifically for both thin and thick film hybrid integrated cir¬ 
cuits. The safety margin around the electrode structure (A & B 
Types) helps to prevent shorts after epoxy attachment and 
makes them ideal for high component density applications. 
Tecdia C-Type chip caps are made with platinum metallization 
to ease soldering with materials such as Sn60, Sn62, etc. 

VARI-L Company 
VARI-L Company will be showing two new products at MTT-S, 
both engineered to speed wireless designs. The new VCO190 
series of low cost VCOs produce 0 dBm output power over the 
wireless communications bands from 45 to 3000 MHz. The 
PLL200 series of programmable synthesizers combine patented 
oscillator designs with low-power PLL divider/phase detector 
chips and a custom loop filter. 
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Microelectronics Ltd. 542 
Microelectronics Technology Inc. 708 
Micronetics Inc. 909 
Microphase Corp. 1023 
Microtech Inc. 1300 
Microwave Applications Group . 801 
Microwave Communications Labs Inc. (MCLI)...2OO 
Microwave Development Co. Inc. 1209 
Microwave Development Labs Inc. 526 
Microwave Device Technology Corp. 1400 
Microwave Engineering Corp. 208 
Microwave Engineering Europe. 202 
Microwave Journal..............................................413 
Microwave Product Digest................................ 1242 
Microwave Resources Inc. 336 
Microwave Solutions Inc. 944 
Microwave Technology Inc. 422 
Microwaves & PF. 941 
Milcom International . 950 
Millitech Corp. 841 
Milliwave . 334 
Mini-Circuits. 931 
Mini-Systems Inc. 1302 
Mitec Electronics . 228 
MITEQ Inc. 1013 
Mitsubishi Electronics America. 1019 
Modular Components National . 1142 
Morgan Matroc Ltd., Unilator Div. 235 
Morrow Technologies Corp. 1311 
Motorola SPS . 1102 
MPC Inc. 704 
MPR Teltech Ltd. 939 
Murata Erie North America . 725 
Nanowave Technologies Inc. 213 
Nexus Business Communications . 247 
Norton Diamond Film. 431 
NTK Technical Ceramics. 434 
Oak Frequency Control Group . 408 
Olin Aegis . 223 

Optimization Systems Associates Inc. 651 
Optotek Ltd. 406 
Oscillatek. 707 
P/M Industries Inc. 1301 
Pacific Monolithics Inc. 1205 
Panasonic Industrial Co. 1401 
Pascall Electronics Inc. 850 
PC Dynamics Corp. 1032 
Peak Power Microwave . 912 
Penn Engineering Components. 1235 
Phase II Corp. 340 
Philips Components. 1333 
Phoenix Company of Chicago . 1323 
Photofabrication Engineering, Inc. 908 
Picogiga Inc. 206 
Picosecond Pulse Labs . 701 
Piezo Crystal Co. 1326 
Poly Circuits, Inc. 550 
Power Systems Technology Inc. 452 
PPM Photomask, Inc. 838 
Precision Tube Co. Inc./Coaxitube Div. 316 
Q-Bit Corp. 1309 
Quantum Epitaxial Designs, Inc. 624 
Questech Laser Services . 539 
R & K Laboratories . 1011 
Raytheon Co. - Advanced Device Ctr. 303 
Reeves-Hoffman . 1244 
REMEC, Inc. 1418 
Republic Electronics Corp. 1109 
Res-Net Microwave Inc. 900 
Resin Systems Corp. 808 
PF Design Magazine. 440 
RF Micro Devices . 1041 
Richardson Electronics Ltd. 508 
RLC Electronics. 535 
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A broadband amplifier that's operating 
Class A isn’t squandering a good portion 
of its output power to feed unwanted 
harmonics. And superior load/VSWR tol¬ 
erance keeps it pumping its full rated 
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conditions. 

Let’s compare the actual minimum 
output of our two newest high-power 
Class A solid-state amplifiers with some 
well-regarded Class AB amplifiers. You 
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er and wonder why it can’t give you 
more than 450 watts. The reason is its 
inherent load/VSWR foldback. Think 
about what that would do to the fields 
you think your kilowatt is generating. 

In the band from 400 to 1,000 MHz, 
Class A performance really pays off. 
Notice how the fields created by our 
matched amplifier/antenna systems are 
maintained and even increase in strength 

the happy faculty of maintaining the field 
level as the frequency sweep goes up. 
To assure yourself of the 200-volts-per-
meter field at every sampling in the test, 
you need the team of amplifiers and 
antennas that comes only from AR. 
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fiers and antennas cover the frequency 
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level is accomplished with a digital-to-
analog converter (DAC). Frequency 
switching speed matches the sampling 
frequency of the system, and the archi¬ 
tecture assures that switching is phase-
continuous, minimizing transient behav¬ 
ior as a new frequency is selected. 
The disadvantages of DDS are fre¬ 

quency range and spurious outputs. The 
output frequency is limited to a maxi¬ 
mum of 1/2 the clock frequency. As a 
result, DDS systems are limited by the 
performance of the logic family used. 
CMOS allows economical DDS up to 
about 50 MHz, ECL provides a factor of 
two or three above that, and GaAs has 
been shown to operate up to 500-700 
MHz. Of course, lower frequency DDS 
signals can mixed or multiplied to 
achieve higher frequencies. 
Spurious outputs are more difficult to 

handle. Some systems can accept the 
presence of spurs that are 40-60 dB 
below the carrier, but this is unaccept¬ 
able for many others. Selection of an 
optimum clock frequency and output 
band can also help. Another method is 
to use the DDS as a reference for a 

PLL. The purity of the DDS carrier 
makes it an excellent low noise refer¬ 
ence, and the PLL loop filter can elimi¬ 
nate spurious energy. 

Summary 
This and last month’s tutorials are 

intended only to start the reader on the 
way to understanding spread spectrum 
techniques. The references given, and 
other information sources are needed to 
complete the learning process. 
The two main advantages of spread 

spectrum transmission are security and 
spectrum utilization, both of which are 
extremely important in today’s common 
use of RF-linked voice and data paths. 
Frequency hopping and direct 

sequence use different methods, and 
have different advantages and disad¬ 
vantages. Hopping is a more difficult 
engineering task, but it has performance 
advantages in exchange. Direct 
sequence can be implemented at low 
cost, and is an excellent solution where 
the specific advantages of hopping are 
not important. Both are currently being 
developed for mass markets. RF 
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KF modulators 

Class-S High-Efficiency Amplitude 
Modulator 
By Frederick H. Raab, Ph.D. 
and Daniel J. Rupp 
Green Mountain Radio Research 

A class-S modulator is a high-efficien¬ 
cy audio-frequency (AF) power amplifier 
(PA) based upon pulsewidth modulation 
(PWM). Its output is a baseband AF sig¬ 
nal that includes DC. Class-S modula¬ 
tors provide high-level amplitude modu¬ 
lation in transmitters for applications 
such as full-carrier AM, single sideband 
(by envelope elimination and restora¬ 
tion), and envelope tracking. This paper 
describes a 100-W class-S modulator 
with an envelope bandwidth of 57 kHz 
and an efficiency of about ninety per¬ 
cent. 

Aclass-S modulator can be used for 
high level amplitude modulation 

(AM) of radio-frequency (RF) PAs in 
applications such as 

• Full-carrier amplitude modulation 
(AM), 

• Single sideband (SSB), and 
• Envelope tracking. 

This paper describes a 100-W class-S 
modulator with an envelope bandwidth 
of 57 kHz and an efficiency of about 
ninety percent. 

Full-carrier amplitude modulation is 
used in applications such as non-direc-
tional beacons, AM broadcast, citizens’ 
band, and aircraft communication. 
Amplitude-modulation techniques [1] 
include transformer-coupling of a high 
level AF signal onto the power-supply 
voltage, series-pass modulation of the 

supply voltage, and gate-bias modula¬ 
tion of the gain of the RF PA. The class-
S modulator (Figure 1) is a series-pass 
device that can produce both the DC 
(carrier) level and the AF modulation. 
Envelope Elimination and Restoration 

(EER) is a technique through which 
highly efficient but nonlinear RF power 
amplifiers can be combined with highly 
efficient audio amplifiers to implement a 
high-efficiency linear RF power amplifier 
[2]. A limiter eliminates the envelope, 
allowing the constant-amplitude, phase-
modulated carrier to be amplified effi¬ 
ciently by class-C, -D, -E, or -F RF PAs. 
The detected envelope is amplified effi¬ 
ciently by a class-S modulator. Ampli¬ 
tude modulation of the final RF PA 
restores the envelope to the phase-
modulated carrier, creating an amplified 
replica of the input signal. Signals such 

as SSB can be produced efficiently by 
this technique. 
Envelope tracking [3] uses a class-S 

modulator to control the power supply 
voltage of a linear RF PA. The efficiency 
of a linear RF PA increases with the 
amplitude of its output [1], Envelope 
tracking keeps the power supply voltage 
just large enough to avoid saturation of 
the RF PA. The efficiency is therefore 
maintained just below the efficiency of 
the RF PA at peak-envelope-power 
(PEP) output. This can increase the effi¬ 
ciency of the transmitter by a factor of 
two or three for voice signals with large 
peak to-average ratios [4]. 

Principles of Operation 
A generic block diagram of a class-S 

modulator is shown in Figure 2. Com¬ 
parison of the AF (envelope) input to a 
triangular reference wave produces a 
pulsewidth-modulated switching signal 
(Figure 4). The DC component of the 
PWM signal is proportional to the ampli¬ 
tude of the AF input. 
The output voltage is generally con¬ 

siderably larger (typically 28 - 100V) 
than the output of comparator A1 (typi¬ 
cally 0 - 3 V). The low-level PWM signal 
is therefore translated to a higher volt¬ 
age suitable for the driver by either 
Zener diodes [1] or an opto-isolator. 
Active device Q1 can be either a 

MOSFET or a BJT. The combination of 
Q1 and D1 acts as a SPDT switch to 

Figure 3. Photograph of Class-S modulator. 
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Figure 5. Maximum spurious 
products. 

ucts inherent in pulsewidth modulation 
generally necessitate a somewhat high¬ 
er switching frequency. In most applica¬ 
tions, the higher switching frequency is 
desirable as it results in a smaller output 
filter with less delay. 
The signal produced by two-sided 

pulsewidth modulation with voltage lev¬ 
els of 0 and VDD is (from Appendix 14-3 
of [1]) 

tone AM (top pair) and two-tone 
SSB (bottom pair) 
produce a high-level PWM signal. Cur¬ 
rent flows through Q1 when it is on, and 
through D1 when Q1 is off (Figure 14-12 
of [1]). To achieve fast switching, it is 
generally necessary to employ pull-
up/pull-down circuits in the driver. 
The high-level PWM signal is convert¬ 

ed into the desired analog voltage by 
the low-pass output filter (L1-C1). The 
desired DC and AF components of the 
switching waveform pass through the fil¬ 
ter to the load with minimal alteration. 
However, the filter presents a high 
impedance to the switching frequency 
and its harmonics. This prevents them 
from reaching the load and also from 
generating significant currents through 
the switch. 
The linearity of a class-S modulator 

depends primarily upon the linearity of 
the triangular reference wave and the 
switching speed. The switching speed 
per se does not degrade linearity at 
intermediate amplitudes. However, 
operation near zero- and PEP-output 
levels requires duty ratios near 0 and 
100 percent. Maintaining the proper 
shape of the relatively narrow pulses 
requires fast switching. 

Requirements for Full-Carrier AM 
Sampling theory requires that the 

switching frequency fs of a class-S PA 
be at least twice the highest frequency 
to be amplified. However, spurious prod-

y zk (0m )|cos sin k0 + sin y cos k0 } 

where 0 = œst represents angular time in 
terms of the switching period and y is 
the instantaneous half-pulsewidth (0 < y 
< rt/2). 
The DC term varies linearly with 

pulsewidth and produces the desired 
output signal. However, the amplitudes 
of the switching frequency and its har¬ 
monics vary as 

Zk(0m) = ̂ sin[ky(0m )] (2) 

where 0m = comt. The sine-function non¬ 
linearity produces the spurious products 
that are inherent in PWM. 
For 100-percent modulation by a sinu¬ 

soid of frequency fs, the instantaneous 
half pulsewidth is 

y = ̂ (l + coswmt) (3) 

The spectrum is obtained by insertion 
of (3) into (2) followed by trigonometric 
substitution. From (14-39) of [1], the 
amplitude of the nth spurious product 
associated with the kth harmonic of the 
switching frequency is 

(4) 
K JI 

The amplitudes of various spurious 
products are shown in Figure 14-15 of 
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discrepancies at lower spurious levels. 
A spurious level of -30 dBc thus 
requires fs /BRF > 4.5. A level of -40 dBc 
requires a ratio of about 6.5. 

[1] as functions of the modulation index. 
Those spurious products that fall with¬ 

in the passband of the output filter reach 
the load and are become spurious prod¬ 
ucts in the RF output. While there are a 
large number of spurious products, 
those of the lowest order tend to have 
the largest amplitudes. It is therefore 
convenient to set fm to the maximum¬ 
output (cut-off) frequency of the output 
filter. 
Figure 5 shows the variation of the 

largest in-band spurious product with 
the ratio of the switching frequency to 
the RF bandwidth, which is 

the previous section. However, the 
spectrum now has three sets of compo¬ 
nents: 
• The switching frequency and its har¬ 
monics, 
• An FM-type modulation spectrum on 
each harmonic, and 
• A switching-function spectrum upon 
each component of the FM-type spec¬ 
trum. 
The analysis is somewhat tedious. 

Fortunately, only odd-order Bessel func¬ 
tions are present, for which 

^2n+1 (kac(em )) = c(0m )J2n+1 (ka) (7) 

Envelope Bandwidth 
The bandwidth of an SSB envelope is 

in general infinite. Consequently, the 
finite bandwidth of a practical class-S 
modulator distorts the envelope, which 
results in intermodulation distortion 
(IMD) in the output signal. 
The IM products associated with the 

finite modulator bandwidth are deter¬ 
mined in [5] through Fourier-series 
analysis and simulation. For a two tone 
signal, IM levels of -30 and -40 dBc 
require that differential delay not exceed 
0.1 /Brf and 0.056/BRF , respectively. 

Delay 
Delay of the envelope with respect to 

the hard-limited carrier is another source 
of IMD. From [5], keeping IMDs below 
an amplitude c requires that 

T2 < — c (9) 
2 

where t is the differential delay normal¬ 
ized to a cycle of the modulation fre¬ 
quency. The time delay is then 

T 1 J 2 T 
2rt fm 2k Brf kBrf

(10) 

Brf = 2fm (5) 
Keeping the spurious products at least 

30- or 40-dB below the carrier requires 
the switching frequency to be four or five 
times the highest modulation frequency, 
respectively (2 or 2.5 times the RF 
bandwidth). 

Requirements for SSB 
The design of a class-S modulator for 

an SSB transmitter requires attention to 
be given to 
• Spurious products produced by PWM, 
• Envelope bandwidth, and 
• Delay introduced by the output filter. 

Spurious Products 
For EER with a two-tone signal, 

y(0m ) = aE(6m ) = ac(0) cos wmt (6) 

where c(0) is a cosinusoidal +1 switch¬ 
ing function and a is the PEP amplitude. 
The general approach to analysis of the 
PWM/EER spectrum is similar to that of 

After a number of substitutions and 
rearrangements, the magnitudes of spu-

harmonic are rious products of the kth 
given by 

v _ 4Vdd 
v k,2n+1+b — o, 

Jt k 

I (-1)J2n+i(ka) £ ¿ 
n=o[ b=1,3, D

The order of these 

(8) 

b-r 

(-1) 2

products is 
2n+1+b, hence the resultant frequencies 
are kfs ± (2n+1+b)fm. Index b is the 
order of the harmonic components of 
the switching waveform. 
The maximum in-band spurious prod¬ 

uct (Figure 4) is found by computer. The 
theoretical predictions and laboratory 
measurements are in excellent agree¬ 
ment for spurious levels of -40 dBc or 
more. It is thought that errors in the cal¬ 
culation of Bessel functions of large 
arguments are responsible for the small 

72 

For two-tone SSB with a 3-kHz band¬ 
width, IMDs of -30 dBc require t < 23.7 
ps, while IMDs of -40 dBc require t < 
13.3 ps. 

Unfortunately, delay is inherent in the 
low-pass output filter of the class-S 
modulator. The amount of delay 
depends upon the type of filter, the num¬ 
ber of poles, and the bandwidth. The 
four-pole Butterworth filter used in the 
subsequently discussed circuit can be 
regarded as typical. It has a cut-off fre¬ 
quency of 57 kHz and a delay of about 9 
ps. 

Circuit Implementation 
The PC-board implementation of the 

100-W class-S modulator is shown in 
Figure 3. 
The triangle-wave generator is an 

Exar XR-205 integrated circuit. PWM is 
generated by a MC3431 high-speed 
comparator. The input audio signal has 
a peak amplitude of 1.2 V. The DC off¬ 
set is adjusted so that zero pulsewidth 
corresponds precisely to zero envelope. 
The output circuit is shown in Figure 

6. Voltage translation is accomplished 
by a Harris H11N1 opto-isolator. Com-
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plementary UHF BJTs (Motorola 
MRF542 and MRF543) ensure rapid 
Switching of the IRF9522 p-channel FET 
(100 V, 5 A). The commutating diode is 
a Motorola MUR1610CT (100 V, 16 A). 
A small auxiliary power supply (Burr-

Brown PWR1726) produces VDD + 7 V 
and VDD -7 V (about 75 mA each) for 
gate drive. These voltages are just suf¬ 
ficient to turn the MOSFET on and off 
solidly and reliably, hence no more 
power than necessary is expended in 
charging the gate capacitance. The 
combination of these floating gate¬ 
drive voltages and the opto-isolator 
allow the supply voltage to vary from 
zero to the 100-V breakdown voltage 
of Q1 and D1 . 
The output filter is a four-pole Butter¬ 

worth design based upon a 0 ohm input 
impedance and a 15 ohm load imped¬ 
ance. (The RF PA [6] is roughly equiva¬ 
lent to a 15 ohm load as seen by the 
modulator). This filter attenuates the 

Figure 8. Linearity and efficiency. 

switching frequency by about 70 dB and 
delays the output signal by about 9 ps. 

Performance 
The triangular reference wave and 

switching waveforms for both 10- and 
50-percent duty ratios are shown in Fig¬ 
ure 7. The waveforms show little ringing 
and there is little pulse deterioration at 
low and high duty ratios. Avoiding pulse 
deterioration near zero pulsewidth is 
especially important, as it directly affects 
the linearity for signals of small ampli¬ 
tudes. 
The DC-linearity and efficiency char¬ 

acteristics are shown in Figure 8. The 
linearity is excellent (1.1 % rms devia¬ 
tion from a straight line). The efficiency 
remains at 90 percent or better for out¬ 
puts above 20 percent of peak-output 
voltage (4 percent of peak-output 
power). 
The harmonic spectrum of the modu¬ 

lator output is shown in Figure 9 for 100-
percent modulation (full-carrier AM) by a 

10 

o 

-10 

-20 

“ -30 

■ ° -40 

-50 

-60 

-70 

-80 

3. 

You have no idea how much 

me. A.C. Brookfield, CT 

Figure 9. Spectrum of modulator 
output for single-tone AM. 
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Figure 10. Spectrum of PA output 
for two-tone SSB. 
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single 10-kHz tone. The maximum har¬ 
monie is 40 dB below the signal for 50-
percent modulation and 30 dB below the 
signal for 100-percent modulation. 

Figure 10 shows the RF-output spec¬ 
trum produced by an EER system[7] 
consisting of this class-S modulator and 
the class-D RF PA from [6]. The IMD 
produced by nonlinearities in the class-S 
modulator, class-D RF PA, SSB modu¬ 
lator, and EER envelope detector are 40 

dB below the carrier level! The broad 
spectrum IMD products are due to the 9-
ps delay added to the envelope signal 
by the output filter of the class-S modu¬ 
lator, and can be eliminated by adding a 
matching delay to the IF signal. 
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RF filters 

A Program For the Design Of 
Chebyshev Impedance-
Transforming Lowpass Filters 
By Ljubomir Urshev 
and Antoaneta Stoeva, 
Elco Star Ltd. 
This article describes a computer pro¬ 

gram which determines the values of 
the elements of Chebyshev low-pass 
matching filters. By using this program 
impedance transforming networks can 
be realized for n=2,4,6 and 8 reactive 
elements. A design example is provided 
together with the simulated response of 
the filter. 

Low-pass matching filters are widely 
used in broadband transistor ampli¬ 

fiers and frequency multipliers. The pro¬ 
cedure for designing such filters in most 
cases relies on tables given by Mathaei 
[1]. Although these tables of normalized 
element values for impedance trans¬ 
forming networks are useful for the 

Lower Frequency Fl in MHz 
? 600 
Higher frequency Fh in MHz must be greater 
than 600 and less than 1800 
? 1400 
Lower impedance RI in ohms 
? 50 
Higher impedance Rh in ohms must be greater 
than 75 
? 150 

Lower frequency Fl = 600 MHz 
Higher frequency Fh = 1400 MHz 
Lower impedance RI = 50 ohms 
Higher impedance Rh = 150 ohms 
Sure y/n? y 

Network order (it may be N=2 or N=4 or N=6 or 
N=8) 
?6 

Network order N= 6 
Fl = 600 MHz 
Fh = 1400 MHz 
Ripple Lar = 2.3461 27E-02 dB 
Rs =150 ohms 
Cp = .9244648 pF 
Ls = 19.66351 nH 
Cp = 2.086634 pF 
Ls = 15.64968 nH 
Cp =2.621813 pF 
Ls = 6.933454 nH 
RI = 50 ohms 
Another calculation with new N y/n? n 
Ok 

Table 1. Example run of filter 
design program. 

design at microwave frequencies, they 
have some drawbacks. One of them is 
the tedium of obtaining accurate values 
of filter elements for a given frequency 
range and defined source and load ter¬ 
minations. Another inconvenience arises 
when the variable intermediate values 
with respect to those fixed in the tables. 
The desired result may be achieved by 
interpolation, but unfortunately this pro¬ 
cedure gives no exact solution. In these 
cases the program described here offers 
a practical, accurate and convenient 
method for determining the circuit ele¬ 
ments. The program is based on the 
results presented in [2] and calculates 
the elements of Chebyshev low-pass fil¬ 
ters with an equal-ripple in the passband 
using special mapping functions. 

Program Description 
The program has been written in 

Figure 1. Component values and 
frequency response for example 
filter. 
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Microsoft Basic. When started it prompts 
for passband frequencies (Fl - lower fre¬ 
quency, Fh higher frequency in MHz, 
where Fh must be maximum three times 
greater than Fl), termination resistances 
in ohms (RI - lower impedance, Rh -
higher impedance, where Rh must be 
1.5 times greater than RI). At this point 
the program prints out the input data 
and asks for the order N of the filter, 
which may be N=2, 4, 6 or 8. The actual 
component values are then calculated 
and printed out together with the pass¬ 
band ripple Lar. Table 1 is an example 
of program operation for a 6th order fil¬ 
ter with RI=50 ohms and Rh=150 ohms, 
FI=600 MHz and Fh=1400 MHz. For this 
example the calculated ripple is 
Lar=0.0234 dB. The computed compo¬ 
nent values are as follows: Cp=0.924 
pF, Ls=19.6635 nH, Cp=2.086 pF, 
Ls=15. 64968 nH, Cp=2.621 pF, 
Ls=6.93345 nH. After that, the computa¬ 
tion may be repeated for a new value of 
N or terminated. In Figure 1 the filter 
equivalent circuit and the computed fre¬ 
quency response are given. 
This program is available from the RF 

Design Software Service. For ordering 
information, please see page 89. RF 
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RF çad techniques_ 

RF Amplifier and Oscillator Design 
Using the UCFCAD Tools 

Michael Rothery, Sam Richie, and Madjid Belkerdid 
University of Central Florida 

This article presents a comprehensive 
design for small signal RF amplifiers 
and oscillators in the VHF and UHF 
bands. The development of these sys¬ 
tems is based on the small signal S 
parameters and noise parameters which 
can supply information on stability, gain, 
and noise. The negative resistance 
model is used for RF oscillator design. 
Colpitts and Pierce topologies are first 
reduced to the generic negative resis¬ 
tance model before the oscillation criteri¬ 
on is applied. 

A PC based computer aided design tool (UCFCAD) has been developed 
to provide for a user friendly, interactive, 
fast, and inexpensive program to be 
used in the design, analysis, and syn¬ 
thesis of the above RF circuits. The 
input to the CAD system consists of the 
operating frequency, the S parameters, 
the noise figure parameters, and the 
system resistance, UCFCAD then plots 
the stability circles, constant gain cir¬ 
cles, and constant noise figure circles 
on a graphical display of the Smith 
chart. The CAD tool also plots the fre¬ 
quency response, and generates the cir¬ 
cuit diagrams for the wideband amplifier 
design. The program was written in C 
and runs on an MS-DOS PC. 

The design of RF amplifiers and oscil¬ 
lators in the VHF and UHF band using 
lumped elements boils down to an 
impedance matching problem. Matching 
networks are normally done graphically, 
in the reflection coefficient domain, 
using a Smith chart. For a given reflec¬ 
tion coefficient on the Smith chart, an 
intersection of circles technique is used 
to determine the amount of reactance or 
susceptance required from each compo¬ 
nent in the matching network. Then, 
given the frequency of operation and the 
system resistance, the value of the 
lumped inductor or capacitor are then be 
determined. 
This article describes procedures 

used to design several types of linear 
RF amplifiers and oscillators. The steps 
for developing a set of matching net¬ 
works to meet design specifications for 
a narrowband amplifier are first intro¬ 
duced, followed by an automated itera¬ 
tive design for single stage broadband 
amplifiers. A design procedure to devel¬ 
op oscillation conditions for a negative 
resistance oscillator are also presented. 
Colpitts and Pierce oscillator topologies, 
using their respective AC equivalent cir¬ 
cuits, are used in the negative resis¬ 
tance model. Instead of matching the 
input and output ports of the active 

device, a resonant circuit is chosen for 
one port, while the other is matched 
under loaded conditions. These design 
techniques are based primarily upon the 
common emitter scattering (S) parame¬ 
ters of the biased transistor at the oper¬ 
ating frequency. 

Narrowband Amplifier Design 
The design of a narrowband transistor 

amplifier is simply a matter of finding the 
proper matching networks for the input 
and output ports of a biased transistor 
circuit. Using the Smith chart, the stabili¬ 
ty, gain, and noise figure of the circuit 
are graphically analyzed with the infor¬ 
mation provided by the S parameters 
and noise parameters of the unmatched 
device. The proper source and load 
reflection coefficients may then be 
determined from the Smith chart. These 
reflection coefficients translate directly 
to the required matching networks which 
are easily obtained using the Smith 
chart. The matching networks determine 
the stability, gain, and noise figure of the 
amplifier. Therefore, the challenge is to 
find the source and load reflection coef¬ 
ficients on the Smith chart which will 
allow the designer to satisfy a given set 
of design specifications. 
Narrowband design follows a flow 

INPUT ANO OUTPUT UNILATIRAI CONSTANT OAIN CIRCLES 

Er ■qut»cm : TOO MH£ 
2o i aoo_ 
Sin O.73/-OT 
Sia O 
S2I1 9.4Í121 
Sza Q 

Figure 1(a). Input and output constant gain circles. Figure 1(b). Constant noise figure circles. 
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chart type procedure that provides the 
steps necessary for the graphical devel¬ 
opment of stability circles, constant gain 
circles, and constant noise figure circles 
on the Smith chart for both unilateral 
and bilateral conditions. For a more 
thorough description of the analysis for 
narrowband amplifiers, references [1], 
[2], [3], and [4] provide in-depth informa¬ 
tion on this subject. 
This comprehensive approach han¬ 

dles a very wide range of amplifier 
design specifications and requirements, 
and lends itself to computer automation. 
Unilateral and a bilateral narrowband 
amplifier design examples are described 
in detail to highlight the attributes of this 
flow chart design approach. 
For a unilateral narrowband amplifier 
S12 = 0 is assumed and the design is 
simplified because there is no interde¬ 
pendence between the input and output 
matching networks. The following para¬ 
meters of a transistor at 100 MHz are 
used as input: 

S11= 0.72Z-59° Fmjn =3dB 
Si2=0 Topt = 0.52Z920
S21 =5.4Z121° Rn = 12í2 
S22 = 0.62Z-360

The maximum gain produced by the 
input and output matching networks is 
found to be rSma = 3.17 dB and rLmax 
= 2.11 dB. A set of constant-gain circles 
is drawn on the rs and rL planes as 
shown in Figure 1a. Displaying the rs-
plane individually, a set of constant 
noise figure circles are added to the 
Smith chart (Figure 1b). If the design 
requires that the noise figure be no 
greater than 4 dB with the highest gain 
possible, for example, the source and 
load reflection coefficients are selected 
by moving a marker around the rs and 
rL-plane Smith charts. The fact that 
rs=S*1i lies within the 4dB noise figure 
circle enables the selection of both 
source and load reflection coefficients at 
the points for maximum input and output 
gain, respectively. In other words rs= 
S*^ = 0.72Z-590 and rL= S* 22 = 
0.62Z360. Figure 2c displays the possi¬ 
ble input matching networks for Ts. 
A bilateral 100 MHz narrowband 

amplifier design example, where unilat¬ 
eral conditions cannot be assumed, is 
also performed using a transistor with 
the S parameters given by: 

Sn = 0.7Z-680 

S12 = 0.04Z600 

S21 = 8.5Z140° 
S22 = 0.62Z-250

The CAD system computes and out¬ 
puts the stability factors K=0.462 and 
lAI=0.434. Since K<1 the transistor is 
potentially unstable. The stability circles 
and a family of constant available power 
gain circles are computed and drawn as 
depicted in Figure 2a using the proce¬ 
dures outlined in the flow chart. When 
the source reflection coefficient is 
selected using an available power gain 

circle, it is assumed that the load reflec¬ 
tion coefficient will be selected such that 
the output port is conjugately matched. 
The source reflection coefficient is 
selected by moving a marker around the 
rs-plane Smith chart. The conjugate 
match for rs is calculated and displayed 
in the rL-plane. In addition, the possible 
matching networks for the locations of 
Ts and rL are displayed. 

SWfTCH To ARROWSMfTM! 
For All Your Microwave Switch Needs -
The N-Series Microwave Switches from 

Arrowsmith Shelburne 

Des f GM fM HIGH QUAUTY AMD 
SUPERfOR PERE0RMAMCE AT A 

REASOMABLE COST 
The N series switches 
are available with 50 or 
75 ohm impedance SMA, 
SMB, BNC, TNC, F, 
and N type connectors. 
Custom voltages are 
available. Other options 
include TTL compara¬ 
bility, self de-energizing, 
indicator circuitry and 
suppression diodes. 
Please contact a sales 
representative for price 
and availability today. 

N303-10179-X 
TYPICAL RF PERFORMANCE 

Shelburne, Inc. 

2085 Shelburne Road • Shelburne, Vermont 05482 
802-985-8621 • FAX: 802-985-1042 

INFO/CARD 63 

RF Design 79 



INPUT HATCHING Nt IMOUKS 

Figure 1(c). Input and output matching networks. Figure 2(b). Three element input matching network. 

STABILITY CIRCLES ANO CONSTANT AUAILABtE POWER GAIN CIRCLES 

Figure 2(a) Stability and constant power gain circles. Figure 2(c). Three element output matching network 
and matching paths. 

If, for example, a gain of 16 dB is 
desired from the amplifier, a source 
reflection coefficient on the 16 dB gain 
circle in the stable region of the rs-plane 
is selected, in this case rs = .0.541 
Z-106.6°. Figure 2b displays four possi¬ 
ble three-element input matching net¬ 
works for rs. The conjugate match in 
the rL-plane is shown to be rL = .0.572 
Z13°. Figure 2c displays four possible 
output matching networks for rL. 

Wideband Amplifier Design 
The technique used for the design of 

single stage RF amplifiers operating 
over a wide range of frequencies con¬ 
sists of three principal elements — a 
feedback network to flatten the gain 
response for constant gain specifica¬ 
tions, a shunt resistor across the output 
port to stabilize the device, and match¬ 
ing networks to minimize the input and 
output VSWR [1], A schematic of this 
RF broadband amplifier design circuit is 
shown in Figure 3. 
One of the difficulties in the design of 

wideband amplifiers is caused from the 
variation of IS21 1 as a function of fre¬ 
quency. The resistor-inductor feedback 

network is used to compensate for these 
variations and assist in flattening the 
gain response, IS21I2. The CAD system 
operates by first tuning the active net¬ 
work of the device to provide the desired 
gain across the frequencies of interest 
by varying the values of Rf and Lf. The 
active network of the device includes the 
transistor, Rf, Lf , and Rs. For each 
change in Rf and Lf a new set of S para¬ 
meters is calculated for the active net¬ 
work. This iterative optimization tech¬ 
nique is the heart of this wideband 
amplifier design technique and is 
explained below. 
To calculate this new set of S parame¬ 

ters, the common emitter S parameters 
provided by the user are first trans¬ 
formed to y parameters. The impedance 
of the feedback network is represented 
by Zj = Zr + jZ(x , where Ztr = R/Zo and 
Ztx = 27ifLf/Z0 are the resistance and 
reactance parts respectively, and f is the 
frequency for the set of S parameters 
under transformation. Yf = 1/Z( is then 
added to yn and y22 , and subtracted 
from y12 and y21 . If Rs is present in the 
network, this new set of y parameters is 
transformed to h parameters. To 

account for the shunt resistor, Zq/Rs is 
added to the output admittance parame¬ 
ter, h22 . These h parameters are then 
transformed to the new set of S parame¬ 
ters for the active network. If Rs is not 
present in the circuit then the y parame¬ 
ters are transformed to S parameters. 
Rs is required for the circuit if the tuned 
active network is potentially unstable. 
After tuning the active network, a 

check for potential instability (K<1 or 
lAl>1) is performed at each frequency 
for which a set of S parameters is given. 
K and A are stability factors and are 
defined as: 

K l-ISnf-M+lAl2
2|S 12S2,| 

A = - S12S21

If potential instability is found, a value 
of Rs is determined which will provide 
unconditional stability at each of these 
frequencies. This is done so that no 
passive matching network will yield an 
unstable device that could produce 
oscillations, and therefore, complete 
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Figure 3. Wideband amplifier design configuration. 

freedom in selecting the input and out¬ 
put matching networks is available. Of 
course, this stabilization is made at the 
expense of transducer power gain; and 
it should be noted that conditions do 
exist where this technique will not pro¬ 
duce a stable network and other stabi¬ 
lization methods must be found. 
The calculations for a value of Rs are 

performed in the CAD system by using 
the current values of Rf and L, and by 
starting with a small value of Rs. Rs is 
increased by 20 ohms until instability is 
detected, then decreased by 1 ohm until 
unconditional stability is achieved. For 
each change in the value of Rs, a new 
set of S parameters is calculated and 
the check for potential instability is 
made. 
Further improvements are made in the 

wideband amplifier performance with the 
addition of input and output matching 
networks. The matching networks are 
designed to minimize the input and out¬ 
put VSWR while still maintaining a flat 
gain response over the desired frequen¬ 
cies. Using the CAD system, a set of 
matching networks is selected which 
serve as the initial values for automati¬ 
cally tuning the device. 
Once the active network of the device 

is made unconditionally stable, the input 
and output reflection coefficients for a 
simultaneous conjugate match [1] are 
calculated at each frequency for which a 
set of S parameters is given. These 
input and output reflection coefficients 
are displayed on a set of Smith charts 
representing the rs and rL planes. As 
the user scans through each frequency 
point on the Smith charts, the possible 
lumped element matching networks for 
a simultaneous conjugate match at the 
highlighted frequency are displayed. 
The user then selects the input and out¬ 
put matching networks. Note that not all 
matching network configurations for a 
simultaneous conjugate match at a sin¬ 
gle frequency are acceptable across the 
band. For instance, suppose a an ampli¬ 
fier with constant gain specifications in 
the frequency band ranging from 10 
MHz to 900 MHz is desired and a simul¬ 
taneous conjugate match is selected at 
10 MHz which includes a shunt capaci¬ 

tor. At the higher frequencies this shunt 
capacitor begins to appear more and 
more as a short and no power will be 
transmitted across the device. The CAD 
system used here warns the user of 
these unacceptable matching networks. 

After a set of matching networks has 
been selected, the device is ready to be 
tuned. As each component in the device 
is varied, a set of S parameters is calcu¬ 
lated to include the active network (tran¬ 
sistor, Rf, Lf , and Rs ) and the matching 
networks. The S parameters for the 
active network are first calculated as 
described previously. These S parame¬ 
ters are transformed to chain (ABCD) 
parameters and assigned to a matrix 
[Ma]. Next, the ABCD parameters are 
found for the input and output matching 
networks and assigned to matrices [M jn] 
and [M out ] respectively. The matrix for 
the ABCD parameters of the entire cir¬ 
cuit, [M tot], are found by multiplying the 
previously defined matrices as follows, 
[Mtot]=[M in][MA][Mout]. The ABCD para¬ 
meters of [Mtot] are then transformed to 
the S parameters which now describe 
the entire wideband amplifier circuit. 
The CAD system’s optimization rou¬ 

tine attempts to tune the device for a flat 
frequency response at the desired gain 
with a minimum input and output VSWR 
by varying Rf, L, , and the matching net¬ 
work elements. The optimization 
process tries to minimize an error func¬ 
tion defined as: 

where N is the number of S parameter 
sets given, F¡ and Ff are the initial and 
final frequencies in the band, and G is 
the desired gain in decibels. 
For example, suppose a design calls 

for a constant gain of 10 dB across a 
band from 100 MHz to 1000 MHz. The 
transistor common emitter S parameters 
and the initial default values for the 
feedback elements are shown in Figure 
4a. The values of Rf and Lf and the 
resulting S parameters obtained after 
tuning the feedback network for the 
desired gain are shown in Figure 4b. 
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Figure 4b. Tuned feedback elements. Figure 5. Tuned and untuned wideband responses. 

Since this network is unconditionally sta¬ 
ble over the band, Rs will not be 
required for this design. 
To improve the input and output 

VSWR (minimize IS, 11 and IS22 I) a set of 
matching networks is added to the 
device and the amplifier circuit can then 
be tuned. The optimized amplifier 
design and resulting S parameters are 
shown in Figure 4c, while the untuned 
and optimized flat gain curves as a func¬ 
tion of frequency are shown in Figure 5. 

Oscillator Design 
The same S parameter design tech¬ 

niques used in the design of narrow¬ 
band amplifiers are applied directly to 
the design of the negative resistance 
oscillator model. The principal differ¬ 
ence, however, is that the oscillator 
ports are passively terminated such that 
the transistor circuit will operate under 
unstable conditions. The Colpitts and 
Pierce oscillators are reconfigured to the 
negative resistance oscillator model 
using their respective AC equivalent cir¬ 
cuit topologies. 
The conditions of oscillation require an 

unstable active device coupled with refec¬ 
tion coefficient conditions given by [4]: 

rinrs = 1 O) 

routrL = 1 (2) 

where, 

r  _ c . 812821^ (3) 
'in"'’,! 1 , ç r  ' ' 

1 — O22 l L 

and, 

r _s ! s12s21rs 
r°ut -S22 1-S,,rs

It can be shown [1] that if (1) is satisfied 
then (2) is also satisfied, and vice versa. 
The negative resistance oscillator 

model — Given a transistor that is 
potentially unstable (K<1 or IAI>1) at the 
desired frequency of oscillation, passive 
terminations can be found which satisfy 
the oscillation criteria given in (1) and 
(2). First, using the computerized Smith 
chart of the CAD tools, the input and 
output stability circles are calculated and 
drawn. The source and load reflection 
coefficients, rs and rL, which satisfy the 
oscillation criteria are then determined. 
rs and rL are found by first selecting 
rs from the unstable region of the Fs-
plane, calculating rou . from (4), and 
finally computing rL = 1/rout from (2); or 
select rL from the unstable region of the 
fL-plane, calculate r,n from (3), and find 

rs = 1/rjn from (1). Either method yields 
the same result [5], The input and output 
matching networks corresponding to rs 
and rL are then determined. 
An example of a 100 MHz oscillator 

design is discussed, the transistor has S 
parameters at 100 MHz given by: 

S,, = 0.85Z-500
S12 = 0.06Z540
S21 = 9.7Z148° 
S22 = 0.79Z-18° 

The stability factors are found to be 
K= 0.381 and IAI= 0.889, and since K<1 
the transistor is potentially unstable. The 
source reflection coefficient is selected 
by moving a marker to the desired loca¬ 
tion on the rs-plane Smith chart. As 
each value of rs is highlighted, a corre¬ 
sponding value of rL is calculated to sat¬ 
isfy the oscillation criteria. These values 
of rL are graphically displayed on the 
rL-plane Smith chart along with the pos¬ 
sible matching networks for the current 
values of rs or rL. 

Colpitts Oscillator Design 
The standard topology for the Colpitts 

oscillator is shown in Figure 6a. In order 
to use the criteria for oscillation as 
defined in (1) and (2), this topology must 
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Figure 6a. Colpitts oscillator topology. Figure 6c. Colpitts negative resistance model. 

be made to conform to the two-port con¬ 
figuration as seen in Figure 6b [6], and 
the resulting AC equivalent circuit 
shown in Figure 6c satisfies this require¬ 
ment. Here, the potentially unstable 
active network consists of the transistor, 
feedback capacitor (C, ) and resistor 
(Re). The output matching tank network 
is made up of three parallel elements — 
an inductor (L), a tuning capacitor (Ct ), 
and the load resistor (RL). A single 
capacitor (C2) makes up the input 
matching tank network. 
The S parameters of the potentially 

unstable active network in this new con¬ 
figuration is determined from the com¬ 
mon-emitter S parameters of the transis¬ 
tor and from the values of C, and Re. 
The common emitter S parameters must 
first be transformed to common emitter 
h parameters and then to common base 
h parameters. Re/Z0 is added to the real 
part of hn and the resulting h parame¬ 
ters are transformed to y parameters. 
SrtfC^Q is then added to the suscep¬ 
tance portions of y, 1 and y22 , and sub¬ 
tracted from the susceptance portions of 
y12 and y21 . These y parameters may 
now be transformed to the S parameters 
of the active network and it can be con¬ 
firmed that the device is potentially 
unstable (K<1 or lAl>1). 

Next, given the load resistance and a 
value for Ct, an incremental search is 
made for an acceptable inductor value 
that satisfies the condition Irjn l = 1. This 
condition, necessary so that the input 
match can be accomplished with a sin¬ 
gle capacitor to satisfy the Colpitts topol¬ 
ogy, is performed by the CAD tools. The 
iterative calculations begin with an 
inductor value of 1 nH. is calculated 
using equation (3), where rL = 

(ZL-1)/(ZL+1), and ZL = (LIICtIIRL)/Z0. 
The value of L is increased by 1 nH until 
a value is found which yields ITin l = 1. 
When certain combinations of Re, Cr 
Ct, and Rl are used with a particular 
transistor, it is possible that no reason¬ 
able inductor value exists that will result 
in irjn l = 1. Therefore, a maximum value 
of L should be supplied to prevent 
unnecessary iterations. There is an 
additional requirement to ensure that the 
input match can be made with a capaci¬ 
tor (rather than an inductor). If -180°< 
rs<0°, then using the oscillation criteria 
given in (1) results in 0°< T$<180° and 
the input cannot resonate with a single 
capacitor, and the Colpitts topology can¬ 
not be satisfied using the particular tran¬ 
sistor at the desired frequency of oscilla¬ 
tion which is, of course, inferred by the 
given S parameters. 

If an acceptable inductor value is 
found and assuming that 0°< rin<180°, a 
value will be determined for C2 which 
satisfies the oscillation criteria. Using 
the relationship rs = 1/Tjn from (1), the 
source impedance defined by Zs = 
(1+rs)/(1-rs) is found. C2 is then given 
by C2 = -1/2jtfZsZ0 where Zs is always 
negative. 
Using the same set of S parameters 

from the previous example, the following 
element values were supplied to the 
CAD system: 

Re = 90 Í2 
C, = 20 pF 
Ct =15 pF 
RL = 1000 Q 

The active device S parameters were 
calculated for these element values and 
found from Figure 7 and are given by: 

Sn = 0.270Z-39.90 

S12 = 0.632Z48.700 

S21 = 0.794Z8.400 

S22 = 0.774Z-43.60

Figure 7 also indicates that an induc¬ 
tor value of 76.3 nH was found to satisfy 
the condition irjn l = 1 and a capacitor 
value of 126 pF was found to satisfy the 
oscillation criteria of (1) to complete the 
design. Also displayed are a set of 
Smith charts which contain the input and 
output stability circles and locations of 
Ts and Tl. The element values can be 
changed directly on the circuit with an 
on screen editor. With each element 
value change a new set of S parameters 
is calculated, new values for L and C2 
determined, stability circles redrawn, 
and reflection coefficients relocated on 
the Smith charts. 

Pierce Oscillator Design 
The Pierce oscillator design is very 

similar to that for the Colpitts. The 
Pierce oscillator circuit is depicted in 
Figure 8 must be made to conform to 
the same two-port configuration shown 
in Figure 6b for the Colpitts. The AC 
equivalent circuit of the form shown at 
the top of Figure 9 satisfies this topology 
for the Pierce oscillator. The potentially 
unstable active network includes the 
transistor and feedback inductor (L). 
The output matching network is a paral¬ 
lel network made up of a capacitor (C^ 
and load resistor (RL), and the input 
matching network is once again a single 
capacitor (C2). 
The S parameters of the potentially 

unstable active network will be deter¬ 
mined from the common emitter S para¬ 
meters of the transistor and the feed-
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Figure 7. Optimized Colpitts oscillator design. Figure 9. Optimized Pierce oscillator design. 

back inductor, L. The common emitter S 
parameters given by the user must first 
be transformed to y parameters. Z^nfL 
is then subtracted from the susceptance 
portions of yn and y22 , and added to the 
susceptance portions of y12 and y21 . 
These y parameters are then trans¬ 
formed to the S parameters of the active 
network, and it can be confirmed that 
the device is potentially unstable. 
Given the load resistance, an incre¬ 

mental search is made for a value of C, 
that satisfies the condition irjn l = 1 so 
that the input match can be accom¬ 
plished with a single capacitor. If the 
search is successful and assuming that 
0°< rin<180°, C2 will be calculated to 
satisfy the oscillation criteria given in (1). 
Using the following S parameters and 

element values for a transistor at 100 
MHz: 

Sn = 0.3Z-390 

S12 = 0.02Z320 

S21 = 3.4Z121° 

Figure 8. Pierce oscillator circuit 
topology. 

S22 = 0.43Z-240
L = 50 nH 
RL =1000 Q 

The active network S parameters were 
calculated and found from Figure 9, and 
are given by: 

Sn =0.808Z153° 
S12 = 0.374Z9.20 

S21 = 0.69Z-100° 
S22 = 0.843Z151 0

A value of C, = 41 .2 pF was found to 
satisfy the condition and a single capaci¬ 
tor value of C2 = 384.3 pF was found for 
the input matching network to satisfy the 
oscillation criteria. As with the Colpitts 
design, the input and output stability cir¬ 
cles and locations of Ts and rL are dis¬ 
played. 

Summary 
This paper has presented CAD tools 

for RF amplifier and oscillator design 
developed at the University of Central 
Florida. The UCFCAD tools are based 
on a flow chart design approach to nar¬ 
row band, and a custom optimizer for 
wide band amplifier design, as well as 
an iterative design approach to the neg¬ 
ative resistance oscillator model. The 
UCFCAD tools, written in C for the IBM 
PC or compatible, are pull-down menu 
driven and can be used for design and 
analysis. These tools include custom 
graphical displays such as a computer¬ 
ized Smith Chart and interactive design 
capability, and also offer some basic 
schematic capture capability. 
The UCFCAD program will be avail¬ 

able in June, 1994, and will be distrib¬ 

uted by the Argus Inc. Direct Marketing 
Department, 6151 Powers Ferry Road, 
Atlanta, GA 30339; (404) 618-0219. See 
the June issue of RF Design or call for 
pricing and availability. RF 
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RFproduct report_ 

Communications Test Equipment 
Copes with Myriad of Standards 
By Ann Marie Trudeau 
Assistant Editor 

Communications test equipment is in 
the same flux as the communication 
industry itself. R&D needs flexible appli¬ 
cations for designing. Manufacturers 
and service providers want fully auto¬ 
mated equipment that can be used by 
an unskilled tester. But, the biggest 
concern is the standards race. With 
this turmoil in mind what follows is an 
overview of how some companies are 
interpreting the race and focusing their 
products. 
“The tremendous growth and devel¬ 

opment in the wireless communications 
market is driving the needs of the test 
equipment market,” says Carla Slater, 
Product Development Engineer at Giga-
tronics Corp. They are targeting manu¬ 
facturing requirements. Slater said that 
Giga-tronics is not pursuing any wire¬ 
less standard, waiting to see what the 
market will settle on. 
Sharing the same view, Jack Tiley, 

World Wide Sales Manager for Hewlett 
Packard’s Spokane, Washington Divi¬ 
sion, said that they are involved in RF 
communications, service, and manufac¬ 
turing. As a result they have responded 
to the many available standards, he 
said, by taking a wait-and-see mode 
and by building customizable general 
purpose platforms. 

“It’s a heck of a market to keep chas¬ 
ing,” said Doug Mach, Test Engineering 
Manager of Motorola’s Government and 
Systems Technology Group. “The 
biggest change I see is the constant 
evolution of communications.” Their 
testing platforms for test radios, pagers 
and cellular sites have room for 
upgrades. 

International Responses 
Deputy Managing Director Sandy 

Warwick, of Marconi Instruments Inc. 
pointed out that the traditional main 
players are changing and looking 
toward other markets because of mili¬ 
tary cut backs. “In Europe the same 
thing is happening and everyone wants 
something from test manufacturers,” 
Warwick said. As a result, Marconi also 
has decided to leave room in their radio 

test set for features to deal with differ¬ 
ent standards. 
Ken Harrison, the National Sales 

Manager for Wayne Kerr, Inc., a British 
manufacturer, said that they are already 
into the Far East but are not well known 
in the U.S. The markets that they are 
into are wireless PCS and LAN. They 
don’t provide any dedicated systems 
but modulation sources can be used. 
Another company that doesn’t provide 

standard dedicated systems but does 
combine the needs of R&D and commu¬ 
nications is the Lake Stevens Instru¬ 
ment Division of Hewlett Packard. Rod 
Nemitz, Product Marketing Engineer, 
said that their R&D equipment has been 
driven by diverse and complex applica¬ 
tions and tighter restrictions in a restrict¬ 
ed spectrum. Nemitz thought that 
CDMA is making strong moves in com¬ 
munications networks and PCN or PCS 
will soon be in the same position that 
CDMA is in now. 
With instruments for R&D, manufac¬ 

turing and maintenance, Noise Com 
tries to bring the real world into the test 
lab with their multi-path fading emulator, 
Marketing Manager Bent Hessen-
Schmidt said. Noise Com’s focus con¬ 
tinues in these three test equipment 
market areas. 

Joining Forces 
Rohde & Schwarz, Tektronix, and 

Advantest Corporation, a Japanese 
company, have taken the tactic of work¬ 
ing together so that whatever way the 
standards race goes they are protected 
because one of the three companies 
will be able to jump into the market with 
the support of the others. Gerhard Son-
nde, Director of Marketing and Sales for 
Rohde & Schwarz said they are the only 
Type Approval Test System for testing 
European GSM phones. If a vendor 
wants to make phones for the European 
GSM standards they have to be tested, 
by law, on a Rhode & Schwarz tester 
before they can be sold. They are tar¬ 
geting R&D, manufacturing and servic¬ 
ing, with the biggest focus on the manu¬ 
facturing side. They don’t expect analog 

to grow any more because everything is 
going digital, Sonnde said. 

A Resourcful Solution 
Dr. Herman C. Okean, Vice President 

of Government Systems Division for 
LNR Communications, Inc., said that 
their niche has been in satellite commu¬ 
nications. But, because they had to 
develop flexible spread spectrum equip¬ 
ment for their own use, going into the 
spread spectrum test generator and 
receiver business was a natural exten¬ 
sion for LNR 

Views on Fallout Time 
EIP Microwave, Inc., is still focusing on 
the shrinking military market as they 
expand into a communications niche 
serving sparsely settled, remote areas. 
They service dish antennas, cell sites, 
and microwave links. “I believe the con¬ 
sumer will get upset with the govern¬ 
ment and want a single standard,” Ray 
Beers, Product Marketing Manager 
said. Also he said the standard fallout 
may be decided in one to two years. 
Then there’s the long term approach 

to the standards fallout. “There’s talk in 
the industry that sometime down the 
road, it may be in as many as 15 years, 
we will have a world wide standard,” 
Craig Hendricks, Product Marketing 
Engineer for Anritsu Wiltron Sales Com¬ 
pany said. Hendricks thinks that the 
future standard will be in the spread 
spectrum area. Anritsu Wiltron focuses 
on a narrow niche of cellular and PCS 
design, manufacturing, including the 
components market, by offering a gen¬ 
eral piece of equipment that has dedi¬ 
cated standards accessible by push 
buttons. 

Summary 
One person jokingly pointed out that 

they were offering dedicated general 
equipment. That observation certainly 
exemplifies the dilemma facing the 
industry and how test equipment 
providers are trying to cope with the 
changes and still stay marketable. RF 
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Redesign 
MARKETPLACE 
Classified display ads are available at $115 per column inch. Frequency rates are available for 
multiple insertions. Please call for further information, 1-800-443-4969, ask for Carmen Hughes. 
Or fax your ad copy for a rate quote to: (404) 618-0342. 

RE career opportunities_ 
...YOUR CAREER 

Cellular Engineers: Design/develop Rf and analog circuits for high capacity cel¬ 
lular systems. Requires minimum of 2 years experience in any of the following: 
DSP. ASIC Design. Cae Development. Digital Modulation, Digital Mobile Com¬ 
munications, Channel Equalizers, Transmitter- Receiver Synthesizer or Audio 
Design, Digital Signal Processing 

Cellular Amplifier Design: Design and development of HBT MMIC power ampli¬ 
fiers for portable cellular phone applications. Experience in design and characteriza¬ 
tion of microwave GaAs integrated circuits using advanced solid-state devices such 
as heterojunction bipolar transistors (HBTs) and field-effect transistors (MESFETs, 
HEMTs, HFETs) 

Product Marketing Manager: Our client, a well known microwave firm, seeks an experienced profes¬ 
sional to perform classical marketing functions for a product line: i.e., develop short and long term 
business plan, determine marketplace, etc. Excellent compensation package along with executive 
benefits. 

Design and Sr. Design Engineers: Design and develop advanced microwave subsystems and 
components for applications in communications; perform subsystem level design/analysis, 
design of up/down converters, and/or synthesized source design; MIC component design of 
amplifiers, filters, switches, limiters, mixers and oscillators, as required to support subsystem 
activities. Experience with customers, project engineering, and supervision desirable. Positions 
require a BSEE or equivalent, and mln. 2 yrs. experience In microwave or RF design 

Regional Field Sales: Aggressive individuals to create and serve new accounts. Positions are 
located throughout the U.S.A. An engineer who wants to enter sales world is acceptable Base 
salary, commission and car. 

RFIC Design: MS or PhD In Electrical Engineering with minimum 5 years related experience pre¬ 
ferred. The candidate should have a good knowledge and experience in Linear Bipolar High Fre¬ 
quency IC design and measurement techniques in design IC's like Amplifiers. Mixers. Oscillators. 
VCO's. Prescalers, Synthesizers, Limiting Amplifiers, etc. operating up to 2 GHz in Bipolar or BiC¬ 
MOS technologies. 

MMIC Design Engineer: Develop l/S band GaAs MMIC power amplifiers for 
commercial wireless communications. Requires: M.S. or BSEE, +2 years expe¬ 
rience with GaAs MMIC design, simulation, packaging and test 

RF Design Engineer: Responsible for the design of analog and RF 
systems and circuits for consumer and commercial digital wireless 
products. Five to ten years experience in RF systems analysis and 
design. Experience with low-cost techniques for frequency synthesiz¬ 

ers, power amplifiers, up/down converters and baseband circuits 
for digital communications systems. Must be able to derive RF 
systems and module requirements to meet overall performance 
and cost goals. Familiarity with time division duplex or 
CDMA a plus. 

«MMICRO COMMUNICATIONS EXECUTIVE SEARCH 

800 Turnpike St. • North Andover, MA 08145 
We specialize in the placement of communications both nationally and internationally. 
FOR THESE AND OTHER OPENINGS 
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627 

INFO/CARD 75 

RErecruitment 
- low A Í ^MIDWEST-
RF/MICROWAVE ^<-4 WIRELESS 
WORK WITH AN RF ENGINEER IN YOUR MOVE TO THE MIDWEST! 

My clients need top-notch RF Design Engineers and Managers, 
3 to 10+ years experience. HF to 3.0 GHz. Receivers. Transmit¬ 
ters. Power Amplifiers. Synthesizers. Spread Spectrum. 
AS1C/MMIC Design. Modems. Communications DSP. 

DON GALLAGHER MSEE 

Phone: 319-895-8042 Fax: 319-895-6455 
1145 LINN RIDGE RD. MT. VERNON. IA 52314 
40 YEARS Of RE ENGINEERING. MANAGEMENT. AND PLACEMENT OF ENGINEERS 

the Quest for 
. SUPERIORS. 

COMMUNICATIONS 

CommQuest Technologies, Inc. is making communications 
better through innovation and commitment. We develop 
state-of-the-art digital communications systems for wireless 
and satellite applications. In less than 3 years our technical 
staff and annual sales have increased exponentially. We seek 
the following highly-motivated individuals to join our team 
in pursuit of communications superiority: 

SENIOR RF ENGINEERS 
Experience in the design, analysis, and implementation of 
RF circuitry for communication systems operating at frequen¬ 
cies up to 2 GHz. Must have working knowledge of amplifi¬ 
ers, up/down converters, filters, and synthesizers for 
commercial and consumer applications incorporating both 
discrete and MMIC solutions. Experience with receiver and 
transmitter system analysis and tradeoffs essential. 
BSEE or higher degree with a minimum of 10 years' 
experience required. 

RF TECHNICIANS 
Requires recent hands-on experience breadboarding high 
frequency circuitry (900-1800MHz) and experience with 
surface mount components. Must be able to use RF test 
equipment such as spectrum analyzers, network analyzers, 
power meters, high speed oscilloscopes, etc. Must be able 
to follow schematic diagrams and work with minimal super¬ 
vision. Ability to use PC and CAD tools a plus. Five to ten 
years' experience required. 

CQT is an employee-owned company offering competitive 
wages and benefits, company equity, creative freedom and 
personal recognition. Send your resume to: CommQuest Tech¬ 
nologies, Inc., Attn: Professional Staffing, 527 Encinitas Blvd., 
Encinitas, CA 92024-3470; or e-mail: jobs@cqt.com. EOE. 

CommOuestAc 
Technologies, Inc. " J ’ 
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RF career opportunities 
I ] 

Chesapeake Microwave 
Technologies, Inc. 
RF/Microwave Power 
Amplifier Engineer 

A fast growing RF/microwave company 
seeking a career oriented RF 
professional with experience in silicon 
and GaAs Rf power amplifiers, to work 
in a creative “shirtsleeve” environment. 
Strong background in class AB, class C 
and feedforward amplifier design is 
desirable. BSEE + 5 years minimum 
experience required. 

Send resume to: 
Chesapeake Microwave 

Technologies, Inc., 
11 Industrial Road 

Glen Rock, PA 17363 
Phone: 717-235-1655 

Looking For 
Experienced 
Qualified 

Engineering 
Professionals? 

RFdesign 
Delivers! 

Call 1-800-443-4969 
TODAY 

Next Issue: July 
Closing: June I 

INFO/CARD 78 

RFproducts & services 
ANALOG & RF MODELS 
SPICE models from DC to 10 GHZ 
Full non-linear models including: 

RF pin diodes, class C, opto, & logic. 
We also do measurements and consulting. 

Give us a call at (602) 575-5323 

marketplac ? marketplace Let it work for you. 
marketplace marketplace 

800*443»4969 
INFO/CARD 80 marketplace marketplace 

Microwave Data Systems, a 
leader in the fixed point radio 
communications field, has 
exciting opportunities for RF 
and Digital Engineers. These 
positions involve new product 
development associated with 
our expanding opportunities. 
Familiarity with UHF & VHF 
radio design, also VCO & 
synthesizer design required. 
Data communications a plus. 

Send resumes to: 

Ellen Borraccia, MDS 
175 Science Pkwy. 

Rochester NY 14620 

MDS is a wholly owned subsidiary of 
California Microwave, Inc. 

EOE - Minorities & Women 
encouraged to apply. 

INFO/CARD 79 

RSG-1O 
SIGNAL GENERATOR 

The $2495 profit generator 
Qualify crafted in the USA 

Finally, a synthesized signal generator that's 
designed to help you generate more than just signals. The Ramsey RSG-10, is the signal gen¬ 
erator you can afford, the signal generator that’s designed to do what a signal generator is 
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz. 

For the price, you wouldn't expect any more. But, there is more to the RSG-10. An intelli¬ 
gent microprocessor controlled/programmable memory, for example, can store up to 20 of 
your most commonly used test set-ups. And unlike other units, just one touch of the memory 
exchange button is all it takes to quickly shift from one test set-up to another. You get more 
work done, easier and faster. 

At $2495, the Ramsey RSG-10 is your profit generator. 
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NOVA RF Systems, Inc. 
The Complete RF/Microwave Solution 

— RF/Microwave Systems 
— Custom Design/Consulting 

I — Simulation Software 
— Synthesizers (PLUDDS) 
— Complete Lab/Machine Shop 
— TDMA/CDMA/Spread Spectrum 

International Inquiries Welcome 
1740 Pine Valley Dr. Vienna, VA 22182 

(703) 255-2353 
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< ; SPECTRUM PROBE 

produces a 60 dB spectrum analyzer 
display on your inexpensive scope 

AC Power line - FCC limited computers 
Field Strength - E field medical 
Conducted Radiation - current avionic 
Radiation Sources - voltage automotive 
EMI Sources,and leak sniff ind.process 
Ultrasonics Infrared TV remotes 
Remote (line) Controllers household 

Ask for these application notes, specifications, 
sales & warranty information 

256 Spectrum Probe 30 KHz to 2.5 MHz $279 
107 Probe 1 tO 100 MHz $249 ($279 extra shielding) 

Accessory Current Adaptors: IA5 $19 IA7 $29 

SMITH DESIGN 

Technical tips show how scope 
amplitude allows estimating field 
strength 300 uV/M to100 v/M to find 
and reduce RF radiation per FCC 
part 15,18;VDE You can sniff and 
Find that radiation! 

Other tips show current adapters 
(40 pA to 100 mA) with typical 
calibration curves Useful for RTCA/ 
DO-160 MIL-STD461 requirements 
Good also for capacitor, board, and 
IC lead currents Computer switching 
power supply servicing is speeded 
by current measurements. 

An unusual tip shows how you 
can connect standard low cost com¬ 
ponents within an outlet strip These 
outlets then allow operation of your 
equipment well isolated from power 
line RF noise Included is the FCC 
line (LISN) network, allowing you to 
measure conducted EMI from your 
equipment per FCC part 15.18.VDE 

— Fix conducfed EMÍ ! 

FREQUENCY CONTROL PRODUCTS 
CRYSTAL OSCILLATORS 

VCXO's 
TCXO's 
OCXO's 

LOW PROFILE 
HEIGHT STABILITIES 

207 E. Prospect Ave, N.Wales, PA 19454 (215) 661-9107 
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CRYSTAL OVENS 
M05 
M18 
M43 

¡¿•SINE OR SQUARE WAVE 
PHASE LOCKING INPUTS 

^INTERNAL SMD CONSTRUCTION 

SOTEMP 
■ RESEARCH, INC 

P.O. Box 3389 Charlottesville VA 22903 
( 804 ) 295-3 101 F AX ( 804 ) 977-1849 
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¡^products & services 
O.E.M. Electronic Products 

• Computerized • RF Systems 
• Spread Spectrum Communications 
• Custom, RF/Digital ASICs • 14 Year History 
• Harris and Hitachi Authorized Design Center 
• Complete, Fulltime Professional Staff 

by: LOCUS, Inc 
1842 Hoffman St., Madison, Wl 53704 
TEL 608/244-0500 FAX 608/244-0528 
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COMTRONIX SYSTEMS, INC. 
CUSTOMIZED 

SOLID STATE»HIGH POWERED*VHF/UHF 

AMPLIFIERS 
DESIGNED AND BUILT TO YOUR SPECIFICATIONS 

UP TO 200 WATTS 
HIGHEST QUALITY/BEST PRICES 

CALL OR SEND FOR INFORMATION TEL413/785-1313 FAX 413/739- 1352 
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• STD. 5 AND 10 MHZ OCXO 
• TCXO • VCXO • TC-VCXO 
• VCO’s • CLOCK OSCILLATORS 
• CUSTOMIZED CRYSTAL FILTERS 
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ 

• L/C FILTERS 
• STANDARD IF FREQUENCYCRYSTALS 
• SURFACE MOUNT AND LEADED 
PACKAGE 

CM ŒML LAB,1NC.«COMCLOK, KG 

Call or Fax requirements. 
16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 

Need Clock Oscillators or Crystals? Call 1-800-333-9825 • 714-991-1580 

Quartz Crystals 50Khz to 200Mhz_ 
TTL Clock Oscillators 25OKhz to 70Mhz_ 

HCMOS Clock Oscillators 3.5Mhz Io 50Mhz_ 
Tri-State, Half Size and Surface Mount also available on request 

Fast Service ■ 3 weeks or less 
Special frequencies our specialty 

1142 N. Gilbert, Anaheim, CA 92801 • FAX 714-491-9825 
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• Voltage Controlled Oscillators 
• Phase Locked Oscillators 
• Frequency Synthesizers 
• Radar Receivers 
• Subsystems 
• Integrated Assemblies 

advertising index 
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NOLAN LABORATORIES, INC. 
Consulting, Design, Test and Manufacture 
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RF, Microwave, Antennas, 
Electromagnetics, EMI/RFI, 
Bioelectromagnetic Sensors 

Design and Support for Manufacturability 

James A. Nolan, MSEE PO Box 567 
President Conifer, CO 80433-0567 

(303) 838-0057 
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RF Design 
Software 

Programs from RF Design provided on 
disk for your convenience 

RF software 

May Program Disk — RFD-0594 
"A Program for the Design of 
Chebyshev Impedance-Transform¬ 
ing Lowpass Filters" by Urshev and 
Stoeva. Program determines com¬ 
ponent values for 2,4,6 and 8 ele¬ 
ment impedance-transforming fil¬ 
ters. (BASIC, compiled version and 
source code, for any DOS PC). 
"A New CAD Method for Narrow¬ 
band Matching Circuits" by Mihai 
Albulet. Computes matching net¬ 
works with maximum power trans¬ 
fer as the primary design factor. 
(CWBASIC, for any DOS PC) 

April Program — RFD-0494 
"NPOLE Helps Design Phase-Shift 
Networks" by R. Dehoney. Aids 
design of allpass phase shift net¬ 
works. (BASIC, for any DOS PC) 

NOTE! New Pricing (as of March 1): 

ASIC Design Kit on CD-ROM 
Toshiba America has released their first CD-
ROM software of Toshiba's application-specif¬ 
ic-integrated-circuit (ASIC) design kits which 
will be updated quarterly. The design kits 
include gate array, embedded array, and 
standard cell libraries for the 0.5 micron (pm) 
TC180 Series, 0.8pm TC160 and TC163 
Series, 1.0pm TC140G Series and others 
such as the 0.8pm TC26SC/TC25SC stan¬ 
dard cell families and TC14L Series. Also 
included are necessary interface and applica¬ 
tion software for various third party EDA tools. 
Toshiba America Electronic Components 
INFO/CARD #210 

Component Databases 
Information Handling Services® offers two 
new databases, one for ICs and discrete 
semiconductors, the other for passive compo¬ 
nents. The IC/Discrete Parameter Database 
contains information on more than 1.5 million 
parts, which can be searched by part num¬ 
ber, function, keyword, characteristic, generic 
number, etc. The ReCal/z™ has information 
on millions of passive components from over 
360 manufacturers. Both databases also 
include manufacturer's information such as 
data-sheets and cross-referencing guides. 
Information Handling Services 
INFO/CARD #209 

High-Speed Design 
Instruction 
An interactive application disk, available from 
Tektronix teaches designers working with 
high-speed integrated circuits techniques to 
solve problems like metastability, ground 
bounce, crosstalk and more. The disk allows 
the users to set up measurements, change 
parameters, and view the results on simulat¬ 
ed instruments screens.The disk is available 
free by writing on company letterhead to Tek¬ 
tronix, Test & Measurement Group, P.O. Box 
1520, Pittsfield, MA 01202 
Tektronix 
INFO/CARD #208 

ASIC Place and Route Tool 
Tanner Research has released L-Edit/SPR™ 
v.4. The software provides placement and rout¬ 
ing for ASIC standard cell design, automatic 
padframe generation and routing. The new ver¬ 
sion handles 100% more circuit elements than 
version 3.0 and includes user control of the 
maximum time to be used by the placement 
optimizer. Other features are a row evener and 
a wiring density maximizer. L-Edit/SPR 4.0 
supports PC compatibles, Macintosh, 
SUN/SPARCstations and HP/Unix stations. 
Pricing for the UNIX systems begins at $2995. 
Tanner Research, Inc. 
INFO/CARD #207 

Monthly program disks: 
$25.00 (US/Canada) 
$30.00 (foreign) 

Yearly disk sets, available for 1989 
through 1993: Order #RFD-(year)-SET 

$120.00 (US/Canada) 
$135.00 (foreign) 

Special! 
All five years' sets (1989-1993) 

at a package price: 
$500.00 (US/Canada) 
$575.00 (foreign) 

Annual Subscriptions are offered — 
get every program for a year: 

$170.00 (US/Canada) 
$220.00 (foreign) 

All prices include shipping 

RF companies 

All orders must be pre-paid by check, 
money order, or major charge card. 
All checks must be in US dollars and 
payable to a bank located in the U.S. 

RF Design Software 
Argus Direct Marketing Dept. 
6151 Powers Ferry Rd., NW 
Atlanta, GA 30339-2941 

Tel: (404) 618-0219 
Fax: (404) 618-0347 
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LOW-SPUR 
RF literature 

Wc believe that our ADS-632 has the 
lowest spurs of any commercially 
available broadband DDS. It outputs 
frequencies from -DC to 230 MHz, 
and as shown below, spur suppression 
is superior. Over more than 100 MHz 
output bandwidth, the worst-case spur 
remains «60 dB below the carrier. 
You’ve seen "typical" spur numbers 
for years - ADS-632 performance is... 

GUARANTEED. 

ADS-632 
Clock 
Package 
Sw speed 
0 control 
Freq control 
Power 

External at 10 MHz 
5"x7"xl.l" module 
<65 nanoseconds 
4-bits, 22.5° 
32-bits 
<20W 

At 80 MHz output bandwidth, the 
worst spur is more than 65 dB below 
the carrier, and at 100 MHz output 
that figure is about 63 dB. This plot 
shows performance when a filter 
limits the highest frequency in the 
output spectrum to 140 MHz. As that 
filter's cutoff frequency increases, 
amplitude of the "worst" spur goes 

[ up, and when cutoff is at lower 
frequencies, spurs go down. Call 
Sciteq to learn how the 

I ADS-632 can work 
in YOUR system. 

4775 Viewridge Ave. 
San Diego, CA. 92123 
(619) 292-0500 
Fax (619) 292-9120 

INFO/CARD 65 
See us at MTT-S, Booth #219. 

Data Acquisition Data Book 
Data Acquisition 1994 is the 1,104-page data 
book from Harris Semiconductor. It provides 
long-form data sheets on hundreds of prod¬ 
ucts for commercial and industrial applica¬ 
tions and includes 39 new products. Sepa¬ 
rate sections covering A/D converters 
include: display, integrating, successive 
approximation, flash, and subranging. Other 
sections include D/A converters, switches, 
multiplexer, RS-232 communications inter¬ 
face ICs, display drivers, counters with dis¬ 
play drivers/time base generators, and spe¬ 
cial-purpose ICs. Application note abstracts 
are included. 
Harris Semiconductor 
INFO/CARD #205 

New Microwave Brochure 
A four page brochure from K & L Microwave, 
Inc. uses plots and block diagrams to 
describe their manufacturing capabilities for 
switched filter banks, multi-function systems, 
PIN diode switches and a comb generator 
assembly. 
K & L Microwave Incorporated 
INFO/CARD # 204 

Rohde & Schwarz Journal 
The latest edition of Rhode & Schwarz's 
News from Rohde & Schwarz includes a 16 
page brochure that reviews the company's 
history. The rest of the in-house technical 
journal includes application notes on: DECT 
RF measurements, type appropriate tests on 
GSM/PCN base stations, audio analyzer 
UPD, and calibration of test antennas to mea¬ 
sure signal and interference field strengths. 
Rohde & Schwarz 
INFO/CARD # 203 

System Applications Guide 
The System Applications Guide for Analog 
Devices is a 19-chapter handbook of tech¬ 
niques, topologies, and methods covering all 
aspects of the analog-to digital signal path 
and environment. Topics covered include: 
sensors interfacing, multiplexing, amplifiers, 
high-accuracy performance, audio applica¬ 
tions, high-speed systems, interfacing to A/D 
converters, verifying performance, D/A con¬ 
verters and direct digital synthesis. 
Analog Devices 
INFO/CARD # 202 

Crystal Oscillator Catalog 
Vectron’s 1994 16-page catalog summarizes 
a complete line of crystal oscillators available 
in the 0.01 Hz to 2 GHz plus range and intro¬ 
duces new products. Areas of crystal oscilla¬ 
tors covered are in moderate stability clocks, 
temperature compensated, subminiature 
oven controlled, and voltage controlled situa¬ 
tions. Also listed are the specifications and 
features of each product line. 
Vectron Laboratories, Inc. 
INFO/CARD #201 

Coaxial Connector Catalog 
Delta Electronics Manufacturing Corporation 

offers an updated catalog which presents 
their line of N coaxial connectors in a logical 
format. Choices of plating, cable clamping 
types, receptacle configuration and MIL 
specifications, (including MIL-C-39012 and 
MIL-A-5539 QPL connectors), are presented 
for each connector type. Line drawings are 
proportionally accurate and can be easily 
scaled and reproduced for use on internal 
specification drawings. 
Delta Electronics Manufacturing Corp. 
INFO/CARD #200 

1994 SME Catalog 
The Society of Manufacturing Engineers 
(SME) is offering a free 100-page catalog 
that features more than 300 manufacturing 
technology publications and video tapes. It 
shows products and services that focus on 
both the traditional and changing technolo¬ 
gies. The catalog also gives information on 
SME’s certification program, INTIME (Infor¬ 
mation on Technology in Manufacturing 
Engineering) data bank services and up¬ 
coming educational events. 
Society of Manufacturing Engineers 
INFO/CARD #199 

ADC Application Note 
Datei, Inc. offers application note AN-6, a 
four-page note that describes how data con¬ 
verter specifications relate to an actual 
image and undesirable artifacts. The note 
explains the advantages of using an A/D 
converter designed for time-domain applica¬ 
tions such as imaging. Special attention is 
paid to the effects of differential nonlinearity 
(DNL) on an image. 
DATEL, Inc 
INFO/CARD #198 

EMI Filter Connector 
Catalog 
Spectrum Control, Inc. has released a 44-
page catalog that provides extensive infor¬ 
mation structured to aid in determining the 
most efficient method to filter a connector. 
Technical data covers connectors meeting 
MIL specifications 38999 for compact shell 
and extended shell classifications 3899, 
83723, 26482, and 24308 (D-Subminiature). 
Spectrum Control, Inc. 
INFO/CARD #197 

Test & Measurement Catalog 
Analogic Corporation announces a new test 
and measurement catalog featuring high pre¬ 
cision instrumentation products. Featured in 
the 72-page catalog are waveform genera¬ 
tors, synthesizers and analyzers. General 
purpose instrumentation is also included. 
Ten waveform generators have been added 
and include standard and programmable 
generators, arbitrary function generators, 
high bandwidth arbitrary wave form genera¬ 
tors, and a flexible pulse generator for com¬ 
parator and device testing, telecommunica¬ 
tions, and ATE. 
ANALOGIC 
INFO/CARD #196 
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SURFACE- im S395•in FROM ̂ ^^(10 qty) 

SPECIFICATIONS 
Model 

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

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

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

TUF-Ultra-RelT" mixers are guaranteed for five years and boast unprecedented 
"skinny” sigma (Ó) unit-to-unit repeatability as shown in the Table. 

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

actual size 

ULTRAREL MIXERS 
5-YR. GUARANTEE 

with extra long life due to unique HP monolithic 
diode construction, 300°C high temp storage, 1000 cycles 
thermal shock, vibration, acceleration, and mechanical 
shock exceeding MIL requirements 

finding new ways .. 
setting higher standards 

TUF-3 
TUF-3LH 
TUF-3MH 
TUF-3H 
TUF-1 
TUF-1LH 
TUF-1MH 
TUF-1H 
TUF-2 
TUF-2LH 
TUF-2MH 
TUF-2H 
TUF-5 
TUF-5LH 
TUF-5MH 
TUF-5H 
TUF-860 
TUF-860LH 
TUF-860MH 
TUF-860H 
TUF-1 1A 
TUF-1 1ALH 
TUF-1 1AMH 
TUF-1 1 AH 

LO 
Power 
(dBm) 

7 
10 
13 
17 
7 

10 
13 

Freq. 
LO/RF 
(MHz) 

015-400 

2-600 

50-1000 

■ Conv Loss 
_(dB) 

10 
13 
17 
7 

10 
13 
17 
7 

10 
13 
17 

20 1500 

860-1050 

1400-1900 

X 
498 
48 
5.0 
5.0 
5.82 
6.0 
63 
5.9 
5.73 
5.2 
6.0 
62 
658 
6.9 
7.0 
7.5 
62 
63 
6.8 
6.8 
683 
7.0 
7.4 
7.3 

6 
0.34 
0.37 
0.33 
033 
0.1 9 
0.1 7 
012 
0.18 
030 
0.3 
025 
0.22 
040 
0.27 
0.25 
0.17 
0.37 
0.27 
0.32 
031 
0.30 
0.20 
0.20 
0.28 

Isol. 
L-R 
(dB) 
46 
51 
46 
50 
42 
50 
50 
50 
47 
44 
47 
47 
42 
42 
41 
50 
35 
35 
35 
38 
33 
36 
33 
35 

Price, $ 
Ea. 

10 qty 
5.95 
7.95 
895 
10.95 
3.95 
595 
695 
8.95 
4.95 
695 
795 
9.95 
895 
10.95 
11.95 
13.95 
8.95 
10.95 
11.95 
1395 
14.95 
16.95 
17.95 
19.95 

'To^specify surface-mount models, add SM after P/N shown. 
I X = Average conversion loss at upper end of midband (fu/2) 

<5 = Sigma or standard deviation 

□□Mini-Circuits wt accept ame «can express ano visa 
PO Box 350166, Brooklyn.New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 

Distribution Cenfers/NORTH AMERICA aOO-654-7949» 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 
For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 740-pg HANDBOOK 

See us at MTT-S, Booth #931 . INFO/CARD 66 F I45REVG 



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 
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