
RF Technologies Announces Open¬ 
ing — A new company has opened 
who will provide high power and super 
high power waveguide and coax net¬ 
works, as well as transmission systems 
and components. The company, RF 
Technologies Corporation, will also offer 
a line of RF instrumentation and control 
equipment. Their address is 482 Con¬ 
gress Street, Suite 101, Portland, Maine 
04101. Tel: (207) 773-7778 or (800) 
634-4075. 

Motorola and Northern Telecom 
to Develop Open Cellular System 
Standards — Motorola and Northern 
Telecom recently announced an agree¬ 
ment to develop major enhancements 
to their existing cellular products for 
global markets, based on new open 
system standards. The two companies 
intend to jointly specify, develop and 
implement, in connection with the ap¬ 
propriate standards bodies, open cellu¬ 
lar system interface standards which 
will permit operators to purchase cellular 
system components from a number of 
vendors. The standards will be based 

on existing international switching and 
cellular standards, such as CCS7, GSM, 
ISO and ISDN. 

New Cellular Network Anten¬ 
na — CAL Corporation and Bell Cellular 
recently introduced a new cellular an¬ 
tenna to improve network performance 
for cellular users. The low profile sector¬ 
beam cellular antenna was developed 
through a joint venture. The antenna tilt, 
used to adjust antenna frequency and 
scope, can be controlled remotely and 
adjustments no longer need to be done 
manually. 

Antenna Specialists Relocates — 
Antenna Specialists Company have an¬ 
nounced the moving of its Site Manage¬ 
ment Products Research and Develop¬ 
ment Group to new facilities in Reno, 
Nevada. The new facility, with 50 per¬ 
cent more space, will include additional 
test equipment and environmental test 
chambers. 

Varian Completes Restructuring 
— Varian Associates recently com¬ 

pleted the initial phase of its finan¬ 
cial turnaround with the sale of 
its last remaining non-core business, a 
broadcast transmitter operation in Eng¬ 
land, to the Harris Corporation. The 
sale of this unit and four other 
non-core businesses and six product 
lines have generated combined pro¬ 
ceeds in excess of $60 million. The 
funds will be used for various 
purposes, including the second phase 
of Varian’s turnaround which involves 
achieving operational excellence in each 
of its core businesses — electron de¬ 
vices, analytical instruments, medical 
equipment and semiconductor equip¬ 
ment. 

S.T. Research Receives HPI Re¬ 
ceiver System Contract — S.T. 
research has been awarded a contract 
for the development and product of the 
High Probability of Intercept (HPI) Re¬ 
ceiver System from the Naval Sea 
Systems Command. The contract, de¬ 
pending upon options exercised and 
ancillary system and support, will ex¬ 
ceed $50 million. 

WEE 
Celebrating Our 20th Anniversary Year 1971 - 1991 

HYBRID POWER DIV1DER/COMBINERS 

Models A66 and A67 are hybrid sphtter/combiners with 
exceptional bandwidth and performance for instrumentation and 
communications. Applications include signal splitting, combining, mixing, and 
phasing. Due to the high port-to-port isolation, effects of impedance changes, 
shunts, or disconnections at one or more ports have a minimum effect on the 
insertion loss or impedance match through the other ports. This high 
isolation also minimizes intermodulation problems caused by mixing between 
signal sources. 

Each Model A66 or A67 is individually tuned for optimum 
performance. 

Connector options are available. 3-Way, N-Way, and Special 
Couplers are available. Quantity and O.E.M. pricing. 

Model N-Way 
Freq. 
Range 
MHz 

VSWR 
(max) 

Loss (max) 
back-back 

dB 

Isolation 
(with matched 

input termination) 
dB 

Response 
Flatness 
dB 

Max 
Power 

to 
Input 

Max 
Power 

to 
Output 

A66 2 
1-500 1.5:1 .7 20 t.25 

.5 

Watts 

.25 

Watts 

2.5-300 1.1:1 .30 35 t.l 

A66GA 2 
1-500 1.5:1 .7 20 t.25 

2.5-400 1.1:1 .5 40 t.15 

A66L 2 
.3-100 1.5:1 .5 35 t.2 

1-50 1.1:1 .2 40 t .06 

A66U 2 5-1000 1.2:1 1.0 30 13 

A67 4 
1-500 1.5:1 1.0 20 t.25 

2.5-300 1.2:1 .5 30 t.l 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O. BOX 21 652, PHOENIX, AZ 85036 TELE P H ONE: ( 602) 2 54-1 5 70 

RF Design INFO/CARD 21 23 



RF industry insight 

HDTV: The World is Waiting 
By Gary A. Breed 
Editor 

High definition television (HDTV) has 
clearly reached critical mass in its 

development. Regular developmental 
broadcasts are taking place in Europe 
and Japan, studio video equipment is 
readily available (although expensive), 
and component manufacturers are ac¬ 
tively developing products for HDTV 
receivers and monitors. 
The components industry is nearly 

ready for high-volume HDTV manufac¬ 
turing, although production will wait until 
the market requires it. Thomson-ICS, 
Sawtek, and other SAW device houses 
have announced HDTV IF bandpass 
filters. Video amplifier and switching 
components from Maxim, National Semi¬ 
conductor, Comlinear, Elantec, Burr-
Brown and Analog Devices are capable 
of handling the required bandwidths. 
Direct satellite broadcast of HDTV is 
attractive to GaAs front-end suppliers 
such as Pacific Monolithics, Triquint and 
Anadigics. 

Also required are high performance 
analog and digital signal processing 
components. A-to-D and D-to-A convert¬ 
ers with at least 10-bit resolution must 
accurately handle greater than 25 MHz 
video bandwidth. Digital signal process¬ 
ing circuits have the same constraints. 
To put the required performance in 
perspective, current NTSC studio video 
requires 6 to 10 MHz bandwidths, 
depending on the ultimate quality level 
desired, while HDTV requires 25 to 50 
MHz. 

Studio equipment is already in place, 
and manufacturers are clamoring to 
supply networks, stations and video 
production houses with new systems. 
Test equipment, cameras, recorders, 
graphics and special effects, signal 
routing equipment, signal processing 
systems, and monitor makers are wait¬ 
ing for the doors to open on a huge 
market. However, the list of current 
suppliers is a Who’s Who of Japanese 
electronics. NHK, the Japanese broad¬ 
casting agency, sponsored an HDTV 
“open house” at the recent National 
Association of Broadcasters convention, 
and the list of participating companies 
included 20 major firms such as Sony, 
Canon, NEC. Panasonic, and Toshiba. 

Nikon offers HDTV imaging for micro¬ 
scopic observation. 

Non-broadcast applications are help¬ 
ing keep enthusiasm high while broad¬ 
cast standards evolve. Medical imaging, 
industrial monitoring and inspection, 
photo archives, and military display 
systems are but a few of the more 
promising applications. For example, 
Nikon is promoting high resolution imag¬ 
ing systems for microscopy in medical, 
metallurgical and microelectronic appli¬ 
cations. Although alternative high reso¬ 
lution display technologies are available 
now, many potential applications will not 
become widespread until the large quan¬ 
tity manufacturing for consumer HDTV 
receivers brings prices down. 

Terrestrial Broadcast 
The selection of a method to bring 

HDTV to homes in the U.S. is the single 
major problem area at this time. FCC 
testing of the five applicants for consid¬ 
eration as the broadcast standard has 
been delayed again, this time due to 
delivery problems with a standards 
converter being built by Tektronix. 
Final development of this complex 
unit has required hand-picked A to D 
converters because standard compo¬ 
nents cause visible defects in the pic¬ 
ture. 

The goal of the FCC is to complete 
on-the-air testing by Spring 1992, in 
order to have evaluation ready for 

Commission consideration by Septem¬ 
ber of that year. Selection of a standard 
is currently planned for early 1993. 
Many industry and government observ¬ 
ers believe that this is the latest possible 
date that is acceptable, and any further 
delay will certainly jeopardize the U.S. 
market position in the world HDTV 
market. 
One industry participant, choosing to 

remain anonymous, muses, “Why are 
terrestrial standards holding things up 
when DBS and fiber are perfectly capa¬ 
ble of delivering HDTV?” The strength 
of the broadcast lobby is one part of the 
answer to his question, but the situation 
is not quite that simple. First, neither 
fiber nor DBS is in widespread use in 
North America, and the time required to 
bring those technologies to “universal” 
status is unknown, perhaps longer than 
that required for a changeover to a 
broadcast system that at least ap¬ 
proaches the quality available with 
HDTV. 

With HDTV VCRs already developed, 
and given the current popularity of 
rented video programming, it will be 
extremely interesting to see how the 
average consumer reacts to broadcast 
television that has somewhat lesser 
picture quality than taped programming. 
Currently, the opposite is true. 

Which leads us to the biggest ques¬ 
tion — will the consumer accept HDTV 
at all? The quality difference is analo¬ 
gous to that of the compact audio disc 
versus vinyl records, and CDs are 
enormously successful. However, the 
improvement offered by stereo AM broad¬ 
casting and quadraphonic FM has been 
generally ignored. Even stereo televi¬ 
sion sound has been under-utilized. 

Will reruns of Gilligan’s Island be¬ 
come more interesting on HDTV, or will 
program producers react to the quality 
of the medium and produce higher 
quality programs? The answer to this 
question is probably the key to HDTV’s 
future, not the technical standards or 
hardware capabilities. RF 

For reprints of this report, contact Cardiff 
Publishing Company at (303) 220-0600; 
ask for the Circulation Department. 
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ilcraft Designer's Kits 
First they save you time. 
Then they save you money. 
These kits make it easier than 

ever to pick the right coils, chokes 
and other magnetics for your project. 
Why waste hours calling around 

for samples or trying to wind them 
yourself. Coilcraft's low-cost kits 
put dozens of values right at your 
fingertips! 
You not only save time on 

engineering. You also save money 
when you go into production 

because we stock just about all the 
parts in our kits at low off-the-shelf 
prices. 

Call in today, and you can have 
your kit tomorrow! 
To order, phone 800/322-COIL. 

"Unicoil" 7/10 mm Tuneable Inductors 
.0435 pH - 1.5 pH 
49 shielded, 49 unshielded (2 of each) 
Kit M102 S60 

"Slot Ten" 10 mm Tuneable Inductors 
0.7 pH - 1143 pH 
18 shielded, 18 unshielded (3 of each) 
Kit M100 $60 

Surface Mount Inductors 
4nH-33pH 
48 values (10 of each) 
KitCWO $125 

Axial Lead Chokes 
0.1 pH - 1000 pH 
25 values (5 of each) 
Kit F101 $50 

Horizontal Mount Inductors 
Tuneable and fixed 
Inductance: 31.5 - 720nH 
33 Values (6 of each) 
Kit M104 $60 

Common Mode Data Line Filters 
Attenuation bandwidth: 15 dBm, 1.5-30 mHz 
DC current capacity: 100 mA 
2, 3, 4 and 8 line styles (4 of each) 
Kit D101 $65 

Common Mode Line Chokes 
Current: .25 - 9 amps RMS 
Inductance: 508 pH 10.5 mH 
8 styles (2 of each) 
Kit P202 $100 

Current Sensors 
Sensing range: 0.5-35 amps 
Freq, resp.: 1 - 100 kHz, 50 - 400 Hz 
Transformer and sensor-only versions 
8 styles (15 total pieces) 
Kit P203 $50 

Base/Gate Driver Transformers 
Inductance: 1.5 mH Min. 
Frequency: 10 - 250 kHz 
2 single, 2 double section (2 of each) 
Kit P204 $50 

Mag Amp Toroids 
Current: 1, 5 amps 
Volt-time product: 42 - 372 V-psec 
6 styles (2 of each) 
Kit P206 $100 

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: .03-4.3 amps 
Inductance: 3.9 pH - 100 mH 
60 styles (2 of each) 
Kit P209 $150 

1102 Silver Lake Rd., Cary IL 60013 800/322-COIL Fax 708/639-1469 
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RF featured technology_ _ 

A Channel Sounder For Indoor 
Communications Systems 

By Fernando Casadevall and Xavier Barba 
Department of Signal Theory and Communications 
Catalunya Polytechnic University 

From the beginning of the 80s the 
possibility of giving total mobility to the 
increasing number of communications 
terminal equipment in large buildings 
like factories, hospitals, warehouses, 
commercial centers etc., has emerged 
strongly due to the important advan¬ 
tages it brings. Even though an infrared 
optical system could be considered for 
achieving such an objective, it becomes 
inoperative when obstructed. For this 
reason, radio systems must be consid¬ 
ered. 

In radio communication systems, the multiple reflections of the transmitted 
signal from the structure of the building 
and surrounding inventory create multi¬ 
path interference. Multipath has histori¬ 
cally been identified as the most impor¬ 
tant factor limiting mobile and portable 
radio communication systems. For nar¬ 
row-band systems (where the baseband 
digital symbol duration is several times 
greater than the extent of multipath-
induced propagation delays, that is, flat 
fading conditions), multipath causes 
large fluctuations (fading) in the re¬ 
ceived signal voltage due to the chang¬ 
ing phasor sum of the signal compo¬ 
nents arriving at the receiver antenna 
via different paths. Temporal variations 
of the channel as well as changing 
multipath geometry seen by a mobile 
user are the mechanisms for the fading. 
Therefore, an accurate characterization 
of the operating channel is a mandatory 
prerequisite for the development of 
reliable indoor radio systems. 

Usually we could distinguish between 
a large scale model, used in determining 
coverage areas and co-channel interfer¬ 
ence levels, and a small scale model 
that describes the fading due to tempo¬ 
ral variations of the received signal and 
used in determining the bit error rate 
and outage probability. 
The expression that characterizes the 

large scale model is the Path Loss (L) 
given by L=Kdn where K is an appropri¬ 
ate constant, d is the distance between 

transmitter and receiver in meters and 
n is the mean path loss exponent. For 
stationary transmitters and receivers, 
the small scale model is usually charac¬ 
terized by a Rician distribution. In this 
case the most relevant parameter is the 
ratio of the received power of the 
specular radio signal to the average 
power of the scattered signal. 

Measurements reported in Refer¬ 
ences 1 and 2, indicate that n usually 
ranges between 2 to 6 and K between 1 
to 16 dB depending on the building 
structure. So, there is a great value 
dispersion and it could be convenient 
to characterize the operating channel in 
each case. 

In this paper we present a simple 
channel sounder appropriate for charac¬ 
terizing narrow-band indoor communi¬ 
cations channels. The first part is de¬ 
voted to analyzing the transmitter struc¬ 
ture, the second studies the receiver 
system and the last presents some 
practical results and conclusions. 

Figure 1. Schematic drawing of 
the CW transmitter. 

Transmitter 
The schematic drawing of the CW 

transmitter is shown in Figure 1. We can 
distinguish five parts. The synthesizer 
produces a sine signal whose carrier 
frequency ranges between 800-850 
MHz. The frequency doubler changes 
the carrier frequency up to the 1.6-1.7 
GHz band. This signal is not synthesized 
directly in the 1.6-1 .7 GHz area because 
the voltage controlled oscillator (VCO) 
and counters (Prescalers) are cheaper 
and more readily available in the 800 
MHz band than in the 1.6 GHz band. 
The high pass filter eliminates the 

Figure 2. Schematic diagram of the synthesizer. 
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Amplifonix is one of the industry’s most trusted 
2nd sources. With over 10 years of experience 
in producing high-quality components and 
thousands of high-performance amplifiers, 
Amplifonix can deliver a full spectrum 
of standard and custom products 
designed to meet your exact 
specifications. 

SWITCHE 
GaAs MMIC 

sss 

^TORS 
Frequency 10 to 

5001 VlHz 

Attenuation 
Steps 0.1 tc 32 dB 

Switching 
Characteristics 

1 pS( 
10pt 

SC tO 
sec 

Sections 1 to Í bits 

Write or call for complete information. 

lyAMpliíONÍ^ll 
2707 Black Lake Place • Philadelphia, PA 19154 
PHONE: 215-464-4000 • FAX: 215-464-4001 
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AMPLIFIERS 
BiPolar/GaAs FET 

Frequency 5-2500 MHz 

Gain 8 to 40 dB 

Noise 1.2 to 9.5 dB 

Pwr Out Upto 
+27 dBm 

VCOs 
Frequency 70 to 

2500 MHz 
Output 
Power 

+7 to 
+20 dBm 

Phase Noise 
10 kHz to 
to 100 kHz 

-85 to -125 
dBc/Hz 

Tuning Voltage 
Sensitivity 

2.25 to 12.0 
mHz/V 

Supply 
Voltage +8 to +20 



PRODUCTS AND PRICES 

Stanford Telecom ... continues to lead the way in providing the highest 
performance at the lowest cost. 

These are but a few of the many 
outstanding products and prices avail¬ 
able today and offered by Stanford 
Telecom for frequency synthesis and 
digital communications. For the high¬ 
est performance and most cost 
effective solutions in integrated digital 
communications products, Stanford 
Telecom continues to stand out as the 
industry leader. 

Call today to discuss how Stanford 
Telecom might become a member of 
your team. New prices also available 
for Stanford Telecom's entire line of 
Digital Communication ASICs. 

STEL-1178 

STEL-2373 

STEL-1 1 74 

STEL-1 176 

Only $25* 

STANFORD 
“=— = =— ~ = - = - = = = = - = = 

ASIC 
Custom 
Products 
woup 

242 1 Mission College Boulevard 
Santa Clara, California 95056-0968 

TEL: (408) 980-5684 FAX. (408) 727-1482 

Dual 50MHz NCO. 

(Check for compatibilityand price 
savings over other dual NCOs 
available!) 

750 MHz GaAs Synthesizer . 

(NCO, DAC, converters, etc. all 
within a single 70-pin package!) 

50 MHz NCO . Less Than 

(Cost, area, power & spurs are 
all held to a minimum with this 
outstanding, low cost performer) 

80 MHz BCD NCO . Only $50* 
(For BCD interface & resolution 
characteristics, this NCO is not 
only distinguished, but unmatched 
in architecture, performance & 
cost effectiveness) 

* 1. 000 piece quantity 

Single Package 
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Coaxial 
Switches 
Delivered in 

I,- 7.4 mm, 50Q 
lf 22.5 mm, 50Q 
l3- 5 mm, 50Q 
l4-12 mm, 50Q 

l5- 20 mm, 50Q 
l6- 8 mm, 50Q 
I - 48 mm, 115Q 
l8- 48 mm, 45Q 

Époxy Substrate (Er = 4.75, thickness 0.75 mm) 

l9- 48 mm, 115Q 
I - 48 mm, 45Q 
I -48 mm, 115Q 
T,-HXTR3615 

Figure 3. Frequency doubler. 

spurious signals around 800 MHz that 
appear at the frequency doubler output. 
The output amplifier increases the use¬ 
ful signal level up to 20 dBm. Finally, the 
low pass filter attenuates the level of the 
harmonics present in the output signal. 

In the paragraphs below we describe 
the most relevant aspects of each part. 

Synthesizer - The synthesizer is built 
around the integrated circuit NJ8820 
from Plessey. This circuit contains a 
reference oscillator, an 11 bit program¬ 
mable reference divider, two phase 
comparators: one digital and one sam¬ 
ple and hold type, two programmable 
dividers: one, called A, that counts down 
to zero from the programmed input, with 
a 7 bit length, and the other, called M, 
that counts up from zero to the pro¬ 
grammed input and with a 10 bit length, 
and finally the necessary control and 
latch circuitry for accepting and latching 
the input data. By means of an external 
dual modulus counter (N/N+1 ), the syn¬ 
thesizer is able to program a total 
division ratio given by NM+A, where A 
is between 0 and 127, M is always 
greater than or equal to A and the 
minimum division ratio is N2-N. How¬ 
ever, the value of N must also be large 

Figure 4. High pass filter. 

enough to guarantee that the output 
frequency from the dual modulus 
counter not exceed the maximum input 
frequency of the integrated circuit. 
The frequency synthesizer is com¬ 

pleted by an active loop filter and a 
VCO, as shown in Figure 2. 

For each synthesized frequency, the 
NJ8820 circuit reads eight 4 bit words 
from an external memory. The timing 
signals needed are provided by the 
same integrated circuit. With this struc¬ 
ture the synthesizer can produce a 
carrier frequency that ranges from 800 
MHz to 850 MHz, with a frequency step 
of 25 KHz and whose level is around -5 
dBm. 

Frequency Doubler ■ The schematic of 
the frequency doubler is shown in Figure 
3. It uses an HXTR3615 transistor as 
active device. The input matching net¬ 
work is composed of an open circuit 
microstrip stub and a transmission line, 
whereas the output matching network 
uses two open circuit microstrip stubs 
with two sections of transmission line 
between them (3). In this case the stub 
lengths are designed in order to present 
a 1/4 length at the second and the third 
harmonic of the output signal, respec¬ 
tively. In this way the network not only 
matches the output impedance but also 
introduces a selective effect to the 
undesired signals. A band stop filter, 
tuned at 800 MHz, is placed behind the 
output matching network. This filter is 
built using two open circuit microstrip 
stubs and three transmission line sec¬ 
tions. Obviously this filter also eliminates 
the undesired signals placed around the 
third, fifth and seventh harmonics of the 
input signal. 

It is important to emphasize that this 
circuit, and everything described below, 
have been designed using computer 
aided design (CAD) techniques. In par¬ 
ticular, we used the SuperCompact 

Subject to Stock-on-Hand 

Miniature SPDTs 

DC-22 GHz Failsafe 
DC-22 GHz Failsafe with indicators 
DC-22 GHz Latching with Indicators 

Miniature Transfers 

DC-18 GHz Failsafe 
DC-1 8 GHz Failsafe with indicators 
DC-18 GHz Latching 
DC-18 GHz Latching with Indicators 

Miniature Multi-Throws 

DC-18 GHz 1P3T Failsafe 
DC-18 GHz 1P4T Failsafe with indicators 
DC- 18 GHz 1P6T Failsafe 
DC-18 GHz 1P6T Failsafe with indicators 

TELEDYNE 
MICROWAVE 

1290 Terra Bella Ave. 
Mountain View, CA 94043 
Phone:415-960-8610 
Fax:415-966-1521 

RF Design 

PR AW FROM 
STOCK. IN 

THE 

WEST! 
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Do Birds Fly? 
They do at Henry Radio. 
Because when we receive your 
order for any Bird product it flies 
out of our warehouse in just 24 
hours. 
And don’t expect us to say we’re 
out of stock on the products you 
need, because Henry Radio is 
one of the nation's largest 
distributors of Bird equipment. 
Our large inventory includes a 
vast selection of the most popular 
Bird equipment, including 
wattmeters, elements, loads and 
accessories. So if you’re looking 
for a hard-to-find Bird product, 
call Henry Radio. 

HENRY RRDIO 
Over a half-century of reliability in communications. 

2050 S. Bundy Drive, Los Angeles, CA 90025; 
TOLL FREE: 1-800-877-7979; FAX: 1-213-826-7790 
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RF Design Software Service 
Computer programs from RF Design, provided on disk for your convenience 

All disks are MS-DOS/PC-DOS compatible, unless otherwise noted 

Disk RFD-0591: May 1991 
"CAD of Single and Tandem Lange Couplers." by T O'Connell and P Murphy 

Computes design parameters of Lange couplers, with output in tabular form or 
in a Touchstone' file format (Fortran, compiled version and source code listing 

Disk RFD-0391: March 1991 
This disk contains "NOVA" by Robert Stanton, a nodal circuit analysis pro¬ 

gram fot AC, time domain, and S-paiaiiielei analysis. Numerous models are in¬ 
cluded, and operating instructions are included in a READ ME file. This is offered 
by the author as shareware; a co-processor version, additional documentation, 
and future updates are provided to users who wish to pay for registration 

Disk RFD-0291: February 1991 
"Cable Equalizer Design.” by Frederick Radler of Trilithic For the design of 

equalizers to flatten frequency response of cable runs. (Compiled, executable) 

Send for a complete listing of available programs, or circle Info/Card below. 

Disks are $9 00 each (5/4 in.) or $1000 (3/2 in ) Outside U.S. and Canada, add $8.00 
per order Foreign checks must be in U.S. funds, and must be payable through the U.S 
banking system Prices include postage and handling 
Annual subscriptions are available, providing 13 disks for $90.00 (5/4 in ) or $100 00 

(3/a in ) Specify starting date For subscribers outside the U.S. and Canada: add $5000 
Payment must accompany order.. .specify disks wanted. ..send check or money 

order to: 

RF Design Software Service 
PO Box 3702 

Littleton. Colorado 80161-3702 

Questions and comments should be directed to RF Design magazine 
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program for this purpose. 

High Pass Filter - In order to attenuate 
the 800 MHz spurious signal present at 
the output of the frequency doubler, we 
have placed a high pass filter before the 
amplifier. This filter has been designed 
using a fifth order Butterworth structure 
(4) and made using transmission lines 
and short-circuit stubs as shown in 
Figure 4. The 3 dB cut-off frequency is 
1.56 GHz and the insertion loss is 1.34 
dB. This structure has a theoretical 
attenuation value of 50 dB at the 800 
MHz band and it guarantees sufficient 
attenuation of the spurious signals. 

Amplifier - The signal level at the output 
of the frequency doubler is -5 dBm. 
Therefore, in order to obtain an useful 
signal of 20 dBm at the transmitter 
output, the amplifier gain must be 
approximately 25 dB. This amplifier has 
three stages with power gains of 10, 10 
and 5 dB respectively. The first two 
stages make use of a HXTR31 02 transis¬ 
tor as an active device whereas the 
output stage uses a BFG34 transistor 
able to produce the required output 
level. The matching network between 
stages is built by means of transmission 
lines and microstrip stubs in open and 
short circuit. 

In Figure 5 we show the schematic 
diagram the amplifier. The last two 
microstrip stubs, placed at the output of 
the amplifier, are designed in order to 
attenuate the second and third harmonic 
respectively. It is important to empha¬ 
size that we have chosen for the second 
stage a short-circuit microstrip stub to 
diminish the low frequency gain of the 
amplifier and consequently to increase 
its stability. 

Low Pass Filter - The low pass filter is 
devoted to attenuation, as much as 
possible, of the harmonics and other 
spurious signals present at the output 
of the amplifier. For this purpose we 
have chosen a seventh order Butter¬ 
worth filter, built again using transmis¬ 
sion lines and open-circuit microstrip 
stubs. In Figure 6 shows a schematic 
diagram of the filter. The 3 dB cut-off 
frequency is 1.9 GHz and the insertion 
loss is 0.7 dB. This structure guarantees 
a theoretical attenuation value of 46 dB 
at 3.2 GHz (second harmonic of the 
output signal) and more than 70 dB at 
4.8 GHz (third harmonic). These values 
are sufficient to obtain an output rejec¬ 
tion to harmonics and spurious signals 
greater than 60 dB with respect to the 
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From our industry leading surface mount filters to our time-proven rotary and fixed pad attenuators, 
Trilithic is your source for a complete family of RF and microwave components. Our strict quality assurance 

standards apply to all product lines, whether your application is for high reliability military or field¬ 
tough commercial items. In addition, Trilithic’s high stock volume ensures competitive pricing and 

availability, so call us toll-free at 800-344-2412, and get acquainted with our family. 

9202 East 33rd Street • Indianapolis, IN 46236 
Phone: 317-895-3600 1-800-344-2412 FAX: 317-895-3613 
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25 WATTS 
RF POWER 

1-500 

I, =19.7mm, 50Q l4=6 mm, 50Q l=15mm, 50Q 
l2=6.8 mm, 50Q l5=3.7 mm. 50Q le=3 .5 mm, 50Q 
I =6 mm, 50Q l6=3.7 mm, 50Q l9=3.5 mm, 50Q 
T3=HXTR3102 
Epoxy Substrate (E = 4.75, thickness 0.75 mm) 

I =1 mm, 50Q Lj=12.5 mm, 50Q 
I =8.4 mm, 50Q T,=HXTR3102 
l)2=20 mm, 50Q T2=HXTR3102 

NEW, ALL SOLID STATE 
AMPLIFIER WORKS INTO 
ANY LOAD IMPEDANCE. 

The 525LA is an extraor¬ 
dinarily versatile source of 
power that will find wide ap¬ 
plication in virtually all RF 
labs. Covering the frequency 
range of 1 to 500 MHz, with 
a flat 50 dB of gain, the 
525LA is driven to its full 
Class A linear output by any 
signal or sweep generator. 

Like all ENI amplifiers, the 
525LA features unconditional 
stability, absolute protection 
from overloads, and it will 
work into any load im¬ 
pedance. So if you need a 
rugged source of RF power 
for RFI/EMI, RF transmission, 
component testing, NMR or 
transmitter design, the 525LA 
amplifier could just be the 
most useful tool in your 
laboratory. 

For more information, or a 
full-line catalog, contact us at: 

ENI 
A Division of Astee America, Inc. 
100 Hlghpower Road, 
Rochester, NY 14623-3498 
(716) 427-8300 
Telefax: (716) 427-7839 

Figure 5. RF amplifier. 

useful signal. 

Transmitter Performance - Once the 
transmitter was made, a complete set 
of measurements was taken for its 
characterization. The most relevant fea¬ 
tures are described below: 

-Output level: 18.5 dBm - 0.5 dB 
-Frequency Range: 1.6 GHz to 1.7 
GHz, with 50 kHz steps 
-Spurious and harmonic rejection: 
Greater than 60 dBC 
-SWR: 1.5 at 1.65 GHz, <1.85 be¬ 
tween 1.6-1 .7 GHz 

Receiver 
The schematic drawing of the CW 

receiver is shown in Figure 7. We can 
distinguish six different parts: an RF 
amplifier that increases the level of the 
weak signal present at the antenna 
output; an RF attenuator that generates 
an appropriate level at the input of the 
mixer; the mentioned mixer that pro¬ 
duces a frequency translation of the 
received signal to a new carrier fre¬ 
quency of 70 MHz; the local oscillator 
associated with the mixer; an IF ampli¬ 
fier, and finally a logarithmic amplifier 
that produces an output signal propor¬ 
tional to the received power at the 
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Figure 6. Low pass filter. 

antenna port. This signal is delivered to 
a data acquisition card, controlled by a 
personal computer (PC), in order to be 
processed properly. 
As with the transmitter, all the above 

mentioned subsets of the receiver have 
been designed using CAD techniques. 

RF Amplifier ■ The schematic of the RF 
amplifier is shown in Figure 8. It is 
composed of two amplifier stages and a 
high pass filter. The first amplifier stage 
is designed to optimize the noise figure 
whereas the linearity aspects are em¬ 
phasized in the second amplifier. Both 
use common emitter structure with trans¬ 
mission lines and open circuit microstrip 
stubs for the matching circuits. The 
transistor HXTR3615 from Hewlett-
Packard is used as an active device. The 
power gains are 12.5 dB for the first 
stage and 13.5 dB for the second, and 
the 3 dB bands are 1.5-2 GHz and 
1.5-1. 9 GHz respectively. A high pass 
filter is placed between both stages 
which eliminates the noise and all the 
spurious signals below 1 GHz that could 
appear in the antenna port. The cut-off 
frequency is 1.3 GHz and the insertion 
loss is 0.3 dB. This high pass filter is 
placed after the first amplifier in order 
to optimize the noise figure of the 
receiver. 

RF Attenuator - A simple attenuator can 
be made using a resistive pi structure. 
If the resistor values are controlled 
properly this circuit is capable of giving 
variable attenuation over a wide band¬ 
width and provide matched impedances 
in both ports. On the other hand, for 

Figure 7. Schematic drawing of 
the CW receiver. 
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When Selecting 
a Spectrum Analyzer, 
Go by the Numbers. 
CATV • EMC/EMI • Mobile Radio • Satellite Communications • Radar • Production test • Broadcast • R&D 

from $12,900 from $5/995 

R4131C/4131D Series 

• 9kHz to 2.6GHz frequency range for R3261A/3361A 
• 9kHz to 3.6GHz frequency range for R3261B/3361B 
• 1Hz resolution setting and measurements with 
synthesis technique 

• Also featured are a built-in tracking generator, 
IC memory card, controller function, 
preselector and GPIB 

• 10kHz to 3.5GHz frequency range 
• 22lb(1Okg) weight for portability 
• —80dBc skirt characteristics 
• Also featured are built-in quasi-peak 
measurement and saving/recalling 
measurement conditions, including 
waveforms and GPIB 

New visions in test instrumentation 

2IDVANTEST_ 
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AVANTEK MMICs NATURE, 
AT A NATURAL PRICE 

High Performance RF/ 
Microwave Circuits in Tiny 
SMD Packages 
Fresh idea. A growing family of DC to 5.0 

GHz. amplifiers, active mixers, and other 

high performance monolithic microwave 

ICs (MMICs), at design conscious prices— 

as low as $0.95 each in 10,000 piece quanti¬ 

ties. Avantek’s new ISOSAT™ process yields 

a harvest of silicon MMICs in plastic SMD 

packages for portable, handheld, and low-

power high-volume designs, where size and 

cost are as critical as RF performance. 

Cellular, Spread Spectrum, 
Fiber Optics, GPS—Any RF/ 
Microwave Application 
Avantek, the pioneer of commercial and 

defense RF/microwave solid-state, offers 

the ISOSAT family of plastic MMICs in bulk, 

tape and reel. High-volume, low-cost cir¬ 

cuits that meet your highest requirements 

for low power consumption, bandwidth, 

low noise (as low as 1.7dB), high gain, 

stability and cascadeability. ISOSAT prod¬ 

ucts make your linear design goals easy and 

efficient. 

Get a Little Help from Your 
Friends 
Avantek has over 50 field specialists around 

the world to assist in developing your RF/ 

microwave designs. And, Avantek ISOSAT 

amplifier product data is available for use 

in all major CAE libraries, such as EEsof 

Touchstone? 

Power Gain vs. Frequency 

With over 20 major stocking locations, and 

a worldwide trans-shipment operation, 

Avantek has the largest RF/microwave 

semiconductor distribution network in the 

world. We meet the demands of the most 

demanding JIT programs, or supply critical 

prototypes with the same matchless service 

and support. 

Call Your Local Distributor or 
1-(800) AVANTEK for Fast 
Delivery 

Putting Microwave 
Technology to Work for You 
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l,= 6.4 mm, 22Q 
l2= 8 mm, 50Q 
L= 9 mm, 82Q 
Epoxy Substrate (Er

l4= 37 mm, 50Q l7= 12.7 mm, 22Q 
l5= 12.5 mm, 50Q l8=2.5mm,45Q 
l’= 12.2 mm, 50Q l9= 11.6 mm, 74Q 

= 4.75, thickness 0.75 mm) 

Figure 8. Receiver part: RF amplifier. 

small signals at RF frequencies, the PIN 
diode, when it is conducting, appears 
essentially as a pure resistor whose 
value is roughly inversely proportional 
to the bias current. Moreover, the quality 
of this resistor, i.e. its linearity and lack 
of distortion products, can be very good 
if the diode is used under the right 
conditions. So, for these reasons the 
RF attenuator has been made using a 
PIN diode attenuator, as shown in 
Figure 9, where the series and parallel 
bias currents are properly controlled by 
means of a single control voltage (5). 
The insertion losses are 1.5 dB, the 
attenuation reaches up to 18 dB and the 
SWR ratio is lower than 2 dB in the full 
range of the attenuation values. 

Northwest 

Insight Electronics, Inc. 

Mixer - This circuit is built around the 
SRA-2000 double balanced mixer from 
Mini-Circuits. In order to guarantee that 
the RF port and the IF port have 50 
ohms at any frequency, special match¬ 
ing networks have been used (6), as 
shown in Figure 10. The input network 
is composed of an impedance trans¬ 
former, made by means of a transmis¬ 
sion line, and a short circuit microstrip 
stub in series with a 50 ohm resistor. At 

e 

Putting Microwave 
Technology to Work for You 
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Lo= 33 mm, 45Q 
T,= HXTR3615 
T2= HXTR3615 

Figure 9. Receiver part: RF attenu¬ 
ator. 

the working frequency the stub appears 
as an open circuit. Then, the impedance 
transformer changes the output imped¬ 
ance of the RF amplifier (50 ohms) to the 
nominal mixer impedance of 200 ohms. 
At lower frequencies the stub appears 
as a very small inductive impedance. A 
50 ohm resistor is placed at the input of 
the impedance transformer regardless 
of the source impedance value. Really, 
at these frequencies, the 10 pF capaci-

Figure 10. Receiver part: mixer. 
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When connections are critical 
depend on Omni Spectra 

When you need subminiature connectors, depend 
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IWO - IOK 

Figure 11. Local oscillator chain 
of the receiver part. 

tor guarantees a joint impedance (source 
plus capacitor) greater than 50 ohms. 
The output network acts as a low pass 
filter with a cut-off frequency around 400 
MHz. The insertion losses of the mixer 
and matching networks are approxi¬ 
mately 9 dB. 
A bandpass filter is placed at the 

output of the above mentioned circuit in 
order to reduce the noise bandwidth of 
the receiver. This filter is a third order 
Butterworth structure with 10 MHz band¬ 
width. 

Local Oscillator - The schematic drawing 
of the local oscillator chain is shown in 
Figure 11. We can distinguish three 
parts. The synthesizer that produces a 
sine signal whose carrier frequency 
ranges between 765-815 MHz and has 
the schematic shown in Figure 2, but 
with different words recorded in the 
memory; the frequency doubler that 
changes the carrier frequency up to the 
1530-1630 MHz band (its schematic is 
shown in Figure 3) and the amplifier that 
increases the useful signal level to 7 
dBm and whose schematic corresponds 
to the first two amplifier stages shown 
in Figure 5. 

IF Amplifier - The IF amplifier provides 
the additional gain necessary to guaran¬ 
tee that, even with a signal level equal 

Figure 12. Receiver part: IF ampli¬ 
fier. 

to the receiver sensitivity, the IF signal 
delivered to the input of the logarithmic 
amplifier has an appropriate level. The 
schematic is shown in Figure 12, where 
we can see that the amplifier uses a 
common emitter structure with an AC 
feedback between the collector and the 
base. This feedback permits us to 
provide the appropriate 50 ohm value 
to the input and output impedance. The 
power gain at 70 MHz is 24 dB and the 
amplifier band ranges between 20 to 
140 MHz. 

Logarithmic Amplifier - The logarithmic 
amplifier is a device that produces a 
video output which is proportional to the 
logarithmic value of the IF input ampli¬ 
tude (7). It uses a cascade of logarithmic 
video amplifiers which permits almost 
70 dB of the dynamic range. This 
amplifier whose schematic diagram is 
shown in Figure 13 is basically built 
using three SL623B and one SL621B 
integrated circuits from Plessey. These 
integrated circuits are intended primarily 
for use in successive detection logarith¬ 
mic IF strips, operating at center fre¬ 
quencies between 10 and 140 MHz. For 
the SL621B the mid-band gain voltage 

IC1=IC3=IC4=SL523 from Plessey 
IC2 = SL521 from Plessey 
IC5 = pA741 

Figure 13. Receiver part: logarithmic amplifier. 
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Filmtrim" 
Single Turn Plastic 
Trimmer Capacitors 

• Cap ranges: 1.0-5.0 pF to 25-500 pF 
• Q to 5000 at 1 MHz 
• Operating temp: 

PTFE, Polycarbonate, Polyimide: 
-40° to +85°C 

Polypropylene: -40° to +70°C 
High temp PTFE: -40° to +125°C 

• 6 sizes from 5 mm to 16 mm 
• More stable with temperature than 

other single turn trimmers 
Phone, fax or write today for 
Engineering Bulletin SG-402E. 
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Gooomon 
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Airtrim 
Single Turn 
Air Dielectric 

Trimmer Capacitors 
• Cap ranges: 1. 0-3.7 pF to 2.9-24.0 pF 
• Q typically 8000 at 1 MHz; 

4000 at 100 MHz; 1500 at 200 MHz 
• Operating temp: -55° to 85°C 
• Temp coeffcient as low as 

10 + 10ppm/°C 
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for printed circuit and panel mounting 
• Machined from solid brass 

Phone, fax or write today for 
Engineering Bulletin SG-600A. 
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Figure 14. Photograph of the an¬ 
tenna. 

is around 12 dB whereas for the SL623B 
it is 24 dB. The former provides a 
logarithmic characteristic over a 10 dB 
range and the later over 20 dB. As the 
integrated circuits provide a current 
whose level is proportional to the loga¬ 
rithm of input signal (with maximum level 
equal to 2.1 mA), the common base 
transistor and the operational amplifier 

act as a current-voltage transformer with 
appropriate gain and DC offset. 

The input signal must range between 
0.2 mVRMS and 1 VRMS for an accurate 
behavior of the logarithmic amplifier, but 
it could withstand input voltages up to 
1.8 VRMS without damage. Within the 
input range, the dynamic error of the 
logarithmic characteristic is lower than 
0.5 dB and the DC output signal ranges 
between 0 to 5 Volts. 

Receiver Performance - Once the re¬ 
ceiver was built, we obtained a complete 
set of measured characteristics, whose 
most relevant aspects are described 
below: 

- Sensitivity: -97 dBm 
- Maximum input level: 0 dBm 
- IF Bandwidth: 10 MHz 
- Logarithmic amplifier output: 0-5 

Volts 
- CAG: 18 dB manually controlled 
■ SWR: 1.9 at 1.65 GHz, <2.2 
between 1.6-1 .7 GHz 

Antennas 
In order to complete the channel 

sounder, two monopole antennas with 
ground planes were constructed. We 
used a 1/4 monopole with four bars 
inclined 45 degrees to simulate the 
ground plane. The measured SWR at 
the antenna port is lower than 1.2 in the 

1.6-1 .7 GHz working band. A photo¬ 
graph of the antenna is shown in Figure 
14. 

Preliminary Measurements and 
Conclusion 

Using the above described channel 
sounder, some preliminary measure¬ 
ments of the propagation conditions 
inside buildings were done. We re¬ 
corded the received signal during 20 
minute periods and using 20 samples/ 
sec. In Figure 15 a typical example of 
the recorded measurements of the re¬ 
ceived signal amplitude in two standard 
cases is shown. The first case is line of 
sight between the transmitter and re¬ 
ceiver and the second when obstructed. 
In both cases we can see large fluctua¬ 
tions (fading) in the received signal 
voltage. As was explained in the intro¬ 
duction, these fluctuations are due to 
the changing phasor sum of the signal 
components arriving at the receiver 
antenna via different paths. Presently a 
complete set of measurements is in 
process in order to characterize the 
transition channel in different buildings 
constructed using different materials. 

In conclusion, a simple narrow-band 
channel sounder, appropriate for char¬ 
acterizing narrow band indoor communi¬ 
cations channels, has been described. 

-150 dB< Phase Noise... 
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Your Design Deserves It. 
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synthesizer. Shouldn't you have a PLL 
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With QUALCOMM's new Q3036 
single-chip PLL, you can have a PLL 
noise floor of <-150dBc at 100 Hz. 

You can input VCO frequencies from 
DC to 1.6 GHz using the built-in 
prescaler while selecting division ratios 
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Choose reference input frequencies 
from DC to 100 MHz with division 
ratios of 1-16. 

The quiet Q3036 PLL, named a Top 
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Microwaves & RF magazine. 

Now it's your turn to give what you 
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RF featured technology_ 

High Power Bi-Directional Coupler 
For Space Applications 
By Pascal R. Goux 
Ancom Electromagnetics Ltd. 

Satellites requiring their transmitted 
RF power to be amplified in a linear 
fashion, such as M-SAT and INMAR¬ 
SAT, need carefully controlled amplifi¬ 
ers in order to maintain optimum operat¬ 
ing conditions. 

This paper describes the RF portion 
of the control circuitry associated 

with the L-Band High Power Amplifier 
designed for such service by Spar 
Aerospace of Montreal. 

Each amplifier has a 27 dB bi¬ 
directional coupler at its output to allow 
measurement of transmitted and re¬ 
flected signal power levels. The result¬ 
ing detector signals are used to limit 
output power, hence power consump-

Bi-directional 
coupler 

Figure 1. Block diagram. 

tion without degrading linearity, and to 
protect the amplifier against output 
mismatch. In order to obtain sufficient 
accuracy, high directivity in the coupler 
is essential. A block diagram is shown 
in Figure 1. 
The design of the coupler is pre¬ 

sented together with a description of the 
method by which high directivity is 
obtained. Artwork and measured results 
are presented including results from 
high power testing in vacuum. The 
objective is to design, build and test a 
coupler with the specifications of Table 
1. 

Choice of Configuration 
In order to be compatible with the rest 

of the circuitry making up the amplifier, 
the coupler must be fabricated using 
microstrip techniques on metallized alu-

Operating Frequency 

Low Insertion Loss 
(to minimize impact on 
amplifier efficiency) 

Low Coupling Value 
(to minimize insertion 
loss) 

High Directivity 
(to differentiate forward 
& reflected signals) 

High Isolation 
(to achieve high direc¬ 
tivity with low coupling) 

Return Loss 
(to guarantee the direc¬ 
tivity) 

Must sustain high CW 
power and be tempera¬ 
ture insensitive 

1 to 2 GHz 

<0.15dB 

<-25 dB 

>25 dB 

>50 dB 

>25 dB 

>100W 
-60°C 
+120°C 

NOTE Must also be bi-directional, symmetrical and 
easy to fabricate (preferably not to require tuning) 

Figure 2. Artwork. Table 1. Design specifications. 
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Testing for rf susceptibility to 200 volts/meter? 
You need the power to do it 

If you’re lining your shielded room with anechoic material 
to avoid mutipath reflections, you already know you need 
an amplifier with infinite-VSWR tolerance. But you also 

need an amplifier/antenna marriage made in heaven. 
Here is one of our many matched systems specifically 

designed to assure you reliable field levels as high as 
1,000 V/m. 
Our new Model 400HB power amplifier delivers a 

minimum of 400 watts through a bandwidth of 400 to 
1,000 MHz. And our Model AT4001 horn antenna dis¬ 

plays the happy faculty of putting out more V/m as the 
frequencies rise. 
Other matched systems of AR amplifiers and antennas 

cover the frequency spectrum from 10 kHz to 1 GHz with 
reliable power from one to 2,000 watts. Systems that give 
you the reserve power you’re bound to need sooner than 
you may think. Systems that let you sweep clean through 
the band of interest without the headache and delay of 
changing antennas. 
Why not chat—on our nickel—with one of our applica¬ 

tions engineers about your rf susceptibility-testing situa¬ 
tion? He’ll answer the phone himself when you dial 

1-800-933-8181 
nmPLiFiCR 
nescnncn 

160 School House Road, Souderton. PA 18964-9990 USA 
215-723-8181 • TWX 510-661-6094 • FAX 215-723-5688 
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mina substrate (0.050” thick, £r = 9.9). 
The problem of designing a high 

directivity coupler in this medium, (com¬ 
pared to an ideal TEM design), is due 
to the inhomogeneity of the dielectric 
structure. The isolation of the coupler is 
the most difficult characteristic to con¬ 
trol, requiring wave cancellation and 
equal phase velocities for the even and 
odd modes of propagation. 

The quarter-wave edge coupled de¬ 
sign approach is chosen for its symme¬ 
try and simplicity, however the non-TEM 
propagation must be compensated. 

Design Details 
In order to solve the problem of 

non-TEM propagation, various tech¬ 
niques have been proposed. Refer¬ 
ences 1 and 2 describe the Wiggly 

NEW MULTIPORT 
SWITCH 

coupled line but the available design 
information and mathematical relation¬ 
ships are not well suited for loose 
coupling. The electromagnetic field analy¬ 
sis is quite complex and none of the 
known CAD tools are helpful in this 
regard. References 3-5 describe the 
dielectric overlay coupler, but show poor 
repeatability due to the overlay bound¬ 
ary’s position affecting matching, cou¬ 
pling and isolation. This solution is also 
somewhat cumbersome to produce and 
may be sensitive to high temperatures 
and high power levels. A configuration 
that is simple, repeatable and requires 
no tuning would be preferable. 

References 6-10 present the design 
of an edge coupler with lumped capaci¬ 
tors at each end to compensate for the 
unequal phase velocities of even and 
odd modes at the isolated port. In the 
even mode, the capacitors have no 
effect, but they increase the odd mode 
phase length (transit time, £ref( odd), thus 
equalizing the waves. 
Due to the small value of the capaci¬ 

tance required, it can be realized as an 
interdigital structure (ICAP) formed on 
the same microstrip substrate as the 
coupler. From a mathematical approach, 
a capacitor at each end of the coupled 
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MULTIPORT 
N303 SERIES SMA 
SWITCHES 

• Excellent insertion loss 
repeatability 

• Epoxy sealed cases 
• Low power actuator 
• DC - 18 GHz operation 
• Convenient packaging 
• Competitive pricing 
• 12 & 28 volt actuator; 
6,5,4 & 3 ports are options 

Figure 3. Predicted vs. experimen¬ 
tal return loss (S, ,). 

SHELBURNE, INC. 
A COMPANY 
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Because you’re 
thinking fast... Our new 

high-performance 
quads compress space and cost 
Multi-channel designs have you in a 

corner? Want to cut cost and space? 
Then take a look at Comlinear’s four 
new high-speed quad amplifiers. 

Fast op amps 
for multi-channels. 
For high-speed designs such as multi¬ 

stage active filters and video, consider 
these quads. The 90MHz CLC4I4 
offers high speed and low power 
with a l(XX)V/ps slew rate at 
just 2mA per channel. And our 
160MHz CLC415 combines 
excellent video specs 
with a fast 15OOV41S slew 
rate at only 5mA per channel. 
INFO/CARD 37 

Buffers for video 
and more. 
For multi-channel buffering, the 

2(X)MHz CLC1 14 features a 450V/ps 
slew rate at 3mA per channel. It's ideal 
for driving high density crosspoint 
switches. And our 350MHz (5V p) 
CLC1 15 delivers a 2700V/ps slew 
rate for large-signal designs. Plus 
0.03%/0.03 diff, gain/phase with the 
ability to drive up to six video loads 
per channel. 
Call today for details. And start 

cutting down on space and cost. 
INFO/CARD 38 

¡¡pl Comlinear 
Corporation 

Solutions with speed 

4800 Wheaton Drive 
Fort Collins, CO 80525 
(303) 226-0500 
1-800-776-0500 (USA) © 199 1 Comlineur Corporation 



At last: A complete GPS 
station clock under $10,000 
Everything you want in a GPS station clock, 
in one neat box: 

• GPS receiver 
• Disciplined standard 
• Multiple output timing signal generator, 
and much, much more. 

What do you expect from a company with more than 
30 years of production and field experience in the timing 
business? You’d expect a one-unit master timing station, 
capable of tracking six satellites simultaneously — even 
while moving at 1,000 miles per hour — all inside a 
3/2 inch rack-mount chassis. 

That’s the Model 8810 — a mature product, value-
engineered and time-tested, just like the ones we’ve been 
providing to NASA and DoD for decades. And there’s so 
much built into this unit, it’s hard to describe. Just review 
the features listed below: 

• Automatically determines geographical coordinates — 
no need to enter position anywhere on earth 

• Automatic multi-satellite acquisition 
• Time accuracy maintained with platform velocities to 
over 1,000 mph 

• Outputs position data whether stationary or moving 
• Multiple time code and rate output options 
• User friendly, menu-prompted setup 
• 20-key keypad and 4-line, 40 character display allows 
complete operation, checkout, and status acquisition 
without ancillary equipment 

• Nonvolatile memory stores setup and data indefinitely 
• Accurate to within 100 ns worldwide, 24 hours a day 

• RS-232 remote control and time output (optional 
IEEE-488 output) 

• RS-232 printer port 
• Displays time, position, and REF-UTC/GPS 
• Time display is keypad-selectable to UTC, GPS, 
or local time 

• 115/230 VAC with optional 24 VEX? backup 
• Antenna with 50' coax cable included 
• Built-in test routines 
• Fully modularized 
• GPS receiver is drop-in replaceable 
• Workmanship standards to MIL-STD-454 
• Three-year limited warranty 
• Plus, a host of desirable options 

That’s the Model 8810, from TRAK Systems. And at 
this price, there’s nothing else like it on the market. So 
why pay more, and install boxes of equipment, when you 
can have it all in one neat unit? 

For free literature, or more information, contact us at: 

TRAK SYSTEMS DIVISION 
4726 Eisenhower Blvd. 
Tampa, Florida 33634-6391 
Phone: (813) 884-1411, extension 248 
TLX: 52-827 
FAX: (813) 886-2794 

ÄTOAK SYSTEMS 
DIVISION OF TRAK AÍICROUMVE CORP 
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line is used, (they must be separated by 
a quarter-wave length in order not to 
generate scattered waves to all ports). 
As mentioned in Reference 11, the 
capacitor at either end is satisfactory, 
but in order to have a good return loss, 
the capacitor should be located in the 
middle of the coupler to preserve the 
double symmetry of the circuit. The 
possibility of using just one capacitor 
located in the middle of the coupler was 
then investigated. 

With this configuration, some charac¬ 
teristics tend to conflict and it is theoreti¬ 
cally impossible to obtain both coupling 
flatness and optimum isolation. The 
selection of the capacitor requires evalu¬ 
ating the major performance parameters 
in terms of the intended service. In our 
case, the slope in frequency response 
of the coupled port can be conveniently 
equalized with a capacitor in the middle 
of the double-pi attenuator. Note that if 
the ICAP varies, the slope does not 
change, only the level changes. The 
design therefore is made for maximum 
isolation and the capacitor value is 
calculated to be 0.11 pF. The model of 
the ICAP was derived from Reference 
12. It is important to note that the ICAP 
has a significant shunt component that 
can affect the even mode. In order to 
reduce this undesired shunt capaci¬ 
tance, the ground plane below the ICAP 
is removed. Figure 2 details the artwork 
and layout of the coupler, attenuators 
and detectors. Note the ICAP and 
compensating capacitors (C1) in the 
attenuators (AT 1 and AT2). 
The coupling value was chosen for 

the best tradeoff between low insertion 
loss (loose coupling) and high directivity 
(tight coupling because of fixed isola¬ 
tion). Optimum power levels and slope 
for the Schottky diode detectors (D2) is 
then adjusted with the appropriate at¬ 
tenuator. The computed prediction and 
experimental results are shown in Fig¬ 
ures 3-6. 

Results 
Due to the double symmetry of the 

coupler (verified experimentally), only 
four parameters are shown: the return 
loss (S„) in Figure 3, the insertion loss 
(S21 ) in Figure 4, the coupling (S31 ) in 
Figure 5 and the isolation (S41 ) in Figure 
6. Comparing these experimental re¬ 
sults and computer predictions, we can 
see some small explainable differences. 

In Figure 3, we see that the predicted 
return loss is better than the one 
obtained experimentally. This is attrib¬ 
uted to the connector-to-microstrip dis¬ 

continuities. 
In Figure 4, we see that the experi¬ 

mental insertion loss is more than 
expected. This is due to the coax¬ 
microstrip transition which was not in¬ 
cluded in the simulation. 

In Figure 5, we see a small difference 
in the slope and level of the coupling. 
The slope difference is due to the 
presence of the capacitor between the 

two coupled lines in the coupled region 
resulting in an incomplete confining of 
the fringing field through the dielectric. 
The level difference is due to the ICAP 
stray capacitance to ground. 

In Figure 6, we see that the isolation 
is as expected, the small difference 
being due to a 0.1 pF over-etching of the 
ICAP. This could be fixed with a dielec¬ 
tric slab to increase the serial ICAP 

DC-3GHz 

Kay Dependable Attenuators 
Kay Elemetrics Corp, offers a complete 

line of Programmable, In-Line and 
Continuously Variable Attenuators. We 
can supply you with the right model to fit your 
application. We have both 50Q and 750 
models from DC-3GHz. 

Model 
No. 

Imped- Freq. Atten. 
anee Range Range Steps 

839 
1/839 
847 
870 

4440 
4450 
1/4450 
4467 

0/400 
0/410 

500 DC-3GHz 0-101dB ldB 
500 DC-lGHz 0-22. ldB ldB 
750 DC-lGHz 0-102.5dB ldB 
750 DC-lGHz 0-132dB ldB 

500 DC-1.5GHZ 0-130dB lOdB 
500 DC-1.5GHZ 0-127dB ldB 
500 DC-lGHz 0-16.5dB .ldB 
750 DC-lGHz 0-31dB ldB 

500 DC-500MHZ l-13dB 
750 DC-400-MHz 2-14dB 

For more information or to place an order call Kay’s 
Product Specialist at (201) 227-2000. 

KAY Kay Elemetrics Corp. 12 Maple Avenue • Pine Brook, NJ 07058 USA 
Tel. (201) 227-2000 • TWX: 710-734-4347 
FAX: (201) 227-7760 

RF Design 
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Figure 6. Predicted vs. experimental isolation (S41 ). 

value (note that all results are without 
tuning). KF 
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Meet our new division 
Frequency Dividers NEC 

4- 2 4- 4 4- 8 4- 2/4/8 4- 8/9 4- 10/11 

11 PG 502 UPB565 
UPG504 UPB581 
UPBS58 UPB584 

UPG501 UPB565 
UPG503 UPB582 

UPB585 

OPG5O6 
UPB565 

UPB567 

UPB555 
UPB587 

UPB551 
UPB552 
UPBS54 

4- 16/17 4- 20/21 4- 20/22 4- 32/33 4- 40/41 

UPB55.3 UPB556 
UPB555 UPB571 

UPB572 UPB551 
UPB552 
OPB554 

UPB555 
UPG569 
UPB571 

UPB572 

4- 40/44 4- 64 4- 64/65 4- 64/68 4- 80/81 

UPB551 
UPB552 
UPB554 

UPB564 
UPB565 

UPB566 

UPB569 
HPB571 

UPB562 
UPB568 

UPB572 

4- 128 4- 128/129 4- 128/64 4- 128/136 4- 256 4- 256/512 

UPB564 
UPB566 

DPB588 UPB562 
UPB568 

UPB564 LIPB586 

NEC 

Our low cost prescalers help you divide and conquer 

just about any design problem you face, including 

delivery. 

Need wide band-width? Low power 

dissipation? Performance to 14 GHz? 

Start here and save money. 

We have both Silicon and GaAs ICs—in chips 

and a variety of packages from auto-insertable to 

MIL screened. 

And the price is right. 

So if frequency division has been multiplying 

your design costs, give us a call. We ll send you a 

Product Summary and Selection Guide, and 

arrange for samples and applications assistance. 

NEC quality and CEL support. It's a 

combination that’ll work for you. 

California Eastern Laboratories 
CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 Santa Clara, CA (408) 988-7846 □ Los Angeles, CA (213) 645-0985 

Bellevue. WA (206) 455-1101 n Scottsdale. AZ (602) 945-1.381 □ Richardson, TX (214) 437-5487 Cl Shawnee. KS (913) 962-21610 Woodridge. IL (708) 241-3040 nCockevsville. Ml) (301) 667-1310 

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

©1991. California Eastern Laboratones 
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/^products 

20 MHz General Purpose/Arbitrary Function Generator 

John Fluke Mfg. Co. introduces 
the PM 5139 from Philips Test 
and Measurement, a 0.1 mHz to 
20 MHz function generator com¬ 
bining ten general purpose test 
waveforms with arbitrary function 
capability. Sonar, mechanical test¬ 
ing, brain and heart waves, and 
baseband video or RF signals are 
just a few examples of arbitrary 
waveform applications. Using 
WaveCAD, a waveform generator 
and editing software package avail¬ 
able from Fluke, the PM 5139's 
memory can be loaded with up 
to six arbitrary waveforms. Also, 
a real signal can be captured with 
a Philips digital storage oscillo¬ 
scope, edited in software, and 
downloaded to the PM 5139. 

Standard waveforms include 
sine, triangular and square 
waves, positive and negative rec¬ 
tangular piflses, positive and nega¬ 
tive sawtooth waves, haversine, 
half-period sine, and triangular 
pulses. Modulation modes avail¬ 

able are: AM, FM, gating, bursts, 
PSK, and linear or logarithmic 
sweeps. Frequency accuracy is 
within ±2 ppm over the entire 
range, with low jitter and phase 
noise, and very flat amplitude 
response. In the low frequency 
range, five of the standard wave¬ 
forms can be varied in duty cycle 
from 1 to 99 percent with 0.1 
percent accuracy. All manual set¬ 
tings can be performed remotely 
using an IEEE-488 bus interface. 
The panel has a single rotary 

knob for numerical setting of 
parameters, with a logical array 
of parameter selection and con¬ 
trol keys. Each key activates the 
rotary knob for dialing in the 
desired setting. A large central 
backlit LCD display shows all 
instrument settings at a glance. 

The price of the PM 5139 is 
$4190, or $4690 with the IEEE-
488/GPIB interface. 
John Fluke Mfg. Co., Inc. 
INFO/CARD #230 

Six-Octave 
Bandpass Filter 

Optolectronics announces a 
new receiver bandpass filter that 
separates closely space radio 
signals. The Model APS-204 has 
a constant 4 MHz bandwidth, 
tunable over a 20 MHz to 1000 
MHz frequency range. 
The unit is an active circuit with 

no loss and very small size (4 x 1 
1/2x7 inches). At the heart of the 
circuit is a 4 MHz bandwidth, 
4-pole resonant cavity filter with 
a Q of 325. A unique double-
hetrodyne technique currently be¬ 
ing patented routes the signal to 
the filter and back to the operat¬ 
ing frequency. 

Noise figure is specified at 10 
dB, and the third-order intercept 
is 15 dBm, typical. Power require¬ 
ments are 12 VDC with 6 watts 
consumption. Price of the APS-
204 is $995. 
Optoelectronics Inc. 
INFO/CARD #229 

RF Modem for 
Wireless 
Networking 

The RF Modem, using unli¬ 
censed spread spectrum tech¬ 

niques defined by FCC Part 15, 
has been introduced by Proxim. 
Applications include hospital bed¬ 
side monitors, point-of-sale de¬ 
vices, portable data recorders, 
traffic management, and security 
systems. 

Usable for distances up to 500 
feet, the RF Modem interfaces to 
a computer using a standard 
RS-232 or RS-485 port Packages 
and unpackaged versions are 
available. 
Two unpackaged version are 

available for designing into OEM 
products. One operates at 121 
kbps, while the other operates at 
242 kbps. 
Proxim, Inc. 
INFO/CARD #228 

Farnell 
Instruments Now 
Available in U.S. 

Wayne Kerr announces the 
introduction of the Farnell line of 
RF test instruments to the U.S. 
and Canadian markets. Farnell 
equipment has previously been 
marketed in the U.K. and the rest 
of Europe. 
The product line includes the 

following signal generator prod¬ 
ucts: The PSG1000 Synthesized 
Signal Generator (pictured below) 
covering 10 kHz to 1 GHz, the 
ESG Signal Generator which also 
covers 10 kHz to 1 GHz, the 100 
kHz to 2 GHz SSG2000 Signal 
Generator. Other current product 
models include the 352C Spec¬ 
trum Analyzer, covering 300 kHz 
to 1 GHz, and the AMM2000 
Modulation Meter with 250 kHz 
to 2.4 GHz coverage. 
Wayne Kerr Inc. 
INFO/CARD #227 

Lightning 
Protector for 
Cellular Radios 

Huber+Suhner has intro¬ 
duced a 1/4-wave shorted stub 
specifically designed for cellular 
radio base stations, with an oper¬ 
ating frequency range of 797-
1016 MHz. Features include 
lower residual pulse than other 
protection methods and no inter¬ 
modulation effects. The unit is 
offered with either type N or 7/16 
connectors. 

Mechanically, the lightning pro¬ 
tector features zinc diecast con¬ 
struction, waterproof design for 
outdoor installation, and easy 
mounting with standard plumbing 
brackets or clamps. 
Huber+Suhner AG 
INFO/CARD #224 
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Common Problem: 
SPECS CALL FOR CUSTOM DESIGN -
DEADLINES CALL FOR OFF-THE-SHELF 

Simple Solution: 
CALL MERRIMAC 
(201)575-1300 

Our Stock is Anything but Common! 
Double Balanced Mixers 
Image Reject Mixers 
Biphase Modulators 
Frequency Doublers 
Quadraphase Modulators 
Vector Modulators 
Single Sideband Modulators 
Phase Modulators 
I & Q Phase Detectors 
Frequency Discriminators 
Phase Comparators 

Analog Phase Shiiters 
Digital Phase Shiiters 
Precision Phase Resolvers 
0° Power Dividers 

2, 3, 4, 5, 6, 8 & 12 ways 
90° Power Dividers 
Quadrature Hybrids 

fed Merrimac 
41 Fairfield Place, West Caldwell, NJ 07006 
Tel: (201) 575-1300 / Fax:(201)575-0531 

180° Power Dividers 
Hybrid Junctions 
Quadrature Couplers 
Filmbrid Couplers 
Directional Couplers 
Bidirectional Couplers 
Complex Phasing Networks 
Digital Attenuators 
Analog Attenuators 
Balanced Switches 
Amplifiers & Isolators 
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Software vEagleware 

Formerly Circuit Busters 

Eagleware software integrates network synthesis 
for the initial design with the flexibility and power 
of high-speed simulation, tuning and optimization. 

YOUR MANUAL 
YOUR SYNTHESIS DESIGNS 

PROGRAMS 

=TLINE= 
Detailed information 
on transmission lines 

v\ 
FREE 

AUTOMATIC 
INTERFACE 

$395/$595 

=SuperStar= 

REAL-TIME 
USER INTERACTION 

=FILTER= 
=EQUALIZE= 

Synthesize L-C filters 
and delay equalizers 

$495/$795 
OSCILLATOR 

Synthesize L-C, SAW, T-LINE 
and crystal oscillators 

$495/$795 

CHOOSE EITHER 

Circuit simulation, tuning, lr =SuperStar= 
and optimization /professional Extension 

k $695 Adds Monte Carlo analysis 
User models 

Microwave line models 
$995 

Pizazz Plus 

GRAPHIC 
HARDCOPY 
TO PRINTERS 

$99 S-PARAMETER 
DATA FOR 

POSTPROCESSING 

DESKTOP PUBLISHING 
FILES 

One easy-to-learn environment 
Unmatched performance/price ratios 
Fast execution on standard IBM PCs/compatibles 

Quick and responsive support 
No annual maintenance fees 
30 day satisfaction guarantee 

Eagle ware 
Formerly Circuit Busters 

For more information or for immediate shipment, telephone Eagleware. 
1750 Mountain Glen Tel (404) 939-0156 
Stone Mountain, (Î A 30087 USA FAX (404) 939-0157 
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TheLeader in Qualit\ 

Smaller SMT DIP 
Package 

Signetics announces the first 
two integrated circuit products in 
their new SSOP small-footprint 
SMT package. The package is 
small enough to replace chip-and-
wire assembly in some applica¬ 
tions. The NE/SA575DK Compan¬ 
dor and the NE/SA605DK FM IF 
System are available in the 1.5 x 
4.5 X 6.75 mm SSOP. In 100s, 
these device are priced at $2.04 
and $3.54, respectively. 
Signetics Company 
INFO/CARD #226 

GPS Precise 
Positioning Module 

Stanford Telecommunica¬ 
tions has received National Secu¬ 
rity Agency endorsement of its 
STEL-9300 Precise Positioning 
Service - Security Module (PPS-
SM), allowing authorized users 
to realize the most accurate capa¬ 
bilities of GPS. Anti-Spoof and 
Selective Availability techniques 
deny access to the Precise Posi¬ 
tioning Service (PPS) to unauthor¬ 
ized users. With this capability, 
GPS equipment can provide ac¬ 
cess to PPS for authorized users 
without making the equipment 
classified. 
Stanford Telecommunications 
INFO/CARD #225 

Standard Power 
Amplifier Line 

Alpha Industries announces 
the new CMA Series of Standard 
Power Amplifiers for terrestrial 
and satellite microwave commu¬ 
nications systems. Models cover 
5. 9-6. 4 GHz with 60 dB linear 
gain (minimum) and power out¬ 
puts ranging from 40 to 44 dBm 
(minimum), utilizing +12 or +15 
volt power supplies. 
Alpha Industries, Inc. 
INFO/CARD #224 

Power Measurement 
Upgrade 

High speed CW power meas¬ 
urement capabilities have been 
added to the 8003 Precision Sca¬ 
lar Analyzer from Wavetek Micro¬ 
wave. These new measurement 
modes provide power readings 
at greater than 100 per second 
over GPIB. The upgrade provides 
a 10 to 100 times improvement 
in speed over thermocouple CW 
power meters. This speed is par¬ 
ticularly attractive in automated 
measurement systems. 
Wavetek Microwave, Inc. 
INFO/CARD #223 

RF Design 

1000 Watt Amplifier 
Model BHE4819-1000 from 

Power Systems Technology of¬ 
fers 1000 watts CW power output 
in AB linear service over 400-
1000 MHz. RF input is 0 dBm, in 
CW, AM, Pulse, FM, or phase 
modulation. Protective circuits pre¬ 
vent damage from excessive 
VSWR, and the unit offers grace¬ 
ful degradation in the event of 
transistor failure. Applications in¬ 
clude EMI testing, EW and ECM, 
troposcatter, television broadcast¬ 
ing, and laboratory amplification. 
Power Systems Technology 
Inc. 
INFO/CARD #222 

Video Brickwall 
Filters 

Miniature filters for NTSC and 
PAL video systems are available 
from Allen Avionics, offering cut¬ 

off frequencies from 2 to 8.4 
MHz. PC. board or packaged 
versions are available. The typi¬ 
cal ABW-4P20-P has passband 
flatness of 0.15 dB to 4.2 MHz, 
less than ±10 nsec delay distor¬ 
tion, and 1.066 stopband ratio. 
These filters reduce interference 
from high frequency subcarriers 
and other out-of-band signals. 
Allen Avionics, Inc. 
INFO/CARD #221 

ECL Oscillators With 
Enable/Disable 

MF Electronics announces 
the M1900 ECL oscillators for 
graphics and other high speed 
circuits requiring clocks of 10 to 
225 MHz. A unique feature is a 
“tristate" enable/disable feature 
which effectively disconnect the 
output. System test, selectable 
clock frequencies, and noise re¬ 
duction by shutoff of unused 
sources are all benefits of this 
feature. 
MF Electronics Corp. 
INFO/CARD #220 

Locus 
Converter 
and 
Modulator/ 
Demodulator 
Subsystems 

Unique 
solutions 
for unique 
requirements 

P.0. Box 740 

State College. PA 

16804 

We offer a full array of 
custom capabilities based on 
extensive library of existing 
designs and in-depth 
subsystem experience 

* 

• Ultra-High Dynamic Range IF to 
Baseband Converters and Tuners 

• Single and Independent-Sideband 
Modulators 

• FSK Modulators 
• Coherent and Non-Coherent 
Demodulators 

• Modulation Recognizers 
• l-Q Detectors 

We’re problem solvers. CALL for 
information or with your questions. 
(814) 466-6275 

See the Locus Difference 

BLOCUS, Inc._ 
KAMAN 

814-466-6275 FAX 814-466-3341 
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Are You Designing for the 
Following Applications? 

• GPS 
• Wireless LAN 
• Spread Spectrum 
• Wireless Key 
• Wireless ID 
• Wireless P.O.S. 

Penstock has the largest inventory of 
RF/Microwave Semiconductors & 
Components. Application Assistance is 
just a phone call away 

• Datasheets/Technical Assistance 
• Overnight Delivery/No minimums 
• FREE Product Selection Guide 

CALL 
1-800 PENSTOCK 
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Multipath and Fading 
Simulator 

The new HP 11757B multi-
path-fading simulator/signature 
test set features an internal 
printer, firmware and error count¬ 
ers to produce permanent re¬ 
cords of M-curves. These signa¬ 
tures are used in installation and 
maintenance of digital radio sys¬ 
tems. The HP 11757B is $19,000, 

and an upgrade to the earlier HP 
11 757A is $4000. 
Hewlett-Packard Co. 
INFO/CARD #219 

MIL-STD-2000 
Capability 

Bliley Electric announces that 
it is qualified and certified to 
design and manufacture soldered 
electrical and electronic assem¬ 

blies to meet all requirements of 
MIL-STD-2000. This capability is 
used in custom-designed crystal 
oscillators, and is also available 
for contract assembly. 
Bliley Electric Co. 
INFO/CARD #218 

Feedthrough 
Terminations 

Coaxial feedthrough termina¬ 

tions designed to terminate in¬ 
puts to oscilloscopes, frequency 
counters, RF voltmeters, etc., 
have been introduced by Elcom 
Systems. They are available in 
50, 75 and 93 ohms, with BNC, 
TNC, type N or SMA connectors. 
Prices start at $17.50 in small 
quantities. 
Elcom Systems, Inc. 
INFO/CARD #217 
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KVG NORTH AMERICA INC. - 7300 West Camino Real 
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RF SHIELD PROTOTYPE KIT! 

Hybrid Amplifiers 
Two new 10 MHz - 1.2 GHz 

high linearity amplifiers have 
been introduced by Motorola RF 
Devices. Models CA5900 and 
CA5915 are designed for opera¬ 
tion in 50 ohm linear systems, 
offering 28 or 15 volt supply, 15 
dB gain, and 1 watt power output 
at 1 dB compression. Packaging 
is in the CATV style case 71 4P-
01, and they are also available 
with a low profile heat sink pack¬ 
age. Pricing is $91 .30 (U.S. deliv¬ 
ery, 100s). 
Motorola RF Devices 
INFO/CARD #216 

3-Way Divider 
New three-way power dividers/ 

combiners are available from RLC 
Electronics. Featuring 5 watt dis¬ 
sipation and either pin or SMA 
connector configurations, stan¬ 
dard units are offered in octave 
or narrow band ranges from 500 
MHz to 12 GHz. Amplitude bal¬ 
ance is ±0.5 dB, phase balance 
is ±3 degrees, and isolation is 18 
dB minimum. Prices start at $225. 
RLC Electronics, Inc. 
INFO/CARD #215 

EMI Measuring 
System 

The Vianello PMM-8030 from 
IBEX Group is a complete emis¬ 
sion measuring and monitoring 
system in the 30 to 1000 MHz 
band, meeting CISPR, VDE, FCC 
and EN specifications. External 
PC control offers ease of use and 

flexibility. A complete package is 
available, including receiver, an¬ 
tennas, computer and software. 
IBEX Group Inc. 
INFO/CARD #214 

SMT RF Chokes 
Vanguard Electronics is offer¬ 

ing surface-mount RF chokes de¬ 
signed and built to MIL-C-15305 
or MIL-T-27. The chokes are fully 
encapsulated; suitable for vari¬ 
ous soldering techniques. Prod¬ 
ucts are available for the 1 to 500 
MHz frequency range with imped¬ 
ances up to 10 kohms. 1000-

piece pricing ranges from $3.50 
to $4.50 each. 
Vanguard Electronics Co. 
INFO/CARD #213 

EMC/TEMPEST 
Antennas 

Two new models from An¬ 
tenna Research Associates are 
designed for shield room testing 
requirements of MIL-STD 285 
and NSA 65-6. Each antenna is 
a 12-inch tuned loop operating 
from 1 kHz to 30 MHz. The 
PLA-1 30/A is a two-band transmit/ 
receive antenna capable of han¬ 
dling 1 kW input power, and the 
Model ALA-1 30/A is a receive 
antenna containing a low noise 
preamplifier. Each is individually 
calibrated. 
Antenna Research Assoc., Inc. 
INFO/CARD #212 

New SMT Filters 
Trilithic has introduced two 

new surface mount filter pack¬ 
ages, which extend center fre¬ 
quencies to the 10-2000 MHz 
range and increase ultimate re¬ 
jection to 70 dB. Designs avail¬ 
able include Chebyshev, Butter¬ 
worth, Linear Phase, Bessell, 
Gaussian and Elliptic with -3 dB 
bandwidths from 2 to 150 per¬ 
cent. 
Trilithic, Inc. 
INFO/CARD #211 

Crystal Products 
New products from KS Elec¬ 

tronics include a 70.0 MHz VCXO 
with pullability of over ± 1500 
ppm and +10 dBm output. Higher 
frequencies are also available. 
Also announced are 70.0 MHz 
crystal filters with 1.0 MHz band¬ 
width, with other frequencies avail¬ 
able. The company has the capa¬ 
bility of manufacturing crystal fil¬ 
ters with third order intercept of 
+30 dBm. 
KS Electronics 
INFO/CARD #210 

Matrix Switch 
Watkins-Johnson introduces 

a series of Matrix Switch Distribu¬ 
tion Systems offering high per¬ 
formance and reliability. Technol¬ 
ogy used varies with the fre¬ 
quency range, and may be reed 
relay, FET or PIN switching. De¬ 
signs are available for audio (DC-
20 kHz), video (DC-20 MHz), HF 
(1-30 MHz), VHF (20-500 MHz), 
V/UHF (20-1000 MHz) and IF 
(narrow bands 80-200 MHz). Con¬ 
trol is via front panel, RS-232 

No tooling costs 
with standard 
shields! 
27 prototype rf shields to 
choose from (range: .5" x .5" 
to 2.5" x 5.0”). Selectable 
side-wall heights (.25"; .50"; 
.75"). 54 potential combi¬ 
nations in all. All on two flat 
12" x 17" sheets. Shields fold 
into boxes easily by hand. 
You get 90° corners every 
time. All shields are made 
from .016 brass. They’re 
tin-plated for solderability. 

Immediate Delivery! 
For your production, you can order any one of the 54 sizes in our 
kit by-the-sheet in large or small quantities. We supply 12" x 18" 
sheets of .016 thick brass shields with tin plating. 

Introductory price 
only s14500
Just call, fax or mail 
your purchase 
order to: 

Fotofabrication Corp. 
3758 Belmont • Chicago, IL 60618 
Tel. : (312) 463-6211 • Fax: (312) 463-3387 
Specify UPS or FEDX 

Questions? Call Barry at (312) 463-6211 

corp. FOTOFABRICATION 

INFO/CARD 30 

MOBILE RADIO 
LOW LOSS SAW FILTERS 
Cellular Communications : GSM, PCN, LAN 

or Space Quality Levels 

RF Design 

Center Frequency : 
Fractional Bandwidth : 
Insertion Loss : 

40 to 1500 MHz 
0,2 to 10 % 
<10 dB 

THOMSON-ICS CORPORATION in the U.S. & Canada 
P.O Box 1088 - Southwick MA 01077, Phone (413) 569 0575, Fax (413) 569 0529 

THOMSON SINTRA ACTIVITES SOUS-MARINES elsewhere 
DTAS Département des Techniques Acoustiques Spécialisées 
BP 138 - 06561 Valbonne Cdx France. Phone (33) 92 96 31 79, Fax (33) 92 96 31 90 

SAW BAW AO IO 
Devices and Subsystems 

THOMSON-CSF 
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interface, or IEEE-488 bus. 
Watkins-Johnson Co. 
INFO/CARD #210 

+17 dBm Amplifier 
Model TM5150 from Amplifo-

nix offers 19 dB gain, +17 dBm 
power output at 1 dB compres¬ 
sion. and 3.5 dB noise figure over 
the -55C to +85C temperature 
range. Package options include 
4-pin TO-8, surface mount, and 
connectorized housings. 
Amplifonix 
INFO/CARD #209 

SPDT Switches 
Teledyne Microwave an¬ 

nounces type CS-53 coaxial 
switches with faster switching 
times; 20 msec for failsafe and 
10 msec for latching designs. DC 
to 6 GHz performance specifica¬ 
tions include: 1.25:1 maximum 
VSWR, 0.4 dB maximum inser¬ 
tion loss and minimum 70 dB 
isolation. To 18 GHz, these speci¬ 
fications are 1.5:1, 0.5 dB and 
60 dB, respectively, and from 
18-26.5 GHz, they are 1.8:1, 0.7 
dB and 50 dB. 

Teledyne Microwave 
INFO/CARD #208 

Grounding Contacts 
The Omni Grounding Series 

provides a simple means of mount¬ 
ing grounding contacts individu¬ 
ally or in series, using pres¬ 
sure sensitive tape or mechani¬ 
cal fasteners. Made from beryl¬ 

lium copper, they compress to 
80 percent of their height and 
allow sliding contact from either 
end. 
Tech-Etch, Inc. 
INFO/CARD #207 

ESM Antenna 
RF Microsystems has added 

POWER 
CAPACITORS 
...for high power density applications 

Plate, barrel and feed-through capacitors for 
a wide range of applications such as solid 
state RF generators, RF suppression and HF 
transmitters. 
Capacitance: 1.5+0,000 pF • Voltage: 2-30 kVp 

Power: 2+50 kVA • Current: 5-50 Arms. 
Manufactured by Draloric GmbH. Call now 

for information including special design 
assistance. 

109 Alfred Street, Biddeford, ME 04005-2526 • Phone: (207) 284-5695 
A COMPANY OF 
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the model 216 antenna to their 
line, a shaped biconical design 
with a very broad bandwidth, 
omnidirectional azimuth coverage 
and vertical polarization. The an¬ 
tenna operates over 0.5 to 18 
GHz with a maximum VSWR of 
2.5:1 in a 50 ohm system. Weight 
is one pound, and the size is 
approximately 5 inch diameter 
by 5.25 inch height, plus mount¬ 
ing flange. 
RF Microsystems Inc. 
INFO/CARD #206 

2 GHz Power FETs 
ST5000 and ST5001 from 

Semetex provide 0.5 and 1.0 
watts of class A power with 11.5 
and 10 dB gain, respectively, at 
2 GHz. Applications include broad¬ 
band multi carrier, low noise, high 
intercept amplifiers, medium gain 
power amplifiers, high level VCOs 
and high performance receiver 
front ends. 1-99 unit pricing is 
$45.00 for the ST5000 and $52.00 
for the ST5001 . 
Semetex Corp. 
INFO/CARD #205 

SMT Connectors 
Surface mount connectors in 

SMA and SMB types are avail¬ 
able from Applied Engineering 
Products. Accurate solder seat¬ 
ing with no-hole mounting short¬ 
ens assembly time. Parts tested 
withstood straight pull of 24 lb., 
side loads to 40 lb., and radial 
torque to 16 in -lb. 
Applied Engineering Products 
INFO/CARD #204 

Switched Filter Mod¬ 
ules 

Integrated Microwave offers 
two, three and four channel mod¬ 
ules for frequencies up to 3 GHz. 
GaAs switching offers 150 ns 
speed and typical switch loss of 
4 dB. Highpass, lowpass, band¬ 
pass and band-reject responses 
are available. 
Integrated Microwave 
INFO/CARD #203 

GSM/PCN SAWs 
Sawtek has applied low-loss 

filter techniques for IF filtering 
requirements of GSM/PCN equip-

Ceramic fixed value capacitors are 
ideal for communication applications 
requiring high quality, low values 

at competitive prices. 
For over 40 years Quality Components Inc. has been a major 

supplier of high quality fixed value capacitors to the OEM elec¬ 
tronic communication industry. 

Engineers prefer the broad range of low values, close toler¬ 
ances (± 5% ) and values ranging from . I pf to 4.7 pf with incre¬ 
ments of . I pf between each value. 

Quality Components' capacitors are ideal for applications such 
as RF filters, coupling capacitors, bypasses, wave shapers and 
tuned circuits, requiring high reliability at a competitive price. 

For detailed information or sample kit contact: 

H Quality Components Inc. 
P.O. Box 113. St Mary s, PA 15857 
TEL. (814) 834-2817 • FAX (814) 834-9141 
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ment. Center frequencies be¬ 
tween 70 and 250 MHz have been 
demonstrated, with insertion loss 
of approx. 6 dB. Group delay 
variation is an excellent 150 nsec. 
A simple fabrication technique 
reduces manufacturing costs. 
Sawtek, Inc. 
INFO/CARD #202 

Multitone Generator 
Systematix offers a multitone 

generator for intermodulation test¬ 
ing, with up to four carriers avail¬ 
able, tuned as close as 100 kHz 
at frequencies of 800-900 MHz 
or higher. Internal intermod spurs 
are better than -80 dBc at 45 
dBm output. All four tones are 
independent and front-panel tun¬ 
able. Modulation and automatic 
control are optional. Price of the 
unit is $19,500. 
Systematix 
INFO/CARD #201 

BNC Crimp Connec¬ 
tors 

Alpha Wire announces their 
new BNC Crimp Connector, a 

nickel plated connector with Del¬ 
rin dielectric and gold-plated cen¬ 
ter pin. Rapid assembly time and 
reliable electrical and mechanical 
contact are major features. The 
connector is provided in standard 
50 ohm impedance. 
Alpha Wire Corp. 
INFO/CARD #200 

Cell Site Antenna 
Model ASP-2892 is a 13 dB 

gain log periodic array for 60-
degree sectorized cell sites. The 
design covers a bandwidth of 
800-960 MHz with only a 15 
degree vertical beamwidth. Five 
degrees of beam tilt is built in, 
with additional tilt available by 
adjustment of the mounting 
clamp. Power rating is 500 W and 
wind velocity rating is 130 MPH. 
The Antenna Specialists Co. 
INFO/CARD #199 

Solderable Flexible 
Laminates 

Foil-film laminates are offered 
by Chomerics, to serve as flexible 
circuits in commercial and mili¬ 

tary equipment. The laminates 
can be copper or solder-coated 
copper, bonded to a variety of 
dielectric films in continuous rolls 

or die-cut pieces. These products 
are also suitable for grounding 
and shielding applications. 
Chomerics, Inc. 
INFO/CARD #198 

Package Seam 
Welder 

The Venus II Parallel Seam 
Sealer from Polaris adjusts to 
variations in carrier configura¬ 
tions in electronic packages and 
package placement. Square or 
rectangular package sup to 6 
inches are sealed by resistance 
welding or solder reflow. 
Polaris Electronics Corp. 
INFO/CARD #197 

Coaxial Resonator Os¬ 
cillators 

T and M Microwave offers the 
CR 1000 series of coaxial resona¬ 
tor oscillators covering the fre¬ 
quency range of 300 MHz to 4.5 
GHz. Nominal power output is 
+ 13 dBm, harmonics and spuri¬ 
ous are specified at -20 dBc and 
-80 dBc, respectively, and phase 
noise at 10 kHz offset is -115 
dBc. Size for a typical 840 MHz 
unit is .475 X 1.0 X 1.5 inches. 
T and M Microwave, Inc. 
INFO/CARD #196 

Arbitrary Waveform 
Generator 

The HI-2009A by Hitronetic 
has been introduced in the U.S. 
by Kersaint Associates. The unit 
synthesizes analog signals with 
a time resolution of 2.2 nsec per 
point, two megabytes of signal 
memory, programming flexibility, 
and a 450 Mpts/sec sample rate. 
The price starts at $40,000. 
Kersaint Associates 
INFO/CARD #195 

PROCEEDINGS 
Design Ideas From the Best 
RF Engineers in the Business 
Successful engineers like yourself rely on the 
latest engineering information to stay on top 
of your profession Every RF Expo Proceedings 
has hundreds of pages of outstanding RF refer¬ 
ence material covering advanced RF design and 
analysis, practical design techniques, product 
applications, and basic tutorials. 

Give yourself the designing edge... 
order your copies of the 

RF EXPO PROCEEDINGS today! 

Hurry, supplies are limited. 

RF Design 

Save 20% Take all 10 for 51,160 A savings of 5290 

Please send Price: 
Hie the SI45 each — outside US add $30 00 to total order for shipping charges 

following Payment: (Payment must accompany order) 
Proceedinqs: □ Check endosed

3 □ Bill my □ VI □ AE □ MC 
□ RF Technology 

Expo 9I 
r—i «r. T . Name 

Expo 90 Tltle Phone

n RF Technology Company Name 

Expo 89 Address 
□ RF Technology Bldq No M/S 

Expu 88 
Fl RF Technoloav _ _State_ 

Fxpo 87 Country Postal Code 

□ RF Technology Card # Exp 

Expo 86 Signature Date 
J RF Expo East VU 
□ RF Expo East 89 SEND TO: RF EXPO PROCEEDINGS 
□ RF Expo East 87 6300 S Syracuse Way Suite 650 
□ RF Expo East 86 Englewood. CO 80111 

(303) 220-0600 

55 



/¿F eme comer 

Surge and Transient Considerations 

By Gary A. Breed 
Editor 

Surges and transients on power and 
signal lines are major EMC problems in 
electronic equipment of all types. It is 
common to see these events occur at 
magnitudes of thousands of volts, with 
a considerable amount of total energy. 
The problem is a particular nuisance at 
radio frequencies, where even small 
amounts of energy can interfere with the 
reception of desired signals. Eliminat¬ 
ing, or at least limiting the effects of this 
unwanted energy usually requires a 
combination of several standard protec¬ 
tion components and circuits. 

Surges 
Surges are by common definition a 

low frequency phenomenon, whether 
they occur on power distribution circuits 
or signal lines. Intuitively, they can be 
considered as low frequency modulation 
of the desired electric or electronic 
energy normally found on the line. Most 
signal line surges can be traced to 
lightning, while power lines are also 
subject to the inductive kick of machin¬ 
ery or sudden changes in load. 

Lightning surges (not direct hits) are 
usually the result of the discharge path 
being inductively coupled to a power or 
telecommunications line. Rural loca¬ 
tions are particularly susceptible, since 
there are long, uninterrupted stretches 
of distribution lines available for cou¬ 
pling. This type of surge can be very 
substantial, but is largely dissipated by 
a combination of spark-gap discharge 
units and metal-oxide varistors (MOVs). 
However, equipment must be designed 
to withstand surges that are below the 
protection threshold of these devices. 

Inductive kick and distribution circuit 
load changes are somewhat more pre¬ 
dictable. Unless they are accompanied 
by switching transients, they tend to be 
smooth changes in voltage, with a 
damped swing of voltage on the line. 
Their effects are almost always limited 
to power supply variations. Linear power 
supplies must be designed to have an 
adequate raw DC voltage and capacitive 
storage to remain above the regulator’s 
dropout threshold. Switching supplies 

react much like they would to a change 
in load. If the supply is near its maximum 
current output capability, the voltage 
swing of the surge can modulate the 
regulated output. 

Transients and Noise 
Variations with very short time dura¬ 

tion or with repetitive spikes are called 
transients, and they come from a large 
number of sources. In power distribu¬ 
tion, they occur when circuits are 
switched in and out of the power grid, 
or when nearby lightning results in 
energy from close coupling or by direct 
contact of charged ions to the lines. 
Physical damage causing arcing or 
shorts contribute to the problem, as well. 
On signal lines, the potential effects due 
to lightning are the same as on power 
lines. AC line filters will remove most of 
the RF noise conducted by the lines, but 

radiation from nearby wiring will still be 
present, unless shielded by conduit. 
AC or DC potentials on signal lines 

can be another source of trouble. DC 
and ringing voltages are present on 
telephone circuits, and DC power is 
present on CATV distribution coaxial 
cable, as well the RF signals. If a 
leakage path is present, or if balanced 
lines become unbalanced with respect 
to ground, the resulting currents can 
cause problems with hum pickup from 
longitudinal currents coupled from AC 
power distribution circuits. These cur¬ 
rents are normally suppressed by the 
balanced nature of the signal lines. 

Outside sources of trouble are com¬ 
mon on signal lines. Failed distribution 
equipment, faulty customer equipment 
and physical damage are relatively com¬ 
mon. The result may not be restricted 
to disturbances in the desired signals 

56 

Metallic Surge (across wires): 

Longitudinal Surge (common mode): 

Surge Protection Devices: 

Leakage Current (tip or ring to ground): 

On-Hook Impedance (tip or ring to grou 

Signal-to-Noise Ratio (voice grade): 

Signal-to-Noise Ratio (digital loops): 

Longitudinal-to-Metallic Balance: 

100 A, 800 V, 10 X 560 msec rise/fall 

200A, 1500 V, 10 X 160 msec 

Breakdown voltage greater than 250 V 

10 mA, 1000 VRMS 

): 100 kohms 

greater than 30 dB, typical 

depends on data rate 

60 dB minimum 

Table 1. Some telephone circuit performance specifications. 
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and voltages. A broken shield on a 
coaxial line or unbalance due to inadver¬ 
tent grounding of one side of a tele¬ 
phone line increases susceptibility to 
RFI from nearby transmitters. Illegal 
telephone and CATV connections are 
notorious culprits for increased RFI 
because they create mismatch, unbal¬ 
ance or compromise shielding integrity. 

Noise in the user’s equipment is the 
result of all the above effects, and more. 
Other sources of impairment on signal 
lines include crosstalk, distortion and 
excess attenuation. Line balance, its 
physical condition, and the status of 
transmission equipment all affect overall 
signal transmission performance. Table 
1 shows some key performance specifi¬ 
cations for telephone line performance, 
including surge and overvoltage protec¬ 
tion standards, as well as signal path 
performance. 

Protection and Prevention 
Transients and noise are insidious 

problems. They often result in intermit¬ 
tent problems that are extremely difficult 
to diagnose. Methods of dealing with 

voltage-current surges and transients 
include filtering techniques to minimize 
high-frequency components of the dis¬ 
turbances, along with fuses, spark gap, 
varistor and zener protection against 
more dramatic spikes. 

Standard practices in the construction 
of these facilities include separation of 
signal and power distribution conduc¬ 
tors whenever possible, metallic sheath¬ 
ing on telephone trunk lines, periodic 
grounding to minimize the accumulation 
of a potential on the shield, and static 
discharge wires on certain power lines. 
CATV systems, with a completely 
shielded system, usually include a 
ground block with a spark-gap arrestor 
at the entrance to the customer’s loca¬ 
tion. Telephone lines have fuses in both 
tip and ring circuits, which may be at a 
distribution pedestal or at the customer 
service entrance. 

Noise, hum, distortion and interfer¬ 
ence that appear along with the desired 
signal require different techniques. Most 
areas of noise performance are depend¬ 
ent on the condition of the transmission 
equipment and the transmission me¬ 

dium. Designers of user equipment 
must be certain that they are compatible 
with the wire or coax system they utilize, 
and must allow sufficient design margin 
to be sure that the transmission medium 
is the weakest link in the system. 
Minimizing noise and distortion requires 
control of signal levels to maintain 
exactly what is specified for the system 
used. 
Above all, familiarity with system 

requirements, and the nature of surges, 
transients and noise helps make a good 
relationship with the power, telephone 
and CATV companies. The best service 
always seems to be given to knowledge¬ 
able customers. up 

See the RF Design 
Awards winners in 
the July issue! 

TRIMMER CAPACITOR 
PROTOTYPING KITS 

FILTERS THAT DELIVER 
WHEN YOU NEED THEM 

• PHASE-TRIM"' 
• AIR DIELECTRIC • THIN-TRIM1® 
• CERAMIC TRIMMER • SEAL-TRIM" 
• MICROWAVE TUNING ELEMENT 

Custom designs. Fast prototypes, 
Quantities in stock, Specifications guaranteed. 

RF Design 

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

(201) 334-2676 FAX: 201-334-2954 
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■ Lowpass ■ Highpass ■ Bandpass ■ Band reject 
■ NTSC & PAL video ■ Medium cut-off ■ Sharp cut-off 
■ Delay equalized ■ Delay equalized, sharp cut-off 

• Linear phase ■ Tempest ■ Anti-Aliasing 
■ Tubular ■ TO-8 ■ Low profile ■ Subminiature 

Call or write for Application Brochures 
from Allen Avionics and BAL. 

ALLEN AVIONICS, INC. 
224 East Second Street. Mineola, NY 11501 

Tel: 516-248-8080 Fax: 516-747-6724 
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Redesign awards 

A Simple Clock and PSK Carrier 
Recovery Circuit 
By Francois Methot 
RadioSysteme, Inc. 

Today, analog designers have to 
interface with the digital world by recov¬ 
ering the clock from their modem (elec¬ 
tric or optic) for high speed data trans¬ 
mission. 

The interface between analog and 
digital is critical, especially when it 

must be done at a low cost. I propose a 
different approach to obtain PSK de¬ 
modulator and clock recovery with the 
same kind of circuit. 
The circuit is based on a PLL with a 

“D” flip-flop as the phase comparator, 
coupled with a VCXO to avoid locking 
on undesired frequencies. 
The carrier and/or clock is recovered 

by using the positive edge of the 
incoming PSK signal or data stream to 
sample the carrier or clock and create a 
DC voltage to control the VCXO. Figure 
1 depicts the interconnection between 
the “D” flip-flop and the VCXO. 

However, there is a compromise to 
be made in using this design. The phase 
detector does not have a linear transfer 

Figure 1. Interconnection between 
“D” flip-flop and VCXO. 

function versus phase error. The gain 
of the phase detector (K<(>) in frequency 
is low but K<f> for the phase is very high. 
Figure 2 shows an example of the 
transfer function of this design. 

In the absence of data, the output of 
the “D” flip-flop can be at a logical “0” 
or “1” depending where the data did the 
last sampling in the clock, so the VCXO 
can be at the maximum or the minimum 
frequency. When the PLL begins the 
search for the frequency, it requires 
many samples to converge on the 
correct frequency, but the search for the 
phase is very fast. 

For a low bit rate, I recommend the 
use of a CMOS “D” flip-flop because it 
has the same threshold for a logical “1 ” 
or logical “0”. Most of the time a passive 
filter will do, when it is connected on the 
Q or Q output, depending if it is the 
positive edge or negative edge that is 
required at the center of the data bit. 

For a high bit rate, an ECL “D” 
flip-flop must be used because it has 
only 1 nsec of propagation delay. How¬ 
ever, an active filter (integrator) must 
be implemented to increase the range 
on the diode varicap in the VCXO circuit. 

This circuit can be implemented to 
demodulate a PSK signal with some 
compromise. The carrier must be an 
exact multiple of the bit rate. Moreover, 
the phase transition of the carrier must 
be synchronized with the data. These 
requirements are cost efficient and eas¬ 
ily implemented on the demodulator. 
When feasible or when given the 

choice of IF frequency, the carrier to be 
modulated must be an exact multiple of 

the data clock to be transmitted. A 
simple PLL can multiply the clock syn¬ 
chronously and form the carrier to be 
modulated. Figure 3 shows an example 
of a simple PSK modulator. Now the 
PSK carrier can be seen as a data 
stream of “1”, “0”, “1” ..., with one 
extra “0” or one extra “1” at each 
transition of the data. Refer to Figure 4 
for the timing diagram. 
A carrier can be regenerated at twice 

the PSK carrier frequency with the same 
circuit for the clock recovery and later, 
by dividing the carrier by two. A simple 
exclusive “or” can demodulate the PSK 
signal. Because of the use of the divider, 
there exists a phase ambiguity of 180 
degrees. By using a differential code or 
NRZI encoding, the demodulated data 
will always be the same polarity. 

In Figure 5, one ECL IC is used for 
limiting the PSK signal, another IC has 
the phase comparator and the fre¬ 
quency divider, and a final IC to de¬ 
modulate the PSK signal and produce 
the VCXO. An NRZI to NRZ must be 
added after the low pass filter. This 
technique, compared to the conven¬ 
tional approach, requires no treatment 
on the signal (X2) to rebuild the carrier 
information. 
The component values of the integra¬ 

tor were calculated using Communica-

- jwnnnwwwuw^ 

DC Voltage 

logical "1" -

logical "0" -

-20 -10 0 +10 +20 

Figure 2. Transfer function from de¬ 
sign in Figure 1. 
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Figure 3. A simple PSK modulator. 
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Figure 4. Timing diagram (a) the 
PSK signal can be seen as a data 
stream of 1, 0, 1, ... with one extra 
0 or 1 at each transition of the 
data, (b) a carrier can be regener¬ 
ated at twice the PSK carrier with 
a simple clock recovery and when 
it is divided by two, can demodu¬ 
late the PSK signal. 
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At last, an affordable 

PIHDIODITUHID 
HOPPING mnK! 

Useful whenever you need a 
tunable narrowband filter... 

Or when you just need a filter you 
can set to a particular frequency.. . 

Fortesting, breadboards, 
or as a system component. 

Figure 5. PSK demodulator circuit. 

tions Consultion Corporation's (now Com¬ 
pact Software) PLL Design Kit. 

Figure 6 shows my RF Design Contest 
entry: clock recovery based on “D” 
flip-flop phase detector. Figures 7 and 
8 show the performance of the circuit’s 
clock and data recovery. 

Conclusion 
The circuit shown in Figure 6 uses 

only one IC to both perform the phase 
comparator and sample the data. The 
VCXO was made with a crystal in 
fundamental at 139.264 MHz to elimi¬ 
nate frequency multiplication and 
achieve a larger range. A A F of 50 kHz 
was obtained with ±15 kHz of capture 
range. The data stream comes from the 
optical detector from a source at -25 

dBm. The clock recover still locks up to 
-31 dBm even if the data is at 10 2 of 
error rate. For the PLL, the parameters 
are: Wn = 10 kHz, Kvco = 1 kHz/volt, Ko 
= 10 volts/radian, £ = 0.7. RF 

About the Author 
Francois Methot 

is President of Ra-
dioSysteme Inc., 
and has 15 years 
experience in 
CATV, digital teleph¬ 
ony, radio commu¬ 
nications and fiber 
optic networks. He 
can be reached at 
(514) 426-0773. 

OUTSTANDING 
FEATURES 
• 2 MHz to 1 GHz 
• 10 p.S tune time 
• 1 Watt power handling\ 
• +40 dBm IP3 - great for Y 
wide dynamic range \a 
receiver preselection 

• 251 tune positions with 
internal decoding and drivers 

• Less than 2 in3 - world's 
smallest digitally tuned RF filters 

Figure 7. Spectrum analyzer dis¬ 
play of the recovered clock signal. 

Figure 8. Digital oscilloscope dis¬ 
play of clock and recovered data. 

Figure 6. Clock recovery based on “D” flip-flop phase detector. 

RF Design 
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EPSON M 
THE CRYSTALMASTER“ -

leads new 
crystal oscillator 
technologies into BB. 
the 90 ’s with... ^9 
the most cost effective hi-temp 
SMD crystals and oscillators and ' 
low cost plastic thru-hole crystal 
oscillators. 

actual size EPSON THRU-HOLE 
OSCILLATORS 
REPLACE METAL CAN OSCILLATORS 

CRYSTALS AND 
OSCILLATORS 

Epson has pioneered 
the first truly heat 
resistant crystal for 
use in its surface mount crystals and crys¬ 
tal oscillators. Capable of withstanding 
260°C for 20 seconds ... far above the 
demands of standard IR and vapor phase 
reflow processing systems... these labor-
saving high-temp SMD crystals have 
become the accepted standard for surface 
mount crystal and oscillator components. 

Epson has introduced 
the first plastic low cost, 
high performance auto-
insertable thru-hole crystal 
oscillator. Its unique hermetically sealed 

actual size 

MODEL SG-615 OSCILLATOR 

Frequency: 1.5 to 66.7 MHz 

Symmetry: 45/55 (TYP) 

Rise/Fall Time: 5 nsec (TYP) 

Tristate: Available 

Compatible 

Technology: CMOS and TTL 

Op. Temp. Range: -40°C to 85°C 

MODEL MA 505/506 CRYSTAL 

Frequency: 4.00 to 66.7 MHz 

MODEL MC-405 CRYSTAL 

Frequency: 32.768 KHz 

crystal, embedded in a plastic package, gives 
the same EMI protection and higher perform¬ 
ance than metal can oscillators... at a much 
lower cost. And, the auto-insertion feature 
reduces manufacturing costs associated with 
hand inserting metal cans... into standard full-
size or half-size hole patterns. 

MODEL SG-51/SG-531 Œ 
OSCILLATOR Rise/Fall Time: 

Tristate: 

1.5 to 667 MHz 
45/55 (TYP) 
5 nsec (TYP) 
Available 

Compatible Technology: CMOS and TTL 

EPSON EPSON AMERICA, INC. 
artment Telephone: 213/787-6300 

EPSON H EPSON AMERICA, INC. 
Component Sales Department Telephone: 213/787-6300 

CALL YOUR SALES REP TODAY 
'SON Sales Representatives: AL-GA-TN Concord Components 205/772-8883 - AZ NM Fred Board Assoc 602/994-9388 - CA-No. Costar 408/446-9339 ■ CA-So. Bager Electronics 714/957-331 
LOT Wn Region- Mktg 303/428-8088 - FL Dyne-A-Mark 407/831-2822 ■ IL-WI LTD Technologies 708/773-2900 - IN KY C C Electro 317/921-5000 - KS-M0-IA Microtronics 913/262-1444 • MA-NH 
isen Assoc. 617/449-4700 - MD-VA Tech Sales Assoc 301/461-7802 - MN Electro Mark 612/944-5850 - NC-SC WLA Assoc 919/231-9939 -NJ JMR Sales 201/525-8000 ■ NY Elcom Sales 716/385-14 

i, NY Niktronix 516/929-4671 ■ 0H-MI J D. Babb Assoc. 216/934-4454 ■ 0R-WA Matrex 503/245-8080 ■ PA Omega Sales 215/244-4000 ■ TX-OK Component Tech. 214/783-8831 9 
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KF oscillators_ 

VHF and UHF Crystal Oscillators 
— Part II 
By Andrzej B. Przedpelski 
A.R.F. Products, Inc. 

This note contains some theory, more 
circuits, some suggestions and further 
considerations of 5th, 7th, and 9th 
overtone crystal oscillators (up to 630 
MHz) using simple easy to build circuits. 

I should have started Part I, July of 1990 (1), with some applicable theory, but I 
got carried away by the ease of con¬ 
structing and adjusting these high fre¬ 
quency crystal oscillators and their reli¬ 
able performance. To rectify this 
omission let's consider the require¬ 
ments for an oscillator. Barkhausen tells 
us that for a circuit to oscillate, two 
conditions have to exist. 

• the open loop gain (A( ) x ( ) of Figure 
2) has to be more than unity, and 
• the phase of this gain has to be 360n, 
where n is an integer (including 0). 

In the circuits described, the gain, 
A( ) is supplied by the MMIC amplifier 
and the feedback, ( ) consists of the 
crystal, in series with a length of trans¬ 
mission line, and the capacitor(s). 
Using an ideal non-inverting amplifier 
(such as Figure 1a) (1), the feedback can 
have 0 degrees phase shift and no 
phase shifting network is thus neces¬ 
sary. The crystal can, theoretically, oper¬ 
ate in series resonance (presenting only 
a resistance in the feedback path) and 
becomes an attenuator in conjunction 
with the 50 ohm input impedance of the 
MMIC amplifier. If this attenuation is 

lower than the gain of the amplifier, the 
circuit will oscillate. The oscillations start 
slowly (relatively speaking) by ampli¬ 
fying circuit noise at the resonant fre¬ 
quency until the amplifier saturates 
(gain of the amplifier becomes equal to 
the feedback attenuation). 
In the inverting amplifier configuration 
(such as Figure 1b) (1), the feedback has 
to provide the (theoretically) required 
180 degree phase shift to allow oscilla¬ 
tions to take place. 
In practice, of course, the non-inverting 
amplifier has some phase shift at the 
operating frequency, and the inverting 
amplifier phase shift is usually some¬ 
what less than 180 degrees. Thus, the 
feedback circuit has to compensate for 
these small phase shift discrepancies. 
The inverting amplifier oscillator con¬ 
figurations are generally preferred, since 
they have less tendency to oscillate at 
undesired frequencies. Any "simple” 
undesired feedback usually does not 
have the required 180 degree phase 
shift. 
To provide the needed feedback phase 
shift, different methods can be used. 
The crystal itself can provide some 
phase shift. However, it is better to use 
it in a series resonance mode to reduce 
losses through the crystal. Thus, a 
phase shifting network providing almost 
180 degree phase shift has to be used. 
At lower frequencies, a pi or tee phase 
shifter can be used. However, at the 
higher frequencies, accurate inductors 

Figure 1. Figures from Part I: (a) third overtone circuit, (b) 350 MHz fifth 
overtone, (c) overtone oscillator with L/C phase shift, (d) approximate 
crystal equivalent circuit at fifth overtone. 

are difficult to construct, and spurious 
reactances cause additional uncon¬ 
trolled phase shifts. To overcome this, 
and to provide very simple implementa¬ 
tion of reliable circuits, a transmission 
line can be used to provide the main 
required feedback phase shift. This 
approach is feasible at the higher fre¬ 
quencies and provides easily reproduc¬ 
ible phase shifts. To demonstrate this, 
the circuit shown in Figure 3 was built. 
While feasible and very simple it was 
not considered very practical since the 
length of the transmission line was 
difficult to optimize. A more feasible 
method using variable capacitors to 
fine-adjust the feedback phase shift was 
used in the more practical circuits. This 
method had the additional advantage of 
allowing some "pulling” of the oscillator 
frequency. 
Now back to some more circuits 

Circuit # 1 (350 MHz fifth over¬ 
tone) 
The circuits presented in Part I used 

hybrid type RF amplifiers. To reduce 
size still more and allow the use of 
surface mounted components, mono¬ 
lithic RF amplifiers were then tried. A 
typical inverting type was used (Avantek 
MSA-0735). Two possible circuit con¬ 
figurations were tried (Figures 4 and 5). 
Both gave an output of 6-8 dBm with 
either a 3.6 inch or 6 inch length of 
transmission line. The capacitors had 
to be retuned, of course. The circuit of 
Figure 5 seemed to have lower harmonic 
content (35-40 dB below fundamental 
for second and third harmonics). While 
monolithic amplifiers usually have the 
disadvantage of requiring input and 
output capacitors, one capacitor can be 
omitted, since the crystal provides DC 
isolation. These amplifiers also require 
a biasing resistor. In the case of the 
circuits shown, this was actually taken 
advantage of to provide a circuit which 
worked reliably directly from an airborne 
power source of 22-30 VDC. This was 
accomplished by the use of the high 
value (1000 ohm) biasing resistor. 
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Circuit # 2 (490 MHz seventh 
overtone) 
The basic circuit of Figure 5 could be 

easily modified to provide reliable opera¬ 
tion on the seventh overtone of the 
crystal. The same crystal was used with 
an 8.2 or 7.2 inch length of transmission 
line, as shown in Figure 6. An output of 
6-8 dBm was obtained, but the harmonic 
content was high (-10 to -15 dB). 

Otherwise, the circuit performed reli¬ 
ably. 

Comments 
Output was always observed on a 

spectrum analyzer to ensure that the 
proper overtone operation was obtained. 
Power output was measured at the 
desired output frequency. 

All circuits were checked to ensure 

In the cockpit of a jet fighter there is no room for 
doubt. The pilot must trust his life to complex navigational 
and communications systems. 

You can trust EG&G Frequency Products to provide you 

Precision quartz crystals in 
solder seal, resistance weld, 
and coldweld configurations 
and oscillators with low 
aging and low phase noise 
characteristics. 

with high quality AT and SC Cut precision quartz crystals 
and oscillators that will perform in such critical applications. 

EG&G’s high reliability 
standards include compliance 
with WS6536E. Our continu¬ 
ous quality assurance from 
raw quartz to finished product 

helps maintain that level of excellence. Computerized 
production control enables us to provide you with shor¬ 
tened lead time delivery. 

EG&G also supplies custom-designed high per¬ 
formance crystal and LC filters, discriminators, mod¬ 
ules and atomic frequency standards making us a single 
qualified source for all your frequency control needs. Call 
or write today for more information on precision prod-
ucts that perform under pressure. 

In house experts working in 
state-of-the-art facilities pro¬ 
duce highly stable TCXOs, 
VCXOs and OCXOs for pre¬ 
cise control of frequency. 

FREQUENCY PRODUCTS, INC. 
EG&G Frequency Products, Inc. 4914 Gray Road, Cincinnati, Ohio 45232 

FAX 513-542-5146, PHONE 513-542-5555 

Figure 2. Oscillator equivalent cir¬ 
cuit. 

that no mode switching could be in¬ 
duced. DC power was turned on instan¬ 
taneously or was brought up gradually 
while output was observed on the spec¬ 
trum analyzer. The oscillators always 
started at the desired frequency. 

50 ohm coaxial transmission lines 
were used, since they are readily avail¬ 
able and easily changed. Once the 
circuit is finalized, the transmission line 
can be part of the PC board. There is 
no apparent reason why other imped¬ 
ances cannot be used. However, only 
50 ohm coax cables were used. 

An amplifier gain of about 12 dB at the 
desired frequency seems adequate. 
Higher gain amplifiers would allow a 
higher loss in the feedback circuit. This 
could reduce the crystal drive and 
improve stability. However, too much 
gain may make the circuit more suscep¬ 
tible to oscillations at undesired frequen¬ 
cies. 
The phase shift in the amplifier 

changes with frequency. The typical 
inverting amplifier actually becomes non¬ 
inverting at higher frequencies. This 
occurs at about 4.5 GHz for the MSA-
0735 used in the tests. The amplifier still 
has gain at this frequency, however, and 
this should be considered. 
The crystal resistance does not seem 

to be critical. The crystal used had a 
resistance of about 140 ohms at the fifth 
harmonic (Figure 10). Higher resistance 
crystals can be used, if the amplifier gain 
is adequate. 
The feedback path loss has to be less 

than the amplifier gain to sustain oscilla¬ 
tions. The input impedance to the feed¬ 
back path should be higher than 50 
ohms to allow most of the amplifier 
power output to appear as useful power 
in the load. This is not unreasonable, 
since the feedback path can have 
appreciable insertion loss. 
A quick temperature check was made 

using the circuit of Figure 5. The 
frequency vs. temperature curve was 
smooth and no mode jumping was 
observed. 
The circuits were very reproducible. 
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For Every Frequency 
Control Need. .. 

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

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

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

Around The World, 

CORPORATION 
Your Single Source For ExcellenceSM

CTS Frequency Control Division, 
400 Reimann Ave., Sandwich, IL 60548, Tel: 815/786-8411, Fax: 815/786-9743 
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THE INDUSTRY’S 

MOST WANTED 
TCXO 

The latest TCXO from STC 

DESCRIPTION: 

• 0.2 cubic inches 
1"x 1"x 0.2" high 

• Mil grade available 

• Surface mountable 

• Custom configurable 
leads 

MODE OF OPERATION: 

• Low phase noise 

• Frequencies up to 350 mhz 

• Low power consumption 

• Highly stable, precision 
performance 

Analog Chip 
Temperature Compensation Technology 

Buy one or borrow one. 
Call us for technical literature and complete details 

on our unique offer. 

STC COMPONENTS, INC., 636 REMINGTON ROAD, SCHAUMBURG, IL 60173 
1.800.624.6491 • 708.490.71 50 • FAX 708.490.9707 • CANADA: 1.800.624.6494 

UK: 0279.626626 
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GPD-401 

50 ohm line 

Line Length 

L, inches 

7.2” 
5.9” 
3.0” 
0.5” 

Frequency 
MHz 

350 
490 
630 
770 

Overtone 

5 
7 
9 
11 

Power Output 
dBm Notes 

— some spuriouses 
4 clean 
6 clean 
5 unreliable 

Figure 3. The simplest circuit. 

The same circuit was built using direct 
interconnections (no chassis), using a 
ground plane or a PC board with all 
surface mount components. The per¬ 
formance was essentially the same. 

Increasing feedback loss (reducing 
drive to the amplifier) reduces harmonic 
content (as expected). This reduces 
power output somewhat. For a power 
output reduction of 1-2 dB, the harmonic 
content can be reduced by 15-25 dB. 
The initial tuning procedure is quite 

simple. Using a spectrum analyzer (to 
make sure that the right overtone opera¬ 
tion is achieved) set one capacitor and 
tune the other (if two are used). If proper 
operation is not obtained, retune the first 
capacitor and repeat tuning with the 
other. Once the proper frequency is 
obtained, the output can be maximized 
using both capacitors. 
The crystal can oscillate at the funda¬ 

mental or an odd overtone. Circuit #10 
(Figure 1c) (1), for instance could be 
made to oscillate at the third, fifth and 
seventh overtone by retuning the two 
capacitors. At these different frequen-

cies, the phase shift through the ampli¬ 
fier is different. While at very low 
frequencies it is the theoretical 180 
degrees, it decreases with frequency. 
The crystal also looks different at these 
frequencies. Mr. David Smith of Innova¬ 
tive Frequency Control Products, Inc. 
kindly supplied typical equivalent circuit 
values for the crystal used (see Figure 
1 d) (1). Series R is about the same for 
the overtones, but is about 1/6 this value 
for the fundamental operation. The mo¬ 
tional inductance (series L) is about the 
same for the fundamental and over¬ 
tones. The motional capacitance varies 
to provide the proper series resonance. 

While operation only up to the 9th 
overtone (630 MHz) was confirmed, 
there were indications that the 11th 
overtone was also feasible. The trans¬ 
mission line length became very short 
and was difficult to optimize. However 
sporadic operation at 730 MHz was 
obtained using the Figure 3 circuit and 
a transmission length of about 0.5 inch. 
As results of Figure 3 indicate, there is 
some spurious phase shift caused by 

NEW NAME! 
The Block Diagram 
Simulator you knew as 
TESS is now: 

TESLA has all of the 
great features that 
classic TESS had like: 
• Fast RF Time Simulation 
• Mixed Analog & Digital 
• Spectrum Analysis 
• Input with OrCAD & PCAD 
• Free support & BBS (lyr) 
Plus TESLA has the 
powerful new goodies 
added in version 1.1 : 
• 24 new filters 
• Amp and mixer models 

with intercept specs 
• Hi-res graphics output to 

lasers, plotters, printers 
and wordprocessors 

• Quantizer, Integ&Dump, 
Laplace and resp models 

• Lots more space for user-
added models—fill it up 
from the free BBS. 

• Run OrCAD and PCAD 
without leaving TESLA 

• Many new power-features 

STILL ONLY $695! 
30-day Moneyback Guarantee! 

CALL FOR DEMO DISK 

Figure 4. 350 MHz fifth overtone 
oscillator. 

Figure 5. 350 MHz fifth overtone 
oscillator. 

T E S O F T 
P0 Box 305 Roswell GA 30077 
404-751-9785 FAX404-664-5817 
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1987W . RF Technology Expo 87 . 145 00 . 

1987E RF Expo East 87 . 145.00 ' Add 

1988W . RF Technology Expo 88 145.00 $30 00 

1989W . RF Technology Expo 89 145.00 . to total 
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1990W . RF Technology Expo 90 145 00 . for 

1990E . RF Expo East 90 145 00 shipping. 

1991W . RF Technology Expo 91 145 00 

1900 . . . . Set - 10 volume . 1160.00 ... 

OSCILLATOR HANDBOOKS 
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FILTER HANDBOOKS 
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Figure 6. 490 MHz seventh over¬ 
tone oscillator. 
the stray inductances and capacitances 
in the circuit. With the breadboard used 
it was also somewhat difficult to accom¬ 
modate the very short transmission line 
lengths. A better layout may make the 
11th overtone operation quite feasible. 

Another problem at the higher over¬ 
tones is the stray pin-to-pin crystal 
capacity. While small (about 2 pF) its 
reactance at the higher frequencies 
becomes comparable or smaller than 
the crystal resistance. It may then 
provide the necessary feedback path to 
sustain oscillation at the wrong fre¬ 
quency. No effort was made to “tune-
out” this reactance, as is sometimes 
done at lower frequencies to obtain true 

series resonant operation and to reduce 
the risk of spurious oscillations. 

While the above treatment of UHF 
crystal oscillators is by no means com¬ 
plete, the main effort was directed 
toward the simplest low cost reproduc¬ 
ible designs using non-critical compo¬ 
nents. It was also meant as a starting 
point for further investigations using this 
general overall approach. The non¬ 
inverting amplifier circuits were also not 
adequately explored. One reason was 
that only one device was available at the 
time of the test; several manufacturers 
make suitable low cost inverting types. 

RF 
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HIGH REL CRYSTAL OSCILLATORS 
CUSTOM DESIGNS, BLILEY QUALITY. 

Bliley.. .Your Prime Oscillator Option 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd . P.O. Box 3428, Erie, PA 16508 

(814) 838-3571 FAX 814-833-2712 

Standard: 
Sine Wave; +15 Vdc/N60B & 
+ 24 Vdc/N18C & N26F 
power supply; mechanical 
adjustment/N60B & N26F 
Options. 
TTL & HCMOS; electrical 
tuning/N26F; mechanical 
tuning/N18C; +12 Vdc to 
+28 Vdc/N60B & * 12 Vdc to 
♦30 Vdc/N26F (fixed value) 
power supply 

HIGH ENERGY CORP 
CERAMIC RF CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

IS* JENNINGS 
A LEAR SIEGLER COMPANY 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619)4384420 
FAX (619)4384759 
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N26F560 

— 2 275 (57 78] — 

- *4 

' 600 q 4/ 
(4064) ' + 

PIN CONNECTIONS 

2 NC OR *5 VDC 
3 OUTPUT 
4 GNO * CASE GNO 
5 415 K>C RIN CONNECTIONS 

(STD OCTAL PLUG) 

GNO 
i.5.6. - NC 

580 [17.27] 

N60B N18C N26F560 

FREQUENCY: 5 MHz or 10 MHz standard 
5 MHz to 15 MHz available 

5 MHz or 10 MHz 10 MHz standard; 
5 MHz to 10 MHz available 

FREQUENCY 
STABILITY: 

±5x 10-90°Cto +50°C standard; 
±1 X 10-8-20°Cto + 70°C optional 

±1 x 10-90°Cto +55 °C ±5x 10-9 0°Cto +50°C standard; 
±1 x 10-8-20°Cto + 60°C optional 

AGING: 1 X 10-9/day; 5 x 10- 10 /day optional 1 x 10 - io / day after 30 days 1 X 10-9/day 

SINGLE SIDEBAND 
PHASE NOISE: 
(SINE WAVE) 

-155 dB/Hz at 10 KHz; 
- 160 dB/Hz noise floor 

-135 dB/Hz at 10 KHz; 
- 140 dB/Hz noise floor 

-150 dB/Hz at 10 KHz; 
- 160 dB/Hz noise floor 

BLILEY ELECTRIC COMPANY IS CERTIFIED FOR MILSTD-2000 ON SOLDERED ELECTRICAL AND ELECTRONIC ASSEMBLIES 
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RF featured technology 

Design of Quadrature Detectors 
by Edward A. Rich ley 
Xerox Palo Alto Research Center 

The quadrature detector is a very common circuit used for the 
demodulation of both wide band and narrowband FM. 
However, there is a general misconception about its method 
of operation, and little information on its proper design. After 
careful analysis, it can be seen that the engineering trade-offs 
involved in the design of a quadrature network are easy to 
understand and very interesting. This article will describe such 
an analysis, and will show the important considerations for 
proper design. 

The basic single-tuned quadrature detector network is shown 
in Figure 1. This network is typically used with FM receiver 

ICs such as the Motorola MC3357 (and related parts), Signetics 
NE604, or the RCA CA3189. The network has one input and 
one output. The input generally comes from the output of a 
limiting IF strip. This input, V|N and the output of the network, 
V0JjT, are connected to the inputs of an analog multiplier. 
The basic purpose of the quadrature network is to produce 

two signals which have a nominal phase difference of 90 
degrees (hence the term “quadrature detector”), but with a 
variation in phase which depends on instantaneous frequency. 
The multiplier then serves as a phase detector, and can detect 
the lead or lag in phase caused by the interaction of the 
frequency modulated signal with the network. 

In some versions of the circuit, the coupling capacitor, C, 
of Figure 1, is replaced by an inductor. The operation of the 
circuit is conceptually the same in both cases. Many texts give 
an explanation for the operation of this circuit which is based 
on the following assumption (1 ,2): 

^ 0) » Rl (1) 

at o)0. Thus, the condition of equation 1 is not necessary. The 
size of C, relative to CL does not affect the phase characteris¬ 
tics of the circuit at all, since the two capacitors are effectively 
in parallel. Their relative sizes only affect the amplitude of the 
output, and, as shall be seen later, the input impedance of the 
network. Thus, the condition of equation 1 is not necessary at 
all. 

The Transfer Function 
The circuit of Figure 1 has a transfer function, H(jœ), defined 

as the ratio of the output voltage to the input voltage, when 
both are expressed in phasor notation: 

H(ja>) = VouiOæ) 
V|Nüœ) (2) 

where X, is the magnitude of the reactance of the coupling 
component, either a capacitor or an inductor, and œ0 is the 
center frequency of the frequency modulated signal. œ0 is also 
the resonant frequency of the network formed by Ll and CL. 
With the assumption of equation 1, the nominal 90 degree 
phase shift is provided by the reactance of X, in series with a 
much smaller resistance, RL. The subsequent phase lag or 
lead about the nominal will result from changes in the received 
signal frequency which cause the reactance of the R-L-C circuit 
to swing inductive or capacitive. 
A quick look at some application notes, however, shows 

that the condition of equation 1 is often not met in practice. In 
fact, it is often strongly violated (3,4). Thus, the question arises 
as to how the nominal 90 degree phase shift is provided, and 
how the phase shift varies with frequency. In order to address 
this point of confusion, the network of Figure 1 must be 
examined more closely. 

It is instructive to look at the network of Figure 1 in an 
alternate form. The dashed portion of Figure 2 can be 
transformed into a Norton equivalent, as shown in Figure 3. 
The resultant parallel capacitors combine as a single element 
of value (C, + CL). From Figure 3, it is evident that the nominal 
90 degree phase shift can be guaranteed at the frequency œ0 

by simply making the combination of Ll and CL + C, resonant 
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From the equivalent circuit of Figure 3, it is easy to show that 
H(ja)) is determined by the impedance of the R-L-C circuit, and 
is given by: 

(3) 

o>2C,LlRl
H(H " " Rl(1 - ̂ (C, + CL)) + jœLL

There are four main concerns regarding the design of the 
quadrature network. These are as follows: 
1. |H0%)| should be as large as possible. 
2. The variation in |H(jco) | over the desired range of frequency 
deviation should be as low as possible. 
3. The phase variation in H(jw) over the desired range of 
frequency deviation should be as linear as possible. 
4. The input impedance of the network must be sufficient so as 
to not load the driving circuit. 

In order to simplify the investigation of each of these 
requirements, it is useful to define some quantities. The first 
of these is the loaded Q of the network: 

In this analysis, any load resistance due to the phase detector 
input is lumped into the resistance RL. 

Figure 1. Basic single tuned quadrature detector 
network. 
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Another useful quantity is the center frequency, œ0. As 
described earlier, component values are chosen for resonance 
at œ0, so that: 

“° = ll(c,1+ Cl) (5)

From equation 12 it is clear that in order to prevent AM 
distortion from becoming induced on the detector, it is 
necessary that: 

Finally, the frequency, w, can be normalized to œ0 by defining 
a new quantity, y, as follows: 

I4I « I 

and that: 

(13) 

In terms of these quantities, the transfer function is given by: 

C, y2Q 

“ C, + CL (1 - y2)Q + jy 

From equation 7 it follows that the magnitude of the transfer 
function at the center frequency ( y = 1) is given by: 

C.Q 
lH^l = (8) 

From equation 8 it is clear that for greatest magnitude of H(ja>0), 
both Q and C, should be as large as possible. However, once 
C, is made comparable to CL there is not much to be gained 
from increasing it further. 

It is also useful to define the normalized frequency, y, in 
terms of the deviation, 4: 

y = 1 + 4 (9) 

In terms of 4, the transfer function is : 

C, (1 + 4)2

H(H ~ C, +CL Q (- 4(2 + 4))Q + j(1 + 4) 

The Amplitude Response 
In order to examine the flatness of the amplitude response 

with frequency, it is helpful to look at the magnitude squared 
of the transfer function: 

/ C, \2 „ (1 + 4)4

|H(iœ)|2 " (c, + Cj °2 Q242(2 + 4)2 + (1 + 4)2 (11)

This expression can be expanded in terms of 4 about the center 
frequency, 4 = 0: 

/ C \ 2
|H(jœ)|2 = Q2(1 + 24 +( 1 - 4Q2)42 + -.) (12) 

Figure 2. The quadrature network redrawn. 
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4Q2|4|2 « 1 (14) 

In general, |y | is quite small (0.01 is typical) so that both of these 
requirements will be met for modest values of Q. 

The Phase Response 
The phase response can be examined in a similar manner. 

Equation 10 leads to the following expression for f, the phase 
of the transfer function, H(jœ): 

* = arC,an(M) (15) 

Since the nominal value of f is known to be 90 degrees (n/2), 
it is most useful to look at the deviation in f about this mean. 
This deviation, 0, is given by: 

0 = * - -J = - arctan 
2 

4(2 + 4)Q \ 

(1+4) / 
(16) 

The linearity of the phase response of the network can be 
evaluated by looking at the quantity dQIdl,. From equation 16, 
it follows that: 

94 Q 1 + 24 + (4Q2 + 1)42 +4Q 243 + Q244 (17)

This expression can be expanded in terms of 4 to give: 

4? = -2Q(1 ~ 4 + 4 (3 - 8Q2)42 + ....) (18) 
94 ¿ 

In order to maintain a linear phase response, it is important for 
the constant term in equation 18 to be the dominant term. 
Thus, the requirement for phase linearity can be expressed 
as follows: 

I4I « 1 

and 

4Q2|4|2 « 1 

(19) 

(20) 

These requirements can be seen to be almost identical to the 
requirements of equations 13 and 14. 

Figure 3. Norton equivalent of the quadrature net¬ 
work. 

69 



The Input Impedance 
The remaining requirement has to do with the input 

impedance of the network. The magnitude of the impedance 
of the network of Figure 1, at the center frequency, o)0, as seen 
by VIN , is: _ 

capacitive coupling, it must be emphasized that a similar 
exercise could be performed for a circuit using an inductor in 
place of Cr

Q2 + 

IZihMJI = woLl 
1 + Q2

C, + C| 

c, + c. 

2 

2 
(21) 

For even modest values of Q, and for values of C, which 
approach CL (which is encouraged from equation 8), |ZlN(coo)| 
approaches the following form: 

The Double Tuned Quadrature Detector 
There is a higher performance version of the quadrature 

network which is often described in application notes (4,5). 
This is the double-tuned network which is shown in Figure 4. 
Much better linearity is claimed for this network. 

This network uses a weakly coupled transformer having a 
tuned primary and a tuned secondary. In most implementa¬ 
tions, both windings are identical. In Figure 4, both windings 
are shown to have an inductance, L. The amount of mutual 
inductance, M, is always a fraction of L. Thus: 

|Z|>o)l (22) 

Clearly, a large enough value of Q and a small enough value 
of Ll could lead to an input impedance which is too low to be 
driven from the IF output. This consideration places a limit on 
the size of Q or the size of C, relative to CL. 

Design Procedure 
Consideration of all of these constraints leads to a 

reasonable approach to the design of these single tuned 
quadrature networks. As with most engineering problems, 
there are trade-offs to be made. In general, the following 
procedure should suffice: 

M = kL, k < 1 (23) 

where k is known as the coupling coefficient. 
Instructions in various application notes indicate that the 

coupling coefficient, k, should be at least 70 percent of critical 
coupling, kcr , where kcr is defined in terms of the primary Q, 
Qp, and the secondary Q, Qs, as follows: 

1. Choose frequency deviation or center frequency such that 
I4I « 1/2. 
2. Choose Q as large as possible, without violating the 
requirement: 4Q2 |4|2 « 1. 
3. Choose the largest value for Ll which can be obtained within 
the limits of physical size, self-resonance, and the effects of its 
unloaded quality factor on Q. 
4. If (œ0LL/Q) is an acceptable value for input impedance, 
choose a value for C, which about is half the capacitance 
needed for resonance with Ll at cd0. Let CL be the remaining 
capacitance needed for resonance. 
5. If (œ0LL/Q) is not acceptable, choose a value tor C, which 
provides an acceptable value for |ZIN (œ0)|, from equation 21. 
Choose a value for CL which completes the requirement for 
resonance with Ll at a>0 (equation 5). 

This procedure should work well for most designs. It will 
provide the largest possible output level without sacrificing 
other parameters. Equations 8, 9, 12, 18, and 21 provide some 
quantitative insight into the behavior of signal tuned quadra¬ 
ture detectors. Although this analysis has been carried out for 

Instructions also indicate that the primary is to be tuned for 
maximum signal, while the secondary is to be tuned for 
maximum linearity. 
An analysis of the double tuned network will now be 

presented. This analysis will focus on the phase response of 
the network, as that is the important advantage of a double 
tuned network when compared with the single tuned network. 
An analysis of the amplitude response and the input imped¬ 
ance can be derived easily from this phase response analysis, 
and so will not be presented. 

Some Approximations 
The double tuned network is significantly more complicated 

and difficult to analyze than the single tuned network 
Consequently, some assumptions and approximations will be 
used. These approximations are extremely plausible and serve 
to greatly enhance the understanding of the analysis. In fact, 
the analysis of the single tuned network would be greatly 
simplified by these approximations and would yield exactly the 
same result as equation 20. 
The first assumption is simply that the maximum frequency 

deviation is very small. Thus, it is assumed that: 

I4I « 1 (25) 

In comparison with terms of order 1, 4 can be ignored. Of 
course, one must be very careful to not ignore 4 when 
subtraction of large numbers will result in a term of the order 4. 

Figure 4. The double tuned quadrature network. 
Figure 5. Equivalent of the double tuned quadrature 
network. 
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Figure 6. Approximation of the double tuned quadra¬ 
ture network. 

Figure 7. Simplified double tuned quadrature net¬ 
work. 

Furthermore, it is assumed that the Q of both primary and 
secondary are large: 

Q. » t Qp » 1 (26) 

element, L,, and the approximation made by replacing L(1 + 
k) if Figure 5 with L in Figure 6 are a few of these effects. In 
general, the quantities 4, and 42 allow two more degrees of 
freedom for optimizing the transfer function. 

From these assumptions, and the definition of k , it is clear 
that: 

k « 1 (27) 

Equivalent Circuit 
An equivalent circuit can be made for the double tuned 

network of Figure 4. This is shown in Figure 5. This equivalent 
will yield exactly the same output as the original circuit. The 
transfer function is determined once again by the input 
impedance of this network. 

Only an analysis of the phase response of the double tuned 
network will be given here. Clearly the variation in the phase 
of the transfer function, about the 90 degree point, is given by 
the phase of the input impedance of the network. Just as with 
the single tuned network, the coupling element provides the 
initial 90 degrees of phase shift while the tuned network pro¬ 
vides the deviation. Thus, the phase of interest is simply the 
phase of the input impedance. 

Figure 6 shows this input impedance as Z, with the 
impedance of all elements normalized to œ0L. Simplification is 
provided by the use of equation 27. This simplified approximate 
network clearly consists of two networks in parallel. Figure 7 
shows these two networks distinctly. Clearly, the admittance 
of the combined network Y, is simply the sum of the two 
admittances, Y, and Y2. The admittance, Y, is just as useful 
for determining the phase response of the network as the 
impedance, Z, because Y and Z are reciprocals of each other. 
Thus, the variation component of phase response is simply the 
negative of the phase of Y. 

Using equation 25, it is easy to show that, to a very good 
approximation sufficiently close to the center frequency, the 
admittance, Y,, is given by: 

Y i = + (28) 
p 

The Phase Response 
The trouble with the single tuned network is that once it has 

been tuned for nominal 90 degree phase shift, the transfer 
function is completely determined. Basically, the phase shift 
in a single tuned network is determined to be arctan(2Q4). 
There is no such limitation in the double tuned network. If the 
argument of the arctan( ) function could be made to more 
closely resemble the tan( ) function, a more linear phase 
relationship would be possible. This is exactly what the double 
tuned circuit allows. In order to see this more clearly, it is 
important to look at the Taylor expansion of the function 
tan(ax): 

q3y3 
tan(ax) = ax + + .... (31) 

J lb 

where a is some constant. For the purpose of this analysis, it 
is clearly desirable to have: 

lm(Y) 
Re(Y) = tan (32) 

In practice, the best that can be obtained is an approximation 
to equation 32 for some range of 4. If this relation can be 
approximated, the arctan function performed by the phase 
detector would more closely reflect a linear relation with input 
frequency. Several requirements on Y are immediately clear: 

lm(Y) must vanish as 4 goes to zero. The ratio lm(Y)/Re(Y) 
must have no even order terms. The coefficients of (a4) should 
match those in the expansion of equation 31 through as many 
terms as possible. 
The first two of the above requirements can be met by proper 

choice of 4, and 42 Although not easy to derive, it is easy to 
verify that the choice of 4, = 42 = -k/2 satisfies both. Inserting 
this condition into equation 30 leads to: 

Similarly, the admittance, Y2, can be well approximated by: 

lm(Y) 

Re(Y) “ 2Í°p 
(1 - k2Q2) \ 

(1 + k2QsQp) y 

Y = k _L±W_ 
2 Qs(k - 24) + j (29) 

4Qs \ (33) 
1 - k2Q2 4 ; \ 

4Q2 * 
- —- 42) / 
1 + k2Q Q 4 V bp 

These forms for the admittances, Y, and Y2, assume that the 
tuned circuits of Figure 7 are tuned for resonance at 4 = 0. 
This is not necessarily the case. In fact, some degree of 
mistuning will yield the desired results. This mistuning can be 
represented by replacing 4 with (4 - 4,) in equation 28 and (4 
- 42) in equation 29. Thus, the total admittance, Y, is given by: 

This expression clearly has no terms in even powers of 4. It 
also goes to zero as 4 “*■ 0. The polynomial quotient can be 
expanded to give the complete power series: 

lm(Y) 

Re(Y) 
= 24Qp

(1 ~ k2Q|) 

(1 + k2QsQp) 
(34) 

Y = ̂  + 2j(4 - 4 ) + k _ 1 + (30) 
Qp +k Qs(k-2(4-42)) + j 

1 + 4Qs 
k2Qs(Qs + Qp)_ 

1 + k2Qs(Qp - Qs) - k<Q3Qp

This detuning accounts for several effects. Slight differences 
in winding inductance, the loading effects of the coupling 

The coefficient of the third order term in the Taylor expansion 
of tan(ax) can be matched by making: 
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i 4Q2
3 P (1 + k2QsQp)2

k2Q (Q + Q ) = 4Q2 _ ?_ _ 
s 1 + k2Qs(Qp - Qs) - k4Q2Qp

(35) 

This defines a relation between k, Qs, and Q . For example, if 
Qs = Qp = Q, the requirement of equation 35 can be found to 
be simply that kQ = 0.327. For Qs # Qp, the opportunity to 
make more terms in the expansion coincide, at least 
approximately, is available. 
The data sheet for the RCA CA3189 (4) indicates that a 

preferred circuit uses Qs = 20, Q = 55, and k is at least 70 
percent of kcr . Application of equation 35 leads to a value of 
0.0229 for k. This is roughly 76 percent of kcr , precisely as 
indicated by the data sheet. Although this choice does not give 
a good match for the term in t5, it gives a much better 
coefficient for that term than could be,obtained from the choice 
of Qs = Qp = Q. 

In general, for quadrature network design, the phase 
response, amplitude response, and input impedance are the 
important considerations. Of these quantities, the one most 
often overlooked is input impedance. It is clear from this 
analysis that as the output impedance of the limiting IF is 
lowered, its drive capability is increased. With proper design, 
a greater output signal from the quadrature network can be 
provided. Finally, the double tuned network can be used to 
greatly improve the linearity of the demodulator. Proper design 
of the double tuned network can be a bit tedious, as several 

terms in the power expansion of equation 34 should be 
carefully evaluated. However, it is fairly easy to get a good 
match through the third order term. 

Although the quadrature detector is a very popular device 
for the demodulation of FM, the literature contains very little 
information on its operation or design. This analysis provides 
the fundamental relations needed for the proper design of 
quadrature networks. The relations derived here provide the 
RF engineer with a means for optimizing the design of 
quadrature detectors. RF 
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RF transmission lines 

CAD of Single and Tandem 
Lange Couplers 
Timothy O'Connell and Patrick Murphy 
University College Cork, Ireland 

In recent times the 90 degree hybrid has become one of the 
most important passive elements to be used in microwave 
integrated circuits (MICs), because of its important function in 
balanced mixers, balanced amplifiers, and other circuits. 
Although there are many types of hybrids available that provide 
equal power division with 90 degree phase shift, the Lange 
coupler has been the most widely used because of its superior 
broadband performance. This article describes a CAD program 
which calculates the design parameters of Lange couplers. 
Since the main disadvantage of Lange couplers is their 
difficulty in fabrication due to the very small dimensions of the 
interdigitated fingers, the concept of combining couplers in 
tandem is presented, and this option is incorporated into the 
CAD program. 

Since its introduction by Julius Lange in 1966 the Lange 
coupler (1 ) has been the most widely used 90 degree hybrid 

at microwave frequencies because of its very wideband -3 
dB coupling over octave bandwidths. The structure of the 
device, shown in Figure 1 is relatively simple, with alternate 
interdigitated fingers coupled together using bond wires. For 
this structure: 

this simplification, Ou (4) derived the following set of equations 
for the even and odd mode impedances for such an array of 
parallel coupled lines. 

/ 1 -C Y® _ (K - D(1 + q) _ 

00 ° \ 1 + C / (C + q) + (K - 1)(1 - C) 

C + q 
7 = Z - -- (2) 
°e °° (K - 1)(1 - C) ' ' 

where, 

K = even number of strips 

Zo = terminating impedance (usually 50 ohms) 

C = voltage coupling coefficient 

q = [C2 + (1 - C2)(K - 1)211/2

S is the spacing between interdigitated fingers. 

W is the width of the interdigitated fingers. 

L is the width of the coupler; 1/4 wavelength at the center 
frequency. 

h is the substrate thickness of the microstrip. 

To date, the accepted design approaches are those reported 
by Presser (2) and Osmani (3), which are similar in nature and 
are suitable for CAD implementation. Their design approach 
may be summarized as follows: 
The interdigitated directional coupler may be viewed as a 

multiconductor transmission line of K (K even) elements, not 
including the ground plane. However, coupling between 
non-adjacent sections may be neglected with little error. Using 

Next, the shape ratios are calculated from the synthesis 
equations of Akhtarzadm et al (5): 

p 
S/h = costr' 

cosh(|(W/h)se )+ cosh^(W/h)^ - 2 

cosh (|(W/hk) - cosh(j(W/h)se ) 

W/h = — cosh ’’ 9 + 1 cosh ( (W/hl ~ + 
n 2 \ 1 2 I 

where, 

(W/h)'o = 0.78(W/h)so + 0.1(W/h)se

(3) 

g ~ 1
2 

- — (4) 
2h 

(5) 

and (W/h)seso are given by Wheeler’s equations for wide and 
narrow micfostrip lines: 

Figure 1. Diagram of a Lange 
coupler. 
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8 r P(7 + 4/t,) 11/e, 
(W/h) = - —- - + -
' 'seso p 11.0 0.81 

(6) 

(7) 

must have a coupling factor of -8.34 dB. 
Therefore, two Lange couplers with coupling factors of -8.34 

dB can be combined to make a -3 dB coupler with the same 
overall characteristics as a single coupler. The more loosely 
coupled individual sections will relax the etching constraints 
by increasing the dimensions of the coupled fingers. Figure 3 
shows two Lange couplers connected in tandem. 

Tandem Lange Couplers 
Although the design of Lange couplers is relatively straight¬ 

forward using the above equations, their main disadvantage 
lies in the fact that the dimensions of the finger width (W) and 
spacing (S) are often so small that fabrication of the circuit is 
difficult. Typical dimensions for Lange couplers are of the order 
of 10 ̂ m, and this can pose difficulties unless the fabrication 
process has very good tolerances. A novel solution is to 
combine two Lange couplers in tandem, so that the overall 
coupling coefficient is higher than the individual coupling 
coefficients. Therefore, since the dimensions are inversely 
related to the value of the coupling coefficients, the etching 
constraints are greatly reduced. 

Consider two couplers connected in tandem as shown in 
Figure 2. Assuming the signal level at input A is 1, and is 0 and 
A', and that the coupling coefficient of each section is k, the 
signal level at the other ports are: 

B = k (8) 

B' = j M 1 - k2 (9) 

C = k2 - (1 - k2) (10) 

C' = j2k 'jl - k2 (11) 

Here we can see that the 90 degree phase shift between C and 
C' is still preserved. Now for -3 dB power division, signals at 
C and C' must be equal. Therefore, 

K2 - (1 - k2) = 2k ^1 - k2 (12) 

Defining / = k2 yields: 

The CAD Program 
A FORTRAN CAD program has been written which enables 

the user to design Lange couplers using the equations above. 
Single or tandem configurations can be selected, depending 
on the dimensions obtained and the quality of the etching 
process available. Figure 4 shows the simulated Touchstone" 
response of the single and tandem couplers. While the 
response of the single coupler is marginally better, in some 
applications this slight deviation is much less than the 
discrepancy in results (with a single coupler) due to the etching 
tolerances of the process available. 

Finally, the CAD program gives the user the option of 
producing an output file directly in the format of a Touchstone 
input file. This allows great flexibility in incorporating the Lange 
coupler into a larger circuit, or allows the mask of the circuit 
to be generated directly from software such as MICAD® or 
GAS-STATION" . 
The operation of the program TLANGE is described by the 

flowchart in Figure 5. First, the design parameters are entered; 
substrate dielectric constant, substrate thickness, center 
frequency, and overall coupling coefficient. If a tandem 
arrangement is selected, the program then calculates the 
coupling coefficient of each section. Next, the dimensions of 
the Lange coupler are calculated using the Osmani/Presser 
method, and finally, the results are produced either directly to 
the screen, or in the format of a Touchstone input file. Figure 
6 shows a typical output of the TLANGE program. Here a six 
finger tandem Lange coupler with a center frequency of 4 GHz 
has been designed on 5880 RT-Duroid" (0.79 mm substrate 
thickness). 

The program is available from the HF Design Software 
Service, including a compiled version and source code listing. 
See page 30 for more information. RF 

8/2 - 8/ + 1 = 0 (13) 

By solving this equation and discarding one of the solutions, 
we get k = -8.34 dB. Thus, to achieve an overall coupling 
factor of -3 dB, each of the two couplers connected in tandem 

Figure 3. Tandem Lange coupler arrangement. 
Figure 4. Simulated results of a single and tandem 
Lange coupler. 
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DIM 
FREQ GHZ 
RES OH 
IND NH 
CAP PF 
LNG MM 
TIME PS 
C0ND /OH 
ANG DEG 

CKT 
MSUB ER= 2.20 H=0.79 T=.OO5 RHO=1 RGH=0 
MLANG6 1234 W=.253 S=.4O6 L=13.500 
MLANG6 2647 W=.253 S=.4O6 L=13.500 
DEF4P 1637 LNGE 

OUT 
LNGE DB[S21] GR1 
LNGE DB[S41] GR1 

FREQ 
SWEEP 2.5 4.0 5.5 

GRID 
RANGE 2.5 4.0 5.5 
GR1 0 -20 2 

Figure 6. Touchstone file output from the TLANGE 
program. 
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Figure 5. Flowchart of the TLANGE program. 
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Tunable Filters 

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

center frequency over the 3-3,000MHz frequency 
range (1 octave per filter). These filters are available 
in either 3 or 5 sections, a VSWR of 1.5:1, and a low 
insertion loss of < 1 dB in the 5% 3dB bandwidth 
model. 
Bandreject or "notch* filters have a 25-i,000MHz (1 

octave per filter) frequency range, VSWR of < 1.2:1 
and is capable of eliminating undesirable signals 
by greater than 50dB rejection 

HIGH Q BANDPASS FILTERS: 
Provides the answer to noise and interference 

signals found on co-located communication links. 
These filters feature 225-400MHZ UHF or 100-163 
MHz VHF frequency range capability. High selectivity 
of >70dB, narrow 3dB bandwidth <600KHz, VSWR< 
1.5:1 and a typical tuning speed of 10 seconds. 

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

MULTICOUPLERS: 
Standard units cover the 225-400MHZ UHF and 

100-1 60MHz VHF frequency ranges. Both manually 
and digitally tuned models are available. Ground 
based or airborne modules of up to four units each. 

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

DIGITAL TRACKING FILTER NETWORKS: 
K&L's digitally controlled tunable bandpass 

network has a 20-1 500MHz frequency range, using 
a single controller. The network has a tuning accuracy 
of ± .25% of tuned center frequency, a 5 section 
Chebychev response with 3 to 30dB shape factor 
of 2.2:1 and 3 to 50dB shape factor of 3.5:1 and 
RFl/EMl moisture-sealed racks with 1 oodB isolation. 

For A Partner. 

K&L 
MICROWAVE INCORPORATED 

DOVER TECHNOLOGIES COMPANY 

408 Coles Circle Salisbury, Md. 21801 • PHONE: 301-749-2424 • FAX: 301-749-5725 » TWX: 710-864-9683 
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RF product report 

A Clear Signal for RF Filters 
By Liane G. Pomfret 
Associate Editor 

The market for RF filters is stable and 
growing with minor variations that 

can be linked to the current recession. 
As usual, the commercial market is 
enjoying greater success than the mili¬ 
tary market. Despite a worldwide eco¬ 
nomic slump, some of the best business 
is being generated internationally and 
has buoyed relatively flat domestic sales. 
Surface mount technology is also con¬ 
tributing to continued profits. With a 
host of new applications and new tech¬ 
nology, there’s little to stand in the way 
of a successful future for RF filters. 

It comes as no great surprise that the 
military market for RF filters has suffered 
because of congressional cutbacks. 
While the cutbacks have not been 
disastrous, they have been noticeable 
and companies involved in military have 
felt the pinch. For companies who focus 
on the commercial market, business is 
much better. The recent explosion of 
commercial RF applications has opened 
up new business opportunities. The list 
of applications — wireless communica¬ 
tions, PCNs, mobile and land mobile, 
data transfer, medical systems, and 
satellites — continues to grow. While 
much of this technology was developed 
for the military, it has found success 
within the commercial arena, making it 
doubly profitable for the manufacturers. 

Not all of the technology evolved from 
military contracts. Some developments 
came from the commercial sector. Sur¬ 
face mount and miniaturization of RF 
filters are the results of requests for 
smaller commercial devices — the 2 
pound cellular phone as opposed to the 
7 pound cellular phone. Like much of the 
RF industry, surface mount technology 
is now working its way into the filter 
industry. Yet the military still lags be¬ 
hind. Arie Verhagen, Vice President of 
Marketing for Murata-Erie comments, 
“The industry as a whole, has to do their 
homework to bring surface mount to the 
military’s attention.” Qualifying new tech¬ 
nology for military specifications is a 
long, expensive process and the indus¬ 
try is reluctant to invest time and money 
without assurances that the technology 
will be accepted. 

In the commercial sector, suppliers 

A switched filter module from Integrated 
Microwave. 

have been reducing their prices while 
maintaining or improving quality. As a 
result, manufacturers have more lati¬ 
tude to experiment with manufacturing 
techniques and materials. Steve So-
daro, Vice President of Marketing and 
Sales at TTE notes, “Components now 
are not as costly. It affords us the 
opportunity to do miniaturization. We’re 
always trying to miniaturize without 
sacrificing performance." However, 
while a large firm has the resources to 
experiment with technologies such as 
surface mount, smaller companies are 
often restricted because of the lack of 
available packaging technology within 
their company. Packaging technology 
is available from outside vendors but 
cost and availability are a stumbling 
block to in-house development. 
The communications industry offers 

a large number of uses for filters. Voice 
communications, data transfer and ac¬ 
quisition, LANs, and voice over data are 
all demanding more sophisticated filter¬ 
ing techniques. “The applications for 
filters in general are increasing, mainly 
due to enhancements in telecommuni¬ 
cations, LANs, and various radio sys¬ 
tems including cellular and land mobile 
beyond the classic military market," 
says Dave Distler, Director of Sales and 
Marketing for Trilithic. Manufacturers 
are demanding extremely sophisticated 
filters capable of high reliability, high 
performance filtering. 

Every company has its own area of 
specialty and responses will vary regard¬ 
ing the active areas for filter products. 
However, the general consensus is that 
communications equipment is the hot 
area right now. Randy Rhea, President 
of Eagleware notes, “We see a definite 

increase in interest in filters for data 
communications systems and that often 
results in a greater emphasis in the 
delay characteristics of filters.” Al Lowen¬ 
stein, National Sales Manager, for Mo¬ 
torola’s RF filter products components 
division, sees interest for their products 
in other areas as well. “The new activity 
is in the 915 MHz range, especially 
spread spectrum, new generation port¬ 
able telephones, and remote data acqui¬ 
sition, meter reading and things along 
that line.” He adds, “The other thing 
that is taking off is GPS and the satellite 
industry in general.” Wavetek’s focus 
has been high reliability communica¬ 
tions such as those found in avionics 
communications systems. Even with the 
slowdown in the domestic military mar¬ 
ket, Sara Mussman, Components Busi¬ 
ness Unit Manager for Wavetek com¬ 
ments, “I see a significant amount of 
business out there.” 
A lot of this business is coming from 

the international sector. Mussman notes, 
“Any country that is aggressively pursu¬ 
ing an upgrade will be a good source of 
business.” For George Szentirmai, Presi¬ 
dent of DGS, business has been fairly 
flat. “The only thing is that our interna¬ 
tional sales are pretty strong especially 
in Europe.” His company has had a 
great deal of interest from eastern 
european countries, but since there's 
no money available, there's been no 
sales. Werner Mueller, Vice President 
of KVG, North America comments, “I 
would hope that due to the reunification 
of Europe and due to the communication 
lack in eastern Europe, that there will 
be an increase in the European mar¬ 
ket." Toyocom’s market situation is 
different. They currently hold less than 
10 percent of the U.S. market and are 
looking to expand within the United 
States according to Dennis Reifel, Mar¬ 
keting Manager at Toyocom. 

With the majority of the RF filter 
business on the upswing, the outlook for 
the future is optimistic. The advent of 
surface mount technology and constant 
improvements in price and performance 
make filters an excellent prospect for 
profit in the coming year. RF 

For reprints of this report, contact Cardiff 
Publishing Company at (303) 220-0600; 
ask for the Circulation Department. 
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RF software 
SPICE Transistor Library 
A comprehensive library of RF transistor 

SPICE models is available from Intusoft. 
Models include 36 popular bipolar and JFET 
transistors, usable with any Berkeley SPICE 
compatible simulator. The models use a 
subcircuit approach that accounts for pack¬ 
age parasitics, and matches published S-
parameter magnitude and phase data up to 
5 GHz. The library is priced at $99, and is 
available in PC and Macintosh formats. 
Intusoft 
INFO/CARD #233 

Dielectric Resonators 
Two programs with easy data input are 

available for analyzing dielectric resonators. 
The program DRESV3 computes the reso¬ 
nant frequency and the Q factor of the TE0U 
mode. Program F0AM3 estimates the reso¬ 
nant frequencies of sixteen higher-order 
modes. Diskettes for the IBM PC or compa¬ 
tibles are priced at $25. 
Kajfez Consulting 
INFO/CARD #235 

Version 3.0 Introduced 
EEsof announces the new Version 3.0 

product suite, upgrading their line of high-
frequency software tools. Version 3.0 links all 

of EEsof's simulators under a single design 
environment; linear and nonlinear frequency 
domain, nonlinear transient SPICE analysis, 
and system/subsystem analysis. Its graphical 
design environment provides block diagram 
and schematic entry, multi-simulator control, 
documentation, and optional IC and board 
layout capability. Version 3.0 runs on UNIX¬ 
based workstations and PCs using the OS/2 
operating system. 
EEsof, Inc. 
INFO/CARD #234 

Software Catalog 
A new eight page catalog presents simula¬ 

tion and synthesis CAE tools from Webb 
Laboratories. Included are the SysCad and 
Receiver Advantage system simulators, 
FilSolv and TransCad for filter and transmis¬ 
sion line structure synthesis, and SANA for 
microwave network signal and noise analysis 
and optimization. 
Webb Laboratories 
INFO/CARD #232 

Graphics-Based Analysis 
DADiSP is a visually-oriented graphics 

software package designed for scientific and 
technical applications. Among the 200 data 
processing functions are signal arithmetic 
and editing, waveform generation, FFTs, and 

peak-finding. Extended memory support is 
an option, as is an IEEE-488 bus driver and 
an software module to interface with popular 
data acquisition boards. Versions are avail¬ 
able for a wide range of PCs, workstations 
and larger computers. 
DSP Development Corp. 
INFO/CARD #231 

SPICE Library for Linear ICs 
SPICE macromodels are now available for 

nearly every Burr-Brown op amp, difference 
amp, and instrumentation amplifier. Two 
levels are offered: PSpice® Parts™ and 
Enhance Parts™ macromodels. A 5 1/4 inch 
diskette with more than 75 models is free 
from Burr-Brown. 
Burr-Brown 
INFO/CARD #230 

Thermal Analysis 
Version 1.33 of SAUNA, a 3-D thermal 

annalysis package has been released by 
Tatum Labs. Larger models are possible; up 
to 700 nodes and 2750 thermal resistors. 
Reduced air density due to altitude is also 
accoutned for. SAUNA runs on IBM PC 
compatible and Macintosh II and SE/30 
computers. 
Tatum Labs, Inc. 
INFO/CARD #229 

RF Circuit Designers Redesign 

Mask Software CAD Translators 
Reduce turnaround time and cut mask costs 
when you use our software postprocessors to 
directly photoplot board artwork. Stop cutting 
and peeling Rubylith . Our postprocessors 
convert AutoCAD, EGS, Generic CADD, or 
Calma drawings into Gerber photoplotter code. 

REPRINTS 
REPRINTS 
REPRINTS 
REPRINTS 
REPRINTS 
REPRINTS 

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

For further information contact: 

Reprint Department 
RF Design 
6300 S. Syracuse Way, Ste. 650 
Englewood, CO 80111 
(303) 220-0600 

CRYSTAL FILTERS 
PHOTOPLOTTERS 

ACS 500 DXF to Gerber 
ACS 600 GDSII to Gerber 
ACS 700 HP EGS to Gerber 

TRANSLATORS 
ACS 800 EGS to AutoCAD DXF 
ACS 1000 MiCAD to AutoCAD 
ACS 3500 AutoCAD to GDSII 
ACS 3600 EGS to GDSII 

Call or write for our application notes describing 
how to photoplot hybrid circuits directly from 
your CAD database. 

Artwork Conversion Software, Inc. 
1320 Mission St. #5, Santa Cruz. CA 95060 

408/426-6163 Fax: 408/426-2824 

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

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

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

(Tel) 602-842-0159_ (Fax) 602-939-6830 
INFO/CARD 78 
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RF literature 
RF/Microwave Product 
Guide 

Avantek offers a 48-page Product Selec¬ 
tion Guide to give engineers a quick overview 
of the company’s standard products. Sum¬ 
mary specifications are provided for transis¬ 
tors, integrated circuits, amplifiers, signal 
processing and control products, LNAs, uplink 
amplifiers, cellular base amplifiers, and YIG 
oscillators. Most items are in stock at Avantek 
distributors. 
Avantek, Inc. 
INFO/CARD #250 

Ceramic Filter Catalog 
Murata Erie announces a design manual 

and catalog for their line of ceramic filters for 
communications. Single and multiple ele¬ 
ment filters are listed, covering standard 
frequencies such as 455 kHz, 3.58 MHz, 4.5 
MHz and 10.7 MHz. Ceramic discriminators 
and signal detectors are also included, as are 
surface mount filters. Application information 
includes theory of operation and circuit 
design considerations. 
Murata Erie North America 
INFO/CARD #249 

Frequency Control Products 
Comprehensive data on products available 

from Piezo Technology, Inc. is included in a 
new 96-page handbook. Monolithic and dis¬ 
crete crystal filters, LC filters, cavity band¬ 
pass filters, combline filters, interdigital fil¬ 
ters, crystal and non-crystal oscillators, preci¬ 
sion crystal resonators, RF subassemblies, 
and custom hybrid circuits are listed. 
Piezo Technology, Inc. 
INFO/CARD #248 

RF Data Book 
Motorola’s RF Products Division has re¬ 

leased their new RF Data Book, DL110/D 
Rev. 4, a two-volume edition covering power 
FETs, power bipolar and small-signal transis¬ 
tors, plus RF power modules. 84 new prod¬ 
ucts have been included since the previous 
version, along with new applications informa¬ 
tion. 
Motorola, Inc. 
INFO/CARD #247 

Coaxial Switches 
A new Standard Products Brochure is 

available from Dow-Key Microwave, listing 
standard electromechanical coaxial switches 
and relays in configurations from SPDT to 
SP12T. Transfer switches, bypass switches 
and low cost RF relays are also included. 
Photographs, specifications and schematic 
diagrams are provided for these products. 
Dow-Key Microwave Corp. 
INFO/CARD #246 

1991 Test Instruments 
Tektronix’ 1991 customer catalog is now 

available, highlighting more than 3000 prod¬ 
ucts in three broad areas: electronic test and 

measurement instruments, professional broad¬ 
cast equipment, and computer peripherals. 
New products include communication signal 
analyzers, VXIbus products, high resolution 
display monitors. HDTV test equipment and 
low cost broadcast spectrum analyzers. 
Tektronix, Inc. 
INFO/CARD #245 

Coatings Brochure 
A line of coating and ink systems is 

described in a new brochure from Emerson 
& Cuming. One and two-component systems 
are presented, used in making membrane 
switches, molded and flexible circuits, poly¬ 
mer thick film circuitry, and for modifying 
circuit boards. The coatings provide protec¬ 
tion against electrical contact during compo¬ 
nent assembly. 
Emerson & Cuming, Inc. 
INFO/CARD #244 

Frequency Chart Update 
The RF Products and Linear Integrated 

Circuits Divisions of Motorola have published 
a new U.S. frequency allocation chart cover¬ 
ing the RF spectrum up to 4000 MHz. Added 
to the previous version’s allocation catego¬ 
ries is a segment for Part 15 unlicensed 
devices. The chart is free, and is suitable for 
convenient wall mounting. 
Motorola, Inc. 
INFO/CARD #243 

SAW Filter Note 
A new Application Note discussing SAW 

coupled-resonator (CR) filters is available 
from RF Monolithics. SAW CR filters are 
suitable for many narrow-band applications 
from 70 MHz to 1500 MHz, and can be built 
with fractional bandwidths from 0.03 to 0.5 
percent. The filters exhibit low loss (3 dB 
typical) under matched conditions. The note 
covers theory, operational performance lim¬ 
its, and a comparison with other filter tech¬ 
nologies. 
RF Monolithics, Inc. 
INFO/CARD #242 

Reconditioned Equipment 
A catalog featuring reconditioned Philips/ 

Fluke test and measurement equipment is 
announced by Rubytron. Oscilloscopes, syn¬ 
thesizers, frequency counters/timers, sweep¬ 
ers, function generators and pulse generators 
are among the equipment types available. All 
instruments are calibrated and warranted. 
Rubytron Instruments 
INFO/CARD #241 

Distributor Catalog 
Tektronix 1991 Distributor Products Cata¬ 

log contains data on analog and digital 
oscilloscopes, frequency counters, digital 
multimeters and function generators. These 
products are offered through authorized dis¬ 
tributors. 
RAG Electronics, Inc. 
INFO/CARD #240 
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JFW Rotary Attenuators 
50R-002 
Frequency Range: DC-1000 MHz 
Attenuation Range: 0-130 in 10 dB steps 
Connectors: BNC, N, TNC or SMA 

50BR008 
Frequency Range: DC-2000 MHz 

Attenuation Range: 0-80 dB in 1 dB steps 
Connectors: BNC female (standard) SMA 

and N available upon request 

50R-029 (left) 
Frequency Range: DC-2000 MHz 
Attenuation Range: 0-70 dB in 10 dB steps 
Connectors: SMA female (standard) BNC 
available upon request 

50R-079(right) 
Frequency Range: DC-2000 MHz 
Attenuation Range: 0-10 dB in 1 dB steps 
Connectors: SMA female (standard) BNC 
available upon request 

50R-079 (left) 
Frequency Range: DC-1000 MHz 

Attenuation Range: 0-120 dB 
Connectors: BNC female or "N" female 

50R-080 (right) 
Frequency Range: DC-1000 MHz 

Attenuation Range: 0-12 dB 
Connectors: BNC female or "N" female 

JFW Industries, Inc. 
5134 Commerce Square Dr. 
Indianapolis, Indiana 46237 

(317) 887-1340 
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RF engineering opportunities 

RF ENGINEERS 
GEO-CENTERS, INC., a high technology, growth-
oriented research and development company 
specializing in engineering and high-tech ser¬ 
vices for the U.S. Department of Defense, has 
the following immediate, full-time openings at 
our central New Jersey location: 

Senior RF Engineer — to perform R&D on 
high stability frequency standards and clocks, 
including oscillator design and specifications; 
and resonator and oscillator testing. A PhD in EE 
or a related field and CAD/ATE experience are 
desirable. Must be a self-starter who is capable 
of independent and creative work in an R&D 
environment. 

RF Engineer — to perform R&D on high sta¬ 
bility frequency standards and clocks, including 
oscillator design, fabrication and specification; 
and resonator and oscillator testing. A BS in EE 
or a related field and CAD/ATE experience are 
desirable. Experience in data analysis, modern 
computational methods and good oral and writ¬ 
ten communication skills are necessary. 

GEO-CENTERS. INC. offers competitive sala¬ 
ries, an outstanding benefits package and un¬ 
limited growth potential. To explore these posi¬ 
tions. please forward your resume with salary 
requirements to: GEO-CENTERS, INC., Human 
Resources Dept - RF, 762 Rt. 15 South, Lake 
Hopatcong, NJ 07849 An Equal Opportunity/ 
Affirmative Action Employer. U.S. citizenship or 
permanent residency required 

You Have As Much 
Potential As We Do-
Unlimited. 
Radio Frequency Engineers 

W hen you're creating the world’s most advanced cellular 
network, you need the most advanced Radio Fre¬ 
quency Engineers. 

Among your varying responsibilities, you will evaluate subscriber traffic, 
present and future RF coverage and growth data to forecast system expan¬ 
sion and to provide optimal service for our customers. You will design the 
frequency plan, conduct testing on potential installation areas, assist the real 
estate group on potential cell and enhancer locations, and remain current on 
new technology and industry advancements. 

'1116 individuals we’re seeking will have a Bachelor’s degree in Electrical 
Engineering and two or more years of experience in the cellular or radio 
design industry. 

Located in the Southern California community of Irvine, near recreational 
parks and the ocean, you’ll enjoy many of the benefits that come from a 
progressive company, including a competitive salary, company wide bonus 
plan and an extensive benefits package. For immediate, confidential con¬ 
sideration, please send your resume with salary history to: Pac'I'el Cellular, 
Dept CR-RF/D, P.O. Box 19707, Irvine, CA 92713-9707. An Equal Op¬ 
portunity Employer. Principals only, please. 

PAC S3 TEL. 
Cellular 

RF Design A Pacific Telesls Company 
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MARKETPLACE 
WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE 
Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and 
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600. 

450 MHz SPECTRUM ANALYZER 
Adapted from Nov 85 QST article 

by AI Helfnck K2BLA 

Complete Kit Only $459.95 
Assembled & Tested $799.95 

FEATURES: Three digit LED center frequency digital readout 12 position calibrated 
scan width 1KHz to 50MHz switchable bandwidth wide * 300KHz narrow ■ 10KHz 
Use your low frequency scope tor the display portion Switchable lOKHz video filter 
Variable IF attenuator LOG output calibrated m 10 db steps 
CA residents add 6'4% sales ta» SAH $650 (insured) Foreign orders add »5% 

For more into or price list send large SASE (52‘| to 

A&A Engineering 
2S21 W LaPalma »K • Anaheim. CA 92801 • 714-9S2-21U 

INFO/CARD 70 

For All Your RF/ Microwave 
Prototyping Needs 

\ RF PROTOTYPE SYSTEMS 

QUICK BOARDS'“ for: 
PLL's, synthesizers, Avantek devices 

Breadboarding • Evaluation 

Free brochure! Call now 
1-800-874-8037 (outside Calif.) 

4» (619) 689-9715 FAX (619) 689-9733 S 
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CIR-Q-TEL 
FILTERS OFF THE SHELF AND BY DESIGN 

• BANDPASS, LOWPASS. HIGHPASS 
NOTCH FILTERS TO 26 5 GHZ 

• MINIATURES. CAVITIES. COMBLINES 
INTERDIGITALS AND TUBULAR 

• MIL-STANDARD 2000 

CIR-Q-TEL MICROWAVE 
6600 VIRGINIA MANOR ROAD 
BELTSVILLE. MD 20705 
(301) 470-2900 FAX # (301) 776-3882 
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SPREAD SPECTRUM 
COMMERCIAL DESIGNS 

RF SYNTHESIS SOFTWARE 

82 

• Specialize in High Volume, 
Low Parts Costing 

• Long/Short Range 

• 900 MHz/ 2.4 GHz 

• Complete RF Lab Facilities 

• Patented, FCC Approved 
Designs 

AXONN CORPORATION 
101 W. Robert E. Lee Blvd., 

2nd Floor 
New Orleans, Louisiana 70124 

(504) 282-8119 
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BUY-SELL-TRADE 
FOR ONLY 

$175/M0. 

3O5-WO6OO 

Smithsoft Plus by Somersoft 
PC Software for Every RF Engineer 

INTERACTIVE SMITH CHART 
Data are entered directly onto the chart by using the mouse, 
keyboard, or by loading a disk file. Component arcs, 
including parasitic effects, are drawn on the chart by making 
component selections from the top menu bar. A schematic 
is automatically generated and displayed as components 
are selected. Once a circuit is entered, the circuit editor 
allows you to randomly tune, cut, copy or paste any 
component. This makes it very easy to experiment with 
many different kinds of circuit topologies in order to achieve 
the best design. This also makes the software very 
educational for those who are just learning the Smith chart. 

... PARTIAL LIST OF FEATURES ... 

Network Analyzer Z-Theta Chart 
H, S, Y, Z, ABCD Conversions 

Common B - Common E - Common C 
Simultaneous Multiple File Analysis 

Operating and Available Power Gain Circles 
Unilateral Power Gain Circles 

Noise Circles Stability Circles 
S-Parameter Stack for Recursive Operations 
Data Tables on Screen or Dump to Printer 

Internal Graphic Screen Dump 

$259.00, Somersoft. (707)829-0164 
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