












































REF |etters

Letters should be addressed to: Edi-
tor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111. Letters may be edited for
length and clarity.

Receiver Analysis Correction

Editor:

In the article, “A Program for Design
and Analysis of Receivers” by John
Donohue (October 1993 RF Design),
there is a minor error. Using data from
Figure 4, Receiver Design Example, the
correct cascaded second order intercept
point is 13.38 dBm rather than 19.07
dBm as shown in Table 1.

All the equations are correct; the error
is shown in Table 1, where the second
order intercept point of 30 dBm was
used for the 7th stage and 20 dBm for
the 10th stage. Figure 4 shows that this
data should have been 28 and 14 dBm,
respectively.

The article was well written and very
useful.

Larry W. Miller
Trak Microwave Corp.

Another Look at Single Tone
Intermodulation Testing

Editor:

I enjoy the articles in RF Design and
often use them as supplementary infor-
mation for my students in the RF circuits
course here at the University of lllinois.

I am writing to point out a potentially
misleading section of the otherwise very
useful article by Steve Winder in the
December 1993 issue. In particular, the
derivation that attempts to relate P, ag 0
IP3 (equations 13-19) is technically
incorrect. A misleading intermediate
result is given in equation (18) which
seems to indicate the some fixed rela-
tionship exists between the first- and
third-order coefficients (a and c¢) in the
amplifier input/output characteristic. This
incorrect result is apparently the result
of explicitly assuming a peak voltage of
1 volt (eq. 13) and a mistake in writing
eq. (17b).

Surprisingly (to me, at least!) is the
fact that the final result is correct, and
can be derived without ever invoking a
particular relationship between a and c,
other than that they must have opposite
signs. This can be done by replacing the
second part of eq. (13) with:

Vi, = V, cos xt
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where V, represents the peak input volt-
age. The change here is to allow for
arbitrary input voltage amplitude rather
than 1.0 voit. Equation (17) would then
read:

Vo =0.89125aV,

=aV,+0.75¢ V3

(17a)
(17b)

out

where the symbol V_ ' represents the
peak value of the time-varying output
voltage at the fundamental frequency.
Clearly, the input voltage cannot be
eliminated from this equation (as the
author has done by writing (18)), and
can be used only to solve for the input
voltage level at which 1 dB compression
occurs. The existence of compression is
evidence that ac < 0, i.e. that a and ¢
have opposite signs. With this assump-
tion, the input power required for 1 dB
compression (computed assuming 1
ohm basis for input impedance) is:

lal
Pigg = 0.0725 ol

This shows that the 1 dB compression
level depends only on the ratio of the
third order coefficients. It can be shown
that IP3 depends on the same ratio,
which is why P, .o and IP3 can be relat-
ed simply by a scaling factor (10.66 dB),
as Steve pointed out.

Since the final result given is correct,
this whole issue is probably only of aca-
demic interest — which is why | was
interested!

Steve Franke, Professor
University of lllinois

ISO 9000 Discussion

Editor:

I write a column in Electronic Design
magazine. People have asked me, “Why
don’t you write, ‘What’s All This 1SO
9000 Stuff, Anyhow?” ” | tell them: (a) |
don’t know what to say — I'm not an
expert, and (b) whatever | say wouldn’t
make any difference. However, | wish
the hell | had written what George
Lohrer wrote.

I will write about quality.

Robert A. Pease, Engineer
National Semiconductor

Editor:
This is the first time | have responded
to anyone’s material because | do not

have the time or the resources to do so.
In this case, however, | feel deeply com-
pelled to make a rebuttal to the com-
ments made by Mr. Lohrer (October
1993 Letters column).

Based on his correspondence, Mr.
Lohrer appears to be a self-proclaimed
anti-1ISO vigilante. He states that there is
nothing new in ISO and that as a man-
ager of a company, one would have
seen that the measures required by 1SO
9000 are already implemented. If the
ISO requirements represent good busi-
ness practice, as he is suggesting (and
they do}, then what is his problem?

His dislike for ISO 9000 is apparently
based on the failures of previous quality
strategies, where he has a valid point.
Previous popular quality systems typi-
cally advocated the “thou shalt” or “thou
shalt not” approach. they were restric-
tive and forced the user to conform to
pre-conceived definitions and require-
ments for quality assurance, regardiess
of the specific application. ISO 9000 is
different. This standard provides for an
“umbrella” of criteria which represent
proven quality practices. In its most sim-
ple form, 1ISO 9000 asks you to docu-
ment what you do, and do what you
document. Of course, what you do
should result in the production of a qual-
ity product.

I predict that Mr. Lohrer will eventually
recognize the benefits the ISO 900 pro-
vides and choose to switch rather than
fight. While 1SO is not the perfect solu-
tion, it does cover, in a much better way,
the issues required to produce quality
products. If it did not, why would at least
fifty countries choose to adopt and pro-
mote the standard? ISO is an effective
method to dramatically make a differ-
ence in quality. As more and more com-
panies use it, the result will be not only
higher quality products, but products
produced with improved efficiency, as
well.

Ron Rapczynski
Surface Mount Product Develppment

Editor:

I read George Lohrer’s letter and the
responses with more than passing inter-
est. My organization buys PTS synthe-
sizers in quantity and | can tell you that
if every company were run the way PTS
is run, there would be no need for ISO
9000.

Robert G. Huenemann
LaHonda, CA
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RF news

Polyfet RF Devices Relocates — Pro-
ducers of power MOSFET RF transis-
tors Polyfet RF Devices will be relocat-
ing from its Newbury Park location to
Camarillo, California. A new and larger
facility was needed due to increases in
their wireless business. The new
address will be 1110 Avenida Acaso,
Camarillo, California 93012 about 55
miles NW of Los Angeles.

Battellle Forecasts 1994 R&D — This
translates into $164.5 billion which is
$3.8 billion over the $160.7 billion the
National Science Foundation estimates
actually was spent for R&D in 1993 or a
2.3 percent increase. Two percent of the
increase will be absorbed by inflation so
Battelle forecasts a negligible increase in
real total R&D expenditures. This is con-
siderably less than the 10-year average
real increase of 2.5 percent since 1983.
The cause for the R&D decrease is the
slowdown in industrial support and the
federal government shifting priorities.
Battelle President and Chief Executive
Officer Douglas E. Olesen said that
there’s so much technology diversity that
industry needs to focus on a few core
competencies because no one can be
world-class in everything. He states that
industry must create strategic alliances
with technology organizations that can
provide a critical and constant flow of
information about emerging technology.

Tektronix and Maxim Alliance — On
January 3, 1994, Tektronix, Inc. and
Maxim Integrated Products, Inc.
announced signing a letter of intent for
Maxim to acquire Tektronix’ Integrated
Circuits Operation (ICO). Also, the two
companies have reached an under-
standing to form a joint venture for the
operation of Tektronix” Hybrid Circuits
Operation (HCO). The ICO transaction
involves the purchase of assets and
facilities for an undisclosed amount of
cash. The contract includes a long term
agreement for Maxim to supply compo-
nents to Tektronix and to continue to
supply integrated circuit products to
existing Tektronix customers. Also, Tek-
tronix ICO and HCO employees will be
offered employment with the new opera-
tions, to be based in their current
Beaverton, Oregon location.

$1.4 Million Modems Contract —

Electronic Systems Technology Inc.has
signed a subcontract with UNISYS Cor-
poration to provide ESTeem wireless
modems for the U.S. Air Force. They will
provide a mobile remote terminal to a
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base’s main frame computer, both on
the flight-line and in the maintenance
hangers. This will aliow the Air Force
paperless real-time input of logistics and
maintenance data. The subcontract is
an indefinite delivery and quantity, with
a firm fixed-price contract to September
30, 1997.

Penstock Relocates New England
Field Office — The new address is: Pen-
stock New England, 60 Mall Road, Suite
310, Burlington, MA 01803. Tel: (617)
229-9100. Fax: (617) 229-2429. Pen-
stock carries Spread Spectrum, wireless
LAN’s and modems, DSP, V-SAT and
distributes name manufacturers prod-
ucts such as amplifiers, MMICs, filter,
splitters, mixers, connectors, cables and
multifunction assemblies.

Murata’s Name Is Changed — The
international manufacturer of electronic
components for the automotive,
telecommunications and computer
industries has changed their name from
Murata Erie North America to Murata
Electronics North America as of January
1, 1994. it represents a closer image
with their parent company, Murata Man-
ufacturing Co, Ltd., Kyoto, Japan, cele-
brating its 50th anniversary as a manu-
facturer of electronic components.

Webb Laboratories Update — Webb
Laboratories relocated in May of 1993 to
13731 W. Capitol Drive, Suite 260,
Brookfield, WI 53005. Tel: (414) 367-
6823, Main/original number. Fax: (414)
367-6824, Original Fax. New Tel: (414)
367-6825, New line-preferred for listings
and directories.

Sage Laboratories’ Subsidiary — A
wholly owned subsidiary, Sage Laborato-
ries Active Microwave, Inc. (SLAM), in
New Hampshire was formed on January
4, 1994. Two million dollars will be invest-
ed in SLAM which designs and manufac-
tures solid state microwave components
and assemblies for both defense and
commercial applications, with particular
expertise in microwave mixers, switches,
amplifiers, detectors, and multi-function
assemblies. The new company’s facility
is expected to be ready for occupancy in
March 1994 and to be fully operational by
the summer of 1994,

HP Semiconductor Test Operations —
This operation will focus on mixed signal
integrated circuit (IC) testing under the
name of California Semiconductor Test
Operation (CSTO). Also included will be

production testing and software for cir-
cuit characterization. CSTO is from HP’s
former AOT operation which is involved
with linear and power IC testing and
also from HP’s semiconductor charac-
terization and modeling products, IC-MS
and IC-CAP. CSTO will continue to
develop the HP 947X family of linear
and power IC configurable test products,
including the HP 9472 mixed-signal sys-
tem.

Papa New Guinea Upgrades Satellite
System — The $3.3 million contract has
Scientific-Atlanta providing the Post and
Telecommunication Corporation (PTC)
upgrades for the country’s domestic
satellite operations system so it can
transfer from PALAPA to INTELSAT.
The system will be upgraded from a
microwave restoration network to one
providing distribution of voice, data and
facsimile services to PNG’s major urban
areas. Included will be an 18-meter
INTELSAT Standard “A” Satellite earth
station which will serve as the network’s
master site. The company will also sup-
ply data converters and high-speed
modems to remote sites and retrofit the
antennas.

ARRL Call For Papers — The 1994
ARRL National Digital Communications
Conference on August 19-21 in Bloom-
ington, MN, is calling for papers on digital
communications. Presentation at the con-
ference is not required for publication.
Papers are due by June 20 and should
be submitted to Maty Weinberg, ARRL,
225 Main St., Newington CT 06111 or via
Internet at lweinber@arrl.org.

Wireless Computing Solutions Award
— CliniCom Inc. and the Children’s Hos-
pital of Orange County (CHOC) were
awarded with the first Best Local Area
Mobile Wireless Computing solutions
Award on December 7, at the Wireless
Data Comm ‘93 Conference in Washing-
ton, DC. The award recognized Clini-
Com for developing the Wireless Inter-
active Network which CHOC implement-
ed thereby allowing clinicians more time
with their patients at the point of care
instead of at remote computer stations.

Amateur Radio Offers Scholarships —
The Foundation for Amateur Radio,
Inc.This non-profit organization plans to
administer 49 scholarships for licensed
radio amateurs who are pursuing a full-
time course of studies beyond high
school and are enrolled in or have been
accepted for enrollment at an accredited
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RF industry insight

High Volumes, Accurate Designs
Obtained with Advanced Test

By Andy Kellett
Technical Editor

The number and types of RF devices
being built have changed over the
years, and so have the test methods
and equipment necessary to bring those
devices to market. Complex RF devices
built in high volumes have made auto-
matic test equipment necessary for
manufacturers. At the same time, manu-
facturers trying to squeeze every last
milliwatt out of battery-powered RF
devices have increased the demand for
precise device characterization.

Automatic Test Equipment & VXI

The price of test is a driving factor for
the cost of MMICs says Mike Caldwell,
Marketing Manager for MMIC test prod-
ucts at Scientific Atlanta (SA). And for
MMICs, 100% testing is almost manda-
tory, “The companies that just test a part
here and a part there won’t be around
very long,” says Caldwell.

According to him, automatic test
equipment users are particularly inter-
ested in single connect multi-measure-
ment (SCMM), high speed, and flexibili-
ty. "When specifications and parts
change, you shouldn’t have to go get a
test engineer,” says Caldwell.

VXlbus instruments have not taken
over large portions of the RF test market
says Racal Instruments Product Market-
ing Specialist, Arlene Meadows, “but it is
beginning to make inroads.” The VX
specifications are meant to provide
modular, compact test equipment, mak-
ing VXI instruments useful in applica-
tions where instruments must be
brought to the device to be tested; on
flightlines for example.

VXI's compact form factor may also
be part of the reason RF instruments
have been slower than other instru-
ments to make it to the VXI format. RF
instruments tend to be larger because of
shielding requirements says Meadows.
However, RF instruments are beginning
to appear more and more in VXI form.
According to Meadows there exist VXI
RF sources, frequency counters, down-
converters and attenuators. “l expect to
see a good spectrum analyzer within a
year.”
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Load Pull Measurements

Power amplifier design for wireless
applications must be both cost and power
efficient. “You can’t afford to oversize the
device; you have to find the best solu-
tion,” says Christos Tsironis, President of
Focus Microwaves. In the case of
designing RF power amplifiers, the way
to quickly achieve an optimum design is
to know the transistor’s large signal para-
meters. However, Tsironis says, “Practi-
cally no manufacturer provides large-sig-
nal parameters.” That's where load-puli
analysis comes in. Focus Microwaves,
Maury Microwave and ATN Microwave
are among the companies that produce
load-pull test set-ups.

“You can really call these variable
impedance measurements,” says
Michael Fennelly, Sales and Marketing
Manager for ATN Microwave. “most
measurable power dependent properties
are functions of termination imped-
ances,” says Fennelly.

Removing the effects introduced by
the test set-up (de-embedding) is an
important part of these measurements.
While some systems must be siowly
"pre-calibrated" to obtain de-embedding
information, ATN's systems can be
quickly calibrated "in situ”, says Fennelly,
because they are continuously connect-
ed to a vector network analyzer. This
eliminates the need to assemble and dis-
assemble connections for every test.

Vector Network Analyzers

Vector network analyzer (VNA) manu-
facturers continue to extend the capabili-
ties of their instruments.

The 6210 reflection analyzer option for
Marconi Instruments' 6200 microwave
test set gives users a limited vector
analysis capability along with its time
domain capabilities. With this option, a
user can measure both magnitude and
phase of S11 and S22, and magnitude of
S12 and S21. According to Rick Warrick,
National Microwave Product Manager for
Marconi, for applications that don't need
full vector analysis for all 2-port S para-
meters, this option provides a good solu-
tion at a good price. In addition, the 6210

allows signals to be fenced, which War-
rick describes as the inverse of gating.
What this means is an offending reflec-
tion can be selectively “ignored” by the
instrument, allow simulation of system
performance without that reflection.

Wiltron continues to expand the capa-
bilities of its 360B line of vector network
analyzers, extending the upper end of
the instrument’s frequency range to 50
GHz and adding packages that measure
material properties and connector speci-
fications. Wiltron Director of Corporate
Technology, Dr. Martin Grace says he
expects to see a lot more automation of
measurements, requiring less skill on the
part of the operator. “I suspect we will
lose some accuracy in that process.”

A new transfer standard for VNAs
takes a step in that direction, but without
a reduction of accuracy. Developed by
Hewlett-Packard, in cooperation with
ATN Microwave, the ECal transfer stan-
dard can calibrate a VNA for all four 2-
port s-parameters in less than three min-
utes. “In the past, if users cleaned up the
connectors and did everything just so, a
full 2-port calibration could take 20 to 25
minutes,” says Kevin Coffey, Product
Marketing Manager at HP’s Santa Rosa
Systems Division. The ECal requires
only two connection which are only
made once, cutting down on time, oppor-
tunity for error, and wear and tear on
connectors.

ECal incorporates a series of electroni-
cally switched impedances contained in
a box called the "module" and a control
box which can be connected to most HP
vector network analyzers. Each "module"
is characterized on a NIST-traceable
VNA, "the golden HP 8510", says ECal
Product Manager. The de-embedding
information obtained this way is stored in
ROM in the module.

It has become a recurring theme in this
column that the increasing demand for
portable RF products has prompted
manufacturers to produce large volumes
of complex, low-power devices more
cheaply than ever. The test equipment
presented in this article is all geared to
do just that. RF
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RF featured technology

An Algorithm For Combined
Receiver Sample Timing And
Frequency Offset Estimation

By K. Anvari
Teknekron Communications Systems

A combined automatic frequency con-
trol (AFC) and clock timing recovery
algorithm is discussed. The algorithm
extracts the frequency offset of the carri-
er and timing offset of the clock from a
discrete component of the clock which is
produced by a non-linear function. The
non-linear function requires four sam-
ples per symbol for its operation. This
technique depends on received symbols
and performs best if the received sym-
bols are random. It has been shown that
using this technique very fast timing
acquisition in the order of 100 to 200
symbols is possible. It is also possible to
calculate the clock frequency drift by
using a higher number of received sym-
bols. The simulation results also show
that frequency offset can be estimated
with resolution of few tenths of Hz.

he development of the 1S-54, dual

mode cellular system has invoked
much research in the area of digital sig-
nal processing techniques. These tech-
niques have a fundamental role in fur-
thering VLSI integration of transceivers.
Any integration in the form of a generic
chip set would reduce the development
time for a family of products based on a
common core architecture. It also
results in low cost, easy reproducibility
and high reliability.

Sampled implementation of the
receivers for digital data signals are
growing more popular as components —
notably digital signal processors and
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Figure 2. The signal spectrum
after non-linear operation, linear IF

VLSI circuits — improve in capability.
There is a need for sampled algorithms
to replace the continuous-time methods
that have predominated receiver design.

This paper details a simple clock
phase and frequency offset estimation
algorithm for a QPSK or ASK receiver.
The algorithm can be used for receivers
with two samples per symbol and per-
forms combined sampling time and fre-
quency error calculation. It is a robust
algorithm which can work in the pres-
ence of various channel impairments
and a fast fading environment [1],[2].
Naturally, adjustment speed is critical,
and it is an important feature of the pre-
sent technique that the adjustment of
sampling time and the correction of the
frequency offset are substantially
accomplished in the shortest possible
time and with minimum estimation error.

Synchronization Techniques
Digital radio receivers often utilize a
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Linear
Block
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Figure 3. The signal spectrum after
non-linear operation, limiting IF

circuit to automatically correct for dis-
crepancies between the received sig-
nal’s carrier frequency and the frequen-
cy of the local oscillator used in a super-
heterodyne receiver. They also utilize a
timing recovery circuit for correct detec-
tion of the digital data that the received
signal conveys. Timing recovery and
carrier recovery are two of the most criti-
cal receiver functions in synchronous
communication systems. The receiver
clock must be continuously adjusted in
its frequency and phase to optimize the
sampling instants of the received data
signal. To avoid performance degrada-
tion caused by carrier phase and fre-
quency error, the incoming signal carrier
has to be tracked. The choice of sam-
pling time is critical for minimizing the
error probability due to inter-symbol
interference and noise, particularly when
the signal has been subjected to sharp
roll off filtering. The timing and frequen-
cy information is usually derived from

Arctan

LPF C+

2/4

- Arctan

Figure 1. Joint AFC and Symbol Timing Recovery

Algorithm
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Figure 4. Non-linear operator
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RF ' featured technology

Design and Performance of a
Low Voltage, Low Noise
900 MHz Amplifier

By Nagaraj V. Dixit
Motorola SPS, Asia Pacific Division

This technical article describes the
design and performance of a 900 MHz
low noise amplifier (LNA) covering the
840 to 960 MHz frequency band. The
amplifier operates with a low supply volt-
age (4.0 V) and requires a supply cur-
rent of <3.4 mA. Performance is high-
lighted by a very low noise figure of 1.7
dB and a gain of 11 dB with uncondition-
al stability across all frequencies. Appli-
cations of this amplifier include CT1 and
CT2 cordless telephones, remote con-
trol receivers, GSM, video and audio
short range links, low cost cellular radios
and ISM spread spectrum receivers.

he transistor selected for the LNA is

the Motorola MRF9411L which is
supplied in a SOT-143 surface mount
package ideal for automated manufac-
turing using micro-strip printed circuit
board (PCB) construction. Its perfor-
mance characteristics indicate a unilat-
eral gain of approximately 17 dB with a
optimum noise figure of 1.3 dB over the
desired range of frequencies. Gain and
noise figure contours for the MRF9411L
are shown in Figure 1.

The theoretical design was done using
the measured S-parameters shown in
Table 1 and with noise parameters mea-
sured at 880 MHz. The source reflection
coefficient was chosen to achieve opti-
mum noise figure of 1.3 dB. EESof’s
analysis and optimization software pro-
gram Libra™ was used for stability

analysis and matching circuit optimiza-
tion. After careful observation of the
data shown in Figure 1 and Table 1,
note the following points:

* The device and conventional matching
networks are potentially unstable.
Some form of stability is required.

* There are regions of instability in both
the input and output impedance
planes.

* As would be expected, gain and noise
figure contours do not coincide.

A redesign of the circuit was required
in order to stabilize the circuit at all fre-
quencies—below the desired band, in the
band and above the band. And, of
course, the desire is to achieve stability
while retaining minimum noise figure
performance and acceptable gain.

At least three methods of stabilizing
the circuit are available to the design
engineer:

* Input shunt resistive loading
+» Output shunt resistive loading
* Voltage shunt feedback

Methods 1 and 3 degrade the mini-
mum noise figure performance and,
therefore, were not acceptable. Output
shunt resistive loading was implemented
since it did not affect the noise figure,
and because S12 is so small the previ-
ously determined input impedance

Figure 1. Gain and NF contours
for MRF9411L.

matching is also unaffected (the amplifi-
er can be assumed to be unilateral).
Simulated S-parameters and “k” factors
over a wide range of frequencies with
output resistive loading are shown in
Table 2.

The input matching circuit chosen
uses low pass topology and is designed
to transform the generator impedance
(nominal 50 ohms) to I' , of the
MRF9411L in order to obtain best noise
performance. This configuration will not
affect the low frequency stability of the
amplifier since at low frequencies, a low
pass network tends to be “transparent”
and does not transform impedances any

Freq.|S11 S21 S12 822 GU,,.| K Freq. [S11 S12 S21 S22 K
MHz | (mag, phase)| (mag, phase)| (mag, phase)| (mag, phase)|dB MHz |[(mag, phase) | (mag, phase) |(mag, phase) |(mag, phase) |dB
840 |0.57,—-111 |5.13, 109 |0.08, 42 0.63, —42 18.1 0.49 100 |0.57, —60.804 | 5.27E—4, 71.249]4.45, 154.249 | 0.106, —53.701 |142.8
860 |0.57,-112 |5.05, 108 |0.085,41.60.62, 42 17.9 0.50 840 ]0.58,-99.393 | 0.0504, 48.695 [3.08, 115.095 | 0.180, —122.145[ 2.040
880 |0.56, 114 |4.97, 107 ]0.085,41.3{0.62, 43 17.7 0.52 860 |0.58, 100.758(0.0511, 48.086 [3.04, 114.186 |0.181, ~122.917|2.048
900 |0.56,—115 14.89, 106 |0.086, 41.4/0.61, 43 17.5 0.52 880 |0.57, 102.325[0.0512, 47.782 |2.99, 113.282 | 0.183, —123.462| 2.091
920 10.55,-117 14.80,105 [0.086,40.8|0.61, 43 17.2 0.54 900 |0.57, 103.663[0.0519, 47.88 |2.95, 112.48 10.184, —124.11 {2,107
940 [0.55,-118 |4.74,104 [0.087,40.3/0.60, 44 17.0 0.55 920 |0.56, 105.229] 0.052, 47.247 [2.91, 111.647 |0.185, —124.665|2.157
960 |0.54,-120 |4.68, 104 |0.088, 40.40.60, 44 16.8 0.56 940 |0.56, 106.517| 0.0527, 46.740 |2.87, 110.940 | 0.186, —125.201]|2.179
S-parameters measured at V, =3V, I, = 3mA 960_ {0.56, 107.942| 0.0534, 46.822 |2.84, 110.022|0.187, —125.845[2.185
1000 [0.55, 110.370) 0.056, 46.810 [2.78, 108.010 | 0.191, —127.099[2.145
Table 1. Table 2.
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RF cover story

Chip Set Addresses North American
Digital Cellular Market

By Michael M. Sera
Philips Semiconductors

Being compatible with divergent stan-
dards is not the only challenge cellular
handset manufacturers must meet —
flexibility, size, and price are also con-
siderations. To help designers meet
these challenges, a new chip set target-
ing dual-mode (1S-54) cellular telephone
applications has been introduced.

Cellular phone use has dramatically
changed over the past decade, from
an eccentric communication device that
only the privileged few could afford, to
one that is now being given to family
members as a security device. The cel-
lular phone has reached the mass mar-
ket, a dream come true for all cellular
manufacturers and service providers.
Now the problem becomes maintaining
the same level of service. Users will
quickly become frustrated if, from down-
town San Francisco, they receive a fast
busy signal. This condition is unaccept-

able if the cellular phone is ever to pro-
vide the same level of service as the
wired system.

Note: Since this issue is only a prob-
lem in major metropolitan areas, Digital
Cellular is not necessarily required
everywhere today.

There are many ways to tackle this
problem. Service providers could
increase the cost of service during peak
times to discourage use. The disadvan-
tage is that cellular would lose the mass
market appeal and make other services
such as Personal Communications Sys-
tems (PCS) or Personal Communication
Networks (PCN), Private Mobile Radio
(PMR) and Long Range Cordless more
attractive. Another alternative would be
to increase the number of channels cur-
rently allocated. The disadvantage here
is that other services already exist in
adjacent frequencies. Instead, the cellu-
lar companies as a group, through the

TIA (Telecommunications Industry
Association) or CTIA (Cellular Telecom-
munications Industry Association), have
decided to address the problem by
using the existing channels more effi-
ciently.

The current North American analog
Advanced Mobile Phone Service
(AMPS), specifies the use of Frequency
Division Multiple Access (FDMA) with
832 channels separated by 30kHz. The
cellular manufacturers have come up
with several schemes to share a single
channel with multiple users. The first
being Narrow band AMPS (NAMPS),
which takes an existing 30kHz channel
and divides it into three 10kHz channels.
The increase is from one user to three
users per channel. However, to date,
the NAMPS scheme has not been wide-
ly accepted by the cellular community.

TDMA (Time Division Multiple
Access), standardized as 1S-54, uses
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Figure 2. Block diagram of SA601.

the same 30kHz channel spacing but
multiplexes users over time. Therefore
at different time intervals multiple user
are present on the same frequency. The
increase is from one user to three users
per channel. E-TDMA (Extended Time
Division Multiple Access) increases this
number even higher with some manu-
factures reporting improvements of up to
ten users per channel.

The TDMA service today is still
sparse. The plan is to provide service to
the major metropolitan areas first. A
user of a TDMA phone shouldn’t worry
though, the specification for TDMA, 1S-
54, requires that the handset and sys-
tem be dual mode (i.e.; compatible with
digital and analog standards). Therefore
both TDMA and AMPS are supported.
This allows a TDMA handset owner to
have a seamless cellular network in
North America regardless of the loca-
tion. The major advantage for the TDMA
handset in downtown San Francisco,
where TDMA is supported, is that the
TDMA phone is less likely to experience
a fast busy signal.

The service providers in general are
also offering reduced airtime costs to
TDMA handset users. The digital ser-
vice provider in the San Francisco Bay
Area is offering approximately a 3-cent
discount per minute along with a month-
ly discount of about $10 depending on
the plan. Another advantage of the
TDMA standard is that the modulation is
digital and a conventional scanner will
not be able to eavesdrop on calls. If the
analysts are correct, TDMA will grow to
over 1 million users in 3 years. This will
help drive the economy of scale for this
new and upcoming standard.

The North American cellular market
has another digital standard calied
CDMA (Code Division Multiple Access)
adopted by the TIA as 1S-95. This
scheme uses a combination of spread
spectrum technology plus a coding
scheme that San Diego based Qual-
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Figure 3. Block diagram of SA637.

comm Inc. has licensed. CDMA also
requires that the handsets and system
support dua! mode operation. Therefore,
they support both CDMA and AMPS.
This allows a TDMA handset to operate
in a CDMA environment through the
common mode of AMPS.

Chip Set Simplifies Design

Now, with a clear decision to improve
capacity by using a digital scheme, we
must also address the cost, perfor-
mance and size issues. Users of cellular
phones have become comfortable with
the fact that their phones fit nicely into
their shirt pocket or purse. They also
enjoy the fact that their batteries are
usable for the whole day. Trying to con-
vince them to use a digital phone that is
the size of a brick will not be successful.
Therefore a low power, highly integrated
solution is essential for any digital stan-
dard to succeed.

Philips  Semiconductors  has
addressed this by combining the experi-
ence of their low power AMPS chip set
and customer inputs. The result is a low
power, highly integrated chip set for the
I1S-54 (TDMA) North American Digital
Cellular standard (Figure 1). The chip
set combines all of the necessary RF
and IF functions into four integrated
devices: the SA601 RF front end, the
SA637 digital IF receiver, the SA7025
dual frequency synthesizer and the
SA900 1/Q transmit modulator.

These devices were designed as a
system and therefore have interface lev-
els which are matched, this eliminates
the need for additional buffers and inter-
face devices. There is also a common
high speed serial interface bus, making
addressing the devices simpler. Addi-
tionally the frequency plan was
designed to eliminate the need for an
additional synthesizer and VCO loop. All
of these features dramatically reduce
the cost and size while improving the
performance of the overall system.

These features ensure that a TDMA
handset manufacturer can produce
phones that will succeed in this
demanding market.

How the System Works

To understand how this chip set oper-
ates let's follow a signal at Channel 1
through the receive and transmit paths
in Figure 1. To begin, a received signal
on Channel 1 (870.03MHz) enters at the
antenna.

The signal then moves through the
881 MHz bandpass filter, to be amplified
by the SA601 low noise amplifier (LNA).
The low noise figure of the SA601’s LNA
(1.6 dB) adds very little noise to the orig-
inal signal. The signal is then down con-
verted by the SA601’s mixer to the first
IF (83.16 MHz for this example). The
first LO is phase locked by the SA7025
main loop at the receive frequency plus
the IF frequency (870.03MHz + 83.16
MHz = 953.19 MHz). Continuing down
the receiver chain, the signal passes
through an image reject filter centered at
83.16 MHz before entering the SA637
digital IF circuit. The SA637’s mixer
down converts the incoming signal to
the second IF of 600 kHz. The second
LO is also phase locked by the
SA7025’s auxiliary synthesizer. The
second LO in this case is the 1st IF Fre-
quency minus the 2nd IF frequency
(83.16 MHz — 600 kHz = 82.56 MHz).
The signal is then amplified and passes
to the DSP/baseband processor for
demodulation and decoding.

Looking at the transmit side, a carrier
is first generated for Channel 1 (825.03
MHz). This is accomplished by using the
same receiver first LO signal from the
SA7025 at 953.19 MHz and the SA900’s
on-chip mixer and synthesizer loop. The
SA900’s synthesizer loop is fixed at the
receiver’s second LO frequency plus the
TX/RF offset of 45 MHz (83.16 MHz +
45 MHz = 128.16 MHz). When the syn-
thesizer loop and the first LO signals are
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Thanks to a piezoelectric vibrating
gyroscope, their marriage will

never have to be on shaky ground.

It was a match made in heaven. (Actually, it was made the camera. We also expect to find important roles for
in a Murata research lab.) Our engineers developed GYROSTAR in other technologies, such as navigation
an innovative compact vibrating gyroscope — the systems, automotive electronics and factory automa-
GYROSTAR ™— that’s 100 times more precise than any tion, by working closely with our customers. And those
other gyroscope. When coupled with the latest video relationships, like the one in the photograph above,
technology; it compensates for an unsteady hand on have unlimited potential. You see, we offer commitmen

©1994 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved.
Please see us at RFEW, Booth #221.
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STETCO, Inc.

STETCO, Inc. manufactures a high qual-
ity line of surface mount coils designed
for use in a wide variety of environmen-
tal applications. The wire which com-
prises the coil is welded to the terminals
and will not unravel during manufac-
turing soldering processes. The termina-
tions are available in gold, nickel and
90/10 tin/lead to insure extended shelf
life before the soldering process. These
coils are available in the standard 1008
package and a low profile 1008 package.
A new 0805 series is also available with
an inductance range of 2.2 nH to 680 nH.
All coils can be tested at the customer’s
application frequency and are available
in bulk, waffle and 8 mm tape and reel
packaging.

JFW Industries

JFW is celebrating 15 years as a leader in
the design and manufacture of RF com-
ponents and custom sub-assemblies.
New products include custom thick film
resistors, attenuators, terminations, high
power variable attenuators, phase con-
stant programmable attenuators, weath-
er-proofed power dividers, single
pole/multithrow switches and custom
RF switching matrices.

Pole Zero Corp.

Digitally tuned filters, once born from
the need to provide selectivity to fre-
quency agile and scanning radios have
found their way into general applica-
tions. Consider: Pole Zero’s Mini and
Maxi Poles, Power Poles and
Preselectors. Benefits include: low
power consumption, high selectivity,
low insertion loss, The ability to tune a
very narrow pass band continuously
over a frequency range(from 1.5 MHz to
1 GHz) in microseconds, makes these
miniaturize modularly designed RF
Filters and Preselectors ideal for a wide
variety of uses. The affordable solution.

E.F. Johnson

E.F. Johnson Components manufactures
a full range of subminiature RF connec-
tors with SMA, SMB and SMC inter-
faces. All E.F. Johnson connectors are
designed to meet the electrical and
mechanical specs of MIL-C-39012. In
addition, E.F. Johnson manufactures a
complete line of electronic components
and hardware items. Whether for stan-
dard catalog items, modified existing
parts or fully custom items, E.F. Johnson
offers you the advantage and flexibility
you require. Outstanding quality at the
right price.

Wayne Kerr/Farnell

Wayne Kerr/Farnell has released the
EASY 1 Emissions Assessment System
for precompliance EMC testing. The
EASY 1 is PC based and consists of a
Wayne Kerr SSA1000A 9 kHz-1 GHz
Spectrum Analyzer, Windows 3.1 com-
patible software, a GPIB card for the PC,
a near field probe kit, a Line Impedance
Stabilization Network (LISN) 6/16 AMP
and a specially designed broadband
antenna, plus cables and detailed docu-
mentation. The EASY 1 is ideal for com-
panies who want to test for conducted
and radiated emission of their products
during the development and production
stages to ensure EMC compliance.

Tecdia, Inc.

Tecdia capacitors will satisfy a wide
variety of your microwave capacitor
needs. These chip caps are designed and
manufactured specifically for both thin
and thick film hybrid integrated circuits.
The safety margin around the electrode
structure (A & B Types) helps to prevent
shorts after epoxy attachment and
makes them ideal for high component
density applications. Tecdia C-Type
chip caps are made with platinum met-
allization to ease soldering with materi-
als such as Sn60, Sné62, etc.

Sciteq Electronics, Inc.

Sciteq’s mission is to develop, produce,
and market advanced-technology fre-
quency synthesizers and other RF sub-
systems. Quality ranges from military
(easiest) to commercial (tough because
failures are unacceptable). Specialties
include broadband DDSs, digital chip
generators, the Arithmetically Locked
Loop (a fractional-n derivative), and
combination architectures. Standard
products are tailored for PCS/wireless,
communication, imaging radars, VSAT,
satcom earth stations, and research pro-
jects. Sciteq offers enabling solutions to
aggressive system development.

Giga-tronics Inc.

Giga-tronics Incorporated will demon-
strate RF signal generators and power
meters in booth 146/148. The Giga-tron-
ics 6060 Series Synthesized RF Signal
Generators provide accurate and reliable
operation from 10 kHz to 2 GHz, at
prices that fit almost ant budget. The
Giga-tronics 6080A and 6082A
Synthesized Signal Generators provide
the highest performance available from
10 kHz to 2 GHz. The Giga-tronics 8540
Series Universal Power Meters provide
fast and accurate CW and peak power
measurements from single meter.

Bal Seal Engineering Co.

Bal Seal Engineering Company Inc.
manufactures canted-coil springs for
EMI shielding from very small diame-
ters to long lengths. Each coil deflects
independently, maintaining a nearly
constant force. Metal segments cannot
break off and damage internal circuits.
Bal Seal supplies springs in beryllium-
copper and other materials. Nickel, tin,
silver and gold platings improve com-
patibility or conductivity. Specify light,
medium, and heavy force in standard
coil height, from 0.015 to 0.450 inch.

Hewlett-Packard Co.
Hewlett-Packard will be showing RF
components and communication test
instrumentation, plus electronic design
automation(EDA) software tools for
high-frequency analog circuit and sys-
tem design. RF frequency computer
aided engineering(CAE) systems will
also be demonstrated. See H-P in booth
710.

California Eastern Laboratories
New from California Eastern
Laboratories is the NEC Wireless
Sampler. Designed to help speed up
wireless circuit design, this kit puts over
100 NEC parts right at the design engi-
neer’s fingertips. Data sheets, applica-
tion notes, and S-parameters on diskette
are included. CEL will also be introduc-
ing NEC’s new UPAS00T. Developed for
pager and other wireless applications to
2.5 GHz, this unique NPN transistor
combines a pair of 10 GHz f, NE680 die
in an ultraminiature (1.25 mm x 2 mm)
surface mount package. Booth 818.

CAD Design Services

CAD Design Services is a service bureau
and software developer, expert in R/F,
microwave, power supply, flex and digi-
tal PC board design as well as E/M
packaging developed on AutoCAD
databases. As an AutoCAD third-party
developer we publish programs that,
when used with AutoCAD, provide reli-
able production system — from
AuotCAD drawing to Gerber Film plot.
This powerful, easy to use software gen-
erates parts lists and net lists in varied
formats. It can optionally work in the
sane AutoCAD drawing as the PCB
database for automatic forward and
back annotation. Information changed
in the parts list, schematic or PCB is
automatically updated in the other two.
Simple dialog box controls, with rapid
library access, makes learning this soft-
ware intuitive. For use with AutoCAD
Release 12 or above.
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Herotek

Herotek features RF and microwave
components and subsystems from 0.01
to 40 GHz. The products offered
include: detectors, limiter/amplifier/fil-
ter detectors, comb generators, multipli-
ers, GaAs FET amplifiers (low noise and
power), limiters, switches, harmonic
mixers, down-converters, integrated
subsystems, power amplifiers, thresh-
old detectors and frequency doublers —
for commercial cellular radios, PCS,
LAN, DCN, etc.

LAP-TECH

LAP-TECH manufactures high precision
custom quartz crystals and hermetically
sealed TTL or CMOS clock oscillators.
The glass and cold weld sealed crystals
are particularly suitable for military and
high reliability industrial applications.
The range of resistance weld enclosures
includes conventional leaded types as
well as surface mount and special sub-
miniature styles. The in-house quality
meets NATO AQAP-4 / MIL-QQ-9858
standards. ISO 9002 certification is
pending.

Motorola

Motorola is known and respected
worldwide as a leading semiconductor
supplier to manufacturers of communi-
cations products, including switching,
transmission, wireless and customer
premise equipment. With its passion for
quality and service, depth of immersion
in key enabling technologies, and the
broadest portfolio of products in the
semiconductor industry, Motorola is
dedicated and equipped to anticipate
and meet your communication needs.

Eagleware

Eagleware is announcing the new SYS-
TEM 32 family of integrated HF synthe-
sis and simulation software for IBM
PCs. This family supports DOS and 32-
bit Microsoft Windows and Windows
NT operating systems with totally inter-
changeable files. The 32-bit versions are
faster than 16-bit Windows product,
break memory barriers, support multi-
tasking and support multiple instance.
Engineering departments may operate
in a mix of these operating environ-
ments and still share user circuit and
data files. All Eagleware synthesis and
simulation programs are available as
SYSTEM 32 products.

San Jose, California

International Crystal
Manufacturing Company
International Crystal Manufacturing
Company (ICM) has been serving the
communication industry for 43 years.
ICM specializes in custom crystals from
as low as 70 kHz to as high as 200 MHz.
ICM will custom engineer to your speci-
fications. ICM can also supply special
motional parameters as well as many
different metals and holders. Rigid stan-
dards and lifetime warranty insure qual-
ity and satisfaction. ICM also manufac-
tures a wide range of custom oscillators,
and markets products for the communi-
cations industry, including pagers,
chargers, portable and mobile radios.
All items come with a manufacturers
warranty and ICM operates a full ser-
vice repair department.

EMC Technology

EMC Technology, Inc. is a leading
provider of Microwave components
including: terminations, attenuators,
programmable attenuators, temperature
compensating attenuators, and hybrid
couplers.

Sawtek Inc.

At RF Expo West, Sawtek will display
SAW products that operate at frequen-
cies from 10 MHz to 3 GHz. These
include bandpass filters, delay lines,
low-loss filters, oscillators, pulse
expanders and compressors, resonator
products and SAW-based subsystems.
These products are designed for both
low-volume and high-volume programs
in communications, cellular telephony,
modems, wireless data transmission,
radar, electronic warfare, cable televi-
sion, security systems, and other signal
processing applications. In addition to
the product display, Sawtek will distrib-
ute its 1994 Product Catalog which fea-
tures the newest in SAW product tech-
nology. The new catalog, designed as a
practical guide to SAW devices and
their applications, will be available to all
those who stop by Booth 930.

T-TECH

Quick Circuit is a milling, drilling and
contour routing system for making pro-
totype single or double-sided circuit
boards. The system removes copper by
milling instead of chemical etching.
Quick Circuit can take files (HPGL,
Gerber & Excellon/NC drill) from any
CAD package. The system allows for a
minimum engraving width of .005”.
Quick Circuit features an adjustable feed
rate for working with a variety of mate-
rials.

RF Expo West

TRAK Microwave

TRAK will be introducing its newest
product line of signal processing compo-
nents. These include mixers, couplers,
quadrature hybrids, power splitters,
PIN diode switches, phase shifters, and
I/Q networks such as modulators,
demodulators, phase comparators,
image reject mixers, and discriminators.
Another new product on display will be
the Model 8860 Primary Reference Clock
which provides cesium accuracy at
much lower cost. Other featured prod-
ucts will include phase locked and crys-
tal controlled oscillators, frequency mul-
tipliers, synthesizers, circulators, and
isolators.

RF Micro Devices

RF Micro Devices is emerging as a lead-
ing supplier of low cost integrated cir-
cuits for wireless applications extending
to 2.5 GHz. Our components include
LNA /mixers, IF amplifiers, linear
power amplifiers, quadrature modula-
tors/demodulators and attenuators. Our
use of gallium arsenide, Heterojunction
Bipolar Transistor and silicon technolo-
gies enables us to provide the customer
with OPTIMUM TECHNOLOGY
MATCHING™.

Raltron Electronics

Raltron Electronics Corp.(Miami FL) is a
broad line supplier of quartz crystal
oscillators for a wide spectrum of radio
frequency applications. Product lines
include VCXOs, TCXOs and OCXOs for
high end communications products;
fully integrated crystal oscillators for
cellular phones and pagers; hard disk
drives, desktop, notebook and palmtop
computers and peripherals and industri-
al control applications, and low cost
crystal units in both surface mount and
through-hole technology. New products
include the industry’s thinnest crystals
and oscillators for emerging portable
products and also special new High
Frequency VCXOs for the new Sonet
and Sonet-like synchronous data net-
works in the USA and Europe.

IFR Systems

IFR Systems, Inc. manufactures portable
RF and microwave spectrum analyzers
and communications service monitors
for cellular telephone, UHF/VHF com-
munications, and wireless telecommuni-
cations. Four models of spectrum ana-
lyzers provide frequency coverage to 1
Ghz provide a full range of communica-
tions testing features including popular
cellular, paging, and trunking protocols.
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M/A-COM

During RF Expo West, M/A-COM will
promote our new line of MMIC trans-
ceiver chip sets, mixers, low noise
amplifiers, switches and power ampli-
fiers that are manufactured usir]\}?; GaAs
and silicon, MMIC, HMICT and
GMIC™ technologies. M/ A - COM will
also feature wireless antennas, RF con-
nectors, fiber optic cable/connector
assemblies and discrete semiconductors.
These low cost, small and energy effi-
cient products are designed for wireless
data, voice cellular, PCS and PHP appli-
cations for infrastructure and subscriber
terminal products. M/A-COM, Inc. is a
leading supplier to the wireless telecom-
munications, surveillance and defense
related industries of radio frequency,
microwave and millimeter wave semi-
conductors and components. The
Company’s largest market is the global
commercial market, which includes
wireless communication and automotive
sensor applications. Currently, one third
of the Company’s business is for U.S.
Department of Defense applications.

Alpha Industries

No other exhibitor at the RF Expo can
offer you as wide a variety of low-cost,
high performance components for your
wireless needs as Alpha. Our new prod-
ucts include GaAs MMIC control prod-
ucts with integral drivers, coaxial line
filters and discrete components (like
hyperabrupt varactors, mixer diodes
and FETSs) in ultra-small surface-mount
packages. Be sure to ask about these
new products designed specifically for
your low-cost commercial applications.

Philips Semiconductors

Philips Semiconductors announces the
introduction of their North American
Digital Cellular Chip Set 15-54
(AMPS/TDMA). The chip set consists of
four low power, highly integrated
devices: the SA601 RF Front-end, the
SA637 digital IF receiver, the SA7025
dual frequency synthesizer and the
SA900 1I/Q transmit modulator. Philips
Semiconductors is a world leader in the
RF integrated circuit design, develop-
ment and manufacturing. Philips pro-
duces low power IC solutions for most
worldwide cellular and cordless telecom
standards as well as for paging and
other wireless applications.
Highlighting our commitment to the
digital cellular market, we will be
exhibiting our North American Digital
Cellular Chip Set 1S-54 (AMPS/TDMA)
at RF Expo West ‘94. Booth 523, 525

Kalmus Engineering

Kalmus Engineering, Inc. is a leader in
the design and manufacture of broad-
band RF power amplifiers both domesti-
cally and internationally. Applications
include, but are not limited to, general
laboratory use, communications, EMC
testing, EMI/RFI, NMR/MRI and
Spectroscopy. Our broad product range
consists of both 100% solid-state ampli-
fiers and distributed tube amplifiers
with power ranges from 1.5 W to 3 kW
CW and 12 kW pulse, frequency ranges
from 25 Hz to 1000 MHz. Call or fax us
for a quotation.

Bird Electronic Corp.

The 4000 Series from Bird Electronic
Corp., is a modular RF power measure-
ment system designed for metrology,
research and process control applica-
tions. The system consists of the Model
4421 digital power meter and display,
and a RF power sensor. A calibration
card, an IEEE-488 or RS-232 interface are
options. The direct-reading Model 4421
power meter measures forward and
reflected RF power with + 3 percent of
reading accuracy. Typical readings are
made with less than 0.1 percent repeata-
bility error. Power can be measured
from 300 mW to 10 kW, at frequencies
from 100 kHz to 1.0 GHz.

Merrimac Industries

Merrimac will be showing latest in
power dividers, quadrature hybrids,
hybrid junctions, phase shifters, attenua-
tors, directional couplers extending to 65
GHz, and a wide variety of mixers and
1/Q Products which now extend up to
18 GHz. Of special note are the new
Casefree devices which are miniaturized
lumped element components designed
for inclusion with MMIC circuits.
Design engineers will be present to dis-
cuss how to optimize circuit perfor-
mance.

Instrument Specialties

Instrument Specialties is the leader in
the EMC technology and provides com-
plete consulting, design and testing ser-
vices to the electronics industry. The
full product line includes beryllium cop-
per spring fingers, knitted wire mesh,
and conductive elastomer, shielded vent
and filter panels, as well as ESD ground-
ing and  shielding contacts.
Headquartered in Delaware Water Gap,
PA, the company also operates manu-
facturing and distribution facilities in
Placentia, CA, and Barchon, Belgium.
All sites are registered to the ISO 9000
series of standards.

Hewlett-Packard Components/
Avantek

Avantek is featuring high performance
oscillators, power modules and
PlanarPak™ components for military
and industrial applications. Hewlett-
Packard is featuring RF integrated cir-
cuits including amplifiers, active mixers,
digital modulators, oscillators,
prescalers / frequency dividers and semi-
conductor RF switches, as well as diodes
and transistors.

Compact Software

Compact Software, Inc. provides inte-
grated CAE/CAD solutions for RF,
microwave and lightwave design.
Compact’s product offering includes
schematic capture, linear, nonlinear and
electro-optical frequency domain simu-
lation, physical layout with back-anno-
tation, system simulation, time domain
simulation and full-wave EM simulation
tools. Compact products are available
for PC/DOS, PC/Windows, Sun
SPARCstation, DECstation, and HP
9000/700 systems. The company offers
its products as both integrated design
suites and individual point-solution
analysis tools.

Voltronics Corp.

Voltronics Corporation manufactures a
complete line of variable capacitors.
Multi-turn precision air, glass, quartz,
sapphire and Teflon™ dielectric styles
are available with ranges to 250 pF and
voltage ratings to 15,000 volts. Most
capacitors are 40 P.S.I. sealed and have
non-rotating pistons for linear adjusting.
The newest additions to the Voltronics
capacitor line are 8 styles of single turn
surface mount and p.c. mount ceramic
trimmers. A full line of DRO and
microwave tuners are also available.

Salisbury Engineering

Salisbury Engineering designs, devel-
ops, and manufactures a complete line
of RF and microwave filters and sub-
assemblies covering the frequency range
of 1 MHz to 20 GHz. Models include
highpass, lowpass, band reject, band-
pass, switch banks, GPS preamps and
ceramic filters. All filters are manufac-
tured using the latest techniques in com-
puter aided design, drafting, machining
and testing with units checked for con-
formity to specifications at each stage of
the manufacturing process. Salisbury
Engineering is always ready to assist
you, our most important asset, our cus-
tomer.
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Cougar Components

On display will be RF and microwave
cascadable amplifiers and amp assem-
blies for commercial, military and space
level applications. Also see low noise,
high dynamic range, low voltage, AGC
limiting amps, limiters and attenuators,
0.1 to 6000 MHz, with up to 1 Watt out-
put in TO-8, TO-8B, flatpack, surface
mount and SMA connectorized pack-
ages.

Sprague-Goodman Electronics
Sprague-Goodman Electronics, Inc.
offers the world’s broadest line of trim-
mer capacitors, metallized glass and sur-
face mount inductors, and microwave
tuning elements. Samples of our prod-
ucts are exhibited at booth 718 - see our
newest model surface mount trimmer
(only 3.8 x 3.2 x 1.5 mm). Sprague-
Goodman is the North American distrib-
utor of Radiocer® high power RF ceram-
ic capacitors (for AM broadcasting and
induction heating). Plate and tubular
models are shown.

Trans-Tech

Trans-Tech is a manufacturer of
advanced technical ceramics for RF and
microwave applications. Their expertise
in ceramics, coupled with engineering
and R&D skills enable them to provide
highest quality solutions for the best
value. Products include bandpass filters,
coaxial resonators/inductors, dielectric
resonators, ferrite circulator and isolator
elements, ceramic substrates, technical
ceramic powders, and ferrite, garnet,
and dielectric materials. New products
include miniature coaxial resonators (2
mm), and 2 mm & 4 mm bandpass fil-
ters for applications where small size is
of utmost importance.

Vectron Laboratories

Vectron Laboratories, Inc. — Booth 510
— will be featuring a complete line of
crystal oscillators available from .01 Hz
to beyond 2 GHz. Products on display
will include the following: Moderate
Stability Clock Oscillators available with
sine or logic output in a broad range of
configuration; Temperature
Compensated Crystal Oscillators
(TCXOs) to better than +1 x 1077; sub-
miniature Oven Controlled Crystal
Oscillators (OCXOs) available with sta-
bilities to 1 x 10710 Voltage Controlled
Crystal Oscillators (VCXOs) for phase
locking applications and linear VCXOs
with #2500 ppm  deviation;
SONET/SDH clock recovery and data
regeneration products which meet
CCITT Type A and B jitter standards.

San Jose, California

ENI

ENI manufactures broadband RF ampli-
fiers for EMC testing, ultrasonics, broad-
cast communications, Magnetic
Resonance Imaging, and general labora-
tory use. With power outputs ranging
from 3 watts to 5 Kilowatts, and fre-
quency coverage from 9 kHz to 1 GHz,
ENI amplifiers feature rugged solid state
design, unconditional RF stability and
infinite maximum load VSWR. ENI
maintains sales and service offices in
New York, California, Texas, Germany,
the United Kingdom, and Japan.

RF Monolithics

RFM supplies advanced SAW products
for low power wireless communications,
telecommunications and computer
applications. RFM products are used to
achieve high performance, and to
reduce size, complexity and power con-
sumption. RFM manufactures a wide
range of SAW components including fil-
ters, resonators and delay lines. RFM
also manufactures radio transmitter and
receiver hybrids, UHF frequency
sources, and high-frequency digital
clocks.

CTIA

Cellular Base Site optimization in under
five hours and Scan Calibration in under
15 minutes is now possible with the new
R-2600 CCBS testing system. Using soft-
ware driven CBS AutocalTM fully
prompted procedures speeds the test
process, and all results can be saved to
disk for convenient handling. Add to
that a new optional LPA test capability
and you have efficient, repeatable, reli-
able control over the cellular infrastruc-
ture.

Richardson Electronics

To see what’s new from Motorola, SGS-
Thomson, M/A-COM, Philips, RF
Products, Inc. and other leading RF and
microwave component manufactures,
visit Richardson Electronics in booth 829
at RF Expo West. In addition to an
extensive inventory, Richardson offers
matching, selecting and testing value-
added services for transistors, SCRs and
MOSFETs as well as RF testing.
Richardson has added top RF and DC
application engineers to provide cus-
tomers with unparalleled design-in sup-
port and technical assistance. For pur-
chasing convenience, Richardson offers
EDI capabilities and JIT stocking pro-
grams. Visit Richardson at RF Expo
West or call 1-800-RF POWER.

RF Expo West

Trilithic Inc.

Trilithic Inc. of Indianapolis, Indiana
placed #10 on the Inc. 500 list which
ranks the top 500 fastest-growing, pri-
vately-held companies in the united
states. The company's spectacular
growth (over 7,000 percent) can be par-
tially attributed to the acquistion of
Texscan Instruments Division's assets in
March of 1989, the introduction of
miniature LC filters, expansion into
switching and control subsystems, and
the asset acquisition of Cir-Q-Tel
Microwave of Beltsville, Maryland in
April of 1992. Trilithic has opened
Trilithic Ltd. near London to serve
expanding UK market. See them in
booths 430-432 at the RF Expo West.

Emhiser Micro-Tech

Embhiser manufactures low cost and her-
metic VCOs covering 10 MHz to 4 GHz
in selected frequency bands, with up to
a full octave of tuning range.

American Technical Ceramics

ATC manufactures high quality
RF /microwave capacitors including
high Q, low ESR porcelain MLCs, high
performance ceramic MLCs, space quali-
fied SLCs, low cost commercial line
SLCs and low cost standard size MLCs.
ATC also offers special assemblies,
dielectric substrates, non-magnetic
capacitors, custom SLCs, and Thin Film
Technology. This product line is
described in the new ATC Surface
Mount and Leaded Capacitor brochure.

Compex Corp.

Compex manufactures single layer par-
allel plate chip capacitors in a wide vari-
ety of configurations values and sizes.
These include gap caps, marjin caps,
row caps, binary caps and custom
arrays. Values from 0.06 pF and case
sizes from 10 x 10 mils.

Reeves-Hoffman

You may know that Reeves-Hoffman is
a manufacturer of crystal (1 kHz to 250
MHz), oscillators and hermetic seal
packages. Reeves-Hoffman continues to
expand its capabilities in a rapidly
changing market. Do you know that we
manufacture high frequency fundamen-
tal crystals up to 120 MHz? Are you
familiar with Reeves-Hoffman’s Model
322 DIP VCXO? Do you know that
Reeves-Hoffman manufactures custom
packages as well as crystal bases and
glass-to-metal seal hybrid packages?
Stop by the Reeves-Hoffman booth to
learn more about our products and
capabilities. See you at the show.









RF tutorial

Receiver Basics — Part 2:
Fundamental Receiver Architectures

By Gary A. Breed
Editor

Our basic tutorial on receiver design
continues with a review of the common-
ly-used architectures. The particular
arrangement of amplifiers, filters, mix-
ers, oscillators and detectors into a
working system has a profound effect on
the performance, complexity, and cost
of a receiver. Every possible block dia-
gram cannot be presented here, but a
few of the most common configurations
are included.

From last month’s review of perfor-
mance parameters, we know that fre-
guency range and modulation type are
the starting point for a receiver specifi-
cation, followed by many different possi-
ble requirements for such parameters as
sensitivity, distortion, bandwidth, tuning
resolution, etc. This month, we will look
at some basic receiver block diagrams
and point out some of the advantages
and limitations that each has on the vari-
ous aspects of performance.

The Broadband Detector
(Figure 1)

An untuned detector isn’t often consid-
ered a receiver, but that is exactly its
function. Modulation is usually CW, and
the recovered information is a DC level
proportional to amplitude. A simple
detector is nearly always used in a
closed system, for monitoring a known
signal source or as an indicator in a test
system (e.g. forward and reflected
power measurement). In an amplitude
modulated (AM) broadcast transmitter, a
detector may be a high-level audio
demodulator for monitoring purposes.
With such a strong input and no outside
signals to select from, there is no need
for any supporting receiver circuitry.

RF o N o DC
Input gl OUtpUt
Detector

Figure 1. The broadband detector
— the simplest receiver.
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Filter
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>

(optional)
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h;, .

(optional)

Figure 2. The TRF receiver includes a filter before signal detection, and
may also include RF amplification, baseband amplification and other

signal processing.

The TRF Receiver (Figure 2)

The tuned radio frequency (TRF)
receiver is the simplest practical receiver
for picking up signals “off the air.” This
architecture places a filter ahead of the
detector to provide a measure of selec-
tivity. The TRF receiver may also include
an amplifier to boost signal levels prior to
detection. This is the basic form of the
old crystal set radios, which placed a
tuned circuit ahead of a diode junction
and reproduced the recovered audio in a
set of sensitive earphones. The band-
width of the TRF receiver is determined
entirely by the front-end filter, and the
modulation type is exclusively AM.

Despite its simplicity and apparent lim-
ited usefulness, the TRF receiver is
quite common: remote control devices
of all types typically use this architec-
ture. Its implementation is usually on a
single frequency, with on-off keyed
(OOK) digital transmission most com-
monly used (although there may still be

some tone-modulated AM units still in
service). More sophisticated detection is
often employed, as well, including
super-regenerative detectors and
enhanced active envelope detectors.

Maximum performance from a TRF
receiver requires a very good front-end
filter. In current low power/short range
devices, a high-Q SAW filter is typically
used, resulting in a receiver with several
kHz selectivity and sensitivity down to
—100 dBm or better.

The Direct-Conversion Receiver
(Figure 3)

Terminology for this type of receiver
varies; it has been called homodyne,
synchrodyne, and zero-IF, as well as
direct-conversion (D-C). The D-C receiv-
er is mixer that converts the RF frequen-
¢y to baseband. The output of the mixer
contains the sum and difference of the
local oscillator (LO) and the desired sig-
nal. In the D-C receiver, the LO is very

Bandpass
Filter

RF
Input

Mixer/
Product Detector

Baseband
Output

Oscillator

Figure 3. The Direct-Conversion or Zero-IF receiver performs frequency

translation from RF to baseband.
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Figure 4. The single-conversion superhetrodyne receiver can be described as a frequency conversion stage
preceding a TRF or direct-conversion receiver. Other detector options include FM, | and Q, or logarithmic.

close to the desired signal. For example,
if the signal is at 2.000 MHz and the LO
is at 2.001 MHz, then the mixer output
will be 1000 Hz and 4.001 MHz. If the
LO is exactly the same as the center fre-
quency of the desired signal, then the
center (or carrier) frequency will appear
at zero Hz (hence, the zero-IF name),
and the sidebands will be recovered
with the same relationship they had to
the carrier, translated to baseband. If
this circuit is part of a larger receiver
system, it is called a product detector.

For example, in a single-sideband sig-
nal, the LO of the D-C receiver can be
tuned to the suppressed carrier frequen-
¢y, and the modulation will be translated
directly to audio frequencies. With the
LO tuned to the carrier of an AM signal,
the carrier will appear at zero Hz and
the sideband modulation recovered as
audio. A special case of the D-C receiv-
er actually uses the carrier of an AM sig-
nal as the LO, after hard limiting to
remove the modulation. This guarantees
that the audio (or video in the case of
television signals, which are also AM) is
exactly reproduced. This type of circuit
is called a synchronous demodulator.

The Superhetrodyne Receiver
(Figures 4 and 5)

In its various forms, the superhetro-
dyne is the most common receiver
architecture. The key feature of the

superhet architecture is one or more fre-
quency conversions between the RF
input and the detector. The frequency
conversion accomplishes two major
objectives — translating the RF to a
lower frequency where a narrow band-
pass filter is easy to implement, and
using the frequency offset to reject
potential interfering signals.

The original purpose of the superhet
was to improve selectivity. A good TRF
receiver could be built at the very low
frequencies used in early radio, such as
50 kHz. At these frequencies, stable
narrow bandwidth LC filters are practi-
cal, making it possible to obtain good
receiver performance.

However, when frequencies above 1
MHz came into common use, TRF tech-
niques were insufficient for good perfor-
mance. Implementing a frequency con-
version from MHz to 50 kHz allowed the
selectivity of the lower frequency to be
used with the higher operating frequen-
cy. A simple superhet is a mixer/local
oscillator followed by a TRF receiver. In
the superhet scheme, that TRF section
is now called the intermediate frequency
(IF), since it is an intermediate stage
between the mixer and detector.

This simple arrangement, and any
other that uses one mixer ahead of an
IF, is the single-conversion superhetro-
dyne receiver. The superhet IF can
include selective elements (filters) of

various types, amplification as desired,
and any type of detector — a diode
(envelope detector), product detector,
discriminator, logarithmic, or anything
else. The relationship between the LO,
RF and IF can be any combination;
there is no need for the IF to be a lower
frequency than the RF, or for the LO to
higher or lower than the RF or IF.

As receiver designers learned how the
superhet worked, double and triple fre-
quency conversion stages became com-
mon. Reasons for their use include con-
verting even higher frequencies down to
a very low frequency IF to take advan-
tage of the easily obtained selectivity.
However, converting directly from, say,
100 MHz to 100 kHz cannot easily be
done, since the mixer image is only 200
kHz away from the desired frequency.
Instead, converting 100 MHz to 10 MHz,
then converting 10 MHz down to 100
kHz aliows practical filters to be used for
rejecting the unwanted mixer products.

Another useful feature of the super-
het, especially multiple conversion
types, is control of the gain throughout
the receiver system. Too much gain at a
single frequency invites instability and
potential oscillation. By dividing the total
system gain among sections of the
receiver that operate at different fre-
quencies, stability problems are mini-
mized. With control over gain, the
absolute levels can be optimized to

Mixer 1

5

Bandpass
Filter

RF
Input

Mixer 2

tF 1
Filter

IF 2
Filter

Amp, Detector —o Output

LO2

Figure 5. The double-conversion superhetrodyne architecture adds another frequency conversion stage, usu-
ally to aid in rejection of image signals. Triple and quadruple conversion schemes may also be used.
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Program Uses Two-Port Models to
Design Small-Signal Amplifiers

By Christopher N. Buckingham
Contract and Consulting Engineer

This program represents an assembly
of various 2-port utilities and routines to
assist in the study and design of small-
signal tuned amplifiers. This program
was entered in the 1993 RF Design
Awards Software Contest.

he program SALAD (Spice Accesso-

ry for Linear Amplifier Design) is an
application intended to aid in the imple-
mentation and verification of 2-port
small-signal tuned narrow-band amplifi-
er design routines, utilizing the U.C.
Berkeley 2G.6 simulation program (if so
chosen) as an independent external test
and verification platform.

This serves two purposes — to learn
2-port amplifier design, and to exercise
or practice a design run in an abstract
environment. If the design is successful
within SPICE, then most likely the
design will work in practice! In fact, if a
bonafide SPICE BJT or FET model is
used, then the design abstract is com-
plete and the real world laboratory pro-
totype can be constructed.

How The Program Works
SALAD is an integrated program with
a data input editor, linked to a data

processor and display module. The prin-
ciple feature of the program is the ability
to import a SPICE primitive bipolar tran-
sistor model and extract the 2-port Y
parameters for later use in stability and
power gain calculations. Alternatively, Y
parameters can be entered directly,
taken from other sources such as data
sheets, or measurements.

Once a set of 2-port Y parameters is
entered then the following calculations
can be made:

« Linvill “C” stability factor
» Transducer power gain “GT”
* Optimum source and load terminations

The user provides 2-port h, y, or S
parameters at some frequency (in MHz).
This can be done in two ways: 1) The
data is taken from direct device mea-
surements, or taken from the manufac-
turers data sheets, and is entered man-
ually via the computer keyboard; or 2)
Provide a SPICE bipolar or JFET model
of either polarity. This is done by giving
the program the model name e.g.
(Q2N2222A or MPF102 etc.), and the
file name where the model can be
found, e.g. A:lib, c:.lib , etc. The file

must be an ASCIl (Text) file, and the
model description must follow SPICE
2G.6 syntax convention. For example:

-MODEL Q2N2857R NPN (IS=1.39e-14,
+  BF=90, CJC=PF, CJE=3PF
+  18C=1.02nA, VAF=200v)

Alternatively the mode! can be entered
manually via the keyboard. Look at file
MODEL.LIB with a text editor; this file
has a small collection of typical bipolar
devices. If the SPICE option is selected,
then after properly loading a SPICE
model, select a DC bias level (collector,
or drain current and voltage). The pro-
gram then proceeds to calculate all junc-
tion currents and voltages, and returns
the small-signal hybrid-pi parameters.
The program asks for the operating fre-
quency in MHz, and the program calcu-
lates the associated 2-port Y parame-
ters.

2-Port Small Signal Parameters
The actual design calculations can
start once we have a set of 2- port para-
meters. All starting data must be either
common-emitter or common-source
measurements. These may be short cir-

1L Ce=23.0 @ 100MHz
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Figure 1. 100 MHz tuned amplifier circuit.
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Figure 2. Narrowband gain plot of the amplifier.

March 1994






92

DESIGN SOLUTIONS
FOR THE RF INDUSTRY

The best of RF technology, quality, and
design comes from Silicon Valley Power
Amplifiers, a leading manufacturer of high-
performance amplifiers and components.

AMPLIFIERS
Part Number | Power Output | Gain | Frequency
Watts dB | Range MHz
V-1000 1000 60 100-200
U-1000 1000 60 225-450
C-500 500 60 100-500

MODULES
Part Number | Power Output | Gain | Frequency
Watts dB | Range MHz
10-150-4 4 36 10-150
10-100-25 25 40 10-100
10-100-100 100 40 10-100
80-220-300A 300 60 80-220
220-500-300A 300 60 220-550
100-500-25 25 30 100-500
100-500-100 100 40 100-500
100-500-150 150 10 100-500

This high-quality hardware is backed by:

o Excellent service
o Fast response

o Customized design
o Expert technical support

o In-stock delivery e Standard /special parts

For a free catalogue describing our
complete range of power amplifiers
and modules,
call 408.986.9700 today!

icon ValleyR

i _
The RF People

Silic
ety

PLIFIERS

1530 O'Brien Drive A Menlo Park, CA 94025
408.986.9700 A Fax 408.986.1438
INFO/CARD 65
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Figure 3. S-Parameter phase plots for the 100 MHz ampilifier.

cuit (y-parameters), hybrid open and
short circuit (h-parameters), or alterna-
tively, scattering (s-parameters).

Note: S-parameters are assumed to
be 50 ohm line measurements. Any
other referenced characteristic imped-
ance measurements must be converted
to 50 ohm data before entry.

When entering data manually via the
keyboard, number format is freeform as
shown in examples below. Deviations or
errors from the legal format will either
corrupt the intended number or produce
a zero. Be extra cautious when editing
or entering your data! For example:

Good Bad

-0.001 a.123->0
-1.0m *0.23e-6 -> 0
+1.3e-3 -0.02.5 - > -0.02

Suffixes are allowed: M, U, N, P,
MEG, G etc. Frequency is scaled to
Megahertz, so enter your number in
MHz. Two-port data is entered in
absolute value (not scaled).

Stability and Gain

With a set of 2-port parameters speci-
fied, the program proceeds to calculate
the Linvill open circuit “C” stability factor.
The stability factor is calculated for com-
mon emitter (Ce), common base (Cb),
common collector (Cc), and Cascode
(Ca) configurations This shows the rela-
tive stability for the same device used in
different small-signal configurations
(with the DC bias network fixed).

The user can then select the configu-
ration of choice and proceed to calculate
power gain. If the device is uncondition-
ally stable (0=<C<1), the simultaneously
matched input and output maximum

transducer gain GT is calculated. If the
device is potentially unstable (C=>1),
then the Stern “k” power gain is calculat-
ed. The user is prompted for a stability
factor “k” between 2 and 10, and the
maximum transducer gain GT is calcu-
lated along with input/output termina-
tions.

Limitations and Future Plans

There are some incomplete or limited
portions of the program at this time.
Readers can contact the author for addi-
tional information:

The FET model parameter worksheet
menu is not complete, therefore a sim-
plified manual entry via the keyboard is
the only input for the FET model. Also at
this time, there is no file or data save
mode, that is, mode! parameters and
data can only be saved with a screen
dump (use GRAPHICS.COM to print
graphs). Once the program is terminat-
ed all data is lost, so write down your
numbers!

H and S parameter menus are not
ready, this means that all 2-port calcula-
tions are done in the y-parameter menu.
Data can be entered in “h” or “S”, and
linked to “y” for power gain calculations.
This data link also provides conversion
between h, y, and S data sets.

The following options are still being
developed, but are planned for future
versions of SALAD:

Augment Data — This feature repre-
sents the complex matrix math to com-
bine two or more sets of 2-port parame-
ters, such as cascading, paralleling, and
the like. This is a powerful feature and
allows optimizing the active device in a
network (feedback, for stability, broad-
banding etc.).

Conversion — This feature will allow
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A Transformed Feedback Attenuator

By Carl Zatl

One weak spot in modern receivers is
Automatic Gain Control (AGC). Auto-
matic regulation of the gain of the
receiver is necessary because of the
wide variations in signal strength
encountered at the antenna terminal.
AGC voltage is used to vary the bias on
the amplifier stages, increasing or
decreasing the gain. As signal strength
increases, less gain is needed, and the
AGC voltage changes the operating
characteristics of the device to a less lin-
ear mode . The result is a strong signal
is applied to an increasingly non-linear
device. That is exactly the opposite of
what we need for good intermodulation
performance. This old problem has
existed as long as the AGC has. My
goal was to mend or end that unfavor-
able condition.

ariable attenuators often use PIN

diodes or field effect transistors as
variable resistances. If these devices
are driven to higher attenuation, the
non-linearity of the device can produce
distortion. When two or more signals are
present, the result can be some level of
intermodulation or cross modulation.
This problem can be significantly
improved if the attenuating element is
placed into negative feedback of an
amplifier where amplitude is smaller.

in Figure 1, between the Vout and Vin
on the resistor R, can be found the point
where the attenuating course is accept-
able (Figure 2).

Further improvement is reached when
the resistor R is replaced by an imped-
ance transformer with resistance R, (Fig-
ure 3). The main reason for this is to
reduce voltage on the resistance R, by
T1/T2. The resistance Rt can be voltage
controlled field effect transistors, current
controlled PIN diodes, etc., in balanced
configurations.

In Figure 4, nonlinearity of one diode
is reduced by the same but opposite
nonlinearity of the other diode. A resis-
tor is placed in parallel to maintain
some reasonable impedance for the
transformer while the diodes are off.
The ratios of T,/T, and R,/R,, are
main factors to specify feature of the
attenuator.

94

f1 = 50.000 MHz
f2 = 50.100 MHz
Gain 0 dB - IP3 =38 dBm

Results
A final design, shown in Figure 5,
has two-tone intermodulation charac-

teristics: Gain 6 dB - IP3 = 42 dBm
Negative Feedback
-
R
Vin X Vo Vout
p—-—@
Vin > Vo

VO is the smallest amplitude

Figure 1. Amplifier with negative feedback.

V,
9 My————e—o
: Vout
= Vin

> |V,

Figure 2. Attenuator placed at a point between Vipand V

Rx1 I:{x2 Vo
P AVAM ° IWV\, ® A V
out
R “ ng
T, =

Figure 3. Transformer T, reduces the voltage across R,

Ry Ryo V
P AVAVAVAV AVAVAVAV Py ° A
ACG PIN T Vout
or o A N\/\: l T,
Vreg . ,\ﬂl
T =

Figure 4. Balanced PIN diodes provide linear attenuation
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Design of a Low-Noise Amplifier
Using HEMTs

By S. Satyanarayana
Vikram Sarabhai Space Centre

Availability of high electron mobility
transistors (HEMTs) has made it possi-
ble for the circuit designer to realize low-
noise amplifiers with excellent noise-fig-
ure and gain performance even in the
lower end of the microwave frequency
band (1 to 5 GHz) compared to gallium
arsenide metal semiconductor field
effect transistors (MESFET) and bipolar
junction transistors (BJT). This paper
describes a simple method of designing
a low-noise amplifier with excellent gain
and input return-loss performance in the
frequency range 2.5 to 3.0 GHz using
the ATF-35 HEMT.

ny low-noise transistor provides its

minimum noise-figure, NF i When
an optimum source reflection coefficient
(Tg(opt))» 18 Present at its input port. An
arbitrary source reflection coefficient, |
yields a noise-figure NF is given by

4rn‘rs - rs(opt)’ (1)

i+ rs(opt)\z[pyrsﬂ

where r, =R,/50, Ry is the equivalent
noise resistance.
Noise-figure can be also expressed as

NF = NFmin + (2)
+2_N{(Gs - Gopt)2 +(Bg - Bs(opt))2J

s
=NF, + AF
Where
Ry
Gy

2
(Bs _Bs(opt)) ]
The term AF gives the measure of

NF = NFpin +

AF = [(GS - Gopt)2 + 3)

noise mismatch to an arbitrary source
reflection coefficient () from an opti-
mum source reflection coefficient

(rs(opt))

(YO - Ys(opt))
(YO + Ys(opt))

_ (YO B Ys)
* (Yo+Ys) )

where

YS(Opt) = Optimum source admittance
= c-:'s(opt)"' "!Bs opt

Y, = Source admittance=G +JB,

Y, = Characteristic admittance

l—s(opt) = 4

The ATF-35, a pseudomorphic HEMT,
is used in this low-noise amplifier design
covering 2 to 3 GHz. The typical noise-
parameters of this device as provided by
the manufacturer are given in Table 1.

Stability Factor

For a transistor to be unconditionally
stable, S11 and S22 must be less than
unity and the transistor’s inherent stabili-
ty factor K must be positive and greater
than unity. K is computed using equa-
tion 4.

1+ ] - |s11P - |s22
K =
2Js12- 821 (6)

Where A = S11822 — §12S821. The S-
parameters of the ATF-35 at Vo = 1.5V
and lpg = 10 mA are given in Table 2.

The stability factor K for the ATF-35 is
computed using equation 6 and is given
in Table 3.

As is evident from Table 3, the stabili-

Figure 1. The inductor between
the source lead and ground
insures stabilitity.

Hence it is potentially unstable and can
go into oscillations for certain combina-
tions of source and load admittances.
In 2-3 GHz range, the stability factor is
very low. Because of the smali value of
L%Rﬁlll and the low value of NF .. for

s, AF increases rapidly if Y, dif-
fers from Y o For a good design, AF
should be minimized. Even though
HEMTs are sensitive to noise mismatch
and are highly unstable, with suitable
design techniques very low noise-figure
of 0.25 dB can be achieved because of
their inherent low NF_. and high gain
in the frequency band of 1.0 to 4.0
GHz.

Feedback Technique

HEMTs can be made unconditionally
stable in the frequency band of interest
(below 4 GHz) by connecting an appro-
priate value of inductance L in series
with its source as shown in Figure 1.
This offsets the internal feedback with a
lossless feedback path.

The scattering matrix [S1] of the tran-
sistor can be converted to the imped-
ance matrix [Z1] by the relation

Freq. | NF ;. [ RN/50 GS(Om) Y stopt)

GHz | dB {mag, deg)| millimohs
2.0 0.13 1023 10.82,23 2.060-4.03
25 0.16 |0.22 {0.80, 28 2.359-j4.92
3.0 0.20 j0.21 0.78, 33 2.685-i5.83
4.0 025 [0.19 [0.74,43 3.44 -j7.68
5.0 0.31 [0.16_ 10.68, 51 4.64 —j9.12
6.0 0.38 |0.13  |0.62,69 6.73 -j12.67

Table 1.
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ty factor of the device is less than unity. [Z1] = Z,[12+s1][12-S 1] 7)
Freq.|S11 S12 521 522 Freq. K
GHz |mag, deg |mag, deg| mag, deg [ mag, deg (MHZ)
2.0 _10.980, —31|0.035, 67| 4.10, 149 | 0.49, —24.0 2.0 0.167
2.5 10.965, —37|0.043, 63| 4.07, 143 | 0.48, —28.5 25 0.226
3.0 10.950, —43]/0.051, 59| 4.04, 137 | 0.47, —33.0 3.0 0.271
4.0 10.920, —60/0.067, 48] 4.01, 122 | 0.45, -45.0 4.0 0.325
5.0 10.880, -76|0.080, 36{ 3.91, 106 | 0.41, -58.0 5.0 0.479
6.0 |0.830, -92/0.092, 26/3.76,91 |0.38, -70.0 6.0 0.508
Table 2. Table 3.
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reflection coefficient (§11') is the com-
plex conjugate of the optimum source
reflection coefficient Iy Compute
input reflection Coeff|0|ent %11 from the
following equation:

S12-821.T (1)
1-822. 1,

Now choose Il such that S11' =
r s(opt)- Therefore,

S11 =811+

. 812-821- T (gpy)
r =S+ —"

s(opy 12822 T oy~ 12
and one can derive the optimum load
reflection coefficient FL(opt) from equa-
tion 6, which is given by

S11-Tgopt) (13)

I'L(opty = -
A—-822. FS(Opt)

Transducer Gain (G;):

Transducer gain is a function of
source reflection coefficient I'; and load
reflection coefficient T’ .

Gr(S. T, T )=

|:|821|2(1—Irs(opt)‘z)(1—’r|_|2):|. (4)

If the source reflection coefficient and
load reflection coefficient selected are
I (opt) and 1“,_ OP& respectlvely, then the
transducer gain GT, is given by

GT(opt)(S) =

[|821|2[1 - Jrs(opt)f )(1 - ’rL(opt)‘z ﬂ )
‘(1 = Tsjopt) (1= FLopy =

-2
Ts(opty *TLiopy - S12- 821

By selection of source reflection coef-
ficient FS(Opt), minimum noise-figure is
achieved and by selection of load reflec-
tion coefficient T .y, best input return-
loss is achieved. Table 6 shows how
Gir(gpt) @nd output retum-loss vary with
feed ack inductance. From the table it
can be seen that Gy, increases as
the value of inductance is increased to a
certain limit and then decreases where-
as output return-loss improves with
increase of inductance value.

(16)

Transducer Gain Circles

Equation 7 defines a family of circles
called constant transducer gain (Gy) cir-
cles whose centers and radii on the load
plane are given by:

ticular load reflection coefficient T,
which provides a constant transducer
gain of G;. The term Gy, gives the
measure of maximum transducer gain
that is available from the amplifier and is
given by the equation

1

GT(max) = PF“—,Z] (21
Where
2 2
521 (1—\rs(opt)\ ) 2)
o (1-s11Ty (op1))

Maximum transducer gain Gy, is
obtained when the load reflection coeffi-
cient is equal to FL( and it is given by

max)
r | 822 - Al'g
L(max) = 1_—81171“5 (23)
For a given transistor, if I'y ., and

' (max) @re chosen as source retiection
coefficient and load reflection coefficient
respectively, maximum transducer gain,
good output return-loss, lowest noise-
figure can be achieved but the input
return-loss would be poor. (it depends
upon value of feedback inductance).

|(1 -Tg-St 1)(1 -T -S22)- [ Tabte 7 shows how Gy ,,. input return-
_ y1-g [1— (17)  loss and T’ (,,, vary with feedback
ry T -S12. 321|‘2 Radius = = inductance . "
1~ (1-9) From Table 7 it is evident that Gy,
To achieve the minimum noise-figure, | can be traded off for better input return-
the first stage source reflection coeffi- Center = 9i 5 , (18a) loss by using higher value of inductance.
cient I'y, must be equal to optimum 1- ’ (1—gi) Fig. 7 shows variation of GT,,, and
source reflection coefficient I' ). Once GT,, as a function of feedback induc-
the source reflection Coeff|C|en€ Is cho- ~tan” E tance .
sen, transducer gain Gy is a function of A (18b) From Fig 7 and Tables 6 and 7 the fol-
load reflection coefficient I'| only and lowing inferences can be drawn
can be expressed as Where 1. Up to 3 GHz for low values of induc-
- 15 tance GT_ ., is undefined as the input
Gr(8.1) (1%) S22’ = S22 - ATy =A +jB (19) return-1oss 1s negative, i.e. the ingut
s21P 1—‘F ‘2 (1_|r |2) ‘ 1-811-T impedance is negative and for a par-
s(opt) L and ticular value of source impedance it
Gt becomes unstable.
‘(1 s(opt) - S11)(1- T -S22) - 9=G. (20) 2. GT,,. decreases rapidly with
T(max) increase in inductance up to a certain
sopt) - T'L -S12-821‘_ Each p'oint. on the locus of the trans- value of inductance.
ducer gain circle corresponds to a par-
Freq (L NF hin | Gsopt) R, Ys(opt) K Freg|L [S11 S12 S21 522
GHz |nH |dB mag, deg ohms | millimohs GHz|nH |{mag, deg) (mag, deg) (mag, deg) (mag, deg)
3.0 [0.0 |0.200 (0.78,33.00 [10.5 |2.685-j5.83(0.27 3.0 [0.0 [0.950, -43.00 [0.0510,59.00 [4.04, 137.00 |0.4700, -33
0.2 |0.199|0.772,33.48 |10.0 [2.804-j5.91 |0.65 0.2 |0.8673, —40.74(0.0484, 75.31 |3.755, 129.41 | 0.4623, —25.41
0.4 |0.198 |0.764, 33.96 |9.54 [2.93-{5.99 ]0.85 0.4 |0.809,-37.35 |0.0523, 88.46 |3.461, 122.99(0.4894, -12.5
0.6 0.197 |0.7547,34.45{9.08 [3.06-6.07 |0.97 0.6 |0.7733, —33.49(0.0590, 96.38 [3.18, 117.62 [0.5315, -6.71
0.8 |0.196 |0.7455,34.95|8.65 |[3.12-j6.15 |1.01 0.8 |0.755,-29.72 |0.0661, 100.6 |2.922, 113.16{0.5766, —3.31
1.0 |0.195|0.736,35.44 |8.23 |3.345-i6.23 |1.02 1.0 |0.749, —26.33 {0.0728, 102.75(2.69, 109.43 [0.6189, ~1.41
1.2 10.194 |10.726,35.95 |7.83 |3.500-6.31 [1.02 1.2 10.750, -23.43 |0.0787, 103.74|2.489, 106.3 |0.6566, —0.4
Table 4. 1.4 10.756, —21.02 [0.0838, 104.1 |2.3097, 103.6]0.7044, 0.2
Table 5.
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Figure 7. Variation of GT(opt) and
Gr(max) With frequency.

3. GT,, increases with increase in
inductance up to certain value of
inductance and then decreases.

4. The difference of GT,,, and GT,;
decreases with increase In inductance
value.

5. The input return-loss is less sensitive
to load admittance variations with
increase in inductance value. For
example, for feedback inductance of
1.0 nH at 3.0 GHz, a Y of (7.8, —j2.3)
yields an input return loss =15 dB,
while a Y| of (4.65, —j5.0) yields an
input return loss = 13 dB.

6. For higher inductance values FL(opt)
and T hax iNcrease and hence realiz-
ing a broadband matching network will
be difficult. For example, for feedback
inductance of 2.0 nH at 3.0 GHz: At
rLé)opt') = .(0.741549.39), Y, =
(3.0,—j1.6), input return loss = 15, G =
14.8. At FL(max)=(0.763416.92), Y, =
(2.75,-j2.9), input return loss = 15, Gy
=15.6.

For realizing a 3 GHz amplifier using
the ATF-35, the optimum feedback
inductance value is about 1.0 nH.

Realizing Feedback Inductance:
Generally, for microwave transistors
the manufacturer provides two source

Input
Matching
Network

Yout1
Interstage

Matching
Network

Yin2

-

Ysﬂ YL1
YS(Opt) YL(opt)

Output
HEMT Matching
Network
Vs2 Y2
Y Y
s(opt) L(max)

Figure 10. Admittances for two-stage amplifier.

leads. A shorted transmission line,
whose length is less than A/8 and having
high characteristic impedance is equiva-
lent to a lumped inductance. Realization
of inductance by four shorted transmis-
sion lines of 125 ohms impedance
makes it less sensitive to fabrication
errors. For example at 3.0 GHz, let 1.0
nH be selected as the series feedback
inductance, and let ¢, for the substrate
be 2.22. Then the length of the trans-
mission line can be computed using
standard relation as shown below.

Z = 4jwl = 75.0 = jZ, tanpL

(24a)
= j125tan2—;fL =j125tan@
125 .
tang = —= 8 =31 24b
-5 (24b)
31}
ﬂ:sf’,L: § —7.6mm (24c)
g 360

Design Example:

Let us consider design of 2.5 to 3.0
GHz low-noise amplifier using ATF-35

Selection of feedback inductance -
From Fig. 2, for inductance value of 1.0
nH, the stability factor is more than one
for the band of 2.5 to 3.0 GHz. From
Fig. 7 for 1.0 nH, the value of GT,, is
not in the steep fall region, indicating
less variation with the value of the
inductor. However the GT, is less than
peak value. So based on these factors
1.0 nH feedback inductor has been
selected.

Several programs were developed for

converting manufacture's S parameters
to the various quantities used in amplifi-
er design, resulting in the following
data:

At 2.5 GHz:
I (opy = 0-772£29.38
Ys(opt) = 2:75—5.15 (m mhos)

I ma) = 2-8429.19
Yi(opy = 11:2—{1.1 (m mhos)
RL {out) = 7.22 dB

RL(in) >15 dB

At 3.0 GHz:
rL(opt) =0.736£35.45
YS(Opt) = 3.345 - j6.23 (m mhos)

I\ ionang = 4456.£15.50
Y (omy = 7-80 = [2.32 (m mhos)
RL {out) = 9.69 dB

RL(in) >15 dB

Design of Single Stage Amplifier :
If the input and output matching net-
works are designed to realize YS(Opt) and
Yo the following are the various para-
meters for the single stage amplifier

At 2.5 GHz:
gain = 14.5 dB, NF =0.16 dB

At 3.0 GHz:
gain = 13.7 dB, NF = 0.20 dB

Then to achieve good output return-
loss an isolator can be used in the out-
put port. Thus, best input return-loss,
best output return-loss, best noise-figure
can be achieved but constant gain can
not be achieved over the required band-

Freq |L T opy Ritout| Ciopty | Yi(opt) Freq L 1T opy Riin) | Cimax | Yi(max

GHz |nH |(mag, deg) millimohs GHz |nH |(mag, deg) millimohs

3.0 [0.0 [1.3986,-64.94|-1.02| —24.68 | -4.62+j12.2 3.0 |[0.0 |0.4812,101.68|—-2.4 |[93.82 |14.83-18.19
0.2 |0.9554,-89.92|0.14 | 2.01 0.91+j20.0 0.2 |0.4661,85.84 |0.1 73.69 |10.34-12.02
0.4 !0.3955,-103.6|2.51 |20.05 |17.4+j15.86 0.4 ]0.5128,54.33 |5.73 |45.71 |7.92-i8.96
0.6 |0.1147,-31.34|5.21 | 25.54 |16.32+{1.98 0.6 |0.5606,42.81 |858 |36.57 |6.42-j7.14
0.8 |0.2975,13.82 |7.68 |25.32 |10.94-j1.7 0.8 [0.6045,35.19 [10.89|30.53 |5.39-j5.92
1.0 |0.4456,15.50 |9.69 |23.42 |7.79-2.32 1.0 [0.6423,29.85 |12.68|26.23 |4.65-j5.06
1.2 |0.5463,14.23 [11.16|21.27 |5.95-j2.28 1.2 |0.6745,25.90 |13.9223.03 |4.08-j4.42
2.0 |0.7415,9.39 12.88] 14.79 |2.99-j1.60 2.0 [0.763, 16.92 1498 | 15.59 |[2.75-2.90

Table 6. Table 7.
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Figure 11. Transducer gain circles

width in a single stage amplifier.

Design of Two Stage LNA:

Only occasionally does a single-stage
amplifier provide all the gain a system
requires, hence, multi-stage amplifiers
are commonly used. The total gain of a
two stage amplifier is given by

G=Gqy-Gp, (25)
Where

G4 = Transducer gain of 1st stage

Gp, = Power gain of 2nd stage

Using the same programs mentioned
earlier, the following data was derived:

At 2.5 GHz:
rL(max) =0.61 25431 .64
Y| (max) = (5:17—j5.32) m mhos

I'(max = 34.79 (15.4 dB)
Gipr = 28.2 (14.50 dB)

G = 47.53 (16.77 dB)
Fomp = 0.981.36.70
Yomp = (0.20-j6.6) m mhos
oy = 0.959.234.67

Yimp = (0.50-j6.2) m mhos
Maximum gain = 28.2-47.53
=1340.35 (31.27 dB)

At 3.0 GHz:

I (max) = 0.6424.229.84

Y (max) = (4.65-j5.06) m mhos
I'max) = 26.23 (14.2 dB)

Gopt = 23.42 (13.7 dB)

Gimax = 30.07 (14.78 dB)

max)
Tomp = 0.9065.240.99
YSmp = (1.10-j7.5) m mhos
Uimp = 0.8419.£34.01

Yme =(1.9-j6.1) m mhos
Maximum gain = 23.42.30.07
=704.34 (28.48 dB)

The following design objectives were
laid out for each of the matching net-
works:
1.The input matching network should

transform 50 ohms to YS( to

: - L opt)
achieve minimum noise-figure.

104

Figure 12. Power gain circles

2.The interstage matching network is
designed to transform the 2nd stage
input admittance to Y|, ) to achieve
best input return-loss, and, transform
the 1st stage output admittance to
YS(Opt to achieve minimum noise con-
tribution from the 2nd stage.

3. The output matching network is
designed to achieve uniform gain over
the 2.5 to 3.0 GHz band and to
achieve best output return loss.

Gain at 3.0 GHz limits the highest gain
attainable across the 2.5 to 3.0 GHz
band, so to make gain uniform across
that band, the gain at 3.0 GHz must be
optimized. To do this, Y, is chosen
equal to Ys(opt), therefore, Y, = (3.4-
J6.2) m mhos. Using standard equation
Yout 18 computed. Y 1, = (4.65 +j5.06)
m mhos Choose Y, (load admittance) =
Youre = (4.65-J 5.06)m mhos From Fig
11 power gain Gp, for a load admittance
of (4.65-J5.06)m mhos is 28.0 (14.5 dB).
This value of load admittance provides
best output return-loss also. Then the
input admittance Y\, is equal to (2.3—
j7.0) m mhos. Even though for a load
admittance of (1.9 — j6.1) m mhos,
power gain Gp, of 30.0 (14.8dB) is
achieved but the corresponding input
admittance (Y,\,) is (1.1 +j7.4 )m
mhos and with this low input admittance
(Yi,2) inter-stage matching network
design becomes difficult.

The maximum power gain at 2.5 GHz
is 47.53. But to achieve uniform gain in
the frequency band of 2.5 to 3.0 GHz,
choose load admittance, Y, such that
more conductive mismatch is provided
on power gain circle. This will assure
less sensitivity to variation in loads.
Thus Y, is chosen on power gain circle
of 25.0 (14 dB) as shown in Figure 12. If
Y, differs from Y, ., one can obtain
actual value of transducer gain circles
shown in Figures 11 and 12.

Conclusion
This paper describes design of a low
noise RF amplifier in 2.5 - 3.0 GHz band

using a HEMT. An illustrative example
using the ATF-35 is also included. The
design is completed using simple analyt-
ical techniques and the best solution for
a two stage amplifier is achieved. Even
though computer optimization is a pow-
erful design tool, it does not provide best
solution and is time consuming and
costly when a number of variables over
a large range are to be optimized.
Hence, for a cost effective optimum
design, use analytical techniques as
described in the paper and then apply
optimization techniques.
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RF receivers

RF Receiver For A Bistatic Radar

By Ramir De Porrata-Doria i Yagle,
Antoni Elias Fusté and

Javier Fernandez de Muniain
Universitat Politécnica de Catalunya

It is well known that implementing a
radar system design is a very costly
task. When the radar is bistatic, the
cost is even higher. Bistatic radar is
defined as a radar that uses antennas
at different locations for transmission
and reception [1]. The separation
between the transmitter and receiver
subsystems requires the development
of unique synchronization techniques
and processing complexity. This article
presents the design of a RF receiver for
a low-cost bistatic radar, using as a
transmitter one of the Barcelona air-
port’s two monostatic radars. This inex-
pensive RF receiver is tunable between
2.55 GHz and 3 GHz, has high gain (45
dB), low noise figure (1.3 dB), high
selectivity (AB-3 dB = 5 MHz) and
remarkable immunity against tempera-
ture changes.

In this case, the transmitter subsystem
is located at Barcelona’s airport and

the receiver subsystem is located at the
Department of Signal Theory and Com-
munications of the Universitat Politecni-
ca de Catalunya, giving a baseline of
10.9 km. The cost of the system is
reduced because of the hitchhiking tech-
niques used to synchronize the transmit-
ter and receiver on a monostatic airport
radar already in use.

In order to synchronize both subsys-
tems the receiver has been divided in
two parts—one for receiving and pro-
cessing the echoes backscattered by
targets and another for synchronization
purposes (hitchhiking). The first one,
which we will refer to as the receiver
module, uses an omnidirectional anten-
na (monopole), whereas the second
one, which we will refer to as the syn-
chronization module, uses a directional
Yagi antenna aiming at the transmitter
subsystem. The geometry for the radar
is shown in Figure 1.

The two monostatic radars of

Barcelona’s airport operate with two fre-
quency diversity bands each, which
requires that the RF receiver be tunable
over a wide range. In addition, gain,
noise figure and strength are very
restrictive as the RF receiver will deal
with very small signals and wili be
exposed to wind and weather.

Structure Used

The schematic diagram of the RF
receiver is shown in Figure 2. The sub-
division between the receiver and syn-
chronization modules, which are func-
tionally identical, is easy to recognize.
As shown in Figure 2, each part con-
sists of a low noise amplifier, followed
by a RF filter, a mixer, an intermediate
frequency (IF) filter and an IF amplifier.
Since the requirements for both mod-
ules are basically the same and in
order to minimize the cost, the two
receivers were built using the same
design.

IF-AMP

LNA
B.I.TE.

RF-BPF

MIXER

IF-BPF

STALO

IF-AMP

ouT 1

MODUILE

RECEIVER

SYNCHRONIZATION
MODUILE

Figure 1. Geometry for the bistatic radar.
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Figure 2. Schematic diagram of the RF receiver.
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G =309dB

RL =21.3dB
Pis =-19 dBm
F=26dB

Built-In Test Equipment (B.I.T.E.) — A
circuit capable of supplying regulated
voltages and currents was needed to
bias the active devices of the RF receiv-
er. The B.I.T.E. was designed in order to

AL 2.08 cbr .  MKR_#% FRO_232.7 MHz
CATTER 20 dB ! 5.84 dn
et e - o

\ ]
CENTER 332.0 MHz SPEM 29F.9 tHz

i

AR 7.15 MHr 23 B 57 10.88 msec

Figure 9. Frequency response of

Figure 8. Circuit diagram of the Built In Test Equipment.

the RF receiver.
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RYF filters

Computer Design of Equal Shunt
Value Tubular Bandpass Filters

By Albert J. Klappenberger
Consultant

The tubular bandpass filter, (some-
times called the coaxial bandpass filter),
has enjoyed wide acceptance through-
out the electronics industry due to its
fine ultimate rejection, low insertion loss
and wide frequency range characteris-
tics. It is however, a difficult filter to
design. Tubular filters having equal
value shunt capacitors (or “slugs” as
they are generally referred to) have tra-
ditionally been designed by empirical
means. Correct computer designs have
been an elusive matter. The method that
will be presented here has been imple-
mented in a filter design program called
PCFILT, and it goes a long way toward
an acceptable compromise solution.

coaxial bandpass filter is built using
metal disks, referred to as “slugs”,
for the shunt capacitors, with thin PTFE
“coupling” washers between them.
These “slugs” and coupling washers
have holes in the center through which a

PTFE rod is passed and then screwed
into both “end-slugs” to hold the entire
assembly together. The inductors are
wound on PTFE tubes referred to as
“forms” that slip over the PTFE rod,
holding the slugs on each side of the
inductor a precise distance apart. The
entire assembly is surrounded by PTFE
tape to insulate it from ground and then
pushed down a metal tube to form the
shunt capacitors at each slug.

The design procedure presented here
begins with a lumped element “mesh” fil-
ter. Each capacitor associated with the
inner “sections” of the filter are replaced
with two capacitors of twice the value
placed on either side of the section
inductor. This generates a “Tee” config-
uration at each shunt coupling that is
then converted to a “Pi” or “delta” config-
uration as illustrated in Figure 1.

The initial mesh filter can be synthe-
sized by a number of methods including

the insertion of *j” inverters between each
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Figure 1. Transformation of a fil-
ter to the tubular form.

pole of a direct scaled filter [1] or by exact
synthesis techniques. In either case, the
values of the shunt capacitors are often
equal in pairs around each series cou-
pling capacitor (except at the ends) but
are never all equal to each other.
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Figure 2a. Initial sytnthesis of bandpass filter.
Figure 2b. Filter after equal-value transformation.
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Figure 3a. Calculated response of original filter.
Figure 3b. Calculated response of transformed filter.
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plished by a simple shunt capacitor at
each end of the filter with the added
capacitive effects being absorbed by
increasing the first section capacitor. This
matching is usually done before the initial
mesh filter is converted to tubular form as
shown in figure 1. The equations for this
matching scheme are given below (also
see Figure 8):

Xgs = VRZ - R? @
1
Co=mo—
s 2nFoX s ‘ 5)
RZ
Xep = < (6)
cs
Co-— ' 7)
P 2mFoXep
where:
R = Initial design Z,
Z = System Z,

Fo = Geometric center frequency

This matching scheme is narrowband
in nature and will do far more to degrade
the passband of the filter than the
scheme described earlier to equalize the

Tmc T
T
_'_CFWVYL\ I< C

Figure 8. End section (top) and
matched end section (bottom)

shunt capacitor values, especially to
wider bandwidth designs. The degrada-
tion is a necessary evil but is usually
acceptable. At narrow bandwidths how-
ever, the value of CID can become many
times the size of the other shunt capaci-
tors in the filter. The solution to this
problem is the “Pi section end slug”. In
this situation Norton's second transfor-
mation will be employed.

Norton's second transformation, like
the first, equates a single component fol-
lowed by a perfect transformer (Figure 9).

1n
C1 C,
CD ¢ | .
B Zn? < Z ‘C Zn®
T }’” 0 / o | °
2
n n
C,=C —C
TP 271-n P
Cp =nCp

Figure 9. Norton's second trans-
formation

In this case, the single component will be
the parallel capacitor C_. The negative
component generated will be on the low
impedance side of the transformation.
Figures 10a through 10d show the
stages of converting a narrow bandwidth
mesh filter designed at a 4 Ohm imped-
ance level to operate into a 50 Ohm sys-
tem. First, the standard shunt capacitor
method is used to bring the impedance
to an intermediate impedance of about
twice the design impedance (Figure
10a). The intermediate impedance you
choose will determine the size ratio of

DIELECTRIC
CAVITY FILTERS
(CERAMIC)

Salisbury Engineering, Inc.
1955 Northwood Drive
Salisbury, MD 21801

Ph: 800-989-2141

Fax: 410-543-0641

Salisbury Engineering designs and manufactures a complete
line of Dielectric Cavity Filters (Ceramic) covering the frequency
range of 100 MHz to 2000 MHz. The ceramic filter offers a six to
one size reduction over the same wave-length air cavity. In
addition to size, temperature stability ranges from stable to less
than five parts per million degree C.

The ceramic filters are particularly useful for very narrow to
moderate bandwidth applications (0.5%-10%). Package size will
be dependent on frequency and the number of selections
required.

Typical applications would be for Cellular and GPS in the
commercial markets to missiles in the military market.
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Figure 10a,b,c,d. Conversion of narrowband mesh filter from 4 ohm impedance to 50.

the two end slugs in the final design.
Nortons second transformation is per-
farmed at C'D with n chosen to equal
V(50/4) (Figure 10b). The negative
capacitor generated is combined with
the last section capacitor and its value is
split into two creating two “Tee” net-
works (Figure 10c) which are each con-
verted to “Pi” networks completing the
matching (Figure 10d).

It should be pointed out here that if all
the shunt capacitors are to be equalized,
application of the equal shunt value pro-
cedure must be done after the imped-
ance matching. If it is desired to force all
the shunt capacitors to be equal to some
standard value, another iteration will be
required as the value will no longer be
linear with respect to design impedance
changes because of the matching. A
Newton’s method iteration was
employed which generally yields the
desired value within a few seconds,
depending on the bandwidth and the fil-
ter order. Making corrections by inverse
proportion to the impedance works when
the change is small, but is much slower
when large Z, changes are required.

Mechanical Dimensions

The last design step, (at least in the
first iteration), is to translate the calculat-
ed capacitances and inductances to
mechanical dimensions. A number of
empirical methods are used to arive at
these numbers.

The section inductors — It is well
known that the usual formula for the
inductance for a single layer coil yields a
value that is too high when the winding is
placed inside a metal tube. The tube
(case) acts as a long shorted turn reduc-
ing the inductance. To compensate, a set
of curves relating coil and shield dimen-
sions to inductance was curve fit [3].

Slug and coupling capacitance —The
Slug - coupling - slug “pi” sections seem

120

to act as a very low impedance trans-
mission line with the coupling forming a
“gap” and a step discontinuity at both
ends of each slug.

Coupling gap — Equations for the gap
capacitance in transmission lines of
approximately 50 ohms impedance were
found, but nothing has been found for
the low impedance level that a slug
inside a case represents.

The basic equation for a 50 Ohm line
was [4]:

2
C =0.706¢, % +0.442b |n[L;2t’j (8)
where a = case inner radius
b = slug inner radius
g, =2.1 (PTFE)
s = gap distance
The left term of the equation is simply
the standard formula for the capacitance
between two metal plates. The second
term however tends to begin correction
at the point the gap becomes wider that
twice the thickness of the teflon tape
that insulates the slugs from the case.
Below this distance, the left term domi-
nates. It is hoped that the 0.442 con-
stant could be adjusted as a fudge fac-
tor to attempt to correct for the much
lower impedance in this situation. A
number of reliable coaxial filter designs
were reverse-engineered using this pro-
cedure to dermine the “fudge factor” for
the coupling correction. A factor of
approximately 0.7 was determined after
averaging the results. This changes the
0.442 factor in the second term of the
coupling equation to approximately
0.309. It was also found to be adventa-
geous to allow for a correction factor to
be applied to the PTFE wrap. Reducing
the theoretical value of 2.1 effectively
compensates for the fit of the case and
any gap that might occur in the wrap.
Slug fringe capacitance — Quite a
bit of data has been published about

fringing capacity around discontinuities
in coaxial lines [5]. The appropriate
curves were curve fit and applied to the
slug sizes.

Conclusions

A designer might conclude that the
development of the tubular L/C model is
a rather nasty collection of compromis-
es. The same designer might also con-
clude that the process of converting the
L/C parts into mechanical dimensions
for the actual coaxial realization could
be considered akin to black magic. At
this point, 1 would tend to agree! The
methods described are only a starting
point. However, the PCFILT implemen-
tation of this procedure has proven quite
accurate after a six-month evaluation at
a major filter manufacturer. RF
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RF expo products

Products on Display at
RF Expo West

Featured products and new introductions
from many of the exhibiting companies

VCXO Aims for Fiber Optic

Networks

High speed voltage controlled
crystal oscillators from Raltron
operate from 40 to 139.264 MHz,
and at 155.520 MHz, and are
designed for fiber optic networks
including SONET and SDH. The
VC-6700 Series features 240
ppm frequency control range
using 0 to —5.0 volt control, and

+20 ppm stability over 0 to 70°C.
Power requirements are -5.2
VDC at 60 mA, and the units are
packaged in a 16-pin dual-inline
metal can. Pricing in OEM quan-
tities is $35 to $120 each.
Raltron Electronics Corp.
Booth 339

Info/Card #151

Vector Signal Analyzer Monitors
Digital Communications

Hewlett-Packard announces the
HP 89441A DC-2.65 GHz vector
signal analyzer, providing
designers of digital communica-
tions equipment with measure-
ment power to characterize sys-
tem performance, evaluate quali-
ty of modulated signals and iden-

tify areas of performance degra-
dation. Among the modulation
types supported are FSK, QPSK,
DQPSK, MSK and QAM. The HP
89441A is priced at $57,000.
Hewlett-Packard Co.

Booth 710

Info/Card #152

New Signal Processing

Component Line

Trak Microwave introduces a
new line of high performance
broadband power splitters, direc-
tional couplers, RF mixers, quad-
rature and junction hybrids, PIN
diode switches, voltage con-
trolled attenuators and phase

shifters, and matching transform-
ers. These signal processing
components operate in the 0.1
MHz to 6.0 GHz ranges.

Trak Microwave

Booth 121, 123

Info/Card #153

Low Profile Ovenized

Crystal Oscillator

Piezo Crystal Co. announces the
Model 2930201, an ovenized
oscillator designed for commer-
cial comunications, instrumenta-
tion and GPS applications. The
oscillator uses Piezo’s SC-cut
crystals to obtain typical phase
noise at 10 MHz of —110 dBc/Hz
at 10 Hz offset; —160 dBc/Hz at 1

122

kHz offset. Low aging and stabili-
ty 1 x10°8 over —20 to +60°C
are combined in a 2.0 x 2.0 x
0.75 inch package. Pricing for
500 pieces ranges from $220 to
$260 each.

Piezo Crystal Company

Booth 543

Info/Card #154

1.3 GHz Automatic
Frequency Counter

Wayne Kerr/Farnell introduces
the low cost Model 267 automat-
ic frequency counter, with 1.3
GHz range, 10 nHz maximum
resolution, period averaging,
match functions, relative per-
centage and burst mode. GPIB
interface is available.

Wayne Kerr/Farnell

Booth 918

Info/Card #155

High Frequency
Crystals

Reeves Hoffman presents high
frequency fundamental crystals
for wide bandwidth filter and
oscillator applications. Funda-
mental frequencies up to 120
MHz are available, in HC-45
resistance welded or TO-5 cold-
weld cases.

Reeves Hoffman Division
Booth 919

Info/Card #156

HF Software for
DOS and 32-bit

Systems

The new SYSTEM 32 from
Eagleware is a family of integrat-
ed HF synthesis and analysis
software for IBM and compatible
PCs. This family supports DOS
and 32-bit Microsoft Windows
and Windows NT operating sys-
tems with totally interchangeable
files. All Eagleware synthesis
and analysis programs are avail-
able as SYSTEM 32 products.
Eagleware

Booth 522

Info/Card #157

4 x 4 Matrix Switch

JFW Industries announces a
new 4 x 4 matrix switch, the
Model 50MS-028. The switch is
a non-blocking solid state matrix
with 20-980 MHz frequency

range, 20 us switching time, and
TTL control, requiring a power
supply of +28 VDC at 500 mA, .
JFW Industries

Booth 627

Info/Card #158

New Cellular
Couplers

Two new couplers join the Sage
500 to 1800 MHz coupler line.
Model FC5621X offers 20 dB
coupling, 1 watt power handling,
and 824-849 MHz coverage at
low cost. Model 5268X offers
higher power of 2000 watts with
31 dB coupling and 7/16 series
connectors. This model is avail-
able for the popular bands
between 600 and 1800 MHz.
Sage Laboratories

Booth 520

Info/Card #159

Thermally Efficient

Packages

CuPack low cost, high thermal
efficiency ceramic and copper
packages are introduced by
Brush Wellman/Tegmen. These
packages are available in SOIC
configurations, compatible with
bipolar and GaAs MMIC devices,
supported in high or low volume.
Brush Wellman/Tegmen

Booth 638

Info/Card #160

150 Watt Cellular
Power Transistor

Ericsson Components offers the
PTB20017 RF power transistor,
providing 150 Watts in the 860-
900 MHz cellular band. The part
is a common emitter NPN
device, operating in class AB
from a 25 VDC power supply.
Other features include low two-
tone distortion, ion implantation
and gold metallization.

Ericsson Components

Booth 634

Info/Card #161
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Ceramic Capacitor
Product Line

The new 114 Series of miilime-
ter-wavelength single-layer
ceramic capacitors is announced
by American Technical Ceram-
ics. Designed for low cost, high
volume applications, the capaci-
tors are available in values from
1 to 820 pF, and are offered in
three case sizes — T (.025 in.2),
U (.035in.2) and X (.050 in.2) —
and in five dielectrics.

American Technical Ceramics
Booth 128, 130

Info/Card #171

Low-Profile 2.33 mm
Ceramic Bandpass
Filters

Trans-Tech introduces a smaller,
lower profile ceramic bandpass
filter with maximum case height
of 2.33 mm (.092 in.) The prelim-
inary design is for a center fre-
quency of 2450 MHz, three-pole
surface mount design with 50
MHz bandwidth. Insertion loss is
under 2 dB and VSWR is 2.0:1
maximum. Other frequencies
and bandwidths can be manu-
factured.

Trans-Tech

Booth 429

Info/Card #172

Multiport Power

Dividers for Cellular
Tele-Tech introduces the DC-xx
family of multiport power dividers
for cellular applications. They
are available from 2-way through
32-way, covering 750 to 1200
MHz, and feature low loss per-
formance and 10-watt power
handling capability.

Tele-Tech Corp.

Booth 726

Info/Card #173

Low Cost SMA

Connectors

E.F. Johnson Company intro-
duces a line of low cost extend-
ed dielectric SMA flange mount
connectors. These connectors
have been designed with special
mechanical captivation in brass
bodies to obtain performance up

to 18 GHz at a low price.
E.F. Johnson Company
Booth 244, 246
info/Card #174

Capacitively Filtered
D Connectors

Stetco introduces a new line of
capacitively filtered D-subminia-
ture connectors. These devices
allow individual filtering of each
pin with capacitance values from
2 to 2000 pF, providing attenua-
tion of up to 50 dB. Straight or
angle-pin connectors with 9 to
50 pins are available.

Stetco, Inc.

Booth 631

Info/Card #175

Wireless Data

Transceiver

GRE America offers the GINA
wireless data transceiver that
uses spread spectrum technolo-
gy for data rates up to 128 kbps
with no FCC licensing required.
The transceiver can be integrat-
ed into many different data com-
munications applications.

GRE America

Booth 743

Info/Card #176

SMT Jumpers

Copper clad jumpers, or “zero-
ohm resistors,” are announced
by Cirgon Technologies. Provid-
ed in standard chip component
sizes, the jumpers offer excellent
electrical and thermal properties
through their copper and ceram-
ic construction. Single or multiple
trace configurations are avail-
able.

Cirgon Technologies Corp.
Booth 615\

Info/Card #177

Three New

Downconverters

California Eastern Laboratories
announces the new NEC
UPC2753GR, UPC2757T and
UPC2758T downconverter ICs.
The UPC2753GR accepts RF
input of DC-400 MHz, with ,
including 79 dB of small-signal
gain, AGC IF amplifer and limit-
ing IF output up to 20 MHz. The

UPC2757T converts 0.1-2.0
GHz RF to an IF with 13 dB gain
and 0.8 dBm third order intercept
and 5.6 mA current draw at 3
volts. The UPC 2758T provides
17 dB gain with 11 mA current
requirements.

California Eastern
Laboratories

Booth 818, 820

Info/Card #178

SAW IF Filters for
DECT

RF Monolithics offers the
SF1051 for DECT and wireless
local area network applications.
This filter features a center fre-
quency of 110.592 MHz, maxi-
mum insertion loss of 10 dB, and
3 dB bandwidth of 1.152 MHz
and in-band group delay varia-
tion of less than 200 ns p-p.
SF1052 is designed for GSM,
and operates at 71.0 MHz with 8
dB insertion loss, 300 kHz band-
width and 300 ns p-p group
delay deviation.

RF Monolithics

Booth 529, 531

Info/Card #179

FM Broadcast

Reject Filter

Model NX88-108 is an FM
broadcast band suppression fil-
ter that passes DC to 80 MHz
and 118 to 400 MHz, while sup-
pressing the 88-108 MHz band.
Insertion loss is 0.5 dB maxi-
mum and power handling capa-
bility is 25 watts, with VSWR
under 1.4:1. Small quantity pric-
ing is $175 each.

Trilithic, Inc.

Booth 430, 432

Info/Card #180

Ovenized Oscillator
Isotemp Research announces
the OCX0118-2, an ovenized
oscillator with user-interchange-
able crystals. Frequency cover-
age is 2 to 10 MHz, with fixed or
adjustable oven temperature.
Holds HC-27/U or HC-36/U crys-
tals. Crystal specifications are
provided.

Isotemp Research

Booth 648

Info/Card #181

High Frequency
Crystal Filters

Filtronetics offers high frequen-
cy, narrow band crystal filters for
applications up to 200 MHz. An
example is the FN-1801, operat-
ing 148.275 MHz with a 3 dB
bandwidth of 50 kHz and 60 dB
bandwidth of 300 kHz. The size
of this unitis 1 x 0.5 x 0.43 inch-
es, in a p.c. mount package.
Filtronetics

Booth 240

Info/Card #182

Time Interval

Analyzers

Guide Technology will demon-
strate time interval analyzers
with 100 ps single-shot resolu-
tion and 2 million measurements
per second. Also available are
PC-based frequency counters.
Guide Technology

Booth 512

Info/Card #183

Super-Spice

Program

Compact Software announces
the introduction of Super-Spice
1.0, an enhanced version of
Spice targeted for high frequen-
cy RF and microwave applica-
tions. Super-Spice 1.0 currently
runs on Sun SPARC and HP
700 series workstations, and
operates under Compact's EASI
user interface.

Compact Software

Booth 319, 321

Info/Card #184

Transistor Develops

60 Watts at 1.7 GHz
The LFE15600X from Philips
Semiconductors is a class AB
silicon NPN transistor for opera-
tion in the 1.5-1.7 GHz band.
Low distortion and easy parallel-
ing for high power make the
devices useful for PCS, mobile
satellite and digital audio broad-
cast applications. A similar
device for 1.7-2.0 GHz is under
development.

Philips Semiconductors

Booth 519, 521

Info/Card #185

RF Expo West — March 22-24, 1994 - San Jose, Calif.
To Register, call (800) 828-0420
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RF amplifiers

Increasing Linearity in Amplifiers
with IF Predistortion

By Nick lerfino
Harris Farinon

Since the advent of digital radio, much
effort has been placed in high power
efficiency to save both cost and power.
As the proliferation in communications
flourishes especially in digital cellular
radio, an interest in techniques to
remove non-linearity in power amplifiers
is being commonly investigated. This
paper outlines IF predistortion including
actual results using SSPA (solid-state-
power-amplifiers). A block diagram of a
generic model is included with some
measured results in a complete digital
radio system.

Given that FET amplifiers are gener-
ally used in microwave systems and
that nonlinearity above the 3rd order
intermodulation product is negligible at
reasonable output powers, the deriva-
tion of higher order products is omitted.

Using the Taylor series with only odd
order terms:

Z=a,X + a X ()
Y=b,Z+bsZ @)
where

28 = (a,X + a,X3)3

By combining (1) and (2):

Y=bjaX+ b2y + a;)x? 3)
+ 3a,%a,b,X5 + higher order terms.

In an experiment, predominantly 3rd
order intermodulation products were
produced when a two-tone signal (68
and 72 MHz) was upconverted and fed
into an 8 GHz, 1 W power amplifier.
Therefore from equation 3 it is evident
that to fully suppress the 3rd order-gen-
erated products, the following equation

X z Y
-——=» PD. » PA —»
input output

Figure 1. Block diagram showing
the pre-distorter (P.D.) before the
power amplifier (P.A.).

RF Design

must be met:

byas +a,%04=0 (4)
or

A by

ag bg
Vector Representation

In order to explain in more detail, a
vector representation of equations 1 and
2 is shown in Figure 2. The input vector
is X, which, after passing through the
predistorter, generates a,X and a3X3.
The vector azX? is controlled by a 4-
quadrant phase shifter and may be
rotated to any desired phase ¢. After a
linear upconversion the power ampiifier
amplifies vectors a,X and azX3. At a
fairly high output power the generated
vectors are a,b,X (fundamental signal),
a,%b,X3 (3rd order non-linear effect) and
asb, X3 (function of the predistortion
effect). For simplicity, the vector asb X3
is shown as an amplification without any
absolute delay. To fully suppress vector
a,%p,X3 we simply shift azb,X* by ¢ and
make sure the amplitudes meet equa-
tion 4. The entire system nonlinearity
reduction may be calculated as follows:

3rd order reduction (U)= (5a)
_ 3rd order in the entire system
~ 3rd order P.A. distortion

aghy +ajby (5b)

U= -20log

3
a1 b3

agby

=-20lo
g a?bS

+1

As an example, using equation 5, if the
goal was to suppress the 3rd order inter-
modulation products by at least 20 dB,
the necessary rotation is calculated at no
more than 6° from its expected 180°
phase shift. Also, this calculation
assumes that the AM-AM is completely
compensated. Experimentally, the IMD
suppression was measured at different
power amplifier back-offs as shown in
Figure 3. The experiment was conducted
using a two-tone signal at the input of the
predistorter and monitoring the output of
an 8 GHz power amplifier with a gain
compression-point of 34 dBm. Results
were obtained by manually adjusting the
amplitude and phase of the generated
distortion until the 3rd order products at
the output of the power amplifier were
suppressed to their minimum. Figure 3's
ordinate values are:

IMD(db) = 20log (6)

o
IMD

Where K is the power of the two-tone

a1b1X .
abX3 P / a,
31 0
'\/ X
3
a3X
3b X3
4,05

Figure 2. Vector representation of input signal, pre-distortion signal,

and signals after amplification.
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RF product report

Coaxial Cable Industry Copes
With Changes

Ann Marie Trudeau
Assistant Editor

The coax cable industry has stabilized
most of its manufacturing processes
over the years. The focus for the indus-
try today is how best to meet the needs
of the market which is cost driven and
looking for smaller cables to carry the
same or higher power. Now that the mili-
tary has downsized, some manufactur-
ers have had to refocus their efforts.
Various companies have chosen to
jump into the commercial market and
others have decided that the military is
still the market they can serve. Others
have a very, very narrow niche in the
coax market or are combining two
focuses.

Times Microwave Systems is looking
at the commercial market and dealing
with the changes within the military. Bob
Perelman, Manager of Commercial
Sales and Marketing, said that the mili-
tary has changed the specs for coax. He
said that low smoke, non-toxic, non-
halogenated jacketing is required to
conform to MIL C-17/180-200 cable
requirements. Cables made under previ-
ous shipboard requirements used chlo-
rine- and bromine-containing materials
to make them fire retardant. The down
side was that when the cables were
involved in a fire they formed toxic and
corrosive fumes. Upgraded standards
are now required for all new military pro-
grams. Times Microwave is also looking
at flexible replacements for semi-rigid
and corrugated cables.

Coax Product Manager Grant Walter
of W.L. Gore & Associate, Inc., said
what Gore is doing is getting into the
retrofit business supplying cables where
the requirements are higher than they
normally have been, for instance, mis-
siles and custom coax applications.
“What I'm seeing in the RF business,”
he said, “is a decline in general spend-
ing but no reluctance to spend on R&D,
high performance or advanced sys-
tems.”

Military Transition

Micro Coax Components, Inc. Product
Manager Ron Souders said that their

RF Design

company represents a successful transi-
tion from the military to the commercial
market while still servicing the military.
“It’s not as much as it used to be, but it’s
still huge,” Souders said. The company
is now working on a radar system for the
military.

He said that Micro Coax is focusing on
the cellular market and because of that
their former biggest seller, UT 1.41”
coax is now outsold by the UT 0.47".
“Some companies are suffering because
they haven’t made the transition,” Soud-
er said.

Defense Still a Focus

Then there are the companies, like
Kaman Instrumentation Corp., that have
focused heavily on the military. Terry
Dillahunty, Sales and Marketing Manag-
er of the microwave products group,
said that cutting the military budget to
$200 billion still leaves a huge market
for those manufacturers who years ago,
committed themselves to the military
market. The awarding of contracts is no
longer going to the lowest bidder.
“Prime military contracts are going to
those who have an outstanding product,
meet delivery dates and have good
engineering services,” Dillahunty said.
Kaman presently fills contracts for the
major flying programs—fighter aircraft,
missiles and satellites—by producing a
100% shielded coax with an oxygen free
high conductivity center conductor, sili-
con dioxide (SiOy) insulating material,
and laser welded connectors. Dillahunty
said that companies that primarily han-
dled the military could be making a mis-
take by struggling to make a place in the
commercial market. The only commer-
cial market that Kaman is looking at has
similar requirements as the military and
that is the satellite industry.

Telecommunications

Huber + Suhner, Inc. Applications
Engineer Doug Finan said that they are
focusing on telecommunications and
avionics. One of their newer processes
is running typical coax braid through a

molten tin bath to create a 100% shield.

Andrew Corp. found a niche in the
Personal Communications Network
(PCN) by providing a coax cable that is
between two available sizes. Vince
Caputo, Product Manager of Marketing,
explained that the previously used coax
didn’t exactly match the application. One
size was too small for the power needed
and the larger size was overkill, so
Andrew came up with 3/8 inch coax.

In addition to applications used in tun-
nels and enclosed places Andrew sees
increased activity in the radiating cable
market. New applications would give
offices more flexibility because the com-
puters wouldn’t have to be hard-linked.
Cellular users would find that they could
use their phones above the tenth story
in a building.

Storm Products Co. also has made a
small niche in the space flight market by
customizing for customers. Brian Hol-
land, General Manager, told of a space
flight application which required a cable
whose jacket was both resistant to UV
and other radiation and non-glaring
because it was going to be in line with a
camera. He feels that there is opportuni-
ty for growth in the coax industry for the
next ten years, part of which fiber optics
will influence because it is microwave
driven.

Growth is seen even in tools. Joe
Brown, President of Coastel Cable
Tools has focused on the needs of the
semi-rigid coax cable industry and come
up with portable and production semi-
rigid stripping tools with interchangeabie
cutting heads. He also sees dramatic
growth for coax that comes from
observing the expensive labor that
occurs with fiber optics.

Summary

Current military needs and the expan-
sion of the communications markets has
caused fierce competition. But, it looks
like coax manufacturers are focusing on
the various processes to give customer
satisfaction at a lower cost and still stay
in business. RF
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REdesign

MARKETPLACE

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DesicN 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 Michael

Applegate at (404) 618-0217 today.

RF career opportunities

ENGINEERING MANAGER
CRYSTAL OSCILLATORS
B.S.E.E. min, 8 to 15 years experience in R.F. Design
specializing in crystal oscillators (XO, TCXO, VCXO,
TCVCXQ), capable of directing and managing an engi-
neering group. Familiar with oscillator applications in the
communications field and phase noise measurement
techniques. Challenging opportunity for the self-disci-
plined and self-motivated individual in the Midwest’s
most liveable community. Send resume to:
Hybrids International Ltd.
311 N. Lindenwood Dr., Olathe, KS 66062

INFO/CARD 105

Microwave Design Engineer to join
the best R&D group in the industry.
Participate and/or lead in the design
and development of a new product.
Candidate must have proven capabili-
ty and experience with: circuit design,
for extreme conditions, using CAD
tools; microstrip and stripline design;
commercial microwave component
market; transmitter and receiver tech-
niques; error systems analysis; defin-
ing and performing system tests. Can-
didates must have a good mechanical
aptitude, be highly motivated and able
to work alone or in a team. BSEE or
higher, minimum 6-8 years experi-
ence. Send resume and salary history
to: Acar CORPORATION, INC., Person-
nel Manager, P.O. Box 802127,
Houston, TX 77280-2127

INFO/CARD 106

QOO

223 .. YOUR CAREER

QO Cellular Engineers: Design/develop Rf and analog circuits for high capacity cel-
y

QOQ lular systems. Requires minimum of 2 years experience in any of the following:

DD DSP, ASIC Design, Cae Development. Digital Moduclation, Digital Mobile Com-
munications, Channel Equalizers. Transmitter-Receiver Synthesizer or Audio
Design, Digital Signal Processing.

Director R&D: One of the three largest suppliers of Microwave Digital Radios in the
US. Common Carrier and Cellular markets is seeking an RF and Microwave circuit
design engineer with the following minimum gualifications: MSEE or BSEE, 10 years
experience in Microwave circuit design such as microstrip circuits, low noise ampli-

\ / fiers, power amplifiers. mixers, oscillators and RF circuits. Commercial experience in

cost effective design and knowledge of digital communication theory is desirable.

Product Marketing Manager: Our client, a well known microwave firm, seeks an experienced profes-
sional to perform classical marketing functions for a product line: i.e., develop short and long term
business plan, determine marketplace. etc. Excellent compensation package along with executive
benefits

Design and Sr. Design Engineers: Design and develop advanced microwave subsystems and
components for applications in communications; perfrom subsystem level design/analysis,
design of up/down converters, and/or synthesized source design; MIC component design of
amplifiers, filters, switches, limiters, mixers and oscillators, as required to support subsystem
activities. Experience with customers, project engineering, and supervision desirable. Positions
require a BSEE or equivalent, and min. 2 yrs. experience in microwave or RF design.

Filter Design Engineer: B.S. (prefer M.S. or Ph.D.). Minimum 3 years experience in the filter
design and development of Broad Band, comb-line, strip line, interdigital. low pas and high pass
filters, multiplexers, diode switches. (phase shifters), attenuators and microwave sub-systems
desirabie

RFIC Design: MS or PhD in Etectrical Engineering with minimum 5 years related experience pre-
ferred. The candidate should have a good knowledge and experience in Linear Bipolar High Fre-
quency IC design and measurement techniques in design IC's like Amplifiers, Mixers, Oscillators,
VCO's, Prescalers, Synthesizers, Limiting Amplifiers, etc. operating up to 2 GHz in Bipolar or BiC-
MOS technologies.

MMIC Design Engineer: Develop L/S band GaAs MMIC power amplifiers for
commercial wireless communications. Requires: M.S. or BSEE, +2 years expe-
rience with GaAs MMIC design, simulation. packaging and test.

RF B. band/Mod Engi : Responsible for the design and

gging of () dul. and control circuitry
on board level wireless data products. This will involve implementation
of wireless data modem circuits using IC technology and working with
other engineers in integration of a complete solution. Requires a
BS/MSEE, or equivalent, with 5 years experience in modem and
digital modulator/demodulator design using state of the art com-
ponents and design tools. Experience in cellular or wireless
Local Area Networks a plus.

S

COMMUNICATIONS
‘ EXECUTIVE SEARCH

871 Turnpike St. » North Andover, MA 08145
We specialize in the placement of communications both nationally and internationally.
FOR THESE AND OTHER OPENINGS
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627

D
o

INFO/CARD 107

BIG
SALES.

small packages.

Ask about our special advertising
packages in RF DEsiGN Marketplace.

Michael Applegate
Phone: (404) 618-0217
Fax: (404) 618-0342
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RF career opportunities

A

AXONN CoORP. is the leading supplier of high
performance, low cost, embedded spread
spectrum technology. Axonn’s Fortune 500

) ‘ ‘ customers integrate our SW and HW designs
/‘AOkk into an impressive array of innovative, very

high volume applications. Our designers work

hand-in-hand with engineers worldwide to create future product lines.
Axonn continually researches new, patentable RF communication
techniques. If you want challenge, variety, design creativity and the
growth availabie in a smaller company, call or FAX your resume.

SENIOR & STAFF RF DESIGN ENGINEERS

Hands-on design experience required with frequency synthesizers, receiver
design, transmitter design and 900 to 2400 MHz. Must be proficient with
RF modeling software such as Touchstone or Eagleware and familiar with
surface mount. 5 to 10 years experience required for Senior position.

Phone: (504) 282-8119  Fax: (504) 282-0999

INFO/CARD 108

RF recruitment

Several of our growing commercial major electronic companies located in

SUNBELT OPPORTUNITIES \
the

southeast have asked us to identify candidates in the mid-level experience range.

1) BSEE - to design analog/RF circuitry for receiver/transmitters in 300-900
MHTZ - P-Spice

2) BSEE - RF Test Engineer - 50 MHTZ to 1 GHTZ. Spectrum analyzers, net
work analyzers, HP Basic

3) BSEE - High power amplifier design engineer — Class AB 100-200 watts;

Varian Power Grid Tube Products, a leading
high-tech company, develops and manufac-
tures high-power electron tubes used in broad-
cast communications, RF industrial heating and
science applications.

Senior Applications
Engineer
San Francisco Bay Area

Currently, we have an opening for an RF
Applications Engineer to assist OEM's with
product selection, circuit design, and tube
applications. Must have hands-on experience
with high-power vacuum tubes, in-depth under-
standing of high-power (1 KW to 2.5 MW)
amplifiers, oscillators and high voltage power
circuits. BSEE and 7 years' experience or equiv-
alent required. Position requires 20% travel.

For immediate consideration, please call (415)
594-4131 or send your resume to: Varian, 301
Industrial Way, San Carlos, CA 94070, Fax:
(415) 594-4130. Varian is proud to be an equal
opportunity employer and to provide a drug and
smoke free environment.

varian®

N

4) BSEE - Cellular RF Design Engineer - UHF to 2 GHz to 48K
5) MSEE - To design high efficiency power MMICS for military systems. L-

800-900 MHTZ

Band thru KU Band (2-18 GHtz). Knowledge of non-linear modeling.
4##-o-r-t-u-n-e
PERSONNEL CONSULTANTS OF RALEIGH, INC.
P.O. Box 98388R ¢ Raleigh, NC 27624-8388

Phone: 919-848-9929 ¢ Fax: 919-848-1062
Stan Deckelbaum

INFO/CARD 110

Leader in the placement of RF Professionals

Call Toll Free 800-433-2160

TECHNICAL

-

Sprv. 9 To 85K

BSEE, S. Loc. 50’s

S. Loc. 55K

60’s S. Loc.

. CH. Des. — HDW test des. & dev. Broadband -

. Cell. Sys. Engrs. (sev.) — Dev. new srvs, ntwk pl.,
Freq. Coord., Intl. & USA Loc., 50-75K
. App. Eng. — Anal. & Dig. Sys. for video & data ntwks

Test Eng. — RF test eqp. — FL Loc. To 40K

Proj. Eng. - Modules & Hybrids MW Loc. - 50's
RF Des. Eng. ~ CATV & LAN Prod. — S.E. To 55K
RF Des. Eng. — RF Amps & Hybrid Oscill

. Sr. RF Des. — Telecom. Prod. — Must know C & C++

FAX 817-599-4483

9. Jr. RF Eng. - BSEE 1 +yrexp. N.E. 40's
10. Microwave test Tech - Test microwave radios —
High 30's TX Loc.
11. Sr. R&D Eng. - Fiber & Broadband LAN 5 yrs.
N.E.Loc. Sal. open
12. RF Des. — EMC Prod. - 8 Loc’s — Sal. 35-60K

SALES AND MARKETING
1. Reg. Sales Mgr. - Components — 70-90K + Comm.
2. Nat. Sales Mar. - EMC Prod’s Sal. Open + Comm.
3. South Amer. Sales Mgr. — Must be bilingual comp.
Sal. Neg.+ Comm.
4. Acct. Rep. — Sys. Block & Sub Assemblies —
To 85K + Comm.

Please call about our many other positions domestic and international for full details.

JIM YOUNG & ASSOCIATES

RF Design

One Young Plaza 1235 Ranger Highway Weatherford, TX 76086
Call for information about these and many other opportunities nationwide

INFO/CARD 112

RF/MICROWAVE

INFO/CARD 109

RF recruitment

towaAEDMIDWEST ————
S~ WIRELESS

WORK WITH AN RF ENGINEER IN YOUR MOVE TO THE MIDWEST!

My clients need top-notch RF Design Engineers and Managers,
3 to 10+ years experience, HF to 3.0 GHz, Receivers, Transmit-
ters, Power Amplifiers, Synthesizers, Spread Spectrum,
ASIC/MMIC Design, Modems, Communications DSP.

DON GALLAGHER MSEE

Phone:  319-895-8042 Fax:  319-895-6455
1145 LINN RIDGE RD. MT. VERNON, 1A 52314
40 YEARS OF RF ENGINEERING, MANAGEMENT. AND PLACEMENT OF ENGINEERS

INFO/CARD 111

MANAGEMENT
RECRUITERS?®
OF BOULDER, INC.

The search and recruiting specialists

H. WINIFRED BRADFIELD

RF / MICROWAVE SPECIALIST

CONTINENTAL BLDG., SUITE 301
1401 WALNUT STREET, P.O. BOX 4657
BOULDER, COLORADO 80306
(303) 447-9900
FAX(303) 447-9536

INFO/CARD 113
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Branch into direct marketing
to promote your product or services.
Rent the circulation file of this publication §

to reach responsive decision makers.

Call Renae Sutherland (404) 618-0154
Diane Johnson (404) 618-0391

6151 Powers Ferry Road ¢ Atlanta, GA 30339
Fax (404) 618-0347

RF Design Software

Programs from RF Design provided on disk for your convenience

This Issue’s Program — Disk #RFD-0394

“Program Uses Two-Port Models for Design Small-Signal Amplifiers,’
by Christopher Buckingham. This program is a Spice accessory, to
assist in the study and design of small-signal tuned amplifiers prior to a
full analysis in Berkeley Spice. Requires VGA display; will run on
80286/386/486 class computers under DOS.

'’

NOTE! New Pricing and Ordering Information:

Monthly programs are available for 1993 and 1994 issues —
Each month’s program disk: $25.00 (U.S. and Canada)
$30.00 (Other foreign)

Full-year collections are available for 1989 through 1993 —
Order #RFD-(year)-SET for: $120.00 (U.S. and Canada)
$135.00 (Other foreign)

Annual subscriptions are offered — get every program for a year
Specify month for subscription to begin: $170.00 (U.S. and Canada)
$220.00 (Other foreign)

All orders must be pre-paid — check, money order or major charge cards
accepted — foreign checks must be payable to a bank located in the U.S.

RF Design Software
6151 Powers Ferry Road, N.W.
Atlanta, GA 30339-2941
(404) 618-0219, Fax: (404) 618-0347
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RF' software

Map Crossing and Indexing
SoftWright's Map Crossing and Indexing

module of the Terrain Analysis Package will

calculate the map crossing distances for each

map on an RF path. The index of over 76,000

USGS topographic maps is also included,

enabling the user to print out a list of maps

necessary to show the path.

SoftWright LLC

INFO/CARD #196

Digital Transmission
Modeling

Hyperception announces the release of the
Advanced Transmission Library. This library,
to be used with Hypersignal for Windows
Block Diagram simulation software, includes
models for baseband transmission, moduia-
tion, demodulation, carrier and clock recov-
ery.lt also includes blocks to measure system
performance. The Advanced Transmission
Library is immediately available from Hyper-
ception at a price of $1495 for single units.
Hyperception
INFO/CARD #197

Interactive SPICE

Intusoft now offers IsSpice4, an interactive
version of SPICE which runs under the Win-
dows, Windows NT or MAC environments.
Circuit parameters can be changed and
waveforms viewed as the simulation runs.
Probing can be done directly on the schemat-
ic. IsSpice4 is available as part of the ICAP
Design Series. ICAP/4Windows, ICAP/ANT
and ICAP/4Macintosh are priced at $2595.
Owners of ICAP/4DOS and ICAP/4M can
upgrade for $870.
Intusoft
INFO/CARD #198

Comm. Network Modeling
MIL 3 is now shipping OPNET Modeier 2.4.
OPNET models, simulates and analyzes the
performance of communications networks,
computer systems and applications, and dis-
tributed systems. OPNET Modeler/Radio
adds the capability to model radio links and
mobile communications nodes. Transceiver
frequency, bandwidth and power characteris-
tics can be specified, as can spread spectrum
characteristics.
MIL 3, Inc.
INFO/CARD #199

Math Software

Mathcad 5.0 offers new features such as
trace and zoom for graphics, print preview and
a technical spell checker for document prepa-
ration. Mathcad PLUS 5.0 is a new edition that
delivers both the previously mentioned
improvements and a wider array of functions
such as differential equations and advanced
matrix algebra and a C or C++ interface. Both
editions run as 32-bit applications under Win-
dows 3.1 and Widows NT. Mathcad 5.0 and
Mathcad PLUS 5.0 are available for $99.95
and $299.95, respectively.

MathSoft, Inc.
INFO/CARD #200
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RF literature

Photochemical Machining
Photofabrication is offering a reprint of Photo-
chemical Machining, from ASM International
METALS HANDBOOK® volume 16: Machin-
ing. The process of etching metal by photo-
chemical processes makes accurate dimen-
sions possible for RF shields, screens and
other metal products.

Photofabrication Corp.

INFO/CARD #233

Wireless Monitoring Notes
WI-COMM has three application notes deal-
ing with radio/TV signal monitoring in wide-
band wireless systems. The design outlined
improves the signal reception through the use
of noise and/or super linear devices.
WI-COMM Electronics Inc.

INFO/CARD #234

RF Software Reference
Provided free to qualified RF designers, this
reference gives an overview of Eagleware
IBM and compatible PC software products for
analog and high-frequency circuit designs. It
includes state-of-the art algorithms employed
in the high frequency simulator and structures
designed by their synthesis programs.
Eagleware Corp.

INFO/CARD #235

CAE/CAT Software

Thirty-five application notes on MMICAD™,
Optotek’s RF and microwave CAE/CAT soft-
ware for DOS™ and Windows™ platforms,
are available as a book.

Optotek

INFO/CARD #236

Microwave Component and

Instrument Catalog

Loral’s Catalog 27 has 360-pages that covers
mixers, sources, isolators and circulators,
control products, power dividers and hybrids,
couplers, attenuators, adapters, terminations
and phase shifters, waveguides, and power
measurement products. Similar products are
under one heading and alternate products
are cross-referenced.

Loral Microwave-Narda

INFO/CARD #237

Wire and Cable Brochure
Insulated Wire has issued a six-page capabil-
ities brochure which includes information on
manufacturing processes as well as their
patented method of shielding. Also included
is information on twisted pairs, custom coax
and triax, cables, dielectric cores, and
microwave cable assemblies.

Insulated Wire Incorporated

INFO/CARD #238

SMT Magnetic Products

Vanguard Electronics’ Inductors & Transform-
ers brochure introduces encapsulated sur-
face mount inductive devices which reduce
circuit density and increases performance.
These devices have been used in radar,

136

guidance systems, military and commercial
avionic systems, satellites, and telecommuni-
cation switching networks.

Vanguard Electronics Co., Inc.
INFO/CARD #239

Test Instruments Catalog
Eighty-one instruments, 10 new, from Leader
Instruments fills the 120 pages of Catalog No.
24 with product descriptions and technical
specifications. They range from general pur-
pose test instruments to a number of the
more specialized instruments including RF
generators, meters and bridges, and frequen-
cy counters.

Leader Instruments Corp.

INFO/CARD #240

Cellular Coupler Data

A new data sheet, which features a dual
directional coupler for cellular radio applica-
tion, has been released by RF Power Com-
ponents. Model DDC-901-931-R5-30 remote-
ly monitors cell-site power output and VSWR.
The coupler operates from 800-1050 MHz
with up to 500W CW power and covers the
full celiular band.

RF Power Components, Inc.

INFO/CARD #241

Technical Bulletin on
GaAs MMIC

Anadigics has a technical bulletin for its new
900 MHz MMIC receiver for use in wireless
applications. The receiver is a monolithic
downconverter used in cordless telephones
and LAN applications. The high level of inte-
gration allows wireless manufacturers to pro-
duce receivers with fewer components and
minimal tuning.

Anadigics

INFO/CARD #242

Digital Modulation Data
Anritsu Wiltron offers a free six-page
brochure on the ME2627B digital modulation
analyzer. It has a frequency range of 10 MHz
to 2.7 GHz and provides n/4 DQPSK and
GMSK modulated signals, and can change
measuring conditions, filter type, sampling
points, and display.

Anritsu Wiltron Sales Co.

INFO/CARD #243

CAE/CAD RF Solutions
Compact Software has a new 52-page cata-
log that describes their integrated CAE/CAD
solutions for RF, microwave and lightwave
design for PCs using DOS or Windows and
SunSPARCstation, DECstation, and HP
9000/700 workstations. Their software’s abili-
ties include schematic capture, physical lay-
out, and provides linear, nonlinear, electro-
optical, and time-domain simulations. Also
described are the enhanced capabilities of
their new product releases.

Compact Software

INFO/CARD #244

VXI Catalog

Hardware and system software tools for test
system applications can be found in the 1994
HP 75000 Family of VXI Products and
Services Catalog.

Hewlett Packard

INFO/CARD #245

SPICE Applications

Thirty-four back issues of the free bi-monthly
Intusoft SPICE newsletter—6/86 to 1/94—are
reproduced in Spice Applications Handbook,
2nd Edition which includes over 60 technical
articles. The handbook includes simulation
techniques, modeling information, and actual
models for a variety of components along
with application notes. In depth subjects dis-
cussed include: RF circuits, SPICE 3 fea-
tures, and SPICE speed benchmarks, and
more. A disk is available and contains all the
models, SPICE netlists, and schematic/sym-
bols. The handbook and the disk are $49.95.

Intusoft

INFO/CARD #246

Data Book

Hitachi has a 612-page data book to help
speed the design processes for wireless
communications, optical or electrical data
transmission equipment, or telecommunica-
tions. A guide locates the products for various
applications. Technical information is provid-
ed on RF power modules, SAW filter, low
noise HF ftransistors, varactor diodes, optical
transmission elements, and others.

Hitachi

INFO/CARD #247

RF and Microwave Catalog
Geoffroy Labs list RF and Microwave prod-
ucts and capabilities that they offer. The prin-
ciple components are: inductors, capacitors,
attenuators, filters, switches and subassem-
blies. The catalog also lists the facilities,
equipment and CAD tools that are in place in
their labs.

Geoffroy Labs

INFO/CARD #248

RF Power Amplifiers

LCF Enterprises’ 1994 catalog lists their RF
power amplifier modules and rack-mount sys-
tems. Also included are electrical and
mechanical specifications, package outline
drawings, technical performance data and
application information. Frequencies from 1
MHz to GHz and power ranges from 1 W to

1 kW are covered.

LCF Enterprises

INFO/CARD #249

VXlbus Update

Racal Instruments provides a supplement to
their VXlbus Solfutions Catalog. Listed are
new application notes, RF and microwave
switch cards along with the 1261A/E and A/R
frequency standards.

Racal Instruments

INFO/CARD #250
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