


















































RF news

Semiconductor Junctions
Measured — NIST and Digital Instru-
ments of Santa Barbara, Calif., using sil-
icon junctions from SEMATECH as
samples, are developing scanning
capacitance microscopy (SCM) to pro-
duce images of the sample’s electrical
character. The Semiconductor Industry
Association’s Technology Roadmap
identifies nanoscale junction profiling as
essential metrology for the development
of integrated circuits. Theoretical SCM
modeling research is being coupled with
the practical measurement and calibra-
tion techniques possible with an atomic
force microscope. This technology is
expected to affect the semiconductor
industry by giving developers a critical
tool for improving integrated circuits. For
technological information, contact
Joseph J. Kopanski, A305 Technology
Bldg., NIST, Gaithersburg, MD 20899-
0001. (301) 975-2089.

Capacitance Standard In Develop-
ment — NIST has developed a new
standard of capacitance based on
counting electrons as they charge the
capacitor at 0.1 Kelvin. Metrological
applications require errors lower than 1
ppm and NIST has demonstrated an
electron pump that operates with errors
slightly lower than 1 ppm. The device is
microfabricated from a linear array of
five ultra-small tunnel junctions, each
with dimensions of 40 nanometers. For
a copy of a paper discussing the experi-
ment, contact Sarabeth Moynihan, Div.
104, NIST, Boulder, CO 80303-3328.
(303) 497-7765. Ask for paper No. 43-
93.

Cellular Interface Standard — The
Telecommunications Industry Associa-
tion’s (TIA) TR 45.4 subcommittee has
the task of defining and developing a
standard interface between cellular
Base Station Subsystems (BSS) and
Mobile Telephone Switching Offices
(MTSO), to be used throughout Pan
America. The Interface Specification
submitted by Motorola will support RF
interfaces for AMPS (1S-533), NAMPS
(1S-88), USDC (IS-54), CDMA (I1S-95)
and other functions including Intersys-
tems Operations (1S-41). The proposed
interface, developed by Motorola and
other cellular equipment suppliers,
would enable any vendor's base station
to work with any cellular switch.

World Communications Develop-

ment — In November of 1993 the
World Telecommunication Advisory
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Council (WTAC) recommended to the
ITU to proceed with the feasibility phase
on WorldTel—a funding and develop-
ment organization to promote worldwide
telecommunication expansion. The
study, expected to be conducted in early
1994, will focus on the establishment of
a commercially run organization whose
goal is to cut the widening gap between
the information-rich industrialized coun-
tries and the information-poor develop-
ing countries. WTAC reported that the
prospects for reducing the gap without
an international effort are very slim.
WorldTel is to act as a multinational (not
purely intergovernmental) organization
and will have no institutional linkage to
the ITU. However, the study is expected
to be undertaken under the auspices of
ITU with the support of the WorldTel
Working Group of WTAC. It will be
financed by contributions from interest-
ed sponsors who will be provided with
the opportunity of reviewing the study at
the draft stage.

Voluntary Standards Seminar —
The Federal Interagency Committee on
Standards Policy, chaired by Stanley I.
Warshaw, director of NIST’s Office of
Standards Services, will hold a one-day
seminar on the Oct. 1993 revisions to
the Office of Management and Budget
Circular No. A-119. This meeting is for
private-sector and public interests to dis-
cuss the revisions’ affect on the stan-
dards’ community. The seminar is Feb.
23, 1994, 9 a.m. in the auditorium of the
Department of Commerce, 14th Street
and Constitution Avenue, N.W.; Wash-
ington, DC 20230. Contact: Office of
Standards Services, A603 Administra-
tion Bidg., NIST, Gaithersburg, MD
20899-0001. Phone: (301) 975-4000.
FAX: (301) 963-2871.

BBS has SPICE Models and
Application Notes — Intusoft has
setup a SPICE Bulletin Board on Com-
puServe Information Service. The BBS
also contains software utilities and
demonstration software and is under the
CADD/CAM/CAE Vendor forum an on-
line electronic service. On CompuServe
type “Go CADDVEN?" at any prompt and
select the “All CADD/CAM/CAE” sec-
tion. The Intusoft CompuServe address
for e-mail is 71564,3147. Internet users
can send Intusoft e-mail via:
“71564.3147 @ compuserve.com”.

FM Data Broadcasting Proposals
— The NAB and the Electronic Indus-
tries Association (EIA) sponsor the

National Radio Systems Committee
(NRSC) which sets technical standards
for broadcasters and manufactuers. Pro-
posals are being sought by the High-
Speed FM Subcarrier Subcommitiee of
NRSC for the new standard that would
allow the 6,000 FM radio stations to pro-
vide high-speed data broadcasting to
fixed and mobile receivers. Cars, for
example, would have real-time access
to traffic information with data broadcast
receivers.

NSI Awards Diamond Depositions
Contract — Applied Science and
Technology, Inc. was awarded a Phase
Il contract from NSF for microwave plas-
ma diamond depositions at high growth
rates. ASTeX will concentrate on gas
phase chemistry changes at high power
densities, techniques to control film mor-
phology and increasing the growth
rates, all of which will lead to higher
deposition rates. This will make dia-
mond coatings more cost effective per
carat for use as heat sinks for thermal
management, coatings for cutting tools,
and free standing thick infrared optics.

Johnstech Moves Headquarters
— A producer of test sockets Johnstech
International’s new address for their cor-
porate and manufacturing headquarters
is: 1210 New Brighton Blvd., Minneapo-
lis, MN 55413-1614. Phone: (612) 378-
2020. FAX: (612) 378-2030.

RF Power Components New
Address — RF Power Components,
Inc. has moved to 125 Wilbur PI.,
Bohemia, NY 11716. Phone: (516) 563-
5050. FAX: (516) 563-4747.

Harris Farinon Canada Moves —
As of Jan. 3, 1994, Harris Farinon will
have moved 10 km west of their original
location to 3 Hotel de Ville, Dollard-des-
Ormeaux; Quebec, Canada H9B 3G4.
The new numbers are: (514) 421-8400.
FAX: (514) 421-4222. Telex: 05-821893.
Customer Service: 1 (800) 465-4654.

Geleco RF Business Acquired by
LBA Technology — The RF systems
of Geleco Electronics, Limited of Toron-
to, Canada has been purchased by LBA
Technology, Inc. of Greenville, North
Carolina, supplier of medium wave
broadcasting antenna systems. Geleco,
producers of antenna tuning units and
RF equipment for radio broadcasting,
will have their assets and inventory relo-
cated to the expanded LBA Greenville
manufacturing facility.
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RF industry insight

Fast Si, New Design Tools and Porta-
bility Demands Bring ASICs to RF

By Andy Kellett
Technical Editor

ew RF designers would have even

thought of implementing a new
design on a single semiconductor chip a
decade ago. It would have been possi-
ble to implement a complete design,
after several expensive design itera-
tions, on a single chip, (or two), of very
expensive GaAs. But the need to do so
just wasn'’t there. Today, RF Application
Specific ICs (ASICs) have appeared at
the confluence of three circumstances:
the need for small but complex radio
transceivers, the emergence of silicon
processes with high f,, and the availabili-
ty of fast computers and design software
which can reliably predict the behavior
of RF integrated circuits.

“A driving force behind ASICs is wire-
less communications,” says Mojy Chian,
Senior Principal Engineer at Harris Semi-
conductor’s CAD group, “you want to
make a high-frequency product, you want
to make it sophisticated, but at the same
time you want it to fit in a shirt pocket.”
Performance requirements and time-to-
market have traditionally driven use of
ASICs says ASIC & EDA magazine
Senior Editor, Kella Knack.

Integration provides several benefits for
RF applications besides reduced size,
says Jack Gued], Marketing Manager
and Applications Engineer for Raytheon’s
high speed communications products.
Among them are better performance,
lower power consumption, easier board
design and better reliability. There are
several ways to arrive at integration: tran-
sistor array ASICs, standard cell ASICs,
custom design ASICs and application
specific standard products. Strictly speak-
ing, an ASIC is any IC designed to per-
form most or all of the functions for a sin-
gle end-use. However, when most people
think of ASICs they think of one of the
species of ASIC that are at least partly
designed by the customer.

Picking a type of ASIC requires a bal-
ance of design effort and performance.
Transistor and tile arrays allow designers
to connect individual transistors and pas-
sive components, and because the cus-
tomer only specifies the metalization lay-
ers, development time is fast. However,
the placement of components is not opti-
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mal. Standard cells reduce both die size
and interconnects by providing pre-
designed function blocks. Not only are
the number of interconnections reduced,
but so is the risk associated with creating
a custom design from scratch says
Gued). Normally a few versions of any
type of function (a mixer or amplifier for
example) are available, but designs still
must be adapted to the tiles that are
available. A third approach is a fully cus-
tom ASIC. This type of ASIC allows opti-
mal placement of components and mini-
mizes die area. This approach requires
the most effort on the part of both the
ASIC customer and manufacturer, but as
Chian points out, "Typical RF ASICs are
small, so transistor-level design is not a
far stretch."

Another way to shrink a circuit is to use
an application-specific standard-product
IC. AT&T Microelectronics produces
standard lines of chips, “focusing on the
world-wide digital communications stan-
dards,” says Phil Carrier, Marketing Man-
ager for AT&T’s Wireless RFICs. Chips
designed for specific applications from
the start are important, says Carrier,
because,“In subscriber, hand-portable
terminals every mA counts.” Other manu-
facturers acknowledge that ASICs are
not the best choice in every instance. “In
general, if there’s a good chip-set that
does the job ASICs don’t compete,” says
Bill Dennehy, Director of Marketing for
ASICs at Harris Semiconductor.

Some companies are both producers
and users of ASICs. While Stanford Tele-
com does offer standard products, their
ability to produce their own ASICs helps
them to sell items at the system level,
says Charles Frank, Managing Director
of ASICs and custom products. “We are
unique in being able to combine digital
communications expertise with ASIC
implementation expertise.”

Fast Silicon

Integrating complex RF circuits could
only be dreamed about until a few years
ago says Dr. Charles Leung, President of
Bipolarics. New processes have pushed
silicon’s f, above 10 GHz. “Small is the
key for fast silicon devices,” says Leung

“RFIC processes have features as com-
plex as the most advanced DRAM. In
addition, we deal with the subtleties
involved with RF transistor design,” says
Dr. Leung. Several companies have
developed high-frequency silicon
processes and offer them for ASIC man-
ufacture. Despite all the attention given to
high-speed silicon processes, GaAs is
still used in high-frequency ASICs.

Design Tools

Another key to the emergence of RF
ASICs is the availability of design tools
capable of accurately predicting an
ASIC’s behavior before it is fabricated.
Most of the time, the ASIC customer is
given models of the transistors or tiles
that make up the ASIC and they produce
a schematic based on those models. The
ASIC manufacturer then translates those
schematics to silicon (or GaAs) using
their own tools and proprietary knowl-
edge of their process. IC design and RF
design tools are only beginning to work
together in a seamless way. An analog
extension to the VHDL design language,
called VHDL-A is in the works, but it
mostly addresses low-speed analog and
mixed-signal designs. Another develop-
ing high-level language for IC design is
tailored for RF IC design and is called
MMIC Hardware Development Lan-
guage, (MHDL).

Harris Semiconductor has already
managed to incorporate RF tools into an
IC design system. Called Fastrack, Har-
ris’ new system uses Cadence Design
Systems' |C design framework and
incorporates a number of RF tools such
as S-parameter analysis, noise analysis
and large-signal distortion analysis. The
combination of RF and IC design makes
for some new measurements says Chian,
“for instance, measurements of the statis-
tical distribution of third order intercept
point.” Harris takes a “hard line” on mak-
ing sure ASIC designs are manufac-
turable says Harris' Dennehy.

The tools, processes and demand for
monolithic RF systems are just now con-
verging. The extent to which future RF
designs will be done on a single piece of
semiconductor remains to be seen.  RF
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RF featured technology

Medium Power Bipolar Design
Using the NE46134 Nonlinear Model

By Lynne Olsen and Brian Kirk
California Eastern Labs

This article presents a method for
determining the source and load imped-
ances of a medium power amplifier using
a nonlinear simulator and optimizer. The
amplifier is designed to produce 27.5
dBm output power at the 1 dB gain com-
pression point (P1dB) while conjugately
matching the input for maximum power
gain. This method is compared to two
other methods: using measured load pull
data, and calculating the optimum load
impedance from small signal S-parame-
ters [4]. The nonlinear model was devel-
oped by California Eastern Laboratories
for the NEC NE46134 medium power
bipolar junction transistor (BJT) using the
nonlinear simulators LIBRA and
XTRACT, both developed by EEsof™.

he benefits of using a nonlinear sim-

ulator [8] to evaluate output power,
intermodulation distortion, harmonic dis-
tortion, time-domain wave forms, and
other nonlinear responses have always
been apparent. However, only in the last
decade have nonlinear simulators
become computationally efficient and
cost effective enough to be used for
power design. This advance is due pri-

Method I's 'L

Cripps’ B Ropt
SPICE, opt C A
SPICE, conj D A

DESIGN E F

Figure 1. Power contours and
impedances on the Smith Chart.
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marily to: 1) the implementation of har-
monic balance algorithms, 2) the drastic
price reduction in computer hardware
with an accompanying increase in com-
puting power, and 3) the availability of
nonlinear models that are robust enough
to accurately predict the nonlinear
responses required. However, power
modeling is still in its infancy.
Narrowband, medium power amplifier
design consists of determining the opti-
mum load impedance, T (opt), that will
provide the maximum output power.
Next, the device is terminated with this
load impedance and the source is conju-
gately matched to provide maximum
gain. In this article, the impedances are
represented as reflection coefficients.
[ (opt) can be determined using one of
several methods. The easiest is for the
circuit designer to use measured load-
pull data, (if it is available from the device
manufacturer). If load-pull data is not
available, a second method developed
and documented in 1983 by S.C. Cripps
[2,4,5] can be used. Cripps’ method not
only determines T, (opt), but also can be
used to generate approximate power
contours. This method uses smalil-signal
S parameters, which are fairly easy to
measure, to approximate the large-signal
output impedance of the device. The third
method detailed in this article uses a non-

linear model and a nonlinear simulator
and optimizer. The optimizer is used to
perturb the source and load impedances
until the desired power and gain specifi-
cations are achieved.

The amplifier design specifications are:
P1dB = 27.5 dBm
G1dB=7dB
Frequency= 900 MHz
Bandwidth = 40 MHz

The NEC NE46134 was chosen
because of its useful bias range, excel-
lent dynamic range and high output
power. This device is available in a low
cost surface mount package (the NEC
34), as well as in chip form. The NEC 34
package is similar to the industry stan-
dard SQOT-89 package style.

For this design, the critical specifica-
tion is to achieve 27.5 dBm output
power at 1 dB gain compression [6]. The
NEC NE46134 is biased at 12.5 V, 100
MA to provide best linearity at 27.5 dBm
output power.

Measured Load-Pull Data

Load pull-data, also referred to as
large signal impedance data, can some-
times be obtained from the manufactur-
er. The load-pull data provides load
impedances that correspond to different
output power levels. For any output

S22 of device
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Figure 2. Load impedance derived
using Cripps approximation at
12.5V, 100 mA, 900 MHz.
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Figure 3. Schematic of the
NE46134 nonlinear model.
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Figure 4. SPICE optimization to determine source

and load terminations.

power less than maximum, there is a
locus of impedance values that form a
closed contour on the output impedance
plane. For maximum output power, the
contour converges to a single point.

Once the load pull contours are
obtained, the designer notes the source
and load reflection coefficients corre-
sponding to the desired output power
level and gain specifications. Then the
input and output matching networks are
developed and the circuit is built and
tested. No load-pull data was available
from NEC at the time of this writing.

Cripps Approximation

A widely used approximation method
documented by Steven Cripps uses
small-signal S-parameters to determine
I' (opt). Although Cripps’ technique was
developed to obtain power contours for
GaAs FETs, we have found the tech-
nique works well with bipolar junction
transistors also. The key to successfully
implementing the approximation is to
develop an accurate model for the out-
put of the device over the frequency
range and bias of interest, as demon-
strated in California Eastern Laborato-
ries’ application note AN-PF-1007 [10].

This method entails calculating the
optimum load impedance for the maxi-
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Input Matching - b
: : 10.18nH
© 500hm A
A - . B4 degrees =
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B . N R {461d501}
1541319 676/90.336  F= 900 MHz

Figure 5. Matching networks.
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Figure 7. Final schematic including matching net-

works and layout parasitics.

mum output power. At 12.5 V, 100 mA,
the optimum load resistance, R, =
12.5 V/100 mA= 125 ohms as shown in
Figure 1. This impedance point is then
rotated to the output impedance plane of
the package. The equivalent output cir-
cuit is generated from small-signal S-
parameters. Figure 2 shows the output
impedance that results from this rota-
tion, I' (opt) = 0.438/66.13°. The output
of the device is terminated with this load
reflection coefficient and the new input
reflection coefficient, S11°, is calculated.
The input is then terminated with the
conjugate of S11” (S11'=0.63 /-170.3°).
Power, gain, and intermodulation distor-
tion using these terminations are simu-
lated as shown in Table 3. P1dB is 27.1
dBm with an associated gain of 9.5 dB.

The design task then becomes an
impedance matching exercise to trans-
form the 50 ohm source impedance to
S11 conjugate, and to transform the 50
ohm [oad impedance to I' (opt). Addi-
tional power contours can be developed
using this approximation. Several have
been provided in Figure 1. These con-
tours assist the designer in determining
the degradation in output power if the
output matching network does not
exactly provide I', (opt).

Nonlinear Simulation

Before delving into nonlinear simula-
tion, a brief review of small-signal ampli-
fier design is provided to note the simi-
larities between small-signal linear
amplifier design and large-signal nonlin-
ear power design. For small signal
design, the S-parameters are used in
the well known power gain equations
[2]. These power gain equations charac-
terize the bilateral, linear relationships of
the device and are implemented in
many linear simulators. The simulators
automate the task of calculating and
plotting constant gain circles. Constant
gain circles are very similar to load-pull
contours. Both consist of impedance
values plotted on the Smith Chart. The
difference is that gain circles are circles
of constant gain and the power contours

are contours of constant power. Theo-
retically, a nonlinear simulator could be
used to generate power contours, since
the nonlinear simulator can vary the
source and load impedance and calcu-
late the corresponding output power.
The maximum output power contour
converges to a single point on the Smith
Chart. Since the commercially available
computer-aided engineering programs
haven’t automated this process, gener-
ating these contours is fairly time con-
suming.

Using a nonlinear simulator and opti-
mizer to determine the source and load
impedances for this design problem at a
single frequency and bias range is
straightforward. All we have to do is
input the nonlinear model parameters
and design goals, and have the optimiz-
er vary the source and load impedances
until our design goals are achieved. The
next step is to design the input and out-
put matching networks using actual fab-
rication technology, re-simulate the cir-
cuit with expected layout parasitics and
then, build the circuit. If your measured
and simulated results differ, then re-
evaluate the device and component
models and add any overlooked
layout/fabrication parasitics.

Nonlinear Model

The nonlinear model for the NE46134
[1] is shown in Figure 3 and is used to
predict the behavior of the device under
various power conditions. The nonlinear
model consists of the nonlinear chip
model using Gummel-Poon [3] parame-
ters embedded in the NEC 34 package
model.

Simulation and Optimization

The circuit description consists of the
nonlinear model, the DC biasing circuitry,
the AC input, and the optimizable termi-
nations indicated as “source matching”
and “load matching” in Figure 4. The DC
biasing circuitry provides Vce = 12.5 V
and lc = 100 mA. The AC input provides
a 900 MHz signal with a power sweep
from 0 to 30 dBmin 5 dBm steps.
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RF cover story

Simulating a QPSK Modem

By Don Miller
MCC Panasonic

This paper shows how time domain
simulation can provide insights into the
operation of a QPSK modem, insights
that are unobtainable with frequency
domain tools. SPICE-type tools were not
used in the simulations outlined here.
TESLA, one of the available block level
simulators, was used instead. Tools
such as these animate the behavior of
all the system blocks in parallel. The
blocks interact just as they would in the
lab. This is much faster than circuit sim-
ulation, which solves large matrices of
circuit equations. Unlike steady-state
nonlinear simulators, a tool like TESLA
easily handles complex digital logic and
long sequences of data.

F Engineers are comfortable analyz-

ing the performance of their designs
in the frequency domain. For many
problems this makes sense because
most RF components are characterized
as a function of frequency. The effects
of most filtering, (and even some nonlin-
ear blocks, such as mixers), are easier
to understand in the frequency domain.
Often, however, the baseband perfor-
mance of a design is not so easily ana-
lyzed in the frequency domain.

Just as an oscilloscope will be favored
over a spectrum analyzer for observing
some aspects of system behavior in the
lab, alternative software tools will be
better suited for simulating some
aspects of a design. If a system is linear
and time invariant, then linear simulation
will be the tool of choice. Nonlinear sys-

tems that need be analyzed only in the
steady-state case are good candidates
for harmonic balance analysis. Time
domain simulation is a tool that is useful
for simulating systems where transient
behavior must be studied or where fre-
guency domain analysis provides little
intuitive insight. For example, spectral
analysis may show distortion, but a time
plot shows the actual clip point of a
waveform. However, employing a time
simulation tool does not prevent us from
looking at frequency domain behavior.
This is provided for by the Fast Fourier
Transform.

Modulator

The block diagram of a QPSK RF
modem is shown in Figures 1 and 2.
Figure 1 details the modulator section.
Data and ciock signals from the random
bit generator go to a data stream split-
ter. It separates each pair of bits into
two parallel data streams, each running
at half the input data rate. Encoding is
applied to the bit streams to determine
the mapping of the bit pairs to the output
carrier phase state. The resulting bit
pairs, which define the current “symbol”,
are filtered with low pass filters having
carefully controlled time responses. The
resulting analog waveforms are applied
to a quadrature modulator to generate
the QPSK signal.

Demodulator
The demodulator circuit in Figure 2
operates almost like a modulator in

reverse. The quadrature demodulator
drives filters which can be identical to
the ones in the modulator. The filtered
signals are sliced with a comparator,
decoded, and serialized into the same
data stream as was transmitted. If only it
were that easy! In reality the demodula-
tor is much more complicated than the
modulator. Carrier recovery is the prob-
lem. The local oscillator signal used in
the quadrature demodulation process
needs to be synchronized with the
incoming carrier frequency (which is
suppressed). Often, the demodulator is
part of a special phase-locked loop,
called a Costas loop, that recovers the
carrier. The mixers in the demodulator
are part of the phase detector, so the
input signal level affects the phase
detector sensitivity, (K.). This means
AGC is required! After the data is
decoded, we must provide a bit rate
clock to the device that is using the data
we are delivering. This is yet another
PLL! Luckily, we can “ship” clock and
carrier to the demod from the modulator
during our simulations until we are ready
to add the carrier and clock recovery cir-
cuitry. This enables us to keep things
simple at first and then add complexity
as we are satisfied with the basics. Our
ability to pick and choose between the
real and ideal worlds enables us to sim-
ulate only as much of the system as we
care or need to. The simulations here
will carefully ignore clock recovery and
AGC, while illustrating how filter effects
and carrier recovery may be analyzed.
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Figure 1. Block diagram of a QPSK modulator.
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Figure 2. Block diagram of a QPSK demodulator.
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RF tutorial

Receiver Basics — Part 1:

Performance Parameters

By Gary A. Breed
Editor

Receiver designs range from the sim-
plest TRF remote control units to ultra-
high performance communications and
surveillance receivers. This tutorial, the
first of two parts, introduces the funda-
mental performance concepts that
receiver designers must understand.

Performance drives the design of
receivers. Once the basic functions
of frequency range and modulation
types have been defined, the design of
a receiver will be determined by the
requirements for sensitivity, distortion,
noise, dynamic range, and other perfor-
mance parameters. These fundamental
parameters are identified and presented
here. For detailed information on any of
these parameters, readers should inves-
tigate the references given at the end of
the article, as well as other sources.

Signal Level Specifications

Sensitivity — This is the “generic” term
for the ability of a receiver to pick out
weak signals. It is not a specification,
but rather a descriptive term.

Signal-to-Noise Ratio (S/N) — S/N is
the ratio of the level of the signal to the
level of the noise. Many specifications
are written for Signal-Plus-Noise to
Noise ratio (S+N)/N, the level by which
the signal exceeds the noise level, since
(S+N)/N is readily measured.

Noise Figure (NF) — A figure of merit
which is simply the ratio (in dB) of the
S/N of the output versus the S/N of the
input of a circuit or system. Accurate
measurement of NF requires a calibrat-
ed noise source (a known noise level).

Minimum Discernible Signal (MDS) —
This is one specific measure of sensitivi-
ty, which includes the bandwidth of the
system. The accepted method of mea-
suring MDS is with any automatic gain
control functions disabled. A signal is
applied and the generator is adjusted
until the signal-plus-noise is 3 dB above
the no-signal noise level. At this point,
the applied signal power is equal to the
no-signal noise power, since their sum
is two times the latter. Noise power is
proportional to the square root of band-
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width, so an MDS measurement will be
different at differing bandwidths, even in
the same receiver. Therefore, MDS per-
formance specifications must include
the measurement bandwidth.

Desensitization Level — Where MDS
was a weak signal, desensitization is a
strong-signal specification. Typically, a
desensing of 1 dB is specified, the level
of a strong signal which reduces a near-
by weak signal by 1 dB. Usually, this
means that the strong signal has begun
to saturate the mixer diodes or an ampli-
fier transistor.

Third Order Intercept Point — This
specification is a figure of merit for inter-
modulation distortion (IMD). Nonlineari-
ties are measured by introducing two
signals that are close together in fre-
quency, then increasing their levels and
observing the level of the two close-in
third order distortion products (2F1-F2
and 2F2-F1). Square-law behavior is
predominant, so the slope of desired
versus third-order signals is 3:1 (in dB);
for each 1 dB increase in the test sig-
nals, the IMD increases by 3 dB. With
this kind of slope, at some point, the
IMD would equal the test signal. This is
physically impossible, since the circuit
will go into compression before this
point is reached, but if the levels are
plotted in the square-law region, the
lines can be extended to the imaginary
intersection, which is the intercept point.
As the intercept point increases, so
does the range of signals that do not
create high IMD levels. Specifications
must note whether they are referenced
to signal levels at the input or the output
of the circuit or device.

Dynamic Range — This defines the
range of signals that a receiver can han-
dle with a specified performance. This
may be the range from MDS to 1 dB
compression, or blocking dynamic
range. It may also be the range from
MDS to the point where third order IMD
equals MDS, which is spurious-free
dynamic range (SFDR). In some cases,
it may be specified as the difference
between MDS and a level with specified
IMD (e.g. —40 dBc).

Unwanted Signal Specifications

Image Rejection — The first mixer
stage responds to be either the sum or
difference of the desired signal and the
local oscillator. The signal that repre-
sents the opposite case is undesired,
and must be kept from reaching the
mixer by filtering. The measure of the fil-
ter’'s performance is image rejection,
with measurement usually made by
applying an image signal at the input
and increasing its level until it is
detectable. A test signal within the
desired receiver passband is then
applied and its level adjusted until it is
the same as the earlier image signal.
The difference in amplitude of these two
test signals is the image rejection.

IF Rejection — A signal that is within
the IF passband may find a path past
the filters and mixers and be coupled
into the IF circuitry. IF rejection is the
measure of attenuation between the
receiver input and the IF circuit. Mea-
surement is the same as image rejec-
tion, except that an IF signal is applied
as the first test signal.

Spurious Rejection — Signals at any
other frequency than those noted above
are considered spurious. They are iden-
tified by sweeping a test signal across a
band at least as wide as the receiver's
intended tuning range, while tuning the
receiver through its entire range.
Exhaustive testing is needed to find all
possible frequency combinations, but
sweeps made a several different fre-
quencies within the receiver tuning
range will usually identify any significant
problems. Measurement is done in the
same manner as image and IF rejection.

Internally-Generated Spurious Signals
— With the antenna input terminated,
the receiver is tuned through its entire
range. Any internally-generated signals
will be detected as if they were weak
CW signals. Typical specification of
internally generated spurious signals is
a maximum level, equivalent to a speci-
fied external signal level.

Unwanted Modulation Rejection —
AM rejection in an FM receiver is a com-
mon application of this specification, as
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RF design awards
Software for Lumped Element Design

M. Saroja
ISRO Satellite Centre

This 1993 Software Contest entry is a
package of routines for the design of
lumped element circuits, including
power dividers, matching networks,
bandpass filters, attenuators, etc. The
package, dubbed RFDSK (RF Design-
ers Software Kit) by the author, is writ-
ten in GWBASIC and will run on any
IBM or compatible PC.

At RF and lower microwave frequen-
cies, transmission line methods (e.g.
microstrip) are too large to be practical,
and lumped element design is used.
References 1-4 were used as the basis
for this program, which is intended to
help designers construct various pas-
sive circuits in this frequency range. As
long as the Q of the components used is
high enough, circuit performance should
approach that of well-made distributed
designs.

Power Divider Example

It is best to illustrate program usage
with an example. Let us design a 2-way
power divider with the following specifi-
cations:

Source impedance: 50 ohms

source and load defaults are 50 ohms.
Now, the program calculates preliminary
parameters such as center frequency
and bandwidth, then it asks the user to
validate the information. If the bandwidth
is more than 20 percent, a warning is
given. input parameters can be changed
at this stage, if desired.

The program uses the tank capaci-
tance value as the basis for calculation.
After entering a value or selecting the
default value, the tank inductance is cal-
culated and the design proceeds. If the
coupling capacitors are too small, as in
the case of very narrow band, high fre-
quency designs, the design procedure
can be repeated until a realizable value
is achieved.

The choice of either maximally flat or
Chebyshev response can be selected
by entering a ripple value — zero for
maximally flat, or the chosen value for
Chebyshev response. Once the value
has been entered, the program calcu-
lates the individual component values
for the corresponding circuits. The pro-
gram also calculates midband insertion
loss based on the unloaded Q of the
coil, VSWR, bandwidth, etc.

RFDSK gives element values for both

impedance matching networks, Butter-
worth and Chebyshev filters, and attenu-
ators. Simple data entry allows anyone
to use the program, yet it provides suffi-
cient latitude in selected component val-
ues to generate realizable designs. The
program has been used in the success-
ful design of circuits for HF and VHF
radar systems — including RF and IF
amplifier matching networks and filters.

This program is available from the RF
Design Software Service; see page 73
for ordering information.
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Load impedance: 50 ohms tank and pi type sections with perfor- 712 Coupling Structures, McGraw-Hil, 1964.
Frequency range:  9-11 MHz mance and input parameters listed for
reference, a shown in Figure 1. The cir-
When the program is run, it first gives cuit of the prototype power divider is About the Author
an introduction, then displays the Main given in Figure 2. M. Saroja is an engineer in the
Menu. Selection 1 is for a power divider. Payload Checkout Facility Division of
Input values are then entered, or default Conclusion the ISRO Sateilite Centre, ISRO,
values (in brackets) can be selected by This program has been used to design Bangalore, PIN : 560017, India.
just pressing ENTER. For example, lumped element N-way power dividers,
[471 + 12] (560) (330 + 47]
OUTPUT DATA (481.16) [560] (377T39)
Centre frequency (MHz):  9.85 Power dividing ratio: 1 Cet L Ce2
Bandwidth (%): 20.00 Number of sections: 1 —_—r
Passband lower (MHz): 9.00 Ripple (db): 0.00
Passband upper (MHz): 11.00 Passband VSWR: 1.00
Unloaded Q: 500 Midband loss (db): 0.09 = Cn - Cn Rl OUTPUT
Resonant capacitance: 74.04 Tank inductance {nH): 3525.59 (844.66) (772.57) Ri PORT 1
Source impedance(ohms):  50.00 Load impedance (ohms): 50.00 [821+ 22] [680 +100] 100 | 50
) INPUT PORT Q Q@
NOTE: All capacitances are in pf. RS (481.16 v V (877.39)
50 Q [471 + 12 = 483] 1330 + 47]
Press any key to see next page ? Cel L (560) Ce2
k {— %o}
TANK DESIGN VAAAS
Cc=115.67 C1 =260.51
Cc=13266 - ci = cr RL  OUTPUT
(843.68) (772.57) PORT 2
PI DESIGN 50
Cc=481.16 Cleft 1 =843.68 Cright 1 = 772.57 (821 + 22] [680 + 100] i >0
Cc = 377.39 V <7

Figure 1. Power divider output screen.
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Figure 2. Circuit diagram of power divider example.
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RF transformers

Broadband Transmission Line
Transformer Family Matches a
Wide Range of Impedances

By Donald A. McClure

The family of broadband transmission
line transformers introduced here
achieves impedance matching flexibility
that is not possible with existing
designs, such as the well-known
Guanella devices [1]. In 1972, the
author prepared a patent disclosure
document [2] describing this method,
but a patent application was not filed
and the information was not made pub-
lic. After more than twenty years, and
with his personal retirement, the author
now presents this transmission line
transformer family for industry-wide dis-
semination.

To begin, we should review the exam-
ple of a typical Guanella transformer
shown in Figure 1. A number of trans-
mission lines of equal length and char-
acteristic impedance are all connected
in parallel at one end and all in series at
the other. These connections provide
voltage transformation ratios that are
equal to the number of lines used, and
impedance transformations that are the
squares of those simple integers. The
impedance ratios are thus restricted to
4, 9, 16, 25 and so forth, or their invers-
es. These ratios may be useful, but it is
often frustrating that other ratios can not
be attained without cascading Guanella
structures.

We shall see that Guanella devices
constitute a special case of a more gen-
eral connection scheme that can provide
voltage ratios of any rational number
without the need to cascade two or
more transformers. Rational numbers
are defined to be of the form m/n, where
m and n are integers. For lack of a bet-
ter name, it is convenient to term these
m/n devices as RAVOR transmission
line transformers — the name being an
acronym of RAtional VOltage Ratio. In
the same vein, devices made in the
Guanella connections could be called
IVOR transformers for Integer VOltage
Ratio. The IVOR devices are clearly a
special case of the RAVOR family in
which either the m or n integer is 1. The
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Figure 1. A simple 1/3 voltage ratio Guanella transformer as an example

of prior art.

existence of the RAVOR family has gen-
erally been overlooked except for a
rather recent article [3] in which some
connections were derived in an entirely
different manner from the method
described here.

Transmission Line Connections

If a group of equal-length transmission
lines of equal characteristic impedance
are connected at one end in arbitrary
combinations of parallel and series, how
should the lines be connected at the
other end to obtain frequency-indepen-
dent behavior of the input and output
impedances? Calculations of input
impedance based upon equality of input
and output powers, or simply physical
experimentation, will quickly show that
the connections at the output end can-
not be arbitrary with respect to the input
end without the producing mismatches
and frequency-selective behavior. With
some possible trivial exceptions, broad-
band behavior can be achieved in only
two ways:

1) Output connections are exactly the
same as the input connections. This
arrangement results in no voltage or
impedance transformation and does not
constitute a transformer, but it can be
useful to achieve a composite cable of
some Z, other than that of the con-
stituent cables.

2) Output connections are exactly the
opposite of the input connections. That
is to say, that any transmission lines or

groups of transmission lines which are
connected in parallel at one end of the
transformer must be connected in series
at the other end, and vice versa.

This second method of interconnec-
tion describes the family of RAVOR
transformers. Figure 2 shows an exam-
ple of the RAVOR devices, a trans-
former with a voltage ratio of 5/2, con-
structed to provide transformation from
50 to 8 ohms. This transformer will oper-
ate over decades of frequency with low
loss and low standing wave ratio (SWR).

The General Principle

The series-parallel interchange inter-
connection of transmission lines having
equal length and equal characteristic
impedance, Z,, causes the driving port
and load port impedances, Z, and Z,,
respectively to be related in the follow-
ing manner (neglecting time delay):

Z,=KZ,
Z, = %Zo =R 4aq ; it follows that:
1

Z,2, =Kz, %= zZ; and:
Z, = \/2122

The characteristic impedance of the
lines is the geometric mean of the input
and load impedances. The coefficient K
is the quotient of two integers, the val-

ues of which are determined by the way
in which the transmission lines are con-
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Figure 2. RAVOR transformer providing 50 to 8 ohm transformation.

LINE 1
20 Q,2v

LINE 2
20Q 2v

LINE 3
20Q ,1v

——{—(L 200
2v
5v I—_OL 20 Q
C 2v{
~,
) 20 Q
1v{ \ 20 Q
——|

LINE 4
20Q 1v

Figure 3. Input connection of Figure 2, with each line terminated in Z,,

showing voltage distribution.

nected. It is also the voltage transforma-
tion ratio of the transformer.

The coefficient K can always be
expressed in the form m/n, where m and
n are integers, and is thus a rational
number.

Current-Voltage Duality

A current-voltage duality exists
between the two ends of the trans-
former, resulting from the series-parallel
interchange of connections between one
end and the other. One way of express-
ing the duality is that the input current
loop equations and the output voltage
nodal equations have exactly the same
form and coefficients, shown as follows:

Input Loop equation: V, — 1, KZ, =0
Output Nodal equation: I, -V, KY, =0

where: Input current

Load current
0= 12,

ly
lp
Y

Similar equations apply to a lossless,
conventional transformer of turns ratio
K, which would also exhibit duality.

The duality relationship causes the
voltages and currents to be distributed
among the termination ends of the lines
so that each line operates as though it
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were terminated in its characteristic
impedance. Thus, the transformers can
operate over extreme bandwidths, limit-
ed at the high frequencles only by the
stray inductances of the end connec-
tions. The low frequency limit Is deter-
mined by the amount of inductive reac-
tance that can be attained along each
conductor so that the input and and out-
put ends are effectively isolated from
one another and common-mode cur-
rents are nil.

To illustrate how the series-parallel
interchange results in properly terminat-
ed lines, Figure 3 depicts the same input
connection as in Figure 2, but with the
output of each line terminated in a resis-
tance equal to the Z, of the line. Five
volts of RF is applied to the input.
Because lines 1 and 2 each present 2
volts to their respective loads, the loads
may be paralleled to yield a composite
load of 10 ohms with no effect at the dri-
ving end. The currents in the loads of
lines 3 and 4 are the same, hence the
loads and lines may be respectively
series connected to obtain 2 volts
across 40 ohms. Now, the 3 and 4
series combination provides 2 volts, as
does each of lines 1 and 2. Therefore,
the series 3-4 combination may be par-
alleled with lines 1 and 2 to give a total
output of 2 volts. The 40 ohm load of the

3-4 combination acts in paraliel with the
10 ohm load of the 1-2 combination to
yield a composite load impedance of 8
ohms.

It is apparent from the above discus-
sion that the individual 20 ohm resistors
of Figure 3 can be replaced by a single
8 ohm load if the lines are connected as
in Figure 2. No change will occur in the
input voltage distribution or impedance
when the substitution of a single load is
made, provided that there is sufficient
inductive reactance along each conduc-
tor to isolate the voltages at the load
end from those at the input end.

End-to-End Isolation

If 5 volts were applied to the input of
the transformer of Figure 2, 2 volts will
appear at the output, leaving a 3 Volt
drop along the center-conductor of the
upper-most cable, which could cause a
large, unwanted current to flow. Such
currents are reduced to insignificant val-
ues by making each conductor have a
high inductive reactance throughout the
intended frequency range. The low-fre-
quency reactance can be enhanced by
winding the lines into individual coils, or
by winding them on, or surrounding
them by, high permeability materials
such as ferrite. For the 2 MHz to 100
MHz range, winding each coaxial cable
on a ferrite toroid having an initial per-
meability of about 125 works well. For
proper operation, there should be no
magnetic or electric coupling between
the transmission lines.

Impedance Calculations

With confidence that the lines making
up the transformers are properly termi-
nated, the driving point impedance may
be written by inspection of the input con-
nections. In the case of the connection
in Figure 2, writing in general form:

2,=27,+ % = gZO ; therefore:

K=2
2

The above example iilustrates the way
in which the ratio K = m/n = V,/V,
appears in the impedance equations. A
similar inspection of the output end
yields:

% 27, 72
— _ %0
22_Ehzz Sz

2 o 2%
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Connection Notations

There are so many possible trans-
former configurations that it is conve-
nient to use a system of shorthand nota-
tion to describe the connections without
sketching the cables and wiring. The
device of Figure 2 is fully described,
except for impedance levels, by the
symbology:

28
> S
2P
which means: two lines are connected in
series to form a group; two other lines
are paralleled to form a group; then the
two groups are connected in series. The
opposite end of the transformer is con-
nected in the opposite fashion and need

not be described. In this case it is denot-
ed by:

2P
>
25

The transformer connections are com-
pletely defined by either the input or out-
put end notations above.

Table 1 lists voltage ratios and corre-
sponding connection schemes for values
of K with a denominator up to 9. Equiva-
lent ratios (e.g. 2/3 and 4/6) are not
duplicated. The author has determined
connections for ratios up to a denomina-
tor of 13, a total of 57 different voltage
ratios. Of these, only 12 can be achieved
by a single-stage Guanella transformer,
which means the RAVOR principle pro-
vides 45 additional ratios to choose from!

Also, all of the transformers of the
RAVOR family, including the Guanella
types, may be used as baluns (BAL-
anced to UNbalanced converters)
because of the necessary isolation from
input to output.

While all ratios of the form m/n are
theoretically realizable with this class of
transformer, there are obviously practi-
cal limits to the number of transmission
lines that can be used. As of this writing,
the author has conducted a systematic
search for all the connection possibili-
ties up to and including six lines. Some
ratios resulting from the use of more-
lines have also been found for the pur-
pose of knowing the simplest connection
for all of the ratios shown in Table 1.
Using six lines, there are 53 different

RF Design

Voltage Connections Minimum Voltage Connections Minimum
Ratio K No. Lines Ratio K No. Lines
1 5 28
— op* 2 — >s 5
2 7 2P > P
1
1
— 3P~ 3 6 2P
3 — > S 5
7 1 > P
2 2P 2S
— >s 3
3 1 1
— 8p* 8
1 8
— 4p* 4
4 3 2P
— > S 5
3 3s 8 1 > P
— > P 4 2P
4 1
5 2S
1 — P 5
— 5P* 5 8 1 > S
5 1 > P
, 1
2P
— > P 4 7 2P
5 2S — S 7
8 1 P
3 2P 2P > S
— > S 4 2P
5 1 > P
1 1
— 9p* 9
4 4s 9
— > P 5
5 1 2 3P
— >P 6
1 9 2S > P
— 6P* 6 1
6
4 2P
5 3p — > P 6
— > S 5 9 4S
6 2P
5 4P
1 — > ) 6
— 7P* 7 9 1 > P
7 1
2 2S 7 3S
— > P 5 — > S 6
7 3P 9 2P > P
1
3 2P
— > P 5 8 2P
7 3S — > S 7
9 1 > P
4 3P 1 > S
— > s 5 1 > p
7 1 > P 28
1

*Guanella (integer) ratios

Table 1. Voltage ratio and connection data for RAVOR transformers
with fractional ratios through a denominator of 9.
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Figure 4. 5/7 ratio RAVOR configuration approximating a 1:2 impedance

transformation (Z, = 70 ohms).
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2P
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—) Z.=66.7 Q
I(_)' Z,=66.7 Q i R -
Zn=44.4Q 100 Q
), Z,=66.7 Q .

—

Figure 5. The 2/3 ratio RAVOR is a simpler but less accurate way to

approximate a 1:2 transformation.

combinations that can be made, not all
of them useful. Using seven and eight
lines, there are hundreds of connections
and corresponding ratios, but to use
such a large number of lines and ferrite
cores is to reach beyond the limits of
practicality.

Configuration Selection

As an example of the use of Table 1,
postulate that it is desired to make a
transformer that will provide a 50 ohm to
100 ohm conversion. The voltage ratio,
K, is found to be V50/100 = 0.707. Look
through Table 1 to find a ratio that
approximates 0.707. The ratio 5/7,
which in decimal form is 0.7143, differs
from 0.707 by only about 1 percent and
is thus an excellent approximation.

Because 5/7 is a ratio of two prime
numbers, it is already in its lowest form.
Table 1 indicates the connections for the
low impedance end of the transformer
and five transmission lines are required.
The configuration is sketched in Figure
4. The Z, of the lines is chosen to be 70
ohms, the geometric mean between 98
and 50 ohms.

A test transformer using the configura-
tion of Figure 4 was constructed using
five equal lengths of 50 Ohm cable (RG-
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196), each wound on a ferrite toroidal
core of Indiana General type Q1 materi-
al which has an initial permeability of
about 125. The frequency response of
the test transformer was essentially flat
from 3 to 300 MHz, and the voltage
transformation ratio was 5/7, as expect-
ed.

For some purposes, a less accurate
approximation to a 1/2 impedance ratio
than that provided by the five-line con-
figuration of Figure 4 would suffice.
Returning to Table 1, it is seen that the
simplest structure to approximate the
0.707 voltage ratio is the three-line
device which yields a K of 2/3, or 0.667.
The connection is sketched in Figure 5.

If the transformer of Figure 5 were
loaded with 100 ohms at the output as
shown, and the line Z, were chosen to
be 66.67 ohms, also as shown, imped-
ance at the input (left) end would be
44.44 ohms. In a 50 ohm system, the
transformer would thus introduce an
SWR of 1.125:1, which may be a tolera-
ble number.

Summary

The article describes the theoretical
basis for, and the general principles of,
a class of broadband RF transmission-

line transformers having voltage trans-
formation ratios of rational form, m/n,
where m and n are integers. The
described configurations overcome the
simple integer transformation ratio limi-
tations of the older Guanella designs
which represent a special case of these
principles. The theoretical basis of oper-
ation is viewed in the light of current-
voltage duality due to the series-parallel,
parallel-series interchange of connec-
tions between the ends.

Design tools are provided in the form
of a configuration selection procedure,
and a table of ratios and the corre-
sponding connections. These aids
enable the reader to determine quickly
the required number of transmission
lines and the connection scheme to
obtain the desired transformation. The
table lists 19 rational ratios and their
connections, in addition to 8 Guanella
integer ratios and connections. Two
examples of configuration selection are
included.

With regard to synthesis of a trans-
former configuration, it can be shown
that the connections for any ratio can be
determined by using a continued frac-
tion expansion, but sometimes connec-
tions requiring fewer lines can be found
by the use of partial fractlon expansions.

Future articles are planned, covering
synthesis, construction and measured
performance of RAVOR transformers.
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RF product report

The RF Coupler:
A 20th Century Workhorse

By Ann Marie Trudeau
Assistant Editor

RF couplers are considered a mature
product, so RF designers probably
haven’t expected any modifications for
what is now considered a basic tool.
Nearly everything that could have been
done to a coupler has been done. But
now, designers are having to look at this
taken-for-granted item. The reason for
this turnaround is that the marketplace
is being inundated by cable TV, cellular,
the future personal communication net-
work, and the magnetic resonance
imaging (MRYI) industries. RF designers
have had to take another look at cou-
plers to see what can be changed so
that the industry can respond to the
market demands for smaller, more con-
sistent and cheaper couplers.

Cellular Market

The cellular industry affects compa-
nies which in turn have changed their
manufacturing techniques to meet the
customer’s need for low cost products.
Automatic testing of base stations is a
focus of the RF industry and companies
are responding in various ways.

Arthur Butts of RLC Electronics said
that the worldwide market for RF cou-
plers could easily be $50 million.
Presently their clients want high end
applications for the cellular industry, pri-
marily for the systems which involve cel-
lular base stations. Butts said that at
least one company selected RLC direc-
tional couplers because of their maxi-
mally flat 32 dB.coupling response in
processing the signal.

Mini-Circuits’ Director of Engineering
Radha Setty said that customers can’t
afford to tune components during high-
speed volume production and this has
led to their innovative approach of
putting what would normaily be consid-
ered a customized coupler on the shelf
as a standard part. The savings are
passed on to the customer.

“That means that we have to produce
components that are surface mount,
smaller, and provide very repeatabie
performances,” he said. Setty felt that
the cellular RF coupler market will lend
itself more to surface mount, high per-
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formance couplers.

They have also responded to higher
power in a smaller size by designing the
coupler so it didn’t have to dissipate any
heat. Setty said that Mini-Circuits is
researching RF magnetics to get more
accurately repeatable performances.

Jerry Moore, director of marketing for
Sage Laboratories, said that Sage man-
ufacturs caseless hybrids called Wire-
line™ and Wirepac™ for the cellular
industry. He’s aware that surface
mounts do reduce cost but he had some
reservations. “There are some applica-
tions where surface mounts don’t give
you the best trade off,” Moore said.

MRI Use Grows

But, to show that companies are diver-
sifying their coupler markets Sage Labo-
ratories also uses Wirline couplers in
Magnetic Resonating Imagery (MRI).
The MRI creates detailed images of the
human body, requiring very high mag-
netic fields to do so. This creates prob-
lems for the RF connector because
most low frequency couplers have fer-
rites, or magnetic material, in them. “So
they came to us and we made a coupler
that they can use that does not have
any ferrite material in it,” Moore said. “It
solves their problem because it can be
used in these high magnetic fields. This
is an interesting aspect of our product.
The coupler is 70” long, but because it
looks like a piece of cable we coil it
tightly so that it takes up only six to eight
inches of space,” he said.

Another company totally agrees with
the effect of MRI on the trade. “Up and
coming are the devices for these scan-
ner machines,” Bob Wells, lead engi-
neer of Lorch Electronics, said. “That’s a
major chunk of a new market.”

Wells said that they had to go to pack-
aging that was essentially non-magnetic
except for the pin contacts and they are
brass plated so that there wasn’t a mag-
netic contact.

A Need
No single testing measuring or instru-
ment can fit all applications, so there will

always be a need for RF couplers.
According to John Yochum, contract
manager for Bird Electronics, “I think
there is always going to be a market
place for RF couplers, the reason being
that until suppliers like us can produce
products that would meet everybody’s
needs then there wouldn’t be a need for
an RF coupler.” Bird, well known
throughout the industry, produces the
couplers that are used in their
wattmeters.

Interesting Applications

Lossy coax is used in tunnels and
subways in Europe and is made with
slots in it so it radiates a little bit, accord-
ing to Glenn Werlau of Werlatone Inc.
Used on ships or in confined spaces
where a radio signal can’t radiate or be
piped around using an extremely wide
bandwidth. Werlatone sells RF couplers
that split off the power to different com-
partments or levels.

A company that has original coupler
patents from the 1950s certainly has
seen changes from those days. Tony
Ramsden, Vice-President of Marketing
says that Merrimac Industries responds
to a stronger market because more sig-
nals are monitored in radar systems,
communication’s transmitters and auto-
matic test systems. “We got a large cor-
ner of that market and it's used in the
automatic measurement of chips which
are still in the wafer form,” he said.

Also, the military still has requirements
that have to be met and John Duncan of
Tele-Tech said that military radio appli-
cations are the company’s biggest RF
coupler demand but sees that the only
advancement for RF couplers would be
an improvement in materials for stripline
couplers. “A coupler is as old as a
dinosaur,” Duncan said.

RF Summary

However, unlike the dinosaur the RF
coupler is not extinct but has turned into
a modern day workhorse. Plodding,
steady, unseen for the maost part, but
doing its job because the industry is
counting on it. RF
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REdesign
MARKETPLACE

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE
Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read
and buy from this section each month. To reach this sophisticated, targeted market call Michael
Applegate at (404) 618-0217 today.

RF career opportunities

——————IOWA MIDWEST
RE/MICROWAVE S WIRE

WORK WITH AN RIFENGINEER IN YOUR MOVE TO THE MIDWEST!

My clients need top-noteh RIF Design Engineers and Managers,
3 1o 10+ years experience, HF o 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. IA 52314

10 YEARS OFF RE ENGINEERING, MANAGEMENT, AND PLACEMENT O ENGINELRS
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(o Jem e

QOO

S99 .-YOUR CAREER
QO Cellular Engineers: Design/develop Rf and analog circuits for high capacity cel-
QO lular systems. Requires minimum of 2 years experience in any of the following:

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

Regi Sales
within a specified geographical region with the support of field sates representa-
tives. |dentifies new opportunities and coordinates efforts to secure contracts.
Responsible for ensuring that field sales representatives are satisfying the cus-
tomer's needs and providing technical training. This position requires a BS degree
in electrical engineering with 1-3 years experience in the RF components industry.
This person could be a design engineer with a desire to begin a sales career.

: Responsible for sales, promotion and technical support

RF DESIGN MARKETPLACE
Get In = It Works

404-618-0217

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. Exceflent compensation package along with executive
benefits.

[] El ics Engi : Design and of mi gui
horn antennas, X and Ka-band Gunn Diode oscillators, mixers, VCO’s filters/receiver front ends.
BSEE

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, iow pas and high pass
filters, multiplexers, diode switches, (phase shifters). attenuators and microwave sub-systems
desirable.

SUNBELT OPPORTUNITIES

Several of our growing commercial major elcctronic companies located in the
southcast 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
MHTYZ - P-Spice

2) BSEE - RE Test Engincer — 50 MHTZ to 1 GHTZ. Spectrum analyzers, net
work analyzers; HP Basic

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

800-900 MHTZ

Power supply design engineer — switch mode; power factor correction

To design high efficiency power MMICS for military systems. 1-

Band thru KU Band (2-18 GHtz). Knowledge of non-linear modeling.

”-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
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N /

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

s, F s, Sy
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.

Desian Enai R

gl d P for the design and development of
900 MHz wireless consumer electronic products. Designed and devel-
oped AM/FM/FSK transmitters/receivers in 902-926 MHz frequency
range. Hands-on experience on HF/VHF/UHF systems and subsys-
tems which includes LNAs, medium power amplifiers, down con-
verters, saw and coaxial resonator oscillators, VCOs, AM/FM IF
dui. slators, PLLs & Audio video

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

ystems,
circuits,

FAX : 508-794-5627
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RF' career opportunities

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

Interested in
placing an ad in

3 A q\ customers integrate our SW and HW designs RF DESIGN

o into an impressive array of innovative, very MARKETPLACE?
high volume applications. Our designers work

hand-in-hand with engineers worldwide to create future product lines. Contact:

Axonn continually researches new, patentable RF communication
If you want challenge, variety, design creativity and the
growth available in a smaller company, call or FAX your resume.

techniques.

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
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RF ' products & services

Fax: (504) 282-0999

Michael Applegate
6151 Powers Ferry Rd. N.W.
Atlanta, GA 30339
Phone: (404) 618-0217
Fax: (404) 618-0342

RF products

ANALOG & RF MODELS

SPICE models from DC to 10 GHZ
Full non-linear models including:
RF pin diodes, class C, opto, & logic.
We also do measurements and consulting.

Give us a call at (602) 575-5323

INFO/CARD 64

O.E.M. Electronic Products

» Computerized * RF Systems

* Spread Spectrum Communications

« Custom, RF/Digital ASICs * 14 Year History
* Harris and Hitachi Authorized Design Center
» Complete, Fulltime Professional Staff

1842 Hoffman St., Madison, WI 53704
TEL 608/244-0500 FAX 608/244-0528

COMTRONIX SYSTEMS, INC.
CUSTOMIZED
SOLID STATE®HIGH POWEREDSVHE /UHF

AMPLIFIERS

DESIGNED AND BUILT TO YOUR SPECIFICATIONS

UP TO 200 WATTS
HIGHEST QUALITY/BEST PRICES

CALL OR SEND FOR INFORMATION TEL413/785-1313 AX 413/739-1352

INFO/CARD 65

NOVA rF Systems, Inc.

The Complete RF/Microwave Solution
— RF/Microwave Systems
— Custom Design/Consulting
— Simulation Software
— Synthesizers (PLL/DDS)
— Complete Lab/Machine Shop
— TDMA/CDMA/Spread Spectrum

International Inquiries Welcome
1740 Pine Valley Dr. Vienna, VA 22182
(703) 255-2352
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CAL CRYSTAL LAB, INC,eCOMCLOE,

Need Clock Oscillators or Crystals? Call 1-800-333-9825 « 714-991-1580
Quartz Crystals 50Khz to 200Mhz
TTL Clock Oscillators 250Khz to 70Mhz
HCMOS Clock Oscillators 3.5Mhz to 50Mhz

Tri-State, Half Size and Surface Mount also available on request
Fast Service - 3 weeks or less
Special frequencies our specialty

1142 N. Gllbert Anahelm CA 92801 . FAX 714-491-982
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RF products & services

= —— +STD. 5 AND 10 MHZ OCXO RSG-10 ~ A
H]M /A =TCXO+ vex0 - TCvexo SIGNAL GENERATOR Efhper
VA o
: * VCO’s » CLOCK OSCILLATORS The $2495 profit gencrator T oseen
mwm - . Quadlity crafted in the USA
* CUSTOMIZED CRYSTAL FILL.TERS Finally, a synthesized signal geners hat's
NICS : ~ inatly, a synthesized signal gene rd'mr that’s s
ELECTRO STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ designed to hClpr}rloulge};}(‘rate n}()r(‘ than just signals. T ,:\m‘i y RS N tlll(* signal gen-
"Where your dreams turn inio reality " + 4 erator you can afford, the signal generator t rned to do what a signal generator is
L Where your & - fo reeltty I . L/C FILTERS meant 1o do- provide a very stable, accurate, casy 1o control signal from 100 Khz to 1.0 Ghz.
For the price, you wouldn't expect any more, But, there is more to the RSG-10. An intelli-
gent microprocessor controlled/programmable niemory, for example, can store up to 20 of
your most commonly used test set-ups. And unlike other units, just one touch of the memory
(*xrlll(zn'lgo button is all it takes (o quickly shift from one test sci-up to another. You get more
H . work done, casicr and faster.
Call or Fax requxremenls. At 82495, the Ramsey RSG-10 is your profit generator.
RAMSEY ELECTRONICS
16406 N' Cave Creek Rd. #5 793 CANNING PARKWAY, VICTOR, NY 14584
Phoenix, AZ 85032-2919 P
Phone & Fax (602) 971-3301 ORDER DIRECT—CALL 1-800-446-2295 E
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RF Design Industry Marketplace
Get In = It Works

404-618-0217

WHERE COMMUNICATION
MEETS INNOVATION

It's right here at Philips Semiconductors. Our RF and Data Communications products are truly cutting-edge, and we have the
resources and dedication to keep the innovations right on schedule—which is to say, ahead of their time. The ideas generated
here are truly improving people's lives, from cellular telephone breakthroughs to the latest networking advancements. So if
you're looking for an exciting environment where communication meets innovation, join Philips Semiconductors in one of the
following opportunities.

SENIOR RF CIRCUIT PRODUCT ENGINEER
DESIGN ENGINEERS Responsibilities include characterization and yield analysis for

. e o . new RF products and sustaining products released in full pro-
Primary responsibilities include product definition, circuitde-  duction to include cost reduction activities. RF expertise is

sign and production release of integrated circuits for the RF highly desirable.

communications market. In addition to a MS/PhD in EE, your

skill set should include knowledge in linear bipolar high fre-

quency IC design and measurement techniques and excellent RF DESIGN ER
communication and project leadership skills. Primary responsibility will include RF systems and circuit de-

sign and debugging on board level wireless data products to

SENIOR TEST ENG.INEERS include implementation of transmitter and receiver circuits us-

- ing Philips RF IC technology. You need experience in UHF/Mi-
You will define and develop test plans and strategies for

crowave circuit design. Knowledge of cellular or wireless LAN
mixed signal products, generate and develop ATE hardware/ design and FCC type acceptance is a plus.
software, debug new silicon, and work closely with the new
product introduction team. A background with RF and
Synchromaster is a plus.

RF BASEBAND/MODEM

Philips Semiconductors offers competitive compensation and 2
EN G’IN EER comprehensive benefits package. Please send your resume to:

Design and debugging of baseband modulator/demodulator Philips Semiconductors, Staffing Department RFD, MS 07,

and radio control circuitry on board level wireless data prod- 811 East Arques Ave., Sunnyvale, CA 94088-3409, or fax to
ucts is your primary focus. This will involve implementation of (408) 991-2656. We believe in maintaining a safe work environ-
wireless data modem circuits using Philips IC technology and ~ ment for all employees and require pre-employment drug and

Unless otherwise indicated, the above positions require a
BS/MSEE or equivalent and a minimum of 3-5 years of related
experience.

integration of a complete solution in a team environment. Ex-  alcohol testing. Philips Semiconductors is a division of Philips
perience in modem and digital modulator/demodulator design E!ectr onics North America Corporation, and an Equal Opportu-
is essential; knowledge of cellular or wireless LANSs is a plus. nity Employer. Principals only, no phone calls, please.

Spgjiilli?onductors Za) pH I I-I PS

INFO/CARD 71

72 February 1994




RF software

Spectrum Sharing Software
Comsearch introduces the third generation
of their spectrum sharing software. The
UNIX®-based software allows potential bid-
ders on PCS spectrum to select a PCS tech-
nology, define a range of PCS technical para-
meters and thus identify areas in any market
where spectrum is limited. The software
incorporates both demographic analysis and
databases containing data on every type of
antenna and radio used in the 1.9 and 2.1
GHz bands today.
Comsearch
INFO/CARD #196

Radio Modem OS

An operating system for radio modems fea-
tures an Adaptive Dynamic Access Protocol
(ADAP), and a novel power conservation fea-
ture. TurboLink 2.2 from Monicor Electronic
Group extends portable modem battery
charge by as much as 65%. Its ADAP drops
inactive nodes from the network poll cycle,
increasing data throughput and access time.
In addition, Turbolink 2.2 extends the maxi-
mum number of portable network modems
from 49 up to 99. Price is quoted at $40 per
portable unit plus a nominal labor charge for
upgrades performed by the factory.

Monicor Electronic Corp.
INFO/CARD #197

New SPICE Models

Comlinear's latest library of SPICE modeis
includes their CLC522 wideband variable-gain
amplifier, the CLC532 high-speed 2:1 analog
multiplier, and the new ultra-low noise, wide-
band op amp, the CLC425. Software release
MMD.04 is supplied without charge on a 5.25
inch IBM PC-compatible disk.

Comlinear Corp.
INFO/CARD #198

Power Meter Calibration
System IIA from Lucas Weinschel allows a
user to perform automatic calibration and
transfer of calibration factors for the most
commonly used power sensors and power
meters. Both analog and digital power meters
can be calibrated with or without the IEEE-
488 bus options. Typically, a 10 MHz to 18
GHz power sensor can be calibrated at all
standard NIST calibration frequencies in less
than five minutes. The software runs on both
the HP-9000 Measurement Controler and
IBM compatibles with IEEE-488 bus inter-
face.
Lucas Weinschel
INFO/CARD #199

Expanded Design Family
Release 6.0 of MicroSim’s Design Center
family of products includes an analog, small-
circuit simulator, which runs in extended DOS
memory. The program simulates approxi-
mately 100 transistors, and requires a mini-
mum of 1 Mb of extended memory. Cost is
$1495 and includes “Probe”, a mid-analysis
waveform analysis tool.
MicroSim Corp.
INFO/CARD #200

RF Design

RF Design Software Service

Programs from RF Design, provided on disk for your convenience

This Month’s Program — Disk RFD-0294

“Software for Lumped Element Design” by M. Saroja. This program helps design power
dividers for equal or unequal impedance loads, impedance matching networks, bandpass
filters and attenuators, all using lumped elements {resistors, capacitors, inductors). (The pro-
gram is written in GWBASIC {not compiled), and will run on virtually any MS-DOS compati-
blte computer).

January programs — Disk RFD-0194

“Programs Help Design Vacuum Tube Amplifier Output Circuits” by Thomas Crawford. Pro-
grams in this set are designed to compute the output matching network component values
for Class AB1, AB2, B and C power amplifers. L, Pi and Pi-L network programs are included.
(Written in GW Basic, compiled versions and source code included)

SPECIAL OFFER!
RF Design Editorial Index: 1978-1993

A listing of all articles published in the 15-year history of RF Design, sorted by topic, includ-
ing title, author, issue and page number. This special package includes a hard-copy listing,
plus a text file on disk, ready to be toaded into your favorite word processing program for
sorting and browsing — provided in IBM or Macintosh format (specify). Postpaid — ship-

ment by First Class or Air Mail.

All at a special price of just $12.00! ($15.00 Foreign)
Order #RFD-INDEX

Each month's disk of programs.......... $15.00 each......... postpaid to U.S. and Canada
{other foreign add $8.00 per order)

Order by mail or by telephone at (303} 770-4709. You may reach an answering
machine, but your call will be returned as soon as possible.

Payment may be by check, money order, VISA, Master Card or American Express.

All orders under $100 and all foreign orders (outside U.S. and Canada) must be pre-
paid. Foreign payment must be either by charge or by a check drawn on a bank
located in the U.S.

RF Design Software Service
P.O. Box 3702
Littleton, Colorado 80161-3702
303-770-4709

All prices and terms subject to change without notice

FREQUENCY PRODUCTS
ELECTRO DYNAMICS CRYSTAL CORP.

Crystals Oscillators

* Microprocessor * Hybrid Clock

» Military Spec/QPL * TCXO

¢ Communication * VCXO

* Custom Crystals » Custom Oscillators

9075 Cody Overland Park KS 66214
Phone (800) EDC-XTAL Fax (913) 888-1260

INFO/CARD 52
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RF recruitment

ENGINEERING
PROJECT & DESIGN ENGINEERS

Exciting Developments
In Broadband Technologies.

GENERAL INSTRUMENT, INC. is known for excellence in the design and development of broadband technologies for the

Cable Television industry...and for the creativity, hard work and foresight of our employees. We are looking for skilled

Engineers interested in developing the next generation of two way, digital cable systems, interactive video, television/
telephony interface and a variety of other new and exciting products.

SENIOR PROJECT ENGINEER

We seek an individual with 10 years of experience in project management and a BS Degree or the equivalent. A Master’s
Degree would be helpful. You will work in the area of signal processing to include RF and DSP, therefore exposure to
microprocessors and CATV would be desirable.

SENIOR DESIGN ENGINEER
We seek someone with experience in broadband RF circuit design who possesses a familiarity with low noise, linear RF
amplifier and passive filter design with circuit techniques up to 1 GHz.

If creating innovative cable television and broadband products excites you, consider joining us. We offer a competitive
compensation package and a full range of benefits. Please forward your resume, specifying position applying for, to: Ed
Zakrzewski, Employment Manager, Dept. RFD, General Instrument Corp., P.0. Box 668, Hatboro, PA 19040. An Equal
Opportunity Employer M/F/D/V

@ General Instrument

Where Innovation Is A Tradition

INFO/CARD 53
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