


















































RF news

FCC Proposes Additional Channels for
Cordless Telephones

The Federal Communications Com-
mission (FCC) has released RM-8094, a
Notice of Proposed Rule Making which
would add 15 new channel pairs to the
existing ten channels allocated for cord-
less telephone applications. The new
channels will use frequencies in the
ranges of: 43.71-44.49 MHz (base
transmitter) and 48.75-49.51 MHz
(handset transmitter). Existing channels
operate on 46.60-46.98 MHz (base
transmitter) and 49.66-50.0 MHz (hand-
set transmitter). The current channels
use specific base/handset frequency
pairs, but equipment using the new
channels may pair any base frequency
with any handset frequency, an option
intended to reduce interference.

Although new services offered in the
915 and 2450 MHz include cordless
telephones, the FCC feels that the
“enormous popularity” of lower cost of
units offered in the 46/49 MHz range will

continue for the forseeable future. Also,
increased use of baby monitors which
operate on five of the existing channels
has made cordless telephone operation
on these channels impossible in some
areas.

Because the are approximately 2800
stations operating in this frequency
range as part of the Forest Products
Radio Service, Motor Carrier Radio Ser-
vice and Petroleum Radio Service, anti-
interference measures are required. the
proposed rules include a provision that
cordless telephones operating on the
newly proposed channels “must incorpo-
rate an automatic channel selection
mechanism that will prevent establish-
ment of a link on an occupied frequen-
cy.”

Comment and reply comment dead-
lines passed in November, and action
on this proposal is anticipated by mid-
year.

AT&T Demonstrates 0.1 Micron Sili-
con Devices — Silicon ICs with 0.1
micron transistor geometries have been
developed by AT&T's Silicon Electronics
Research Laboratory. The new process
solves the problem of temperature rise
in small-geometry devices that occurs
because the lower doping level required
at these dimensions increases the cur-
rent leakage. For this reason, previous
devices using 0.1 micron channels
required cooling. Using this process,
dividers operating to 10 GHz have been
demonstrated, along with individual tran-
sistors operating to 116 GHz for NMOS
and 51 GHz for PMOS. Devices using
the new AT&T process can run from 1.5
volt power supplies.

November ITU Conferences Plan for
the Future — In November, the World
Radiocommunication Conference (WRC
93) closed with a draft agenda for the
next two conferences to be held in 1995
and 1997. WRC 93 is seen as a strate-
gic planning exercise for future radio
regulations, and a means of testing the
new bi-annual system of World Radio-
communication Conferences. The draft
agenda for WRC 95 includes: Review of
committee work started in 1990 that will
simplify the Radio Regulations; review
of technical constraints associated with
Mobile Sateliite Services (MSS) under 3
GHz, intended to help facilitate their
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use; review additional matters regarding
MSS and other satellite services, includ-
ing feeder links, earth exploration satel-
lites, broadcasting satellite services and
other space services; and address the
use of new HF bands recently allocated
to broadcasting.

WRC 97 has the following items on
the draft agenda: Coordination of space
and terrestrial services between 1 and
40 GHz; allocation of unplanned space
services; wind profiler radars; further
work on HF bands allocated to broad-
casting; and discussion of the Global
Maritime Distress and Safety System.

The first ITU Radiocommunication
Assembly, successor to the Plenary
Assembly of the International Consulta-
tive Radio Committee (CCIR), approved
a recommendation to assure compatibil-
ity between VHF broadcasting and aero-
nautical navigation, and continued
progress on discussion of future mobile
communications. Under the new struc-
ture, this body can be characterized by
its unofficial mission statement, to aim at
“an efficient contribution to technical
standards and the most effective utiliza-
tion of the radio spectrum in the context
of the world’s economies and needs.”

Analog Devices and IBM Team Up on
SiGe Technology — Analog Devices
and IBM have announced an agreement
regarding RF and mixed-signal integrat-

ed circuits based on IBM’s ultra-high
vacuum chemical-vapor deposition
(UHV/CVD) silicon-germanium (SiGe)
process. The agreement calls for the
companies to design, produce and mar-
ket ICs intended for high-volume radio
and high-speed applications. The SiGe
process has been shown to produce
transistors with F; to 60 GHz, roughly a
factor of three higher than previous sili-
con IC processes. At the recent Interna-
tional Electron Devices Meeting (IEDM),
ADI and IBM reported on a 1 GHz 12-bit
digital-to-analog converter fabricated
using this process. The 3000-transistor
size of the DAC indicates that the
process will be suitable for single-chip
implementation of many RF functions.

NIST Describes EM Materials Mea-
surement Services — A new publica-
tion, NIST Measurement Service of
Electromagnetic Characterization of
Materials (NISTIR 5006), presents an
overview of special test and measure-
ment services for characterizing dielec-
tric and magnetic properties of materials
at radio and microwave frequencies,
from 100 kHz to 26.5 GHz. Measure-
ments can be made of permittivity and
permeability, as well as loss tangents of
low-loss materials. Copies of the publi-
cation can be obtained from the National
Technical Information Service, Spring-
field, VA 22161; (703) 487-4650. Order
by: PB 94-110186.

Telephone-Over-Cable TV System
Announced — Scientific-Atlanta has
announced a system of telephone ser-
vice delivery over broadband cable TV
networks, enabling switched telephone,
video, data and interactive TV services
to be integrated into a single communi-
cations network. Interfacing equipment
is located in a box placed at the cus-
tomer end of the cable drop, where tele-
phone and cable TV wiring then enters
the build in the same manner as the
existing service. Delivery of the CoAc-
cess™ system hardware in commercial
quantities is expected in the first half of
1994.

Conductive Polymers are Water-Solu-
ble — IBM research scientists have
invented a new class of polymeric mate-
rials which are both electrically conduc-
tive and water soluble. These deriva-
tives of polyaniline, called PanAquas™,
the polymers can be made insoluble by
exposure to radiation such as electron
beams, x rays and ultraviolet light.
Advantages of these materials include
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processing without organic solvents,
curability and removability. They may be
most valuable as ESD charge dissipa-
tors in both removable and permanent
applications, either as a coating or
blended into plastics and fabricated
directly into structural components.

IPC Develops School for PWB Tech-
nology — To be held during the Printed
Circuits Expo, April 1994 in Boston, the
School for PWB Technology is present-
ed by the Institute for Interconnecting
and Packaging Electronic Circuits (IPC).
Seventeen tutorials or workshops are
currently planned, which are intended to
cover topics ranging from laminating
and flexible circuits to costing and 1SO
9000 implementation. For more informa-
tion call IPC at (708) 677-2850.

Hughes Promotes new CBiCMOS
Process — Offering custom and semi
custom integrated circuits, Hughes
Microelectronics announces its CBiC-
MOS process. The process supports 2
micron CMOS gates, 2 GHz PNP tran-
sistors and 5 GHz NPN transistors.
Operating voltages as low as 1.5 volts
can be obtained. Full custom and stan-
dard analog building block semi-custom
ICs are offered, based on this process.

D.L.S. Electronic Systems Receives
TUV Appointment — The first Certifi-
cate of Appointment given by TUV
Rheinland for EC EMC testing has been
received by D.L.S. Electronic Systems,
Inc., and EMC testing laboratory and
consulting firm in Glenview, lllinois. The
appointment means that D.L.S. may
issue a Certificate of Conformance
which their customers can then use to
prove compliance and put the CE mark
on equipment to be sold into the Euro-
pean Economic Community.

Signal Technology Acquires Systron
Donner — Signal Technology Corp. will
acquire the Microwave/Instrument Divi-
sion of Systron Donner Corp., a Thorne
EMI company. The division manufac-
tures microwave and instrumentation
products for defense and commercial
markets, with sales of approximately
$12.5 million annually. The instrument
division will operate under the name ST
Systron Donner.

New Thin Film Company Formed —
Spectrum Thin Films is a newly formed
company which manufactures standard
and custom thin film devices for com-
mercial and military applications. The
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company, based in Hudson, NH, will
make thin film resistor, conductor and
multilayer products for hybrid microelec-
tronics, using an environmentally sound
laser process.

Proxim Announces Public Stock
Offering — Proxim, Inc.has announced
that has filed a registration statement
with the Securities and Exchange Com-
mission relating to the proposed initial
public offering of 2,000,000 shares of
common stock. 1,500,000 shares will be
sold by the company, and 500,000
shares sold by certain stockholders. Ini-
tial pricing is expected to be between $9
and $11 per share. Proxim designs,
manufactures and markets spread-spec-
trum based wireless networking prod-
ucts.

SpecTran to Acquire Ensign-Bickford
Optics — SpecTran Corp. has
announced that it will acquire substan-
tially all of the assets of Ensign-Bickford
Optics Co. and Ensign-Bickford Optical
Technologies, Inc. The acquisition will
result in SpecTran’s ability to offer a
wide range of specialty fiber and value-
added fiber optic products.

ESSCO Receives FAA Contract —
Electronic Space Systems Corp.
(ESSCO) has been awarded the Feder-
al Aviation Administrations (FAA)
Radome Replacement contract to man-
ufacture and install sandwich radomes
for primary and secondary surveillance
systems at FAA facilities nationwide.
The new sandwich radomes will accom-
modate the more sophisticated and larg-
er beacon phased array en route sur-
veillance radar systems.

Filight Test Contract Awarded to
Aydin Vector — Lockheed Aeronautical
Systems Co. has selected Aydin Vector
Division of the Aydin Corporation to pro-
vide the Flight Test Data Acquisition
System for the F-22 Advanced Tactical
Fighter. Nine vehicles will be built and
rigorously tested through the year 2000.
The contract, valued at $20 million,
includes micro-miniature MMSC-800
Narrow Band and Wide Band Data
Acquisition units, high speed digital tape
recorders, data handling equipment and
ground support equipment.

Varian to Acquire Quality Hermetics
— Varian Associates announces that its
Canadian subsidiary, Varian Canada,
Inc., has acquired the assets of Quality
Hermetics Co. of Toronto. Quality Her-

metics is a privately held company
which designs and manufactures glass-
to-metal hermetic seals for a variety of
applications in solid state amplifiers,
avionics equipment, high vacuum sys-
tems and semiconductor manufacturing.
Varian Canada manufactures
microwave tubes and electronic equip-
ment for medical applications.

Analog Devices Announces RF Prod-
uct Group — A new product line has
been formed at Analog Devices, Inc. to
continue development of products tar-
geted at new wireless applications.
Components for these applications have
previously been part of the company’s
Analog Signal Processing product line.
The new group will combine RF func-
tions with DSP, voice-band and base-
band functions to address all portions of
RF-based communications products.

CMOS Technology License Agree-
ment — TEMIC TELEFUNKEN micro-
electronic GmbH and Mitsubishi Electric
Corp. have reached a licensing agree-
ment on the transfer of submicron
CMOS technology as part of long-term
cooperation agreement between the
companies. Initially, a 0.5 micron
process will be used at TEMIC’s French
affiliate, MATRA-MHS, which makes
ASICs, microcontroliers and micro-
processors. The TEMIC microsystems
group makes HF components, control
and sensor systems, MCM modules and
power hybrids.

Superconductor Technologies Adds
Manufacturing Capacity — A new
deposition system purchased by Super-
conductor Technologies will double the
company’s high temperature supercon-
ductors capabilities. The new chemical
vapor deposition system will be used in
conjuction with an existing laser ablation
system to produce superconducting thin
films used in computer, telecommunica-
tions and medical MRI applications.

Vendors Adopt HP Instrument Con-
trol Library — Six 1/O product suppliers
have adopted the standard instrument
control interface library which Hewlett-
Packard Company recently released as
an open standard. The companies are
[OTech Inc., Data Translation Inc., Capi-
tal Equipment Corp., Keithly Metrabyte
and RadiSys Corp. HP also announced
that Microsoft Corp. has made a com-
mitment to bring the library to the con-
trol, engineering and manufacturing
community.
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RF industry insight

Why DSP Could Be
the Key to Your Next RF Design

By Andy Kellett
Technical Editor

igital Signal Processing (DSP) has

become faster and less expensive in
the last decade, following a familiar pat-
tern: new technology enables new appli-
cations, drives new technology, enables
new applications... New DSP chips are
faster, more self-contained, and increas-
ingly, they are tailored for specific appli-
cations — applications such as digital
cellular telephony, wireless LANs and
digital video transmission.

DSP is crucial to many potentially
large RF markets. “This whole infra-
structure of satellite based personal
communications, cellular-based commu-
nications and PCS require some DSP,”
says Doug Mitchell, Vice President of
Marketing and Sales for array Microsys-
tems, a Colorado Springs, CO manufac-
turer of DSP chips and boards for vector
processing of signals. “I don’t know that
anybody disagrees when you say all
those markets could be very large.”

DSP processing power is up to the
challenge offered by the emerging wire-
less markets. High-end DSP chips (for
instance, the AT&T DSP1617) operate
around 50 MIPS (Million Instructions Per
Second), and chips are available with
16- to 32-bit, and fixed and floating point
resolutions. What specification is the fig-
ure of merit depends on your applica-
tions says Thomas Hack, a Senior
Design Engineer at Siliconix, and a fre-
quent contributor to RF Design of arti-
cles on digital RF technology .

When a single processor can’t do the
job alone, parallel processing can be
employed. Multiprocessor DSP is cur-
rently used in the most demanding
applications for DSP. Radar and video
signal processing often require the
added power of parallel processing, as
do digital cellular base stations, which
have to handle several channels of
information at once. Several chips are
designed to make connecting several in
parallel easier. “The TMS320C40 has a
glueless interface,” says TI's DSP Mar-
keting Manager, Kun Lin , “We have
customers who have a thousand
TMS320C40s in one system.” However,
there are diminishing returns as more
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processors are connected. “At some
point it’s more work computing how to
split the work, than it is to do the work
itself,” notes array Microsystems’
Mitchell. Still, that point of diminishing
returns is well above the performance
level of a single DSP chip.

“DSP architectures are heading
towards higher integration, with larger
on-chip memory and on-chip peripher-
als,” says Bill Windsor, Product Manager
for DSP Processors at Analog Devices.
Analog’s newest 32-bit floating-point
DSP, the ADSP-21060, reflects this
trend, containing 4M of RAM on-chip and
extensive on-chip memory management.
Increased integration reduces size and
cost; both are important for . The
increased inclusion of DSP in handheld
devices also drives increased demand
for power-conserving DSPs. Many DSPs
have wait and stop modes, and many of
the next round of DSP device introduc-
tions will include 3 V devices.

DSPs are also becoming more applica-
tion specific. Examples of this type of
DSP are devices designed to code
and/or decode video signals using JPEG,
MPEG and H.261. Such encoding decod-
ing schemes could be implemented with
sets of general purpose DSPs, says
array Microsystem’s Mitchell, but, “no one
could afford to buy it.” Instead a number
of companies, including array Microsys-
tems, are readying monolithic DSP chips
dedicated to performing these video
encode/decode tasks. Another type of
application specific DSP chips are those
which perform traditional analog tasks,
such as Harris' HSP50016. This chip per-
forms digital down conversion and filter-
ing, simply taking in a sampled signal and
spitting out | and Q data streams.

Nobu Okuyama, Senior Product Mar-
keting Engineer for DSP products at
NEC, points to the various competing
digital celluiar and wireless datacom
systems when he says, "... wireless
communication is not yet firmed up. So,
in a sense, it is not the time to talk about
customized DSP solutions.”

Designing with DSPs has also
become easier. Algorithms no longer

have to be hand-entered as machine
code. “There are companies now that
provide high level design tools which
allow a designer to graphically pick and
choose blocks to represent the functions
in the application, and then the system
will compile all the way down to DSP
code,” says TI's Lin. Companies such as
Comdisco and Hyperception, among
others, provide such software.

C code is another popular way to
implement DSP algorithms, but even
here, the designer doesn’t have to worry
about becoming an ace programmer.
Robert DeRobertis, Product Manager for
Wireless Signal Processors at AT&T,
offers an example, “We offer VSELP
code, so all the person has to do is write
an executive and call those libraries.
We've had customers integrate this into
their phone in two or three months, as
opposed toc the many months it would
take to do a complete software develop-
ment.”

Complete chip sets incorporating both
RF analog and DSP functions are
another way manufacturers are helping
reduce design times. “Where RF and
DSP never touched before, we are now
seeing customers who require products
that are gluelessly interfaced together,”
says AT&T’s DeRobertis. The comple-
mentary nature of DSP and analog RF
circuits is also seen by Charles Fadel,
Corporate Marketing Manager for Ana-
log Devices’ new Communications Sec-
tor. “The advantage of providing a com-
plete system is the ability to interplay the
advantages of each section,” says
Fadel, “For instance, if you have a DSP,
you can offload the non-linearity of an
amplifier with it.”

DSP has become less expensive in
the last decade. For instance, Tl's
TMS320C10 was originally priced
around $500 when it was introduced in
1982. Now, unit quantities sell for about
$5. If this trend continues, RF designers
should have some very useful and
affordable DSP devices in the next
decade. Says TI's Lin, "What looks
expensive today will be very inexpen-
sive tomorrow.” RF
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the sensor will work at DC and at fre-
quencies up to the gate frequency with
equal sensitivity.

In many cases, the magnetic field to
be measured is not produced by a cur-
rent carrying wire. Leakage from a cath-
ode-ray tube, the Earth’s ambient field,
magnetization of a mineral rock sample
are all examples where it is impossible
to interrupt a closed magnetic path, as
in the above example. In order to mea-
sure open field lines, the basic design
can be modified as shown in Figure 2,
but the principle of operation remains
exactly the same:

The primary, or saturation winding has
the same function as before, except that
in this case, all of the ferrite material is
saturated twice per cycle, rather than
only a portion of the material. Voltage is
induced in the secondary because fer-
rite effectively ‘appears’ and ‘disap-
pears’ inside the secondary winding.
The secondary, or sense winding will
contain energy at the second harmonic
of the primary frequency, only if there is
an external magnetic field present. In
the absence of an external magnetic
field the secondary voltage will consist
only of a small leakage signal from the
primary. Because the two windings are
wound at right angles, there is no trans-
former action and the primary signal
does not get to the secondary, except
for a small imbalance signal plus a
capacitively coupled signal. In any case,
the input (primary) and output (sec-
ondary) are at different frequencies, so
they are easy to filter and separate.

Note that the magnetometer is now
sensitive to direction and polarity; maxi-
mum output is obtained when an exter-
nal magnetic field is along the long axis
of the ferrite sleeves, and produces no
output if the external field is perpendicu-
lar to it. Again, there is no lower frequen-
cy limit and the detector will respond to a
DC field as well as to a changing field.

Resonating both the primary and sec-
ondary winding at their respective fre-
quencies greatly improves the basic
detector. Resonating the primary increas-
es the current available for saturation and
suppresses second harmonic energy.
Resonating the secondary winding at the
second harmonic filters out first harmonic
energy and increases the available volt-
age amplitude, if the secondary is termi-
nated in high enough impedance. A par-
allet capacitor will also absorb any of the
inevitable stray capacitance at the input
and output connections (Figure 3).

The effective permeability is different
for the two windings. The permeability for
the primary is very high, because prima-
ry flux is almost entirely confined to the
ferrite material, whereas the secondary
flux passes mostly through free air. If we
assume that there is no hysteresis in the

ferrite and that the B-H curve (Figure 4)

can be modeled as a hyperbolic tangent,
we can derive some equations to
describe detector performance.

B =Bga tanh[BLH) ®

sat

B = magnetic flux density

H = magnetic field

K, = permeability at H = 0,
initial permeability

Bgat = saturation flux density

The above formula can be verified by
calculating dB/dH at H = 0:
dB

— 4
e (4)

H=0

i 20 1
=B t( Jsech [——HJ
= Bsat Bsat
=M
The value of i, must be known for the
ferrite sleeve, and is generally available
in suppliers’ catalogs [3].

H=0

Expanding equation 2 and noting that

dB NI
n= 5 1=lo cos(at), Hyy = —d"— (5)
then,
d/dB
V= ~NSaHext g{(a‘_‘—) (6)

After much manipulation, (left to the
reader as an interesting challenge), we
get the following expression for instanta-
neous detector output voltage when
measuring external magnetic field H,,
along the long axis of detector:

V= *2HexthNsa“i2|Ow' (7)
Nyulg cos(wt
sin(wt) Bsatd

Bsatd COShS Np}lﬂg?gs(ﬁ)t)
Bsatd

V = secondary output voltage [V]
B, = saturation flux density of ferrite M
lp = peak value of primary current [A]
o = frequency of input current [rad/s]
Ny, = number of turns in primary winding
Ng = number of turns in
secondary winding
a = cross-sectional area of
both ferrite sleeves [m?]
d = inside diameter of
ferrite sleeve hole {m]
Hext = external magnetic field
to be measured [A/m]
H,, = internal, saturating magnetic
field [A/m]
L, = initial permeability of ferrite sleeves
{absolute, not relative) [H/m]

The above equation states that the
amplitude of the secondary signal is
directly proportional to the magnetic field
parallel to the long axis of the detector. It
is not immediately obvious that equation
6 is periodic in 2w, but we can substitute
some practical numbers as shown
below, and then plot it, (Figure 5).

Primary and secondary
wound at right angles

(or toroid)

High impedance load

Solid ferrite

Slope = y;

(oscilloscope)

Primary
resonant at
frequency f

High voltage
AC source Cp —L Cq
(HP200CD) T

Np Ng

Secondary
resonant at
frequency 2f

Ferrite with
air gap

H
(or ferrite sleev}\ J

Figure 3. Schematic of flux-gate magnetometer
including important resonating capacitors.
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Figure 4. Simplified B-H curves for toroid and sleeve
of the same ferrite material.
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RF ' featured technology

Solar Source Antenna Gain
Degradation Measurements

By Glenn W. Hurley
Naval Sea Support Center Atlantic

The topic of antenna gain measure-
ments stirs up visions of near and far
field measurement set-ups, well
equipped indoor and outdoor ranges,
and special normalizing software and
computers to support these tests. This is
to be expected for manufacturers and
systems integrators, but how does the
end user (field personnel) determine
whether an antenna is degrading grace-
fully?

he Navy, who is one of the

microwave industry’s largest cus-
tomers, has had to answer this question
for many years. The sea, ever unforgiv-
ing in its relentless abuse of every prod-
uct man has known, has no pity on
large microwave antennas used in the
Navy’s many radars. Salt air corrosion,
vibration, and radome abuse are only a
few of the causes of gradual degration.
With the aid of several microwave
installations on each coast and a few
overseas, the Navy has been able to
check the critical parameters of many of
these systems on a regular basis, dur-
ing overhauls and pre-deployment peri-
ods. With the “down-sizing” of the
Defense Department, and specifically

the Navy, most of these microwave
checking installations have been
decommissioned and replaced with
portable towers. Also, changes in Sys-
tem specifications have eliminated
some of these mandatory checks, fur-
ther reducing the availability of these
systems for testing. This, along with
reduced manpower, has forced the
Naval Sea Support Center to look for
some simple method of establishing a
confidence level of performance for the
antennas used on these systems. The
following discussion will describe the
results of one simple method found for
checking antenna sensitivity.

In an effort to verify the gain parame-
ter with minimal equipment, shore facili-
ties, and manpower, the Naval Sea
Support Center, Atlantic has been test-
ing a procedure using the sun's energy
as a signal source and a spectrum ana-
lyzer as the measurement device. The
equipment chosen for this test was a
ship based, G-band (5.0 - 8.0 GHz)
tracking radar. In order to produce the
required signal-to-noise ratio (S/N) at
the spectrum analyzer, the introduction
of a low noise ampiifier (LNA), at the
antenna terminal, was necessary on

ANTENNA

- L
jG =39dB

CABLE
L = 2(3dB)

TEK 492A
ANALYZER

Figure 1. Block diagram of test set-up showing gains, losses and noise
figures contributing to the antenna gain measurement.
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this radar. Many surveillance radars
have LNAs already incorporated in their
design. The LNA was specified by the
Naval Sea Support Center and two
were built by Microwave Solutions, of
National City, CA.

Becuase only one technical person is
needed to make the measurement, this
procedure solves the manpower and
minimum shore support requirements.
The big advantage to this method is
that the sun is a universal source of RF
energy, and is in the antenna’s far field,
eliminating any near field corrections.

Test Methodology

This procedure is a modified version
of one previously published [1]. The
older procedure requires the measure-
ment of power per unit bandwidth and a
comparison of cold-sky to solar flux
density ratio. Measuring the power per
unit bandwidth is relatively simpie with
the new generation of spectrum analyz-
ers, which use digital processing and
incorporate dBm/Hz (power per 1 hertz
bandwidth) normalizing. This mode
eliminates the need to keep track of
resolution bandwidth changes and the
need to renormalize the measurements
when resolution bandwidth is changed.
The specifications for the LNA were dri-
ven by the requirement to provide a
S/N ratio 10 dB or more above the
spectrum analyzer noise floor. This cri-
teria resulted in the selection of an LNA
with a gain of 45 dB and a noise figure
of 3 dB, as seen in Figure 1.

The modification of the procedure [1]
involved eliminating the sky noise mea-
surement. The older procedure required
a cold-sky measurement because the
procedure made no assumptions about
the antenna gain or effective aperture.
However, the antenna referenced in
this article is factory specified to be 39
dB (including waveguide losses). With
the sun’s energy specified in
watts/bandwidth/area, one can compute
the received power based on antenna
effective area, so no knowledge of the
background sky noise is required. The
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Figure 4. MP-2400 block diagram.

be set between —10 and ~100 dBm to
match the level expected at the receiver
input.

Instrument Features

The MP-2400 emulates a wireless
communication channel with up to 12
paths between a base station and a
mobile station. It contains an embedded
486DX-33 microprocessor with PC com-
patible interfaces including an IEEE
488.2 interface to provide an easily
transportable self-contained instrument.
The built-in AT style keyboard, mouse
and flat panel color LCD display make
the MP-2400 an extremely powerful tool
as a stand alone instrument or as a con-
troller for an entire test station.

MP-2400 is easily upgraded to contain
two independent channels of 6 paths
each. These two channels are used to
emulate multipath fading for the tests of
diversity systems or to independently
fade an interferer and a desired signal.
The interferer may be an adjacent or co-
channel signal as required for the test of
GSM and DCS1800 mobile telephones.
Figure 2 shows a block diagram of a
diversity and interference test with two
MP-2400s emulating 4 channels with 6
paths each.

Multipath fading can be emulated in
both static and dynamic modes:

1) STATIC MODE — Here the user
individually sets each path with the
desired parameters and that scenario is
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run continuously. Standard test condi-
tions for GSM, DCS, NADC (CDMA),
etc. are factory stored and can be
recalled from memory. Up to nine sce-
narios can be linked and run together.

2) DYNAMIC (GRAPHIC) MODE —
The user enters the initial and final para-
meters for a dynamic scenario. For
example, a mobile phone starts at rest,
then accelerates to 96 km/h (60 Mph)
over a 5 minute period. The user inputs
the scenario including the reflecting
objects on a graphic display, see Figure
3. Software calculates intermediate
states for Doppler, delay and attenua-
tion.

Figure 4 is the MP-2400 block dia-
gram, showing a 12 path system. All sig-
nal processing is done digitally with 12
bit representation of the data. This pro-
vides very consistent and drift free
results.

User Interface

After selection of mode (STATIC or
DYNAMIC) the user will supply the fol-
lowing information to run a scenario:

* Center Frequency

* Rayleigh (Classical) or Rician distribu-
tion

* Vehicle speed or Doppler

* Start and Stop time

* Path characteristics: ON/OFF, Delay,
Attenuation, Correlation

The path settings are displayed on the

VGA monitor in a tabular form. The
instrument status and graphic represen-
tation of certain scenarios, the Doppler
spectrum, and the hardware configura-
tion may also be displayed.

Other available features are a help
key for setting up path characteristics for
desired scenarios and Recall/Save of
setups. The user has the option to
select the best matching shape of the
Doppler spreading from a library if the
antenna patterns are different from the
standard omni-directional mode!.

Thus, besides being a requirement,
effective multipath testing of modern
communication systems can aiso help
make them more efficient. It is now pos-
sible to make modern communication
systems which tolerate severe multipath
fadings. These new wireless systems
employing sophisticated modulation,
diversity antennas, adaptive equaliza-
tion, forward error correction coding,
phase locked synchronization, and
adaptive transmitter power control tech-
niques. They may soon be tested using
multipath fading emulators.

Readers desiring more information on
the Noise Com MP-2400 may contact
the author at the address or telephone
number given below, or by circling
Info/Card #150. RF
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RF tutorial

Using RF Channel Simulators to
Test New Wireless Designs

By Karl B. Fielhauer
Litton Amecom

Wireless digital communications sys-
tems are experiencing spectacular
commercial growth. Digital communica-
tions using RF is among the most diffi-
cult environments to design for reliable
performance. Yet, customers will
demand 100% reliability from their new
wireless digital communications prod-
ucts, despite RF propagation conditions.
This article presents the propagation
effects encountered by these systems
that are replicated by RF channel simu-
lators in the laboratory.

ith the implementation of systems
like: the North American Dual-
Mode Cellular System (NADC), Japan-
ese Digital Cellular (JDC) telephone sys-
tem, Personal Communications Network
(PCN), Global System for Mobile Com-
munications (GSM), Digital European
Cordless Telephone (DECT), Advanced
Cordless Telephones and High Defini-
tion Television (HDTV), the need to reai-
istically test these new products is
tremendous. RF channel simulators aid
in the design of new exotic products and
can statistically test how robust a new
design is compared to a baseline, theo-
retical or even a competitor's perfor-
mance. Presently, the biggest growth in
the wireless industry is mobile communi-
cations, with cellular leading the way
and other technologies to follow soon.
Present cellular systems use the
Advanced Mobile Phone System
(AMPS) that has been around since the
early 1980’s. However, AMPS is an ana-
log system requiring voice bandwidth.
Because of an overcrowded spectrum
due to limited frequency allocation, an
AMPS user may not be able to use his
cellular phone during peak hours, or
may experience a dropped call. This is
especially prominent in large metropoli-
tan areas such as New York and Wash-
ington, DC. To get around this problem,
the FCC approved the NADC system,
which increased the number of phone
calls by reducing the information band-
width by digitally encoding the channel,
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Mobile Telephone Switching
Office @

Multipath Signals

Figure 1. Multipath propagation of a cellular signal.

namely n/4 DQPSK. This system can
increase the numbers of users over the
present AMPS by a factor of three, with
more sophisticated voice CODECs, up
to six — and with Extended TDMA, up
to 15 times. However, along with the
benefits of increased capacity due to
digital encoding, comes the difficulties of
demodulation in the presence of fading,
multipath propagation, co-channel inter-
ference, adjacent channel interference
and of course Additive White Gaussian
Noise (AWGN).

What is a RF Channel Simulator?
The characteristics of mobile radio
channels, although complex in nature,
can often be adequately represented by
known statistical distributions. RF chan-
nel simuiation, therefore, amounts to
producing in the laboratory, signals that
have appropriate statistical properties.
Many companies manufacture RF
channel simulators for different mobile
and stationary systems from HF into
VHF/UHF. RF channel simulators now
replicate the conditions of microwave
channels conditions under rain fade and
atmospheric multipath conditions. The
simulators can produce ghost signals
with which to test ghost cancellation

designs for the emerging HDTV market.
They are also available to test satellite
aided mobile applications. Finally, RF
channels simulators are now available
to simulate mobile cellular conditions
with multipath fading, Doppler, delay
spread and interference. Each RF chan-
nel simulator for each RF application
has its own statistical distribution which
best represents the channels propaga-
tion characteristics.

The RF channel simulator is a versa-
tile tool to improve the quality of digital
(and also analog) wireless designs
before a new product is sent to market.
In addition the simulator can be used in
the production phase to measure and
identify performance variations from unit
to unit. By running different propagation
simulations on the production line, the
radio can be tested for Automatic Gain
Control (AGC) performance, error cor-
rection performance, etc., in a real envi-
ronment. This can quickly be accom-
plished using Automatic Test Equipment
(ATE) and will insure quality before the
radio is sent to market.

This article focuses on RF channel
simulators used for mobile communica-
tions and the effects that will be encoun-
tered in that environment, especially
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with the implementation of the NADC,
JDC, DECT and GSM systems. Under-
standing how an RF channel simulator
works for mobile applications will enable
a basic understanding of the other RF
environments in which these simulators
have applications.

Why Use a Simulator?

Before the advent of RF channel sim-
ulators, field testing was the only way to
test new wireless designs. However,
using conventional field testing requires
time to setup and take down, collect the
data, and, worst of all, it is not repeat-
able. With the use of RF channel simu-
lators this is no longer true. The use of
simulators enables design engineers to
test their product under favorable and
poor conditions in the laboratory and
compare their results to previous
designs. The outcome of test results are
rapid, allowing a testing team to commu-
nicate the results quickly to a design
team for changes and revisions in DSP
algorithms before ASIC’s are sent to be
fabricated and before diversity combin-
ing techniques are agreed upon. In addi-
tion coding and modulation schemes
and the evaluations of equalizations can
be tested using a RF channel simulator.

With a simulator it is possible to write
a test plan incorporating such important
parameters as fade margin, E,/N_, type
of fading to be tested, Doppler, the addi-
tion of adjacent and co-channe! interfer-
ence and diversity combining tech-
niques. With field testing, the environ-
ment where the test is conducted cannot
be controlled, therefore propagation
effects cannot be tested individually.
The effects of adjacent channel, co-
channel interface, intersymbol interfer-
ence and other effects can add upon
each other, thus the isolation of each
effect upon the radio is not possible.
With the use of a RF channel simulator,
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the bit error rate performance in fading
and interference can be compared to
theoretical performance when the prop-
agation effects are isolated thus estab-
lishing a baseline of performance. The
same test procedure can be rerun to
measure design improvements after
design changes are implemented. A
final benefit is that the data acquisition
and test equipment control (including
the RF channel simulator) can be, and
usually is, fully automated to produce
reliable and repeatable results quickly.

What Does an RF Channel
Simulator Do?

The mobile radio will have to work in
the harshest of RF environments. The
major problem is that operation often is
in built-up areas, where the mobile
antenna is well below or located
between surrounding buildings, and
there is no line-of-sight path to the trans-
mitter (Figure 1). Propagation is, there-
fore, mainly by way of scattering from
the surfaces of the buildings and by dif-
fraction over and/or around them. The
most pronounced effect in mobile cellu-
lar communications is that of multipath
signal propagation caused by the scat-
tering signals. The multipath reflections
grow more likely as the frequency of
transmission increases. The three major
effects of multipath propagation are mui-
tipath fading (Rayleigh fading), delay
spread and Doppler-frequency shifts.

The RF channel simulators for mobile
applications model multipath propaga-
tion caused by the antenna being well
below the transmitter (Mobile Telephone
Switching Office, or MTSO). In addition,
it is possible to incorporate Additive
White Gaussian Noise (AWGN), adja-
cent channel and co-channel interfer-
ence to the RF channel simulator and
test in the presence of fading. In the
new markets of digital cellular radio,

Figure 3. Rayleigh Cumulative Distribution Function.

understanding and designing systems
which work reliably in multipath propa-
gation conditions will be critical to win-
ning the market.

Muttipath fading occurs when an RF
carrier is reflected over more than one
path producing multiple signals with dif-
ferent arrival times (see Figure 1). The
signals produce apparent phase differ-
ences between the multiple reflections
and the original, or the shortest path.
Thus for a constant amplitude CW sig-
nal, if a multipath reflection is 180° out
of phase from the shortest path and
equal amplitude,a total cancellation will
occur. In some cases, there is construc-
tive addition when two or more signals
arrive in phase with one another. How-
ever, in the real world the multipath
reflections have random arrival times
and random phase shift between multi-
path signals, the fading is then called
Rayleigh. This is because the fading is
best describe by the Rayleigh probability
density function (PDF). A Rayleigh dis-
tribution is the root-mean-square (RMS)
addition of two independent Gaussian or
normal distributions. The Rayleigh PDF
is shown in Figure 2 and is defined as:

V2

20°

P(V)=avye><p(— J (0< v<w) (1)

0,(v<0)

where v2 = x2,+x2,, two independent
variants, x, and X, and Gaussian-distrib-
uted both having zero mean and the
same standard deviation, and:

202 = the mean square value of v over
the distribution.

The corresponding Cumulative Proba-
bility Distribution Function (CPDF)
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obtained by integrating p(v). The CPDF
represents the probability that v is less
than level A for an E-Field signal and
defined by:

Ay v2
P(vsA)= jo a-z—exp[- 2a2]

@)

Plotting the Rayleigh CPDF on a loga-
rithmic scale as shown in Figure 3, the
received radio signal has smaller attenu-
ation (less severe fade) than 10 dB from
its mean value during 94% of the time
and a less severe fade than 18 dB dur-
ing 99% of the time. When evaluating
the performance of an RF channel simu-
lator capable of Rayleigh fading, the
measured CPDF and the theoretical
CPDF should match thus producing true
Rayleigh characteristics for your simula-
tion which is critical in mobile cellular
applications. Rayleigh fading is relatively
short term in duration yet can yield the
deepest fades which are a significant
impairment to all digital communica-
tions. In the NADC system, a n/4
DQPSK transmitted signal with constant
amplitude in the presence of Rayleigh
fading is converted into one with ran-
domly varying amplitude and thus is a
large problem for a demodulator to
recover data error free if the fade depth
exceeds the fade margin. Rayleigh fad-
ing only exists when there is no line-of-
sight to the receiver only multiple reflec-
tions. Rayleigh fading can be dealt with
by adding error correcting codes, inter-
leaving and diversity combining tech-
niques. Since most RF channel simula-
tors are dual channel, therefore diversity
improvement factors are measurable.

For a satellite aided mobile link and

RF Design

Figure 5. Rayleigh power spectra.

some cellular links the received enve-
lope obeys Rician statistics rather than
Rayleigh and some RF channel simula-
tors include both. Rician fading occurs
where there may be a line-of-sight path,
or a least a dominant specular compo-
nent to the mobile receiver. It is intuitive-
ly to be expected that there will be fewer
deep fades and that the specular com-
ponent will be a major feature of the
spectrum.

A mobile receiver does not experi-
ence Rayleigh fading until the mobile is
moving through a multipath environ-
ment. A measure of the number of times
per second that a mobile will encounter
a multipath fade is represented by the
Level Crossing Rate (LCR), an impor-
tant consideration to the designer of a
mobile digital communications systems.
The LCR is the number of times per
second (Hertz) the carrier envelope
crosses a level relative to the mean. A
plot of this is shown in Figure 4 for a
mobile receiver moving at a rate of 100
km/hour at a frequency of 900 MHz. The
expected number of level crossing at a
given signal amplitude v = A is:

v__gl-BV _
n( 2(;2,,.R}~ 2;Rexp( R?) (3

where:

A
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R=

B=2n/L
V = Speed of the vehicle (m/s)

Careful attention should be paid both
to the theoretical LCR and theoretical
Rayleigh PDF to the measured perfor-
mance when evaluating RF channel
simulators for true Rayleigh fading.

These statistics should be part of the
specifications for the mobile RF channel
simulator.

Another propagation effect that is
modeled by an RF channel simulator is
Doppler frequency shift in a multipath
environment. The Doppler frequency f
is:

f’z%cosq) =fmCos¢, O<o<m (4

where f_ is the maximum Doppler fre-
quency. It is clear that in any particular
case, the change in path length will
depend on the spatial angle between
the wave and the direction of motion.
Generally, waves arriving from ahead of
the mobile have a positive Doppler shift,
i.e., an increase in frequency, while the
reverse in the case for waves arriving
from behind the mobile. Waves arriving
from directly ahead of, or directly behind
the vehicle are subjected to the maxi-
mum rate of change of phase. If the
mobile unit is moving through an area of
multiple reflections and it is assumed
that the angies of arrival are evenly dis-
tributed over 3609, then the Doppler shift
will be on each of the multipath scatter-
ing signals from the MTSO. The multi-
path scattering signals will be arriving to
the moving mobile with positive shifts
and with negative shifts causing a
spread in the received power spectra. If
there are a large number of scattering
signals, as in the case of mobile cellular
phone, then the receive spectrum will be
widened by the multiple Doppler shifts
and is referred to as Doppler spread.
The limits of the Doppler spectrum can
be quite high, for example in a vehicle
moving at 30 m/s (approx. 70 mph)
receiving a signal at 900 MHz the maxi-
mum Doppler shift is 90 Hz and is
shown in Figure 5. Frequency shifts of
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RF circuit analysis

Double Feedback Circuit Analysis

By Frank Egenstafer
American Meter Co.

Double feedback circuits are those cir-
cuits incorporating both series and shunt
feedback paths. The double feedback
topology is a byproduct of many amplifi-
er designs, but the interactions among
the two paths and the active device
have not been adequately characterized
in the past. It is the purpose of this
paper to afford the engineer an under-
standing of how the double feedback
stage operates and to supply him with
some simple equations that will aid him
in making circuit decisions.

To design an amplifier of the type
used in the CATV field it was previ-
ously necessary to initiate that design
without the use of engineering design
equations, mainly because there were
none. In most cases, the design was
pursued by varying the emitter resis-
tance (R,), shunt feed back resistance
(Ry) and the transformer turns ratio until
satisfactory results were achieved (Fig-
ure 3). This procedure was followed
first on a single stage, then on two
stages together, then on three, etc.
Mostly, by the time three stages were
completed, the interaction had become
complex and frustrating.

The designer was plagued by all sorts
of amplifier behavior, or rather misbehav-
jor, that escaped explanation and rea-
son. It was no simple task to design an
amplifier with sufficient gain, wide fre-
quency response, exceptional flatness,
good input match, good output match,
low noise figure, high output capability,
linear distortion characteristics; especial-
ly since when all was done, one of the
elements had to be made variable (tiit

control), which tended to degrade many
of the above characteristics.

Throughout this article, the terms B
and h,, are used interchangeably for the
high-frequency current gain of a transis-
tor, and the constant R, - R, = R 2 is
often used because this equality puts
order into the analysis. It permits the
elimination of either R, or R, from a
complex equation and hence the solving
of a single quantity in terms of another,
and it eliminates an infinite number of
value relationships that would exist
between R, and R,.

Basic Feedback Circuits

Take a transistor, put a resistor in the
emitter circuit and a resistor from collec-
tor to base and you have a feedback
ampifier. It sounds very simple but is, in
essence, a very complex circuit, as will
soon be shown. Analysis through the
use of simple equations, logic, and con-
firming experimentation indicates that the
circuit obeys the family of laws described
in the equations presented here. For this
analysis, the transistor is considered to
be a black box, and B is the only para-
meter which varies with frequency. The
close agreement between theory and
practice validates this assumption.

First let us examine, separately, shunt
and series feedback and see how each
affects the action of a simple transistor
stage. Shunt voltage feedback tends to
lower both the input and output imped-
ance of a circuit and to stabilize the cur-
rent gain under control of R, and R_ (Fig-
ure 1), Series current feedback tends to
increase both the input and output
impedance and to stabilize the voltage

gain under control of R, and R, (Figure
2).

If we combine these two circuits we
have a circuit that is both current and
voltage gain stabilized under control of
external resistances. If the gains are
equal,
R R 1)
RL Re

which is the expression for checking the
bridged-T equation under matched con-
ditions. The gain equations in Figures 1
and 2 are also simplified forms of the
complex gain equation.

If we now produce a model embracing
both R, and R,, equations may be
derived which describe the input imped-
ance, the output impedance and the
gain under control of R.. R, and B.

RL2 = Rf 'Re

A= 2R (NBR; - (B+1)R,)- (2)
[Rs((B+1)Re +RL(B+1)+Ry)
+(B+DRe (Rf +RL)]™

Letting R; - R, = R,2, and R, =R
A =2[nBR; - (B +NR,)- (3)
[2(B+NRe +(nB + DR,
+B+ MR, +R]™’
Letting B =co:
_ 2[R -R,) 4)
RL(n+1)+2R,

Lettingn=1:

A = R/R,

Figure 1. Shunt feedback circuit
showing load, source and feed-
back resistors.
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A, =R/R,

Figure 2. Series feedback circuit
showing load, source and emitter
resistors.

TR =n=20/18 = 1.11

Figure 3. Double feedback circuit.
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"R +R,

LetR, = R,2/R,;

(Voltage Gain)  (6)

™)

(Current Gain)

Under matched conditions the voltage
gain equals the current gain.

Since this feedback circuit has ele-
ments connected directly between the
output and input, there exists a finite and
measurable signal path opposite to the
designed direction and it is called the
reverse signal path. By analyzing the cir-
cuit for gain from output to input, an
equation may be realized that sets the
order of magnitude for the reverse path.
Ampilifier circuits involved with oscillators,
mixers, frequency doublers and isolation
stages require gain stages with controlied
or predictable reverse gain values.

A= 2RsRe(B +1)-
[R,_Re(ﬁ +1)+ RSR,_ (nB+1)+
Re (B + )(Rs +Ry) + (RgRy)] ™

(8)

Beta vs. Gain

These graphs were plotted from a
computer run of the complex gain equa-
tion 3 with n = 1. Since there were many
different values of R.. two graphs were
required in order to avoid confusion (only
one is shown here). The computer pro-
gram varied B from 3 to 21 for values of

R, from 6 to 28 ohms, with the constrain-
ing value of R, determined by 752/R, =
R;, also computed.

The equations and the graphs indicate

that:

(a) Gain increases with increasing B.

(b) Gain increases with increasing R..

(c) Gain increases with decreasing R..

(d) Gain variation with B decreases with
increasing R .

{e) Gain variation decreases with
increasing f3.

Beta was discontinued after 21
because the variation of gain from 21 to
infinity is very small and the variation
may easily be projected.

The graphs may be used by assuming
a transistor with an f, of say 1400 and a
frequency of interest (f,,) of 200 MHz.
This says that B or current gain will be 7
(B = 1/f,). Go into the graph at B=7,
and intersect, for instance, the line of
the equation of R, = 16. The gain may
be read from either side of the graph.
The notation at the left of each line indi-
cates what the gain would be at B= =

We now have a group of equations
that describe the operation of a feed-
back amplifier in terms of gain but, as
yet, they are not useful. This is to say,
in their present form they cannot help in
designing an amplifier. All the equations
do is to permit one to plug in values
after completion of the design.

Up to now, we have no way to prede-
termine the values of R, and R,. One
way to start is to use the simplified gain
equation where gain is described in
terms of R, or R, (with R, - R, = R ).

Solving equations 6 and 7 for R, and
R;, respectively:

R, = R /A+1
R= R (A+1)

(9)
(10)

With R, = 75 and a required gain of
say 3 (about 9.5 dB),

R, =75/4 = 18.7 ohms
R = 75(4) = 300 ohms

Low-Frequency Gain

instead of solving for many values of
R., a graph was constructed which
enables one to select the correct value of
R; and R, for a given gain or vice-versa.

Figure 5 was plotted from the simpli-
fied gain equation 5 where Ri-R,=R?
, B=o, and n = 1. Since B is not in the
simplified equation, no frequency
dependability is implied: however, in the
design of most ampilifiers it is found that
the low-frequency end of the response
is higher than the high-frequency end.
This effect is caused by variations of B
and distributed circuit capacitance with
frequency. The result is a tilted or slop-
ing response, so that figure 5 can be
used to set the low-end response only.

This graph proved very accurate and
useful in many instances, even though
the equations were calculated with n = 1
and the circuits all had transformers with
n greater than 1. The reason for the
accuracy will become evident later when
a new graph will be plotted for different
values of n.

The accuracy was noted when the
graph was used to calculate gain with B
at infinity. The calculated gain was very
nearly the gain of a transistor amplifier
with the same R, and R, but with a trans-
former. The increase in gain because of
the transformer was in many cases simi-
lar to the gain when B was at infinity.

(only when)
-Rg R¢ Rie Rg = R ®
"R_+Rg R B=oo

n=1 Ri*Rg = R
i 2[nBR¢ - (B+1)Rg]
=hg = —— G=- -
B =hte t 2(B+1)Rg+(nB+1)R+(B+1)Ry +Ry
- - o
Gain ¢ hfp =
202" e = * T F— 1T T 20
el || I
18.5 dB J
16 T e[ Re =8 —Rg=703 4| —16
14114448 \xL’ 14
- R,=12
12 - 2 Rr=ses N | 1yp
D | 11508 ! N @
10} 2 -] Re=16 gL asy ;\\.2,10
8} S et 998 e ™NE 8
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4 A5dB - iRe=28 T T NS 4
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(5]

Figure 4. Gain versus different betas.
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Figure 5. Graph relating R;; R, and gain.
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Figure 6. Graph relating beta,
gain and input impedance.
but what match at what gain. This con-
straint is inescapable. With this in mind,
it was decided to rearrange the input
equation, put on the constraint.

R, =R%R,,
and solve the equation for R,

Re?(Zin(B+1)~RL(B+1)+ (19)
Re((NB+ )R Z;, -75°Z,, =0

The purpose of this quadratic equation
was to combine the relationship
between gain and match. Although gain
is not part of the equation it is implied
since gain varies inversely with R.. A
convenient graph may be constructed
from the equation by plotting different
values of Z,_with B and R, as the coordi-
nates. In essence this graph permits
the designer to go from theory to prac-
tice by relating R, to 8 as frequency. In
practice all the input impedance vs. R,
graphs were found to be very accurate,
within 10% of Z, in ohms. The degree
of accuracy is reasonable when you
consider that the input of the double
feedback circuit is resistive with reac-
tance secondary in nature.

Input Impedance (with n = 1),

The purpose of figure 6 is to permit a
designer to obtain a first approximation
of a particular design in the least possi-
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ble time. The graph shows that with a
particular f, and a particular desired
input match one set of R, and R, will be
approximated that will match the curves.
When the transistor (and therefore the f)
is changed, the graph shows that other
values of R, and gain are optimal. How-
ever, the graph will show the varying
input match with varying f, and a con-
stant R, quite accurately .

The graph also indicates that gain and
match are divergent and that a trade-off
is required in the design of an amplifier.

Further, the graph indicates that with a
constant R, the input match will vary
with f,. The extent of the variation is also
indicated.

Design Example

Given a transistor with f, = 1300, and
the highest frequency of operation is
200 MHz, then: h, = 1300/200 = 6.5.

Go into graph on the left hand side at
h,, = 6.5. As you traverse to the right, a
number of lines labeled Z,, will be inter-
sected; these curves represent input
impedances. Choose Z,, and traverse
down to the abscissa labeled “Re”. For
example, let us choose a Z,, of 50 ohms
or —14dB. Anh of 6.5 intersects Z,_at
an R, of 16 ohms.

This says that a transistor with an f, of
1300 and an R, of 16 ohms, along with
the constraining R; = 5626/16 = 354, will
give an input match at 200 MHz of 16
dB. Since R, R,, R, are related in the

f

n=1 s Rr-Re
n

Gain = 2
R + Re
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Figure 7. Graph relating beta,
gain and output impedance.

gain equation by (R-R /(R +R,), equa-
tion (4), the gain obtained (in this case
11.5 dB) is included along with R_.

Working with the general equations
indicates that Z,_, Z_ . and gain change
very little after an hy, of 20. With h,_in
the general equation, the response of an
amplifier is usually shown to be falling
off at the high-frequency end because of
the reduced h,,. This effect is noted in
practice, and makes ingenuity a must for
designing a flat amplifier.

A number of transistors were checked
for f, where the values ranged between
1000 and 1800. These transistors were
then inserted in a typical feedback circuit.

By converting the f, to B or frequency it
was possible to predict with reasonable
accuracy the input match at various fre-
quencies, and the gain of the circuit
associated with a particular emitter resis-
tor. The match values obtained were
accurate to 1 dB in the test circuits used.

A plot of the input or output impedance
Curve may be con structed by selecting a
value of R_ from graph #5 or 6 and mov-
ing up that fine noting the intersection
between the plots of Z and current gain
on the left Use graph #7 as a guide for
assigning coordinates and values.

Output Impedance (with n = 1)

Figure 7 was constructed for Zou
using the same principle. However, after
the graph was made it became obvious
that Z_ and Z_, are symmetrical about
75 ohms and, therefore, are equal in dB
atall points if R, - R, = R 2. This means
that graphs #6 and #7 may be used for
both Z,, and Z, indBonly.

All input impedances are below 75
ohms in dB and all output impedances
are above 75 ohms in dB.

For practical use, convert any dB from
the output graph for input use by con-
verting the dB value to ohms below 75:
for using the input graph for output
match, converting the dB value to ohms
above 75,

The quadratic equation used for figure
7 is:

Re?((B+N(Rs ~ Z,)) + R (752(B + 1)
RsZo(nB+1)+75%R, =0 (20)

The accuracy of the output impedance
graphs 7, 9b and 9d is limited by the
shunting effect of the output capacitance
of the transistor and associated circuitry
which is in the order of 2 to 3 pF. In
practice the effect of this is to lower the
actual output impedance (in ohms) by
approximately 20%. As B increases the
error reduces in magnitude.
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Figure 9a, 9b, 9¢c, 9d. Input impedances (9a, 9¢) and output impedances (9b, 9d)for n = 1.11 (9a, 9b) and for n =

1.25 (9¢, 9d).

Here the impedance for practical values
of B and R, is always above 75 ohms,
so that making n greater than 1 moves
the output impedance toward 75 ohms.

The action of, n greater than one, on
figure 8, “Input and Output Impedance
vs. Beta”, is to move all curves down
from their present position. What this
does is to change the asymptote, now
75 ohms, to a value lower than 75 in
accordance with the value of n. Any
transformer then tends to make the
amplifier input and output impedances
lower in value. With 75 ohms as a refer-
ence this improves the output imped-
ances but worsens the input imped-
ances.

The simplified input and output equa-
tions are the same except for R_and R
being interchanged.

LetB=-co
Z = Re(Rf + RL) (23)
Re +NR

Withn=1andR;- R, = R?
Z=R_ (24)
Input and Output Impedance
(withn> 1)

These graphs were plotted from the
same quadratic equations, 19 and 20,
as were figures 6 and 7; however, for
figures 9a-d, values of n greater than 1
were used. The values of n used were
1.25 (trifilar 4-4-2 winding) and 1.11 {tri-
filar 9-9-2 winding). By comparing some
equivalent R, vs. h,, points on each of
thegraphsn=1,n=111andn=1.25
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it becomes evident how n affects the
impedances.

These graphs may be used in the
same manner as were figures 6 and 7.

High Frequency Gain vs. Beta

(n Variable)

Figure 10 was derived from the com-
plex gain equation with R, - R_ = R2n=
1,n=1.11,and n=1.25.

As mentioned previously in a practical
amplifier with a transformer in the collec-
tor, the leakage inductance of the trans
former starts to increase the gain above
75 MHz to a greater value than the turns
ratio alone would indicate.

Within the frequencies of interest and
with the transistors available, a B of 21
was used in the gain equation calcula-
tion for constructing the graph. This

2{nBRy - (B+1)Rg] Ri«Re =R’

T 2(B+1)Rg+ (0B )R +(B+1)RL+Fy B=21

+ Feedback Resister Ry it | i

Emitter Resister Ry
& 810 12 v4 16 18 20 22 24 26 28 ag 32
o

Figure 10. Gain versus beta in
high frequency operation and
with variable n.

value will be, for most transistors,
below the point frequency where leak-
age inductance needs to be consid-
ered. This means that the graph will be
useful as a first approximation for
design.

Notice that the maximum difference in
gain fromn = 1ton = 1.25is about 1.5
dB, which is approximately equal to the
difference between the gain at § = 21
and the at B= < on the B vs. Gain graph,
(figure 4). Compare figure 10 with the
low frequency gain graph (figure 5) and
note the numerical similarity of gain for a
given value of Re as was mentioned in
the discussion of graph #3. RF
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RF synthesizers

Frequency Independent Phase

Tracking

System Creates

A True Phase Locked Loop

By Glen A. Myers, Ph.D.
Kintel Technologies, Inc.

In a phase-locked loop, the phase of
the VCO output voltage relative to that
of the input voltage varies with the fre-
quency of the input voltage. This article
considers the realization of a circuit for
which this phase is selectable with an
applied DC voltage and held constant
independent of the frequency of the
input voltage. The operation of this
patented circuitry and some possible
applications are presented here.

The block diagram of a phase-locked
loop (PLL) is shown as Figure1. The
phase detector consists of a voltage
multiplier followed by a lowpass filter
(LPF). Most PLLs are contained in sys-
tems as dedicated integrated circuits
(ICs). And, most of these are configured
using digital techniques; the voltage-
controlled oscillator (VCO) may be a
multivibrator (flip-flop), and the phase
detector multiplier an XOR or XNOR
gate (1). A limiter, which is commonly
part of the IC, converts the analog input
into a two-level voltage suitable for one
input of the XOR gate. Apart from all the
advantages of digital ICs (cost, repro-
ducibility, stability, operability), this real-
ization of PLLs provides linear charac-
teristics of the VCO and aiso the phase
detector (Figures 2 and 3).

A PLL is usable when the frequency of
the VCO output voltage equals that of
the PLL input voltage. This is called the
lock condition. Suppose the frequency
of the input moves from a value of f, to
a new value fg as shown in Figure 2. To
maintain lock, the frequency of the VCO
output must move in a like manner. This
will occur only if the VCO input voltage
moves from v, to vg (Figure 2). This
voltage must come from the phase
detector, and this means that the differ-
ence in phase of its two input signals
must move from ¢, to ¢g as shown in
Figure 3. Clearly, the loop is not phase
locked (fixed in phase). Rather, a PLL is
frequency locked.

This operation can be explained math-

RF Design

Bandpass Lowpass
vpltage — ¥ Phase voltg e
input > Detector outpgt
VCO
v
Bandpass
voltage output

Figure 1. Block diagram of a PLL.

ematically for the characteristics of Fig-
ures 2 and 3 by writing:

fo—f. = kv for the VCO
V= kp(q) - ¢,) for the phase detector
where:

f, = frequency in Hz of the VCO output
voltage

f. = constant = “at rest” frequency of the
VCO (f,whenv = 0)

k; = slope of the VCO characteristic in
Hz per volt (constant)

v = VCO input voltage = phase detector
output voltage

kp = slope of the phase detector charac-

teristic in volts per radian (constant)

¢ = relative phase of the phase detector
inputs

0, = that value of phase for which v = 0

Combining these two equations by
eliminating v and setting (k)(k,) = k_
gives:

(0 - 00) = (fp - f)/kL = (- F)/K,

which shows dependence of ¢ on f, = f,|
(lock condition) where f,_ is the frequen-
cy of the input

A few comments are in order here
before proceeding:

1) The constant k_includes any volt-
age gain in the loop.

F
40
Hz
slope =
k
Fg y F
Fa
Fr.., , o
Vo VR v
volts

v
A volts
slope =
k
vg p
VA
>
¢O QA ¢ ’¢
radians

Figure 2. VCO voltage/frequency
characteristics.

Figure 3. Phase detector charac-
teristics.
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2) In the use of a PLL, {, is usually set
by suitable choice of a resistor and
capacitor external to the IC.

3) The value of ¢, depends on the
design of the IC. In analysis, ¢, is com-
monly taken as n/2 radians. In practice,
unipolar logic is common and ¢, has
other values. See Figures 2 and 5 of
Reference 1 for example.

4) The equations as presented are for
the static case. They are also useful in
the case of a changing frequency (mod-
ulation) of the loop input voltage provid-
ed the loop LPF can accommodate (out-
put follow) the dynamics of the input.

5) The loop has two usable outputs as
shown in Figure 1. The lowpass voltage
is used when the loop is functioning as a
frequency demodulator. The bandpass
voltage is used when the loop is func-
tioning as a bandpass filter or as part of
a frequency synthesizer.

Now, let us open the loop and apply
an external voltage v, by means of a
summer as shown in Figure 4. We then
have:

fo—fi=k{v+v)

V= kp(q) - 0,) as before.
Therefore,

fo =T = Ky + kik, (0 = 9p) or,
o—0p=(fy—1f,— Kev, ) ke

Previously (v, = 0), ¢ =¢, when f; = f,.
Now (v, = 0), ¢ has to adjust to accom-
modate this external voltage. The
amount of the adjustment (from dp) is
-v /k, radians. This is a well known
method of using a PLL as a phase mod-
ulator (2).

We have now set the stage for the
presentation of a true phase-locked loop
— a patented circuit whose output main-
tains a constant phase relation with the
input voltage independent of the fre-
quencyof the input voltage (3), see Fig-
ure 5. We have added a second PLL-
whose behavior is affected by both out-
puts of the first PLL. Let the subscripts 1
and 2 be applied to parameters of the
first and second PLL respectively. With
both loops in lock, then fy, = f,, =f, . As
with any one PLL, this condition must be
satisfied for the phase tracking circuit
(PTC) to be usable. By coupling the cor-
rect voltage (“DC”) from loop 1 into loop
2, we can force the second loop to com-
pensate for this voltage by adjusting its
phase ¢, such that ¢, + ¢, does not vary
with frequency. Therefore, we have real-
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ized a frequency independent phase
tracking system.

This operating principle of the PTC is
readily revealed by example. Suppose
fin moves from a vaiue of f, Hz to a new
value of fg Hz. Consider that this
requires a 0.75 volt change at the input
to the VCO of the first PLL to maintain
lock. Let this correspond to a 20 degree
increase in ¢,. Assume k;, = ki, and k_,
= k,,. This is reasonable if identical ICs
and identical external circuitry (LPFs)
are used to realize loops 1 and 2. For
this case, we need a 0.75 volt change at
the input to the VCO of the second PLL
for it to maintain lock. But we have

injected into loop 2 the value of (2)(0.75)
= 1.5 volts. This means the phase
detector of loop 2 must create ~0.75
volts which it does by causing o, to
decrease by 20 degrees or the same
amount that phit increased. The net
result is a value of ¢, + ¢, which
remains constant with fin. The circuit is,
then, a frequency independent phase
tracking circuit — a circuit which is
locked in frequency and set in phase.

A general equation for ¢p =04+ 0,
involving all the parameters of loops 1
and 2 can be derived for the static case
in a straightforward manner. This does,
perhaps, provide no more insight than

Bandpass
input Phase Lowpass
(_’ Detector output
+
VCO Vg
¢ +
Bandpass
output

Figure 4. Block diagram of a PLL with an external applied voltage, v,.

Bandpass Bh
input -7 ase » Lowpass
/ o Detector output
1 [_"
| Foi
VCO ]
o, + 0 . 2
1 2 Ordinary bandpass
voltage output Voltage
amplifier
— Phase
0y > Detector
| Foz
+
VCO 4—-@«
+

Phase-locked
bandpass voltage output

Figure 5. Block diagram of the phase tracking circuit.
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RF product report

Power Transistor Manufacturers

Aim for New RF Markets

By Gary A. Breed
Editor

RF power transistors continue to be an
active part of RF research and product
development. At this time, the primary
force behind these products is the
potential for large new markets in the
900-2450 MHz range. However, new
satellite systems also represent a major
area of development activity.

The continued move toward massive
new markets in personal and business
communications has been included in
the strategy of nearly all RF power tran-
sistor makers. The traditional large man-
ufacturers are extremely active, and at
the same time, smaller companies are
growing.

Young Companies Look for A
Piece of Growing RF Business

Among the newer entrants into the RF
power marketplace is RF Micro Devices,
which is developing Heterojunction
Bipolar Transistor technology (HBT) for
digital cellular and other digital transmis-
sion applications, initially in the 800-
1000 MHz range.

RF Products is developing MOSFET
technology for linear amplification in the
900 MHz range, as well. A recent
announcement was the WRLS0941
power amplifier module, a 1 watt device
operating from a 12.5 volt supply.

MicroWave Technology continues its
development of Solid State Triode (SST)
technology with devices for HF, VHF
and UHF/L-band. The company’s SLAM
linear internally-biased devices target
medium and high power applications
from 1-100 MHz, and their L-band
pulsed power products have been
developed for transponder and radar
applications.

Modular products, devices with sup-
porting circuitry to make complete ampli-
fier modules, is another growing area of
RF power transistor development. The
demands for shortening the design cycle
and for reducing manufacturing com-
plexity are both served by value-added
products. Power ampiifiers using dis-
crete components have traditionally
been engineering-intensive, involving
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matching network design, broadband
optimization, allowances for variations in
production specifications, plus mechani-
cal considerations like mounting and
heat dissipation. These issues are
solved almost completely by designing a
RF product with a drop-in power ampilifi-
er module.

Motorola, M/A-COM, MicroWave Tech-
nology, and Philips all offer amplifier
modules that incorporate their transis-
tors. Efforts are underway to meet addi-
tional needs for low voltage operation,
low standby power consumption, good
linearity for digital modulation and of
course, lowest possible cost.

Applications and Requirements

The RF power applications seen as
most important range from digital cellu-
lar to PCS to satellite communications.
Other applications that are getting tran-
sistor manufacturers’ close attention are
MRi systems, RF heating and sputter-
ing, television broadcasting, VHF/UHF
mobile radio, collision avoidance radar.
Military applications in voice and data
communications at HF through
microwaves, plus various countermea-
sures and radar systems, represent sig-
nificant business at some companies,
and continue to get special attention.

All digital transmission systems, includ-
ing digital cellular and PCS require sev-
eral performance features, including lin-
ear amplification for the complex digital
modulation envelope, power control
capability, and good efficiency, although
this conflicts directly with the linearity
requirement. Complicating product
development and designer’s choice of
an appropriate device is the fact that the
900-2000 MHz range represents a tran-
sition region. Bipolar technology is not
as simple as it is at lower frequencies,
especially at higher powers needed for
base stations, but GaAs FET devices
are expensive and may have special DC
power requirements. HBT devices and
SST technology are other alternatives,
as mentioned above.

Satellite communications remains a

strong market as more companies
establish worldwide networks, maritime
communications changes from HF to
satellite, and as more aircraft are fitted
with satellite communications links. Cali-
fornia Eastern Laboratories is actively
marketing NEC power MESFETs for
satellite systems, including a new line
for C-band (4.4-8.5 GHz) transponders,
with per-device power output to 18
watts.

MRI has faded as a headline item, but
these medical systems represent a sig-
nificant market niche. Vacuum tubes
and transistors share this market, which
covers the 10-100 MHz range, with
amplifier outputs in the hundred watt to
kilowatt range.

Industrial applications at 13.56, 27.12
MHz and other ISM-bands are quietly
growing. These heating, sputtering and
plasma applications require high effi-
ciency techniques, often using switch-
ing-mode amplifiers, although class C is
the dominant technique. High power
handling and efficiency are key transis-
tor specifications.

VHF/UHF mobile radio systems are a
well-established market, and many
regions of the country are nearly satu-
rated with users. Among companies
active in this area is SGS-Thomson,
which has made particular efforts to
develop high power transistors for base
stations. Inland and coastal marine radio
is in this same part of the spectrum, and
is a steadily growing market. These sys-
tems are virtually ail FM, requiring
straightforward class C amplifiers.

Military systems is a shrinking market,
but fewer companies are targeting mili-
tary applications for their products. The
remaining business is a significant num-
ber of dollars, and companies which are
successful at mixing a military and com-
mercial customer base can realize con-
tinued profits.

This last example may be the best
indicator of the RF market. There are
many different applications to be served,
and flexibility is as much a marketing
asset as a good product line. RF
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Sy Y
BiCMOS 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.

i i : Responsible for the design and development of 900
MHz wireless consumer electronic products. Designed and developed
AM/FM/FSK transmitters/receivers in 802-826 MHz frequency range.
Hands-on experience on HF/VHF/UHF systems and subsystems which

i LNASs, di ower plifiers, down converters, saw
and coaxial resonator oscillators, VCOs, AM/FM IF systems, RF
moduiators/demodulators, PLLs & Audio video circuits.

871 Turnpike St. » North Andover, MA 08145

FAX : 508-794-5627

RF Design
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RF career opportunities

AxoNN Corp. is the leading supplier of high Intgll':esDt:sc:(;S ,\‘,’,'f,f,::;?pf;‘cﬁg in
performance, low cost, embedded spread
spectrum technology. Axonn’s Fortune 500 Contact: Michael Applegate
) A ‘ ‘ customers integrate our SW and HW designs zliltpogiﬁgsegg’ Road N.w.
/“Okk into an impressive array of innovative, very Phon;<4o4) 618.0217
_— high volume applications. Our designers work Fax: (404) 618-0342
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 @products

growth available in a smaller company, call or FAX your resume.

» Voltage Controlled Oscillat
SENIOR & STAFF RF DESIGN ENGINEERS . Phag:Locked (e)sclllacto;’s‘:'r$

« Frequency Synthesizers

*» Radar Recelvers
Hands-on design exp. required with freq. synthesizers, rcvr. design, . Subsystems

X-mitter design and 900 to 2400 MHz. Must be proficient with RF « Integrated Assemblies
modeling software such as Touchtone or Eagleware and familiar with

surf. mount. 5 to 10 yrs. exp. required for Sr. position. i 1o F:'
Coﬁti,ﬁ

Phone: (504) 282-8119 Fax: (504) 282-0999 A Disishm of Aura Systems Inc.
27721-A La Paz Road

Laguna Niguel, CA 92677

INFO/CARD 59 Ph: 408.280. 7073 Fax: 408.280.1633
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RF products & services

COMTRONIX SYSTEMS, INC.

CUSTOMIZED
SOLID STATE- HIGH POWERED - VHF/UHF

* STD. 5 AND 10 MHZ OCXO

* TCXO o VCXO » TC-VCXO

* VCO’s « CLOCK OSCILLATORS

¢ CUSTOMIZED CRYSTAL FILTERS
STD. 10.7 MHZ, 214 MHZ and 45 MHZ

ELECT%DNICS

A M P ll F I E R s [ W areamcorm neo reatiy ] L/C .FIL;I‘ERS

DESIGNED AND BUILT TO YOUR SPECIFICATIONS Call or Fax your requirements.

Hi GHEI;'T) ggﬁ%%ﬁgimm 16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919

CALL OR SEND FOR INFORMATION ~ 161 413/785-1313  FrAx 413/739-1352 Phone & Fax (602) 971-3301

INFO/CARD 61 INFO/CARD 62

NOVA RF systems, Inc.

The Complete RF/Microwave Solution
A — RF/Microwave Systems

m@ @&?%E%Eg E@%@W EE@@ @@@&%@i@% [ Qe

Custom D Ve | Need CIock Osclllators or Crystals" Call 1 800 333 9825 . 714 991. 1580
— Lustom Design/Consulting Quartz Crystals 50Khz to 200Mhz

— Simulation Software
I — Synthesizers (PLL/DDS)
i — Complete Lab/Machine Shop

TTL Clock Oscillators 250Khz to 70Mhz
HCMOS Clock Oscillators 3.5Mhz to 50Mhz

v — TDMA/CDM A/Spread Spectrum Tri-State, Half Size and S:Jrface Mount also available on request
Fast Service - 3 weeks or less

Special frequencies our speciality

International Inquiries Welcome
1740 Pine Valley Dr. Vienna, VA 22182
(703) 255-2353

INFO/CARD 63 INFO/CARD 64
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RF products & services

L-C and transmission

P « F ][ ﬂ Il line filter design and
analysis for your

PC compatible

After 6 years of development, could this
be the best thing since sliced bread?

Interested in placing an ad in
RF DESIGN MARKETPLACE?

Contact: Michael Applegate
6151 Powers Ferry Road N.W.

The $2495 profit generator
Quality crofted in the USA

Finally, a synthesized signal generator that's designed to help you generate more than just
signals. The Ramsey RSG-10, is the signal generator you can afford, the signal generator
that’s designed to do what a signal generator is meant to do- provide a very stable, accurate,
easy to control signal from 100 Khz to 1.0 Ghz.

For the price, you wouldn’t expect any more. But, there is more to the RSG-10. An intelli-
gent microprocessor controlled/programmiable memory, for example, can store up to 20 of
your most commonly used test set-ups. And unlike other units, just one touch of the memory
exchange button is all it takes to quickly shift from one test set-up to another. You get more
work done, easier and faster.

At $2495, the Ramsey RSG-10 is your profit generator.

RAMSEY ELECTRONICS
793 CANNING PARKWAY, VICTOR, NY 14584
Fox: (716) 924-4555

TELEX: 466735 RAMSEY Cl E
Master>ard]
ORDER DIRECT—CALL 1-800-446-2295 h

INFO/CARD 66

ALK Engineering You be the judge! Atlanta, GA 30339

7525 Titleist Dr. Phone: (404) 618-0217

Salisbury, Maryland 21801 . -

szs(4ulrg) Marylanc Fax: (404) 618-0342
INFO/CARD 65
RSG-10 FREQUENCY CONTROL PRODUCTS

CRYSTAL OSCILLATORS CRYSTAL OVENS
VCXO'’s MO5
TCXO’s M18
OCXO’s M43
v LOW PROFILE v SINE OR SQUARE WAVE
v TIGHT STABILITIES v PHASE LOCKING INPUTS

» INTERNAL SMD CONSTRUCTION

z SOTEMP
RESEARCH., INC.

P.O. Box 3389 Charlottesville VA 22903
(804) 295-3101 FAX (804) 977-1849

INFO/CARD 67

Advertiser InNdex
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RF software

GPS API

Rockwell Intl. Corp. now offers Application
Programming Interfaces (APls) for its Nav-
Card™ , MicroTracker™ and NavCore V™
GPS receiver engines. The GPS engine API
currently supports DOS and Windows operat-
ing systems and provides access to a wide
variety of GPS-related parameters, as well as
standard interface features. The API is avail-
able at no cost to qualified application devel-
opers and software publishers.

Rockwell international Corp.
INFO/CARD #211

Multi-Processor DSP Code
MultiProx 1.2 automatically creates multiple
programs from a single DSP algorithm opti-
mized to run on multiple processors. The
algorithms are developed using Comdisco’s
DSP Framework™ program. The code is
generated, compiled and downloaded to each
processor. All necessary inter-processor
communications are completed automaticalily.
MultiProx supports Motorola’s DSP96002 and
TP's TMS320C30/C40 floating point proces-
sors. MultiProx 1.2 is immediately available
and priced at $15,000.
Comdisco Systems, Inc.
INFO/CARD #210

Intermodulation-Test
Software

Maury Microwave announces the availabili-
ty of PC based software for the Maury Auto-
mated Tuner System, designed to provide
fast, accurate characterization of the inter-
modulation distortion (IMD) parameters of a
device. The new MT993D IMD application
software is an add-on to the Maury Power
Characterization Software, and provides
graphic and tabular displays of several para-
meters.
Maury Microwave Corp.
INFO/CARD #209

Site Interference

ComSitePlus™ is an integrated communi-
cations site RF interference analysis pack-
age. The program automatically looks-up dig-
itized transmitter noise and receiver de-sense
curves, vertical and horizontal space isolation
graphs, insertion and rejection losses, and
other curves. ComSitePlus calculates actual
signal levels in intermod “hit” lists and allows
a user to concentrate on only the “hits” most
likely to cause receiver probiems.
Douglas Integrated Software
INFO/CARD #208

Active Filter Design

AFDplus is an active filter design and
analysis package. The package creates low-
pass, highpass, bandpass, bandstop and all-
pass filters, using any of several response
functions. The menu-driven program includes
sensitivity and worst case analyses, PLL syn-
thesis and analysis, netlist generation and
cascadable filter designs. AFDplus ships from
stock for $995.
Webb Laboratories
INFO/CARD #207
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REF literature

Standard Parts Catalog

The Standard Parts Catalog from Synergy
Microwave contains descriptions of Synergy’s
lines of surface mount mixers, surface mount
power dividers, surface mount 90° hybrids,
surface mount 180° hybrids, wideband 90°
hybrids, and passband filters. Also included in
the 38-page catalog are a surface mount tuto-
rial and technical articles on SMD-MIL pack-
aging and a metal hermetic SMT package.
Synergy Microwave Corporation
INFO/CARD #206

Switch/Attenuator Catalog
M/A-COM has published a new GaAs
MMIC Switch and Attenuator catalog. The
catalog provides product specifications, appli-
cation notes and outline drawings for compo-
nents designed for cellular, PCN/PCS, IVHS,
GPS, medical and military applications.
Among the products in this expanding prod-
uct line are eight new plastic components.
M/A-COM, Inc.
INFO/CARD #205

UHF Radio Products

An updated guide to RF Monolithics’ (RFM)
low-power UHF radio products is now avail-
able from the company. The guide lists
RFM’s wireless products for original equip-
ment manufacturers. SAW components with-
in the 224 to 928 MHz range are matched to
frequencies used around the world. Surface
mount hybrid AM transmitters, resonators,
and delay lines are among the devices listed.
RF Monolithics, Inc.
INFO/CARD #204

Full Line Catalog

Active and passive devices operating in the
5 MHz to 26.5 GHz range are described in
Microwave Communications Laboratories’
85-page catalog. Dividers/combiners, cou-
plers, hybrids, D.R.O.s, filters, switches, ter-
minations and attenuators are among the
products described.
Microwave Communications
Laboratories, Inc.
INFO/CARD #203

Historical MIL Specs
Information Handling Services® has
announced that its collection of unclassified,
canceled and superseded U.S. Military Speci-
fications, Standards, Drawings and related
documents is now available on CD-ROM.

Over 190,000 documents and 1.29 million
pages are represented.

Information Handling Services
INFO/CARD #202

Inductor Catalog

A 52-page catalog of inductive components
for RF applications is available from Coilcraft.
It includes detailed specifications on a broad
range of surface mount inductors and trans-
formers, tunable inductors, axial lead chokes,
wideband RF transformers, LC filter modules,
test fixtures, tuning tools and low cost design-
er's kits.
Coilcraft
INFO/CARD #201

Trimmer Catalog
Sprague-Goodman offers a four-page engi-
neering bulletin featuring their complete line
of trimmer capacitors and inductors for
microwave tuning. Bulletin SG-670 incorpo-
rates features and specifications, plus pho-
tos, outline drawings and charts for the six
elements available: metaliic tuning elements,
dielectric tuning elements, metallic and
dielectric tuning rotors, dielectric resonator
tuners, LC tuning elements and resistive tun-
ing elements.
Sprague-Goodman Electronics, Inc.
INFO/CARD #200

Antenna Catalog

Antenna Research’s 130-page catalog of
transmit and receive antennas and acces-
sories for communication, direction finding,
GPS, telemetry, search and surveillance is
now avaitable. The catalog covers a full
range of omnidirectional, directional and
hemispherical coverage antennas from 100
Hz to 40 GHz. Accessories include field
intensity meters, tripods, preamps, rotators,
masts and an antenna analyzer.
Antenna Research Associates, Inc.
INFO/CARD #199

Semiconductor Data Book
Raytheon Semiconductor has published a
1994 data book detailing their high perfor-
mance products targeted for video process-
ing, multimedia, test & instrumentation, avion-
ics and high-speed communications. The
1700 page book incorporates information on
all Raytheon Semiconductor’s ‘standard and
application specific products and capabilities.
Raytheon Semiconductor
INFO/CARD #198
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