












































RF courses

Management of Electromagnetic Energy Hazards

October 16-18, 1991, New Brunswick, NJ
Information: Cook College Office of Continuing Professional
Education. Tel: (908) 932-9271.

Cellular Radio

October 21-24, 1991, Madison, WI
Information: University of Wisconsin - Madison, Francis P.
Drake. Tel: (608) 262-2061. Fax: (608) 263-3160.

Data, Speech, Image, and Video Compression: Principles,
Applications and Standards

October 28-November 1, 1991, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (213)
825-3344. Fax: (213) 206-2815.

Digita! Filtering Using DSP Chips
October 21-24, 1991, Atlanta, GA
Infrared/Visible Signature Suppression
October 22-25, 1991, Atlanta, GA
Radar Cross Section Reduction
October 29-November 1, 1991, Atlanta, GA
Principies of Modern Radar
November 4-8, 1991, Atlanta, GA
Information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

1991 GaAs REL Workshop

October 20, 1991, Monterey, CA
Information: EIA/JJEDEC, JC-50 Workshop, 2001 Pennsylvania
Ave. N.W., Washington, DC 20006.

Satellite Microwave Remote Sensing and Applications
October 28-30, 1991, Washington, DC
Modern Receiver Design
November 4-8, 1991, Vienna, Austria
Frequency Hopping Signals and Systems
November 18-20, 1991, Washington, DC
Electromagnetic Interference and Control
November 18-22, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Design for EMC

October 22, 1991, Bloomington, MN
EC-92 EMC Update

October 23, 1991, Bloomington, MN
EMC for Medical Devices

October 23, 1991, Bloomington, MN
ESD

October 23, 1991, Bloomington, MN
MIL-STD 461/462 Testing

October 23, 1991, Bloomington, MN
Information: Amador Corporation, Diane Swenson. Tel: (612)
465-3911.

Principles of Target Tracking and Data Fusion

October 15-18, 1991, Bethesda, MD
Electronic Warfare

October 21-25, 1991, Bethesda, MD
Advanced Digital Communications

October 21-25, 1991, Bethesda, MD
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Test and Evaluation of EW Systems
October 30-November 1, 1991, Bethesda, MD
Microstrip Transmission Line Design
November 19-22, 1991, Bethesda, MD
Information: Technology Service Corporation. Tel: (800) 638-
2628, (301) 565-2970. Fax: (301) 565-0673.

Seminar on the High Intensity Electromagnetic Radiated
Fields (HIRF)

October 23-24, 1991, Mariposa, CA
Design Seminar: Principles of EMC

November 5-7, 1991, Mariposa, CA
Seminar in EMI Software (EMCAD1)

December 4-5, 1991, Mariposa, CA
Iinformation: CKC Laboratories, Registrar. Tel: (209) 966-5240.
Fax: (209) 742-6133.

The VXibus Seminar 1 Day Overview
October 15, 1991, Seattle, WA
October 22, 1991, Hartford, CT
November 19, 1991, Raleigh, NC
November 21, 1991, Richmond, VA

The VXibus Seminar 2 Day Overview
October 16-17, 1991, Santa Clara, CA
October 23-24, 1991, Atlanta, GA
November 12-13, 1991, Denver, CO

The VXlbus Seminar 3 Day Workshop
November 12-14, 1991, Denver, CO

Information: Testech, Ltd. Tel: (708) 554-1222.

Digital Signal Processing Workshop
October 15-17, 1991, Campbell, CA
Information: Analog Devices, Maria Butler. Tel: (617) 461-3672.

Fast Algorithms for Adaptive Signal Processing
November 4-8, 1991, United Kingdom
Adaptive Signal Processing
November 4-8, 1991, United Kingdom
Array Signal Processing
November 4-8, 1991, United Kingdom
Muitirate Signal Processing
November 11-15, 1991, Germany
Sample-Data and Analog MOS
November 11-15, 1991, Germany
Digital Signal Processing
November 11-15, 1991, Germany
RF/MW Circuit Design: Linear/Nonlinear
November 11-15, 1991, Germany
RF/MW Component Modeling
November 13-15, 1991, Germany
Information: CEI-Europe/Elsevier, Mrs. Tina Persson, Box 910,
$-612 01 Finspong, Sweden. Tel: 46 (0) 122-17570. Fax: 46 (0)
122-14347.

Modern Power Conversion Design Techniques

October 21-25, 1991, San Francisco, CA
Information: e/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239.

DSP Without Tears

October 23-25, 1991, Boston, MA
Information: Right Brain Technologies. Tel: (404) 420-3834.
Fax: (404) 967-1672.
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RF coils

RF Coils for Magnetic Resonance

Imaging

By Mehrdad Mehdizadeh, Ph.D.
Picker International

Magnetic Resonance Imaging (MRI) is
the latest medical diagnostic method for
non-invasive observation of the body’s
interior. Many disciplines within electro-
technology are employed in MRI. They
include electromagnetics, RF, digital
and analog electronics, and computer
hardware and software. The purpose of
this article is to introduce the RF
technology employed in MRI, with a
focus on RF probes (commonly known
as coils). Among the components used
in the RF system, the coil is one which
is most non-conventional, with a key
impact on the quality of the final image.
RF coils in MRI evolved from probes
used in NMR spectroscopy of chemical
samples. The RF requirements of MRI,
however, are vastly different; and new
structures and design techniques for
MRI RF coils were developed.

brief discussion of MRI principles is

given for understanding the function
and operation of RF coils. For a full
explanation of MRI physics and instru-
mentation, the reader is referred to
available articles on this subject, for
example, References 1 and 2.

MRI! is based on the excitation and
relaxation of hydrogen nuclei within
living tissue in a strong DC magnetic
field. Because of its magnetic dipole
property, the magnetized hydrogen nu-
cleus has a natural precession fre-
quency which is proportional to the DC
magnetic field intensity. This is called
the Larmor frequency, which is the main
RF frequency used in MRI. Commonly
used frequencies are 21.3 MHz for 0.5
Tesla, 42 MHz for 1.0 Tesla, and 64 MHz
for 1.5 Tesla DC magnetic fields. An
excitation RF pulse at the Larmor fre-
quency takes the nuclei out of their
equilibrium state. After the RF pulse is
ended the nuclei start an oscillating
relaxation to their equilibrium state. This
relaxation generates a weak decaying
RF signal which is detected and proc-
essed. Different living tissues have dif-
ferent rates of decay which distin-
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guishes them from one another when
the received data is processed. in order
to generate an image there is also a
need for spatial information, which is
provided by slight spatial variation of the
DC magnetic field. Therefore, different
locations within the imaging area have
slightly different Larmor frequencies.
The spatial variation in the DC magnetic
field is generated by superimposing a
uniform magnetic field from a supercon-
ducting magnet with spatially variable
fields called gradients. Gradient fields
are about three orders of magnitude
smaller than the uniform magnetic fieid,
therefore all the RF frequencies needed
for spatial encoding are within a few kHz
from the center frequency. Due to this,
the RF system in an MRI scanner is
basically narrowband.

Figure 1 shows the most common
arrangement of the superconducting
magnet, the gradient coils, and the RF
coil in MRI scanners.

The RF System in MRI

An analogy can be drawn between the
RF system in MRl and pulsed radar. The
transmit side of the system sends a
series of kW level RF pulses to the
subject, and there is a receive period
between these pulses where the faint
RF signal from the tissue can be de-
tected for processing and construction
of an image. In Figure 2 a representation
of transmit pulses and receive signais
is made. The width of the transmit pulse
is on the order of hundreds of usec, and
the pulse period is between 40 msec and
3000 msec.

Figure 3 shows the most basic RF
system block diagram. A precision syn-
thesizer generates the frequencies
needed within a few Hertz accuracy. The
exact center frequency is determined
by the strength of the superconducting
magnet as described before, and other
frequencies are located within a few kHz
of the center. The controller generates
digital controls for the synthesizer, ex-
citer, and receiver based on the require-

SUPERCONDUCTING MAGNET
(UNIFORM MAGNETIC FIELD)

RF COIL
(RF MAGNETIC FIELD)

GRADIENT COILS
(SPATIALLY VARIABLE
MAGNETIC FIELDS)

Figure 1. Physical arrangement of
MRI scanner.
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VV.—V}H - a

\TE OF DECAY
(TISSUE SPECIFIC)

RECEIVE RF SIGNAL

Figure 2. Typical transmit pulse
and receive signal.

ments of the desired scan. The exciter
generates the RF pulses, and feeds
them into the power amplifier. The
amplified signal is then fed into the coil
via a pin diode duplexer (T/R module).
Keeping the radar analogy in mind,
the RF coil plays the role of the antenna
for both transmit and receive functions.
One difference between radar and an
MRI RF system is that the RF coil in
MRI is a near-field probe and provides
an RF magnetic field coupling to the
subject tissue. Another important differ-
ence is that, unlike radar, the received
signal intensity cannot be increased with
more transmitted power. The optimum
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Figure 3. Basic RF system in MRI.

signal level is achieved when, at the end
of the transmit pulse the magnetization
vector of the nuclei are tipped from their
equilibrium state by 90 degrees. This is
achieved by a combination of puise
duration and power. For a given pulse
duration, greater transmit power would
result in decreased received signal
level.

In the receive mode, the signal picked
up from the patient is fed into a low noise
preamplifier and then into a receiver
which detects the envelopes of the
signal. These envelopes which contain
all the relaxation decay rates and spatial
information are processed digitally to
form an image.

The RF system described in Figure 3
shows a mode of operation where the
same RF coil is used for transmit and
receive. In many cases it is advanta-
geous to use separate coils for transmit
and receive functions. A block diagram
of one such case is shown in Figure 4.

Depending on the requirements of
each scan, an MRI scanner is normally
equipped with a variety of RF coils with
different modes of operation. There is a
fixed body coil with a diameter of 50 to
60 cm which is normally attached to the
scanner. A head coil with a diameter of
25 to 30 cm is used for brain and other
head imaging. There are also a variety
of specialty coils (surface coils), which
are used for the study of different

SENSITIVE REGION
USEFUL RF
MAGNETIC FIELD

RF COIL
CONDUCTORS

" REGION OF

MAGNETIC FIELD INTEREST

XY (TRANSVERSE)
INTERFACE PLANE
(MATCH)

Figure 5. General RF coil terminol-
ogy.
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Figure 4. RF system for separate transmit and receive

coil.

areas of the body.

RF Coil Principles and Figures of
Merit

Consider Figure 5, where a general-
ized MRI RF coil is represented. The
magnetic field vector B1 at point A
causes a signal voltage V,_ to appear at
the port of the coil, which is matched to
impedance Z, (normally 50 ohms). Using
transmit terminology, an input voltage,
V,,, causes a magnetic field vector B, to
appear at point A. The following terms
are defined:

Sensitive Region — is all the volume
over which the coil can produce any RF
magnetic field of measurable signifi-
cance.

Region of Interest (ROI) — is a part
of the sensitive region where imaging is
intended.

Usable RF Magnetic Field (B,, ) — is
the component of the RF magnetic, B,
on the X-Y plane (the plane perpendicu-
lar to the DC magnetic field). The Z
component is not useful in MRI.

Sensitivity — at point A, is a quantity
proportional to B, /V, . It is a measure
of how efficiently ¥he coil turns useful
magnetic field into voltage, or vice
versa. It also determines the impact of
the coil on the signal to noise ratio of the
image at point A. In transmit mode it
determines how much power is required
to optimize the tipping of the nuclei at
point A.

Uniformity — is a measure of spatial
variation of sensitivity over the region of
interest. It is equal to 100 minus the
percentage difference between the maxi-
mum and minimum sensitivities over the
Region of Interest. Good uniformity
translates into an image without intense
bright and dark areas.

Generally, the design goal is to maxi-
mize both the sensitivity and uniformity
over the Region of interest. The first step
to maximize the sensitivity is to resonate
the RF coil at the Larmor frequency
using capacitors. The coil is then a

magnetic energy storage device with
an overall quality factor Q. The magnetic
energy is stored in three places, the
Region of Interest, the rest of the
Sensitive Region, and the internal induc-
tance of the coil. The key to high
sensitivity is storing the largest portion
of the energy in the Region of Interest.
This means that the coil has to create
the largest possible ratio between the
Region of Interest and the Sensitive
Region volume, and it should have the
smallest internal inductance.

RESONATING
CAPACITOR

C)

(b)

Current

’ \180° 240°  300°  360°

© N L

Figure 6. Saddle coil, (a) conduc-
tor configuration,(b) cross sec-
tional currents and field configu-
ration, (c) current level fitting to
sine function.
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during the receive period using a PIN
diode arrangement, and deactivating
the receive coil during the transmit pulse
using either PIN diodes or clipping
crossed diodes. Decoupling techniques
are not limited to surface coils, but are
also used in receive only head coils.

Interfacing the RF Coil to the
System

The function of the interface (or
match) circuit is to optimally transfer the
power to the coil in transmit, and transfer
the signal to the preamplifier in receive.
The system interface of the circuit is
matched to the line impedance, which
is normally 50 ohms. One method of
interface is by flux linkage, as shown in
Figure 10a. Mechanical adjustment of
the coupling loop provides the optimal
matching. The other approach, which is
usually preferred due to mechanical
simplicity, is direct coupling via induc-
tors or capacitors as shown in Figure
10b. A balun is normally used for
balanced feeding of the coil. In some

SNR (ARBITRARY SCALE)

10 CM DIAMETER CIRCULAR
/ SURFACE COIL. SNR ON AXIS

UNIFORM 30CM DIAMETER
HEAD COIL

100
20 CM DIAMETER SURFAGE COIL.
S,

UNIFORM 60 DIAMETER
80DY CO.

2 4 & 8 10 12
DISTANCE FROM SURFACE (CM)

cases, active interface (11) is used for
receive only coils (Figure 10c). The FET
with high input impedance will act as a
one stage preamplifier and boost the
signal before itis attenuated in transmis-
sion to the receive chain.

Some Areas of Research and De-
velopment

Multiple receive coils: The idea is to
use several small receive coils to gain
expanded imaging coverage while ob-
taining the high SNR associated with
each coil, without moving the patient. In
the switched category one coil at a time
is activated using a PIN diode scheme
(12). In the simultaneous acquisition
category (13) each coil is connected to

RESONATING
CAPACITORS

A e

COUPLING LOOP (a) Equivalent circuit

RESONATED COR

Roscrons
- q{‘?\)\/’ i A |
T

FET

FEED (c) CLIPPING DIODES

Figure 9. Comparison of SNR be-
tween surface coils and volume
coils.

Figure 10. Interfacing of RF coil
to the system,(a) flux linkage cou-
pling, (b) direct coupling, (c) re-
ceive only.

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HF_ AMPLIFIERS per MOTOROLA BULLETINS
Complete Pants List for HF Amplifiers Described ‘M
in the MOTOROLA Bulleting

AN7Z58 300W $160.70
AN762 140W § 93.25
ANT79L 20W § 83.70
ANT79H 20W § 93.19
AR313 300W $403.00

Wy EB 27A

A NEWN 1K WATT 2-50 MHz SBLZ1 (1—500Mz)..cvveeeeesemneenenee $ 6.50

POWER SPLITTERS and COMBINERS
2-30MH:

606 Watt PEP 2—Port
1000 Watt PEP 2—Port
1200 Watt  PEP 4—Port ..

2 METER VHF AMPLIFIERS
35 Watt Modei 335A....
75 Watt Model 875A.. oo
Available in kit or wind/l«u‘

For detailed information and prices, call or write for our free catalos.

Communication
Concepts Inc.

508 Miifstone Drive * Beavercreek. OH 45434-5840 » (513) 426-8600
FAX {513) 429-3811

w We anj,
orld"""de

EB63 140W ¢ 88.65
EB27A 300W $139.20 XEBS7—1 (Manual)
EB104 G0OW $448.15  We slso stock Hard—to—Find parts
AR305 300W $383.52

00 WATT 420450 MHz PUSH-PULL LINEAR

KEBG67—PK (Kit).
XEBS7-PCB (PC Boar

CHIP CAPS-—Kemet /AT

METALCLAD MICA CAPS Unelco/Semco
RF POWER TRANSISTORS
MINI-CIRCUIT MIXERS

SBL-1X (10—1000Mz)
ARCO TRIMMER
VK200-20/4B RF Choke..
565906538 Ferrite Bead
Brosdband HF Transformers

Add $ 3.50 for shipping and handiing.

a different receive chain, and then the
data is processed and added together.
The advantage is that high SNR can be
achieved in one acquisition, but this
method is complex in hardware.

Multiple tuned coils: An area of MRI
research is multinuclear spectroscopy
and imaging. This calls for RF coils that
are tuned to two or more frequencies at
the same time. The most common
nucleus other than hydrogen is phos-
phorus, which at 1.5T has a Larmor
frequency of 26 MHz.

RF coil modeling and optimization:
The methods used in the design of RF
coils are still very experimental. An area
of research is mathematical modeling
of RF coil field behavior in relation to
geometry for further optimization of
uniformity and sensitivity (14). RF
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Measuring Attack and Release Times
for Compandors

By Michael J. Delurio
and Alvin K. Wong
Signetics Company

Compandors have been used for over a
decade in a variety of audio applica-
tions, including tape recorders and wire-
less microphones. In these applications,
the compandors are used to preserve
the dynamic range and quality of an
audio signal as it moves along the signal
path. The compandor compresses the
input signal which is then recorded onto
the tape, disk or other memory medium.
By compressing the input signal, a
larger dynamic range can be recorded
which is typically limited by the record-
ing media. In the playback mode, the
compressed signal is expanded back to
its original dynamic range. Thus the
noise introduced by the media and its
associated components is reduced. Fig-
ure 1 shows a typical compandor appli-
cation for tape recorders.

ver the last couple of years, compan-

dors have been designed in cord-
less phones, wireless microphones, and
cellular radios. Companding in these
systems dramatically improves the over-
all sensitivity of the system, while pre-
serving the dynamic range of the base-
band signal.

When a compandor is used for wire-
less communication systems, the audio
signal is first compressed. The loud
voices are attenuated while the soft
voices are amplified. This helps the low
level signal “‘jump over” the transmitter
channel noise while protecting the high
level signals from unwanted distortion.
The compressed audio signal is then
sent over the airwaves. Upon reception,
the receiver captures the RF signal and
demodulates it. The compandor then
expands the audio signal back to its
original dynamic range.

Because the results of companding
in wireless systems are so encouraging,
compandors are required for cellular
radio systems. The Electronic Industries
Association (EIA) has specific guidelines
on compandors in their EIA/TIA stan-
dard.

The EIA/TIA standard regarding the
attack and recovery times of compan-
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dors, though important, is not always
well understood. When a large audio
signal enters the compandors input, it
takes time for the compandor to react.
The time it takes the compandor to react
is the “attack’ time. When a smaller
audio signal occurs after the large input
signal, the compressor must react again.
This reaction is the “‘release’” time. This
type of situation occurs when a person
speaks into a microphone and then
stops talking.

The specifications for cellular radio
require that the compressor have a
nominal attack time of 3 ms and a
nominal release time of 13.5 ms. There-
fore, it is important to make these
measurements in the lab in order to
ensure that the compandor attack and
release times are set properly.

Below are the procedures for measur-
ing the attack and release times of both
the compressor and expandor. Figure 2
shows a Signetics NE578 compandor,
the left side of which can be configured
as an expandor (as shown in Figure 3),
while the right side can be configured
as a compressor (shown in Figure 4).
The capacitor connected to the rectifier
block controls the attack and recovery

time. For the compressor, this capacitor
is COMP,,.., and for the expandor, this
capacitor is EXP_,.. (Cgecr is the gen-
eral term and implies that both EXPap
and COMP_,, are being considered.)
Let's assume that C .. = 2.2 uF (in
most cases COMP_,, and EXP,, are
the same component value) and
Rinreanae = 10 Ohms. Since T = RC,
then T = 20 ms. If we wanted a different
RC time constant, we would change the
Caecr Value (R repna, is a fixed value).
Using these component values, let's

Figure 1. lllustration of a compan-
dor application in a tape recorder.
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Figure 2. NE578 block diagram.
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Miniature Precision Bandpass Filters

Solve IF Design Problems

By William J. Domino and
Robert A. Johnson
Rockwell International

Today’s designers of communication
systems are increasingly challenged to
pack higher system performance into
smaller packages. The list of design
constraints is familiar: constricted space,
low power consumption, low parts count,
efficient spectrum usage, and high reli-
ability in a demanding environment. In
many RF communication systems, such
as HF and VHF receivers, system per-
formance is heavily attributable to filter
performance in the final intermediate
frequency (IF) circuit. A miniature, low-
loss IF filter that is stable, rugged, and
precise can help bring the designer a
long way toward his goal. For final IF
frequencies in the vicinity of 455 kHz,
these characteristics are embodied in a
class of torsional mechanical filters
recently developed at Rockwell Interna-
tional.

For several years there has been an
emphasis on miniaturization in the
design of all types of radio receivers.
This, of course, has in turn meant an
emphasis on miniaturization of compo-
nents. However, most types of IF filters
have been resistant to miniaturization,
particularly in cases where they have
had to exhibit great precision and stabil-
ity.

In the field of receiver design, the
intermediate frequency of 455 kHz
(along with derivatives such as 450 kHz
or 500 kHz) is widely encountered. At

e,
o N,

T NI R N

SN . o
FEEN
i

“aistance-Ueloed Counling Wire

Figure 1. 455 kHz 8-pole torsional
mechanical filter in Rockwell SP
package.
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" this particular IF, filtering can be accom-

plished by any of several different
technologies, most notably ceramic, crys-
tal, or mechanical filters. The choice of
which to use is influenced by many
factors. Ceramic filters can be extremely
compact; discrete crystal filters offer
excellent precision, but typically in much
larger packages than ceramic filters.

Mechanical filters, which can provide
a precise and stable response, have
been designed in various forms for
nearly forty years. Early on, 455 kHz
mechanical filters became more com-
pact than was possible with other preci-
sion filter technologies. The most recent
step in miniaturized mechanical filter
technology is the 455 kHz torsional
mechanical filter, in Rockwell’'s ““SP”
package. This filter finds ideal uses in
receiver applications such as portable
units, data links, differential GPS, and
direction-finding.

The Torsional Mechanical Filter

A mechanical filter is primarily a
mechanical device; between its input
and output circuits, signals must travel
in the form of acoustic vibrations. Selec-
tivity is achieved by a mechanical struc-
ture, consisting of a set of resonators
that are mechanically coupled in ladder-
network fashion, as in Figure 1. At the
input and output of the structure are
resonant piezoelectric transducers that
perform the electrical/mechanical en-
ergy conversion. So the basic operation
is simple to visualize: incident electrical
signals drive vibratory motion in the
input transducer; this transducer in turn
pushes on its adjacent resonator via the
stiff coupling wires; and the acoustic
signal propagates from one resonator
to the next until it finally generates an
electrical output at the opposite
transducer.

Classical filter functions such as
Chebyshev and Butterworth, as well as
special shapes that may include trans-
mission zeroes, can be realized. To get
a mechanical system to exhibit a desired
transfer function requires a two-step

design process. First, an analogous LC
ladder network is designed. It is at this
point that circuit optimization techniques
may be applied if the desired response
cannot be achieved by a classical func-
tion. Second, the mechanical system is
realized from the LC circuit model by
way of an electromechanical analogy
(that is, where velocity and force are
taken as analogous to voltage and
current, respectively). LC tank resona-
tors and coupling elements are replaced
by mechanical resonators and stiff-wire
coupilers (1).

What sort of resonators are we talking
about? In fact many different shapes
and many different modes of vibration
have been employed in mechanical filter
construction. These include thick disks
vibrating in flexure, cylindrical rods
vibrating in length extension, and rec-
tangular bars vibrating in either flexure
or extension. For the filter of Figure 1,
the resonators take the form of cylindri-
cal rods vibrating in a torsional, or
twisting, mode. Mechanical resonators
are fabricated from nickel-iron alloys
specially developed to exhibit both high
mechanical Q (10,000 to 30,000), and a
very small temperature coefficient of
frequency.

In the search for a resonator suitable
for miniaturization, the torsional rod
stands out. Torsional mechanical filters
were originally developed using the
fundamental mode (Figure 2a) at 200
kHz. Recent work at Rockwell has made
higher-order modes useable up to nearly

Arrows indicate direction of
motion at one instant of time.

Dashed lines indicate nodes of the
torsional standing-wave patterns

Resonator Rod

S

Support Pin

Resonator Rod

Support Pins

(a) ()
Fundamenta) Mode Second Mode

{1/2 Wavelength) {Full Wavelength)

Figure 2. Torsional resonators.

49
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Using Diversity to Improve
Performance of Part 15 Devices

By Bernard Kasmir
ADEMCO

There has been much recent interest in
unlicensed radio devices operating un-
der FCC Part 15, at traditional operating
frequencies and in the new 900 MHz
spread-spectrum allocation. A review of
basic communication principles, and
their effect on low-power, short-range
communications is essential for engi-
neers working on these products.

previous Part 15 article (1) discussed

reliability and signal margin. A rela-
tionship was discussed which equated
system reliability in terms of signal
margin. This signal margin was defined
as the signal in excess to the minimum
level for detection. The greater the
signal margin, the greater the system’s
reliability. This margin is determined by
items such as transmitter power, re-
ceiver sensitivity, antenna efficiency,
signal absorption, attenuation and phase
cancellation. What choices do we have
to increase the signal margin and thus
improve reliability?

Transmitter Power— The maximum
signal level is defined in Part 15 by the
FCC. Some level increase is possible
by utilizing the transmitter duty cycle
specifications of 100 milliseconds aver-
age. Also, the effective range is en-
hanced by providing as much of the
omni pattern as possible. However, if
there were no power restrictions, power
would be limited by practical considera-
tions such as cost and battery life.
Therefore, choices are rather restricted.

Receiver Sensitivity— Sensitivity is
limited by system bandwidth, noise
figure, noise floor, antenna efficiency,
costs and other practical considerations
similar to that of transmitters.

Environment— Signal attenuation
caused by such factors as absorption
and reflections must also be contended
with. Some system performance en-
hancement can be achieved by good
installation techniques. This topic re-
quires a separate article.

Muiltiple Reflections— This is one
area where practical improvement in
systems reliability can be realized. The
indoor environment is hostile and the
range is limited. We need as strong a
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signal as possible. Nulls caused by
reflections can be severe. Although
good installation techniques will tend to
reduce these nulls, these nulls are not
constant but change with changing
environment and time. For example,
reflections may change if the furniture
is rearranged. Some data indicates that
signal levels in fixed installations change
with weather and season.

A reduction of these nulls is equiva-
lent to an increase in power without the
penalties. Signal fading and nulls caused
by multiple reflections can be helped by
some form of diversity. The signal at the
receiving antenna is comprised of a
direct signal and a number of reflected
signals. The resultant signal can either
be higher or lower. If the direct and
reflected signals are out of phase, the
resultant signal can be significantly
attenuated.

In the real world, there are many
different signal and multiple reflection
paths. Because of the variations of the
indoor environment, the final resultant
signal vector cannot be accurately de-
scribed except in a probabalistic model.
In order to simplify the analysis, we will
take one special case of a simple 2 ray
model. This model will not accurately
predict propagation characteristics but
is useful in showing trends and general
characteristics.

In this model, the direct signal is equal
to:

V,=A sin(x)
and the reflected signal is equal to:

V,=B sin(x +W)
where:

A = amplitude of direct wave
B = amplitude of reflected wave
W = relative phase shift between V, and
\Y
2
Theoretically, complete cancellation
will occur when:

A =B, and Sin(x) + Sin(x + W)=0

This will happen if W = 180 degrees

since sin(X + 180) = —Sin(x).

If we normalize the amplitude of A to
unity, then the amplitude and phase shift
of the reflected wave is a function of
difference in path lengths, the angle of
incidence and reflection as well as the
reflection coefficient of the reflecting
media.

To better understand the concept of
signal cancellation, refer to Figure 1.
This shows the phase relationship be-
tween two RF sine waves of equal
amplitude but 180 degrees out of phase.
The resultant is a completely nulled
signal. Assume that one signal is caused
by a direct wave and the second signal
is caused by a reflected wave impinging
on the same antenna. The instantane-
ous phase of any particular signal
changes with distance where 180 de-
grees phase shift occurs in one half

s N\ .
/ Y ; L.
3.6 / \ . -
Y / y / [ Resultant
/ Y i

240 220 328 360

Fhase in degrees

Figure 1. Complete signal cancel-
lation.
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Figure 2. Resultant of two waves
135 degrees apart.
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for convenience. The relative phase shift
at any frequency can be caiculated for
any path length difference.

This model will not calculate actual
signal vectors in a real world situation.
The purpose of these calculations is to
identify trends. Of importance is the
differential phase angle between the two
antennas as various parameters are
varied.

From Figure 4 we can see much
phase shift can be used to correct for a
null. For example, if one antenna is in a
complete null, a 20 degree phase differ-
ential will reduce this null to 9 dB.
Therefore, it becomes important to know
how this phase differential is affected
by the geometry of the system. To
facilitate this analysis, numerical calcu-

40
35
39

in DB
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A

Attenuation

[ A L L L L L i L
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180 199 200 218 220 238 248 250 264 270

Begrees Phase Shift Between Signals

Figure 4. Attenuation due to phase
cancellation.
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§t1 = Distance from transmitter to receiver
S§2 = Distance from centerline to wall
§3 = Distance between receiving antennas

Transmitter

$4 = Distance from centerline to transmitter

lations were made at different distances
and displacements.

Calculations were made at distances
of 25, 50 and 100 feet for various
distances to the reflecting media as well
as antenna displacement and both verti-
cal and horizontal displacement of the
transmitter.

We can now make some interesting

observations. Some results are intui-

tively obvious and some may not be:

a) Displacing the transmitter by 1/2
wavelength does not similarly change
the phase shift due to path length by 180
degrees. For example, at 50 feet, a
horizontal displacement of the transmit-
ter of 1.64 feet resulted only in a 1.8
degree change in the differential phase
between antennas.

b) The further the distance, the less
position sensitive the system is. For
example, a horizontal displacement of
1.64 feet at 25 feet produced a differen-
tial of 3.6 degrees as compared to 1.8
degrees for 50 feet.

c) The further the distance, the weaker
the relative amplitude of the reflected
wave. The chart does not show this
calculation, but it should be intuitively
obvious that the angle of incidence to
the reflecting media decreases as the
distance increases. This results in a
lower amplitude reflected signal.

d) The further the distance, the
smaller the phase differential between
both antennas. For example, at 0.5 foot
spacing, the phase difference between
25 and 50 feet is 9.54 degrees.

e) The greater the distance between
antennas, all other things being equal,
the greater the phase difference. For
example, at 50 feet the phase difference
between 0.5 foot and 1 foot antenna
spacing is 10.74 degrees.

How to Achieve Diversity

Basically, diversity requires two or
more separate antennas. The question
often arises, ‘‘How about if we take two

o-no div
o (1 ver s

N

Figure 5. Direct and reflected
waves.

RF Design

Figure 6. Polar plots for diversity
system.

separate antennas and connect them
together by some harness arrange-
ment?”’ Any multi-element antenna can
be represented as a composite equiva-
lent. It is really still a single antenna, but
with different directivity patterns and
gain. If this were not so, then any
antenna such as a Yagi, log periodic,
etc. could serve as a diversity antenna.

In order to obtain diversity, the anten-
nas must be independent and not speci-
fically interactive. There are various ways
of combining antennas. For exampie,
with selection diversity, the signal from
each of several (at least 2) antennas are
sensed and the best signal is selected.
With switched combining, each antenna
is selected one at a time and fed to a
receiver. If the transmitting signal is
redundant (the signal repeating the same
message), each antenna has the oppor-
tunity to present a signal to the receiver.
If one antenna is in a null, the second
antenna can produce an adequate sig-
nal for detection and processing.

In order to measure how diversity
works in the real world, an experiment
was conducted where a diversity re-
ceiver was placed on the edge of a
rotating turntable 4 feet in diameter. The
received level for both diversity and a
single antenna was measured as the
turntable was rotated. The graph in
Figure 6 was produced. The results
clearly show improvement of 10 dB or
more under this configuration was
achieved. If the transmitter or receiver
was deliberately positioned for a maxi-
mum null, greater results would have
been obtained.

With Part 15 communication devices,
we need every microvolt we can get to
obtain sufficient signal margin for good
reliability. While other factors invoiving
reliability are not completely in our
control, the reduction of signal nuils by
diversity processing is an area available
to use to take advantage of. RF
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RF Calculation Programs for DOS

By Jouni Verronen
Engineering Consultant

Now that personal computers have been
with us for several years, RF programs
have begun to appear frequently in
publications. It is typical for an engineer
to have a collection of programs for
various calculations. Most of these pro-
grams would be more usable if more
consideration had been given to the
user interface. This contest entry pre-
sents two programs: ‘‘RF-Calculations,”
a spreadsheet-like presentation for some
common RF equations, and ‘‘T-Line,”’
which performs Smith chart calculations
with numerical and graphical display,
plus with microstrip calculations.

n BASIC, for example, the easiest way

to write a program is to use PRINT and
INPUT statements. But the user has to
step through a series of inquiries, a
time-consuming process. A program
with a menu helps, but such techniques
can also waste keystrokes. In a menu
system, the program steps through an
INKEY$ loop or corresponding loop
waiting to be branched to the appropri-
ate input, calculation or output. If this
can be accomplished using one key-
stroke, why waste more time?

It is also common that the user returns
to a previously used program after
having done something else. In a stan-
dard DOS environment, this is not
possible, but the simple procedure of
saving variable values in a data file
allows a program to be re-started as it
was last used.

The units used (i.e., nH, pF and MH2z)

can make data entry easier, and can
usually be matched to the application.
Finally, humans easily read data in
columns, and the extra time needed to
include this format in a program will save
much time in operation.

RF-Calculations Program

This program (screen shown in Figure
1) performs three common RF computa-
tions:

“fLCX” includes frequency, induc-
tance, capacitance and reactance in a
resonance condition. All can be calcu-
lated when any two of these are known.

As soon as two new entries are made,
the program updates the display with
new results.

The “Impedance” calculation makes
conversions between equivalent forms
— series R, and X, parallel R_ and X,
and vector magnitude Z and phase
angle O. Inputs are selected by number,
and when any one variable is entered,
all are updated.

“C, + L,” calculates effective C and
L values for a series LC circuit at a given
frequency, as well as the total reac-
tance. The most common use to check
effective capacitance of a capacitor at a

Input values:

F1: help

1. 2o : 5B.88 ohm

2. s/lambda: -8.18080

3. Ris 19.88 ohn

4., Xis 49.88 ohn

5. f : 145.88 MHz

6. of . 8.543

s =—-112.39 nn =-4424.7 mnils

81 = 89.99 dey Q1 = 4.98 R2s

92 =161.99 deyg Q@2 = 1.52 XZs

r = 08.817 RL = 1.8 dB C2=
L2s

= 5.18 ohmn RZp = 17.86 ohn
= 7.84 ohn X2p = 11.26 ohm
= ~139.96 pF C2p = ~97.58 pF
= 8.61 nH LZp = 12.36 nH

Figure 2. Typical screen for the T-Line program.
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1 Er 4.58 units: mm
2 h 1.68 mn
3t 30 un
Cs + Ls
___________________ 4w 8.25
£ = 833.00 MHz 2 du ¢ 8.25 mn
Ls =  1.38 oH L 8
Cs =  3.88 pF w/mils  w/ oo Zo / ohn o et /1
-> Xt = -56.88 ohn m
= -18.87 nH 18 8.25 129.3 8.5%6 8.38
- 3.3 pF 28 8.58 107 6 8.578 8.55
38 8.75 94.3 8.566 .80
39 1.08 84.8 8.563 1,85
) 49 1.25 77.4 9.568 1.38
F?7: exit 59 1.58 714 8.557 1.55
69 1.75 66.3 8.554 1.88
79 2.00 62.1 8.551 2.85
S5 Bar: wext N 5 Del: CLS Jii F7: exit [ F9: units U F18: save Zo, uf

Figure 1. Screen display for
program.
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RF Expo East Technical Program
Covers Current RF Applications

TUESDAY, OCTOBER 29,
8:30-11:30 a.m.

Session A-1: Using CAD in RF
Engineering

State of the Art Nonlinear CAD for
Microwave/RF

J. Gerber, L. Mah and C. Chang,
Compact Software

A review of the various approaches to
nonlinear CAD are presented, covering
pure time domain to pure frequency
domain techniques.

New Nonlinear Noise Model for
MESFETS Including MM-Wave Appli-
cations

Raymond S. Pengelly and Ulrich L.
Rohde, Compact Software

This paper shows a linearized time-
domain approach for calculating the
dynamic elements of the hybrid Pi,
MESFET model. A novel enhancement
to the basic equivalent circuit guaran-
tees its use into the MM-wave area.

Design Desensitization

T. Zhang and Murat Eron, Compact
Software

Methods for estimating and maximizing
design yields of mass produced circuits
can also be used to reduce the sensitiv-
ity of circuits to parameter variations and
uncertainties.

Microwave/RF System Simulation
Raymond S. Pengelly and Ross G.
Hicks, Compact Software

This paper will refer specifically to two
available simulators, Microwave Suc-
cess from Compact Software and Om-
niSys from EEsof. After a discussion of
requirements for and computations avail-
able from such simulators, two design
examples are given.

E-M Theory-Based Simulations of Pas-
sive Microstrip RF Components on
Single and Multiple Metallization Lay-
ers

A. Hill, J. Burke and K. Kottapalli,
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Compact Software

It will be demonstrated that E-M theory-
based simuiation tools have become
practical and friendly enough to exploit
unique passive structures in the design
of high performance circuits.

Session A-2: RF System Perform-
ance

A Unified Look at Spurious Perform-
ance of Multiple Conversion Receiv-
ing and Transmitting Systems

Dick Webb, Webb Laboratories

While spurious behavior of mixers is
generally well-understood, system archi-
tectures, especially those involving mul-
tiple frequency conversions, are often
defined without full anticipation of unde-
sired tuned and coincident responses.
A nomenclature is proposed for quick
identification of spurious product type
and origin.

Specifying Local Oscillator Phase
Noise Performance: How Good is
Good Enough?

Robert Gilmore, Qualcomm

Under- or over-specifying local oscillator
phase noise requirements can resuit in
unsatisfactory performance, or unneces-
sarily high cost. This paper examines
the factors to be considered in determin-
ing the required performance of a local
oscillator.

Receiving Subsystem RF/IF Design
Methodology

John D. Summerville, AIL Systems

A systematic approach to microwave
multioctave receiving subsystem design
and implementation is presented. The
major factors that must be considered
in selecting a cost-effective, reproduc-
ible RF input to IF output are addressed.

Session A-3: Design & Manufac-
turing

RS-232 Communication for Turn-Key
Test Stations

Warren Walls, Erbtec Engineering
Many PC-based automated test stations

use a combination of GPIB and RS232
communication formats to control test
equipment and interface with the device
under test. The different formats of
RS232 communication hardware were
investigated and a couple of C libraries
were generated in order to produce a
reliable test station.

Chemical Vapor Deposited Diamond
Heat Carriers for Cooling High Tem-
perature Electronic Components
Thomas N. Tuma, U.S. Army CECOM
Center for Signals Warfare

This paper describes a plasma-en-
hanced chemical vapor deposition tech-
niques for creation of diamond films.
The improved thermal conductivity and
low electrical conductivity of diamond
makes this process attractive for heat-
generating semiconductors.

Transceiver Characteristics and Their
Impact on Battery Life Performance
in Land Mobile and Cellular Portable
Radios

Masood Ghadaksaz, GTE Laborato-
ries

This paper presents a method of charac-
terizing battery life performance in terms
of RF transceiver parameters, giving
measured and analytical results of the
studies conducted.

Session A-4: Test and Measure-
ment

Optimize Mixer Performance Through
Swept-Frequency and Power Charac-
terization

Barry Brown and Joel Dunsmore,
Hewlett-Packard Co.

The mixer is a key element in frequency
conversion systems. This paper dis-
cusses the basics of non-linear mixer
behavior, and presents measurement
techniques to view this behavior directly
using a vector network analyzer.

Testing Dual Mode North American
Cellular, Japan Digital Cellular Trans-
ceivers

Dave Hoover, Hewlett-Packard Co.
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A method for generating and testing
accuracy of Pi/4 DQPSK modulated
signals is presented, along with a test
system for the North American Digital
Cellular system.

Power Triode Tube Curve Tracer

Lee Erb and Warren Walls, Erbtec
Engineering

Power triodes remain an economi-
cal choice for high power RF systems.
This paper presents a general purpose
curve tracer for incoming test and
engineering characterization of power
triodes.

TUESDAY, OCTOBER 29,
1:30-3:30 p.m.

Session B-1: Filter Design Tech-
niques

Filters With Improved Delay Charac-
teristics

William B. Lurie, Consultant
Amplitude characteristics are no longer
sufficient for defining filter performance.
This paper presents a variety of methods
for predicting or controlling phase or
delay parameters in filters.

Design of Filters with Unsymmetrical
Stopbands

William B. Lurie, Consultant

The most common filter design tech-
niques result in filters with symmetrical
stopbands. For some applications, un-
symmetrical stopbands are desirable. A
relatively simple technique for designing
filters with desired stopband shape is
presented.

Approximation of Filters with Shaped
Passbands

George Szentirmai, DGS Associates
An optimization procedure is described
that was developed for the approxima-
tion of filter transfer functions to provide
arbitrary passband loss (and possibly
delay) shapes. The method is imple-
mented on an interactive program run-
ning on a personal computer.

Session B-2: Oscillators

The MCXO, Characteristics and Appli-
cations

Brian Rose, Q-Tech

The new aspects of the design of a
Microprocessor Controlled Crystal Oscil-
lator (MCXO) are presented, including
crystal self-temperature sensing and
external compensation.

RF Design

Defining VCO Tuning Linearity

Allan Coon, RF Monolithics

Tuning linearity of a VCO is often poorly
defined, leading to misunderstandings.
The various definitions of VCO linearity
are presented and defined in sufficient
detail to be unambiguous.

Microwave Oscillators
Robert Weber, lowa State University

Session B-3: RF Power

Class-E Power Amplifier Output
Power, Efficiency, and Output Imped-
ance vs. Loaded Q and Component
Parasitic Losses

Nathan O. Sokal, Istvan Novak and
Laszlo Drimusz, Design Automation
Design equations are presented to cal-
culate the output power, efficiency and
output impedance of nominally tuned
Class E amplifiers.

Design and Performance of High
Power Pin Diode T/R Switches for
VHF and UHF Land Mobile Voice and
Data Communications Systems
Masood Ghadaksaz, GTE Laborato-
ries

This paper describes a PIN diode switch
that replaces an electromechanical de-
sign used in a 110 watt land mobile radio
used for data communications.

Directions and Developments in Very
High Power RF at LAMPF

Richard Cliff, Mark Parsons and Har-
lan Ward Harris, Los Alamos National
Laboratory

The RF power sections of the LAMPF
800 MEV linear accelerator are de-
scribed, including four 2.5 megawatt,
201.25 MHz sections, and forty four 805
MHz, 1.2 megawatt sections.

Session B-4: Special Open Ses-
sion -- 1991 Contest Winners

Low Frequency Circulator/Isolator
Uses No Ferrite or Magnet

Charles Wenzel, Wenzel Associates
An active structure using high-speed
current-feedback operational amplifiers
performs the same functions as the
ferrite or magnet-type circulators com-
mon at microwave frequencies.

A Comprehensive Filter Design Pro-
gram

Michael Ellis, U.S. Army Corps of
Engineers

This paper discusses the theoretical
basis and software writing techniques
used in the development of a major filter
synthesis and analysis program.

WEDNESDAY, OCTOBER 30,
8:30-11:30 a.m.

Session C-1: Low Noise Amplifier
Tutorial

Design of Low Noise RF and Micro-
wave Amplifiers

Dick Webb, Webb Laboratories

A comprehensive tutorial beginning with
a discussion of system noise contribu-
tions, proceeding to RF and microwave
smali-signal amplifier design considera-
tions of gain, VSWR, stability and noise
performance. Theory and practice of
noise measurement is included, as well.

Session C-2: Application of MMICs

Microwave EW System Enhancements
Using MMIC Technology

John D. Summerville, All. Systems
The small, reliable and cost-effective
designs required by the military market
can be met with GaAs MMIC technology.
This paper discusses how both MIMIC
program results and commercial GaAs
chips can be utilized in EW systems.

Effective MMIC Testing Strategies for
Engineers

Jesse D. Sheinwald, AIL Systems
Testing MMICs can be done at the chip
level and substrate (carrier) level. The
conditions under which each of these
must be done are described, as well as
the operational requirements of the
necessary test stations.

Silicon MMIC Amplifier Hits the 20/20
Gain/Power (dBm) Mark at UHF

David M. Osika and Ronald Green,
SGS-Thomson Microelectronics

This paper introduces a medium power
50 ohm silicon MMIC, producing +20
dBm power output with 20 dB gain,
using a 9.0 VDC supply.

For Registration Information
Call (800) 525-9154
or FAX (303) 770-0253
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H, S, Y, Z, ABCD Conversions Kay Elemetrics COMp- . ... .......... ... ...... 57  Surcom Associates, Inc o .76

Common B « Common E -~ Common C Erofc)rgH'ne Corporation .. ... R 52  Tecdia, Inc. . .. .61

. ) N f ocUS, Inc. . . S ...78 Temex Electronics, Inc. o ... 51

Strpultaneous Mu|t|p|e File Ana,lySlS, Loral Microwave — Wavecom L....48 Tesoft . .65

Operating and Available Power Gain Circles M/A-Com Control Components Division . 31,62  Thomson-CSF .61

Unilateral Power Gain Circles M/A-Com Omni Spectra 21, 46 Trak Microwave Corporation 10-11

Noise Circles Stability Circles M/A-Com Semiconductor Products Division 39 Trilithic...... .. S 23

: . Matrix Systems, inc. 47 Trontech, Inc. . . . 50

S-Parameter Stack for Recursive Operations Maxim . 3 TTE Inc ... ) ) B0

Data Tables on Screen or Dump to Printer l\’\ﬂilcom Igteéna\ional, inc. 40 Voltronics Corporation R 79-80

: inaret Radio . .. . ..78 Wavecom . . 48

Internal Graphic Screen Dump Motorola — RNet* L BN 28 Werlatone, inc. . S . 6

Motorola — Semiconductor Products, Inc. .. . 33  WI-COMM Electronics, Inc. . ... .. .78

$259.00, Somersoft, (707)829-0164 Murata Erie North America . . 27 Wide Band Engineering Co., inc. . . 32
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