












































RF courses

Linear & Nonlinear System Analysis and Identification
September 15-17, 1992, Washington, DC
Modern Microwave Techniques
September 21-24, 1992, Del Mar, CA
Navstar/GPS: Design and Applications
October 14-16, 1992, Washington, DC
Information: University Consortium for Continuing Education.
Tel: (818) 995-6335. Fax: (818) 995-2932.

RF Component Modeling

August 24-26, 1992, Los Angeles, CA
information: UCLA Short Course Program Office. Tel: (310)
825-1047. Fax: (310) 206-2815.

Personal and Mobile Radio Systems
September 6-11, 1992, Swansea, UK
Digital Signal Processing: Principles, Devices and Applications
September 27-October 2, 1992, Leicester, UK
Information: |EE, Savoy Place, London WC2R 0BL, United
Kingdom.

Global Positioning System: Principies and Practice
September 9-11, 1992, Washington, DC
Introduction to Radar ECM and ECCM Systems
September 9-11, 1992, Washington, DC
Lightning Protection
September 10-11, 1992, Washington, DC
Modern Receiver Design
September 14-18, 1992, Washington, DC
October 26-30, 1992, Amsterdam, Netherlands
Microwave Radio Systems
September 16-18, 1992, Washington, DC
Communications Satellite Engineering
October 5-9, 1992, Washington, DC
Personal Communications Systems and Networks (PCS
and PCN): A Telecommunications Revolution
October 7-9, 1992, Washington, DC
Mobile Cellular Telecommunications Systems
October 14-16, 1992, Washington, DC
Communications and Radar Signals: Detection, Estimation
& Geolocation Techniques
October 14-16, 1992, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Electrostatic Discharge in Integrated Circuits

October 15-16, 1992, Burlingame, CA
Design of Superconductive Integrated Circuits

August 20-22, 1992, Chicago, IL
Information: Continuing Education in Engineering, University
Extension, University of California, Berkeley. Tel: (510)
642-4151. Fax: (510) 643-8683.

Advanced Digitai Communications

August 24-28, 1992, Anaheim, CA
Information: Technology Service Corporation, Lynda S. Ep-
stein, Training Coordinator. Tel: (301) 565-2970. Fax: (301)
565-0673.
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The EC Directive on EMC

August 17, 1992, Anaheim, CA
Information: Technology International, Inc. Tel: (804) 644-7735
or (800) 242-8399.

Satellite Communications and Broadcasting
August 24-29, 1992, Davos, Switzerland
Far-Field, Compact and Near-Field Antenna
Measurement Techniques
August 31-September 4, 1992, Davos, Switzerland
Digital Receivers for Satellite and Mobile Communications
August 31-September 4, 1992, Davos, Switzerland
Digital Signal Processing in Modern Communication Systems
September 14-18, 1992, Davos, Switzerland
Adaptive Signal Processing
September 16-18, 1992, Davos, Switzerland
Personal Wireless Communications: Cellular Telephony,
Portable Computing, and Broadband Wireless Networks
September 21-25, 1992, Davos, Switzerland
information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

I1SO 9000 Introduction and Company Registration
September 15-16, 1992, Danbury, CT
1SO 9000 Internal Auditor Course
September 17-18, 1992, Danbury, CT
Information: TUV Rheinland. Tel: (313) 464-8881.

Transient Immunity Tests According to |IEC and CENELEC:
Theory and Hands on Demonstrations

August 25, 1992, Woodland Hill, CA

August 27, 1992, Santa Clara, CA
Information: Dawne Fay, Haefely Test Systems, Inc. Tel: (703)
494-1900.

EMC Foundation Course
October 21, 1992, Harrogate, Yorkshire, UK
November 4, 1992, Guildford, Surrey, UK
Information: Surrey Conferences. Tel: (44) 0784 461393.

RF Component Modeling

August 24-26, 1992, Los Angeles, CA
Information: Besser Associates, Eva Koltai. Tel: (415) 949-
3300. Fax: (415) 949-4400.

Electronic Design Techniques and Analysis Required to
Meet Electromagnetic Compatibility Requirements
September 23-24, 1992, Novi, Mi
Advanced EMC Printed Circuit Board Design
September 25, 1992, Novi, Mi
Information: JASTECH. Tel: (313) 553-4734.

DSP Without Tears

August 17-19, 1992, Orlando, FL.

September 2-4, 1992, San Jose, CA

September 9-11, 1992, Norcross, GA
Information: Z-Domain Technologies. Tel: (800) 967-5034.
Fax: (404) 442-1210.
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RF industry insight

Wireless Data Communications

Try To Fit In

By Andy Kellett
Technical Editor

W ireless data communications are ex-
pected to be the next segment of the
electronics industry to take off. This is not
too surprising when you consider that lap-
top computers and mobile voice commu-
nications are segments that are booming
now. All of these areas reflect the demand
for mobility. A number of applications are
ready to take advantage of the marriage
between data processing and wireless
communications: from narrow applica-
tions such as telemetry between a trans-
ducer and a data acquisition system, to
personal communication systems (PCS)
which will provide voice and data
communications in a small handset.

Predicting which of the developing
applications will prove to be truly useful,
and exactly what form they will take, is
like trying to toss a quarter into a
vending machine slot from across a
room. However, a few factors will shape
the industry over the next few years.

Spectrum Space

More RF applications means more
users, requiring more spectrum space.
Spread spectrum systems operating
under the FCC’s Part 15 rules have
primarily populated the 902 to 928 MHz
band. The bands at 2400 to 2483.5 MHz
and 5725 to 5850 MHz are less popular
because of the increased cost of devices
for the higher frequencies. As the 900
MHz band becomes more crowded,
even spread spectrum systems could
begin crashing. ‘‘Spread spectrum has
an interference rejection capability that
is robust up to a certain point.”’ says Dr.
Theodore Rappaport, Associate Profes-
sor of Electrical Engineering and Direc-
tor of the Mobile and Portable Research
Group at Virginia Polytechnic Institute
and State University. “‘“You have a soft
degradation of performance as the num-
ber of users increases, however, once
you hit a critical point in an uncoordi-
nated way, the system may fail.”

In addition, Part 15 devices are unpro-
tected against interference from outside
sources. Rappaport notes, “A lot of
wireline type providers have been reti-
cent to use the ISM bands because they
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are not protected and {the providers]
have been pressuring government bod-
ies to free up more spectrum. People
cannot afford to offer high-grade serv-
ices in a band that is not protected.”
Protected space for a spread spectrum
system has been requested by Apple
Computer and others around 2 GHz. As
of the writing of this article, the FCC has
not made any decisions regarding Ap-
ple's petition, but the FCC’s decision
will have been made by July 16 accord-
ing to David Siddall, Chief of the FCC’s
Frequency Allocation Bureau.
Narrowband modulation systems are
also vying for spectrum space. Design-
ers of these systems work to retain the
narrowband character of these systems
while increasing data throughput. Im-
proving network protocols and radio
implementation can increase data
throughput. According to Alan Victor,
co-founder and Director of Engineering
for Monicor, “From an implementation
standpoint, switching speeds, carrier
attack time — there is quite a bit that
can be done in that area to make the
data radios much faster than they have
been in the past. In the past many
people have been using voice type radio
systems [to transmit data].” Narrow-
band systems are often protected, but
they are also often required to be
licensed, making establishment of multi-
ple station systems paperwork intensive.
Others are looking to utilize existing
services for data transmission. A consor-
tium of cellular carriers along with two
divisions of IBM have developed a
system for sending and receiving pack-
etized data via the current cellular
telephone network. The system is called
Cellular Digital Packet Data (CDPD),
and it will move a subscriber’s data via
idle cellular telephone channels. One
member of the consortium, McCaw
Cellular Communications, along with the
Oracle Corporation, has developed a
data broadcasting system which will also
utilize unused cellular telephone time.

Technical Standards
Compatibility with existing wired net-

works is the main issue for wireless local
area networks (WLANSs). Proxim’s Range-
Lan is a spread spectrum LAN adapter
which fits in a PC expansion slot.
Rangelan is not sold as new, fantastic
technology, says Paul Smith, Vice Presi-
dent of Marketing for Proxim, rather it is
described as a LAN adapter which
happens to have no cable. “When you
buy any ETHERNET card today you
expect that any network operating sys-
tem you are using will run on it, and you
have that same fulfillment when you buy
our product,” says Smith.

Network protocols are an issue for
wireless wide area networks (WWANSs)
as well. A number of these systems are
in place, some private (Federal Express’
system, for example), some acting as
common carriers (the RAM Mobile Data
and Ardis systems). MMP, MDC, RDLAP
and Mobitex are all protocols used in
these systems. Some networks provide
gateways which allow different protocols
and some require a prescribed protocol.
A maker of an RF modem might have
trouble deciding which protocol to imple-
ment. Motorola’s Data Division Market-
ing Vice President, Jeff Morris explains
that different protocols can be accom-
modated in the same modem through
the use of DSP circuits. Motorola makes
such modems, as does Synetcom Digital.

How Much Wireless?

As demonstrated in the wireless LAN
market, customers can appreciate tech-
nology, but what they uitimately require
is performance, at an acceptable price.
Wireless solutions are not being devel-
oped just for the sake of being wireless
— they are a result of customer’s needs
which cannot be accommodated in
existing wireline services. The future of
wireless data communications depends
primarily on its ability to integrate invis-
ibly with existing systems, not on promo-
tion of its technical capabilities. RF

For reprints of this report, call Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.
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RF featured technology

Radio Frequency Interference from
Non-Licensed Devices

By Robert D. Weller, P.E.
Federal Communications Commission

Many regulatory agencies prescribe
radiated and conducted emissions stan-
dards to minimize the potential for
interference to susceptible electronic
devices, particularly radio receivers. The
FCC’s Field Operations Bureau en-
forces these regulations and investi-
gates interference problems in the
United States. Compiled data on various
cases of interference is presented so
that designers and manufacturers will
appreciate the effort expended in de-
signing for EMC.

Control of the radio frequency (RF)
radiation associated with electronic
devices is a legal requirement in many
countries. In the United States of Amer-
ica, the Federal Communications Com-
mission (FCC) is statutorily responsible
for the development of mandatory radi-
ated and conducted emissions stan-
dards. Various devices, including digitai
devices (1) such as computers, with a
demonstrated potential for radio fre-
quency emissions, cannot be legally
sold to the public in the U.S., without
having first been tested for compliance
with the emissions standards contained
in Part 15 of the FCC’s rules (2).

The FCC

The FCC was established in 1934 as
an independent agency of the U.S.
Government with responsibility for as-
suring that a rapid, efficient nation-wide
wire and radio communication service
exists in the U.S. (3). The agency has
four licensing bureaus, each with a
specific area of responsibility. These
bureaus are:

Mass Media (MMB), with responsibil-
ity for the regulation of broadcast televi-
sion, radio, cable television and their
ancillary services.

Common Carrier (CCB), with respon-
sibility for the regulation of both wireline
and non-wireline telephone and related
services.

Private Radio (PRB), with responsi-
bility for the regulation of private, two-
way radio services, including public
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Figure 1. FCC Field Operations
Bureau facilities.

safety, industrial (business),
aviation and amateur radio.

Finally, the Office of Engineering and
Technology (OET) regulates experimen-
tal uses of radio and devices which can
be operated without specific authoriza-
tion from the FCC. The latter category
is commonly known as non-licensed
devices (NLDs). NLDs are divided into
two types: intentional radiators, such as
cordless telephones, and unintentional
radiators, such as computers.

There is a fifth FCC bureau, which
does not issue station licenses.
The Field Operations Bureau (FOB) is
responsible for the field monitoring and
enforcement of many of the licensing
bureaus’ regulations so that order may
be maintained on the airwaves.

FOB
The Field Operations Bureau has 339
employees, spread over 36 locations.

marine,

Complaints Received
{Typical}

Category

IX Source

Figure 2. Statistical summary of
complaints recieved by FOB’s Den-
ver Field Office.

Approximately 40 of these individuals
are located at the headquarters office
in Washington D.C. The remainder are
located at various field installations
throughout the United States, plus the
territory of Puerto Rico.

FOB maintains two types of field
facilities. *“HFDF Offices”’, which have
elaborate, netted direction-finding (DF)
facilities for locating and identifying
signals at high frequencies (‘‘HF”, i.e.,
3 - 30 MHz). In order to facilitate this
mission, these offices are generally
located in rural areas, away from major
population centers and their associated
RF noise sources. In contrast, *‘Non-
HFDF Offices”” are located near or
within some of the largest U.S. popula-
tion centers. These offices are designed
principally for the monitoring and en-
forcement of the spectrum above 30
MHz (i.e., VHF and above). In order to
maximize the efficiency of this mission,
such facilities have been located near
the area of greatest radio use.

A map, showing the location of the
various FOB facilities is presented in
Figure 1.

Compliant Case Management

From its nascence, the FCC has kept
records of complaints of interference to
radio reception, referred to as “IX”
within the agency. In 1989, this process
was formalized somewhat with the intro-
duction of a customized complaint data-
base, called the Case Management
System (CMS).

The author used data from the data-
base maintained at each of the thirty-five
field offices to determine the workload
imposed by responding to the various
categories of complaints received from
the public. Nearly 100,000 cases were
analyzed. Slightly less than half (47
percent) of the total volume of com-
plaints related to non-interference mat-
ters, such as quality of cable television
service or telephone billing. The remain-
der (53 percent) were complaints of RF
interference (RFI) of some sort. Further
analysis of the latter category of com-

27







































RF design awards

RF Design — A Suite of RF
Problem Solvers

By Herman A. Kruse
Scientific Atlanta

This program was a runner up in the
second RF Design Awards PC Software
Contest. This menu-driven collection of
smali programs covers a wide range of
RF design problems, from filter design to
bipolar transistor biasing.

he RF Design program consists of

two dozen RF related programs that
have been linked to a master menu
program, thereby presenting single pro-
gram operation to the user. All subpro-
grams are independent but for ease of
operation, they all return to the main
menu when terminated. The programs
were written in GW Basic and compiled
in QuickBasic.

It is highly recommended that the help
section be reviewed before attempting
to use the program. Help sections
covering the major design categories
are provided and include circuit dia-
grams, circuit descriptions and program
operating details.

The program has five major divisions:
filters, frequency equalization, RF net-
work analysis, transmission lines and
miscellaneous. Under each major divi-
sion are three to six choices; selecting
one of these items begins an actual
design operation. Input is via interactive

prompting (Figure 1). Output can take
the form of tables, frequency response
curves, circuit files or combinations
thereof. Simply pressing the “PRT SCR”
key will produce printouts of the gener-
ated tables. Response curves can be
produced in the same way if the
MS-DOS program *“GRAPHICS” (or
equivalent) is run prior to starting RF
Design.

Network Analysis

Because forms of this routine appear
in the other main menu selections, the
network analysis subprogram will be
discussed first. The analysis program
evaluates performance characteristics
of passive RLC AC networks. The pro-
gram recognizes megahertz, picofarads
and nanohenries as the data input
format. Lower frequencies are handled
as fractional MHz. A circuit description
can come from a previously produced
circuit file or the user can manually enter
the description in the form of component
and connection codes. When the user
selects the run option, the program
steps through a frequency range for
analysis and plots a frequency response
curve. A typical example is shown in
Figure 2.

Filters

The first selection on RF Design’s
main menu is “Filters.”” Under this main
selection are three options: a Chebyshev
filter design routine (including LP, HP,
C-coupled BP and L-coupled BP), a
C-coupled series resonant Chebyshev
BP designer, and a routine which de-
signs C-coupled BP filters for high Z
match to collectors, etc. All routines
except the last one produce circuit files.
A version of the previously discussed
network analysis subprogram is included
for immediate evaluation of designs.

Frequency Equalization

The second main menu item is a set
of frequency equalization routines. Four
options appear under this main selection:
a bridge T cable equalizer network de-
signer, a bridge T cable simulator, a set
of frequency response trims for different
circuit configurations, and a set of special
purpose equalizing circuits. Frequency re-
sponse curves are produced by a version
of the network analysis subprogram.

Attenuators

A set of attenuator design and conver-
sion routines are included in the third
main menu selection. Included are a

LOW PASS L INPUT
LOW PASS C INPUT
HI PASS L INPUT
HI PASS C INPUT
BPF C COUPLED

BPF L/C COUPLED

SELECT TYPE
RIPPLE DB=?
ORDER N=7? &
FREQUENCY-RIPPLE CUTOFF=? 1.12
Z=7 50

.005

4832.47
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10585.64
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4832.38
.513227
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SELECT FILTER TYPE

MAIN MENU -PLOT

SCALE -~
FACTOR

[T TENTINT]

DO N

RL
DB/DIV - .

71 =3

MNETHK
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Figure 1. Typical input screen.
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Figure 2. Typical frequency response graph.
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RF tutorial

Introduction to Phase Noise

By Constantine Fantanas
Trionix

The topic of phase noise is an
often-forgotten subject. However, as this
article will demonstrate, it is a topic of
paramount importance when investigat-
ing the stability of oscillators. Herein, a
brief introduction to phase noise will be
given. To benefit all readers, a brief
refresher of amplitude, frequency, and
phase modulation is given, as it pertains
to phase noise. At the end of the article,
some frequency synthesizer topics are
touched upon.

practical oscillator must contain an

amplification block to overcome
fosses in most practical frequency-
determining elements, such as L-C
tanks, cavities, crystals, and other pas-
sive networks. It is well known, however,
that every amplifier generates noise of
its own. Therefore, the output of any
oscillator, if monitored with a spectrum
analyzer of a wide enough dynamic
range, will exhibit frequency compo-
nents (sidebands) away from the carrier
(the supposed output frequency of the
oscillator).

The following discussion will make
use of the concept of phasors (3), widely
used by electrical engineers. A sinu-
soidally oscillating magnitude (output
voltage, for example) can be repre-
sented as a vector on the x-y plane,
rotating at the output frequency. lts
magnitude will be proportional to the
amplitude of the sinusoidally oscillating
quantity it represents. its projection on
the x-axis or y-axis will be, therefore,
proportional to the instantaneous value
of the magnitude it represents. To make

Angle 9 is exaggerated.

Figure 1. Phasor diagrams show-
ing difference between AM (top)
and small-angle PM.

50

initial conditions match, one can intro-
duce an initial angle with the x-axis.
Similarly, a sinusoidal oscillation can
be represented with a complex number
whose moduius is proportional to the
amplitude of the oscillation and its phase
angle equal to the phase of the actual
oscillation. Then its real part will be
proportional to the instantaneous value
of the sinusoidally oscillating quantity.
Equivalent statements can be made
about its imaginary part by properly
adjusting the phase angle. On the
complex plane, rotation by an angle ¢
is accomplished by multiplying the given
number by e®, where j is\/(—1). Since
the frequency of rotation of the vector
or complex number is known, they are
depicted at one phase angle with the
tacit assumption of rotation. In either
case, the power of the oscillator is
proportional to the square of the magni-
tude of the vector or complex number.
An equivalent way of describing an
oscillation is as the sum of two vectors
(or complex numbers), symmetric with
respect to the axis on which the projec-
tion is taken (3). That sum will always
be along the axis of symmetry, which is
taken to be the x (real) axis. To maintain
symmetry, those two vectors or complex
numbers must be counter-rotating. Their
y (or imaginary) components will have
opposite signs. In the case of complex
numbers, they will be complex conju-
gates of each other. Compiex algebra
confirms that the conjugate of the prod-
uct of two complex numbers is the
product of their conjugates and that the
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conjugate of el® is ei®=git®), 50 that the
two complex components of the real
sum are always counter-rotating.

Modulation Review

Assuming a perfect (noiseless) sinu-
soidal oscillation, we will call it the
“carrier’”. Any deviation from this per-
fect sinusoidal oscillation can be called
modulation. One can modulate only the
amplitude of the carrier (amplitude modu-
lation, AM) or the phase of the carrier
(phase modulation, PM). Noise, there-
fore, can be regarded as a form of
modulation, albeit unwanted, since it
causes aberrations from the perfect
sinusoidal oscillation.

In order to understand the fundamen-
tal differences between AM and PM,
assume that a carrier of angular fre-
quency w. and amplitude A is deliber-
ately amplitude-modulated in a sinu-
soidal manner, at an angular frequency
w.,.. Since, by definition, the phase of the
carrier does not change, we can write
for the resultant voltage (4):

v(t) = A[1 + mcos(w, Hcos(w,t) (1)

where m is the modulation index. After
some trigonometry, we can write the
above relation as

Acos(w t) + Azﬂ cosl(w, + w )]

A e
m

+ > cosf{w, — w )]

which says that the resultant spectrum
consists of our initial carrier plus two
more components (sidebands) of ampli-
tude Am/2 each oscillating so that they
combine in phase with the carrier (Fig-
ure 1, top). The power of each compo-

Figure 2. The first five integral-
order Bessel functions. Note all
functions vanish at zero except
for the zeroth order.

PHASE NOISE

RESONATOR

Figure 3. Phase noise injected
into an idealized osciliator.

August 1992















non-sinusoidal PM if the noise spectrum
is scanned with a filter of bandwidth of
1 Hz, by the definition of the rms
function.

Phase Noise

So far, we know that, when a decent
oscillator is free of amplitude noise, its
spectrum around the carrier will be
symmetric and will be directly related to
the phase noise. In oscillator design it
is usually the case that the AM noise has
been reduced to negligible amounts (a
lot of frequency synthesis/detection
schemes also use limiters, which effec-
tively eliminate AM noise). So, it is the
phase noise that is of paramount impor-
tance in oscillator design. In practice,
from equations 2 and 13 one can deduce
that (5,7), if there is significant AM
noise, the spectrum around the carrier
will be asymmetrical, otherwise (PM
noise only) it will be symmetrical.

Phase noise implies frequency fluc-
tuations and vice versa. To see how the
two are related, let Af denote rms
frequency fluctuation. It is known (1,2)
that the Fourier transform of the deriva-
tive of a function is equal to the Fourier
transform of the original function times
jw. We have that

iy - - 100

(15)

so that in the frequency domain

FAf)] = Af(w,) = J—:ﬁ"— Flo)]  (16)

where the arrow of Af(w ) emphasizes it
is a complex number. Remembering
that w, /2n = f_, taking squares of
magnitudes and rms values,

Afr2ms(fm) = f?nefms(fm) = 2fr2nl‘(fm) (17)
using equation 14 and switching the
independent variable from w_to f . f_
is an absolute number; if an oscillator
of nominal output frequency, say, 1 MHz
has a sideband-to-carrier ratio of —110
dBc measured in a 1-Hz bandwidth at
offset f = 10 kHz from the carrier, and
another oscillator of nominal frequency
of, say, 100 MHz exhibits the same
SSB-to-carrier ratio at the same offset,
it is obvious that the latter is a much
better performer than the former, since
the offset of 10 kHz is only 0.01 percent
of 100 MHz and a sizable 1 percent of 1
Mhz. From similar considerations, it has
been justly proposed (6) that the rms
fractional frequency deviation y(t) = Af(t)/

f, be considered (f, is the nominal

RF Design

frequency of the oscillator). From the
derivation of equation 17 above,

2

2f
Skt = 75‘- L(f,) (18)

(]

Residual FM is defined (6) as the total
rms frequency deviation caused by the
phase noise within a specified band-
width. Since the squares of rms quanti-
ties add,

b
Afres E\/—2_ { L(fm)ffndfm (19)

By splitting the phase-noise spectrum
(plotted ‘“log-log”) into regions of con-
stant slope, the evaluation of the above
integral can be expedited (6). The
validity of the above expression can be
verified by the use of Parseval’s relation
(1,2) of Fourier transforms:

oo

(af )2 = [ [Af, () t

res:
—o0

= Z IFat_ 0] do (20)

(the right integrand has been found in
equation 17 above).

Evaluating the stability of ultra-stable
oscillators often requires taking data in
the time domain by taking fractional
frequency measurements with no dead
time between them. An appropriate
measure is the Allan variance, oyz('r),
where T is the sampling interval for each
frequency measurement:

2 1 Rt o\2
o(r) = M=) ké Veer — ¥ 21

where ¥, is the fractional frequency
difference of the kth sample measured
over sample time 1. Conversions be-
tween the Allan variance (time domain
data) and L(f, ) (frequency domain data)
are possible (6) but tedious.

Application of Concepts

The above concepts are very useful.
As a first example, consider the effect
of the oscillator Q. An oscillator can be
thought of as an amplifier with a fre-
quency selective feedback (Figure 3). It
is expected that the resonator would
suppress any noise outside its band-
width. The total noise contributed by the
amplifier is (4,5,6,7) kKTFG, where K is
Boltzmann’s constant, T is the absolute
temperature, F is the noise figure (4,7,8)
of the amplifier (the ratio of the noise
power at its output over the noise power
at its input, the latter being equal to kT
per unit bandwidth), and G its gain,
which for a decent oscillator should be

slightly higher than unity. Since the
noise power is split equally between
AM and PM/FM noise, and the AM noise
is virtually eliminated, the oscillator
noise density per unit bandwidth far
from the resonator’s passband would
be (8) kTFG/2 (as would be seen on a
spectrum analyzer). An oscillator by
itself is useless unless it drives some-
thing, usually a buffer. If P, is the signal
power delivered by the oscillator, the
phase-noise-to-carrier ratio will be
(5,6,7,8)

KTFG
2P

S

L(f,) = (22)

far from the resonator’s passband.

There seems to be no agreement on
the noise performance within the reso-
nator passband (6,7,8). As f_ becomes
smaller (the carrier frequency is ap-
proached), *“1/f’ type noise adds to the
thermal noise and the slope of L(f )
changes from flat to 6 dB/octave with
corresponding formula (Q here is
the loaded Q of the resonator)

A <FkTG
L (20) 2Psffn> (23)
where (f/2Q)? is the 3 dB f_ above and
below the carrier frequency f_. Dividing
that by f 2 yields pure 1/f behavior (the
remaining factors are just the thermai
noise floor). Still closer to the carrier the
slope of L(f,) changes to 9 dB/octave
(1/f2 behavior), Figure 4.

As an example, assume a 147 MHz
varactor-tuned VHF oscillator with a
loaded Q of 100, delivering P.=—3
dBm=0.5mW of power to a buffer.
Further, assume a 10 dB noise figure for
the amplifying element of the oscillator.
From this, one can immediately esti-
mate that further than 147 MHz/(2x100)
= 735 kHz away from the carrier the
phase noise must have dropped to the
noise floor (equation 19). Since the
factor 1/2 corresponds to —3 dB, and,
at room temperature, KT = —-174 dBm,
one gets, assuming that G = 1, L{f ) =
10-174-3+3 = —164 dBc. In Figure
4, L(f,) will begin to rise at 6 dBc/octave
for |f | <735 kHz.

The Q of a resonator is defined by

average oscillating energy

Q= ——
energy dissipated per cycle
U U 24)
P 1P
f, 2n
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(since P, is the average power delivered
to the load of the oscillator and 1/f_ is the
period of the carrier, P /f_ is the dissi-
pated energy in one penod also, a cycle
is 2n radians and U is the energy
oscillating between magnetic and elec-
tric field storage in the resonator in one
period). It is obvious that in one cycle the
amplifier must supply P_ for the oscilla-
tion to be sustained. So, if L is the
inductance of the oscillator, C the ca-
pacitance, and V and i the oscillating
voltage and current, we know that

Cv2 = — i (25)

1
max 2 max

from which the maximum voltage and
current in the tuned circuit can be found.
In our example, if the resonating capaci-
tance is 4 pF, using equations 25 and
24, we can see that the maximum
voltage across the resonating capaci-
tance is about 116 mV. Such calcula-
tions are very important because one
has to consider the gain linearity of the
amplifier (8), and, perhaps, the quies-
cent points of the active elements in-
volved.

Another issue is frequency multiplica-
tion, either by means of a PLL or by
nonlinear multtipliers. If the multiplica-
tion factor is N, using equation 5 one
immediately gets that

v(t) = Acos(Nw t + Nepsinwmt) (26)

from which it is immediately apparent
that the peak phase deviation at the
same offset from the carrier is also
multiplied by N (w,,, and, hence, f, does
not change going from equation 5 to
equation 26 above). That means that
after multiplication by N, L(f ) is multi-
plied by N? (increases by 20IogN dBc),
as equation 14 above reveals. For

example, if the above oscillator was used
as a reference oscillator of a ‘‘divide by
N’ type PLL operating at 1.47 GHz, we
could immediately deduce that, barring
other factors, the SSB-to-carrier ratio of
the output would be at least 20 dBc
worse at the same f_ than the reference
oscillator. Similarly, division by N im-
proves L(f ) by 20logN dBc, but only
up to a certain point because dividers
generate noise of their own (6) in the
vicinity of —160 dBc. The above facts are
of paramount importance in PLL design.

AM noise can be converted to PM
noise in some cases (6,7). An example
is the use of a tuning diode. Remember-
ing that Q’s of different elements of the
same tuning circuit add as resistors in
parallel, one can easily see that the total
Q of the varactor-based tuned circuit,
Q;, is given by @7

1 _ 1 1
(Q of everything else)

= +
QT Qdiocte

and for a series RLC circuit of resonant
frequency w,
1 w L

— — [¢]
Q= 0, CR R (8)

and for a parallel RLC circuit of resonant
frequency w,,

R
w. L

o

Q=wCR= (29)

one can find an equivalent resistance,
R , from the above expressions based
on the circuit configuration (series or
parallel). Then, using Nyquist’s equation
for the thermal rms voltage (4,7,8), V,,
within a measuring bandwidth, Af,

V, = \J4KTR_Af (30)
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one can find the expected V_ (kand T
were defined above). So far'V V, is just
AM noise. That noise, however, is
superimposed on the varactor bias,
modulating the junction capacitance
(6,7). Thus, V, muiltiplied by the VCO
gain (Hertz/Volt) will result in a Af__and
equation 17 above can be used to find
the L(f ) resulting from AM-to-PM con-
version (this can be added directly to
other L(f )'s since L(f )isthe square of
an rms quantity as seen in the discus-
sion around equation 14 above).

Measurement of Phase Noise

Measuring the phase noise of high-
quality oscillators imposes daunting de-
mands on RF instrumentation. The most
natural way of measuring phase noise
is with a spectrum analyzer (Figure 5a).
However, the spectrum analyzer used
may not have enough dynamic range
and, in any event, it will have a phase-
noise floor of its own. The spectrum
analyzer should be capable of a resolu-
tion bandwidth of 300 Hz or less; this
places more demands on the instru-
ment. Reference 7 contains the formu-
las for converting the L(f ) and Af _
measured with a large bandwidth to the
L{f ) and Af_ that would be obtained
with an ideal 1 Hz bandwidth. For the
above reasons, heterodyning and using
a spectrum analyzer optimized for low-
frequencies is sometimes employed (Fig-
ure 5b). A frequency discriminator can
be placed between the source and
spectrum analyzer in (Figure 5a) or
mixer and low-pass filter in (Figure 5b).
Then, the required L(f ) can be found
(6) using equation 17 above: Af
AV /K, where K, is the transfer functlon
of the discriminator and AV, __is its rms
voltage output. Then, S,(f ) = (AV, J?/
K2 and L(f ) can be found from equa-
tlon 17.

It must be emphasized that a spec-
trum analyzer may not have enough
dynamic range for measuring the phase
noise of a high-quality oscillator (a
survey of available instruments will re-
veal that their dynamic range rarely
exceeds 100 dB, even on the very
expensive units). Special techniques of
attenuating the carrier must be em-
ployed. On the other hand, some mod-
ern “smart” spectrum analyzers have
provisions that ease phase-noise meas-
urements.

The use of a mixer which is fed by the
source under test and a replica of that
signal shifted by 90 degrees is a very
powerful technique for measuring phase
noise. Since the mixer is fed in quadra-

August 1992






RF design awards

An Infinite Resolution, Single Loop
Frequency Synthesizer

By Neil W. Heckt
Almost All Digital Electronics

It is often desirable to design a
frequency synthesizer which can be fine
tuned with high resolution, for instance,
the LO of a receiver. The concept
described here allows a low frequency
to be added to (or subtracted from) a
high frequency VCO without the use of
a mixer. The example given adds a low
frequency (100-200 kHz), infinite resolu-
tion, RC tuned oscillator output to the
output of a high frequency, PLL con-
trolled VCO. The target application is a
HF receiver local oscillator which tunes
45-75 MHz in 30 bands of 100 kHz each.
The technique can also be used to add
digitally generated low frequencies or a
fixed low frequency, i.e. IF frequency
offsets to a high frequency VCO.

n order to explain the concept, we

begin with a brief review of phase lock
loop principles. Figure 1 depicts the
traditional single loop synthesizer which
incorporates a divide-by-P prescaler.
Since it is the function of the loop to
keep the two inputs to the phase
detector exactly equal in frequency and
phase, the VCO frequency must be Fyeo
= (NP)F,,. A disadvantage of this type
synthesizer is that F_, becomes the
channel spacing divided by P. As a
result, the low value of F_, may set up
the loop filter cutoff at too low a
frequency for the desired acquisition
and tracking speeds.

The solution to this problem is to
employ a dual modulus prescaler and
dual modulus PLL controller as shown
in Figure 2. A divide-by-A counter,
control logic and dual modulus prescaler

(divide by P or P+1) are utilized such
that P will divide by P+1 A times and
divide by P (N-A) times. One way of
looking at this is that each time the
control logic causes P to divide by P+1
the VCO must output an additional cycle
if the output of the divide-by-N counter
is to continue to equal F,. Since this is
happening at F_; rate, the VCO must
put out F  additional cycles per second.
The result is F ., = (NPA)F , and F, is
maintained at the desired channel spac-
ing in spite of the incorporation of a
prescaler.

For very fine channel spacing F ot
must be made very low, which will again
force the loop filter cutoff frequency very
low, limiting acquisition and tracking
times. A traditional solution is the use
of a fractional N synthesizer as shown
in Figure 3. For this approach, a rate
multiplier is clocked at F . It produces
output pulses at a rate of AIM x F_,
where A is always less than M. Thus the
output puise rate is a fraction of F . If
each of these pulses causes P to divide
by P+1 then the VCO will have to output
an extra A/M x F_. pulses per second
causing F., = (NPHA/M)F .

The concept that each P+1 cycle
causes F,., to increase by one cycle
leads to the basis of the infinite resoiu-
tion, single loop frequency synthesizer
of Figure 4.

A characteristic of dual modulus pres-
calers is that the count modulus can only
be changed once each cycle of the

counter. If F, an asynchronous low
frequency oscillator’s output, can be
synchronized with the overflows of the
prescaler, then for each cycle of the
prescaler, the modulus can be changed
from P to P+1. The result is that the VCO
must put out one extra cycle for each
cycle of F. The VCO frequency be-
comes F, ., = NPF _+F,.

The low frequency limit of F, must be
well above the cutoff frequency of the
loop filter and the upper frequency limit
must be less than N x F . at which time
the prescaler will divide by P+1 100
percent of the time.

This is a very useful configuration.
For a HF LO design covering 45-75
MHz, a nice set of numbers would be:

F.os= 10 kHz

P = divide by 10/11

F, = 100 to 200 kHz, a 100 kHz infinite
resolution fine tune range

N,;,,P = 4490 producing F,, = (NP)F
=44.9 MHz
N=449,P=10

ref

NP = 7480 producing F,., = (NP)F
=74.8 MHz
N=748,P=10

ref

AN = 1 for 100 kHz steps

Fycomin = (N, P)F
Fycomax = (N__ P)F

+F,min = 45 MHz
ref TFMax =75 MHz
If this results in too low an F ,, the dual
modulus PLL controller can be com-
bined with the infinite resolution concept

Figure 1. Single loop synthesizer
with prescaler.
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Figure 2. Dual modulus synthe-
sizer.

Figure 3. Fractional N synthesizer.
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RF product report

More Choices for Boards

and Substrates

By Liane G. Pomfret
Associate Editor

F designers have considerably more

choices today when it comes to
choosing a board or substrate material
for their project. PTFE has been joined
by a host of other materials such as
ceramics or fiberglass with various res-
ins that offer a variety of performance
characteristics and costs to fit every
application. The markets for boards and
substrates are widely varied, growing
but relatively mature.

The list of materials for board and
substrate use is as varied as the number
of applications. Among the most com-
mon materials are: lower cost PTFE,
polyphenol oxide, fiberglass/cyanite es-
ter, ceramics, thermo-plastics, kevlar
and fiberglass resins, aluminum oxide,
aluminum nitride and high performance
glass epoxies. Each material has its own
specific characteristics and some are
better suited than others for certain
applications.

There are advantages and disadvan-
tages to using these materials. Most of
them tend to be low cost which makes
them suitable for high volume commer-
cial applications. However, there is a
tradeoff. Many of these materials suffer
from increased electrical noise. While
this may eliminate them from use in high
performance, low noise products, they
can still find a great deal of use in
commercial and industrial products. In
addition, the dielectric constants of the
materials vary greatly. Some have con-
stants as low as two or three while the
constants of others may be around ten.
Depending on the desired application,
this may work out to the designer’s
advantage.

On the Plus Side

This group of materials tend to be
easy to manufacture and therefore, cost
less. Advances in the last few years have
allowed for small improvements in the
physical properties of the materials.
Today’s boards and substrates tend to
be denser yet thinner than those manu-
factured even three years ago. Some

RF Design

companies, such as Compositech, are
manufacturing boards with a more uni-
form X-Y coefficient of thermal expan-
sion. As a result, they can make thinner,
stronger and more uniform boards that
don’t oscillate. Many of the new materi-
als also offer greater thermal dissipation
than the older ones which allows for
easier miniaturization. According to Win
Richardson, a senior engineer in techni-
cal service at Electro-Science Laborato-
ries, many of these new materials also
offer cleaner surfaces. This is a boon in
two ways. Companies can worry less
about what to do with the residues left
over from cleaning boards, especially
CFCs. And, because the cleaning step
has been reduced or eliminated, their
manufacturing time is also reduced. In
the long run, this too, saves them
money.

The physical characteristics of many
of these new materials have opened the
door for some changes in manufacturing
techniques. Despite the fact that there
are often performance tradeoffs to be
made when using these materials, de-
signers are learning to work around
them and as a result are coming up with
better designs. Miniaturization is on the
top of everyone’s list of recent trends.
The “*smaller is better’’ philosophy holds
true for substrates and boards as well.
Paul Solan, general manager of the thin
film division at Mini-Systems notes that
“the number of traces as well as the
power requirements are increasing while
board geometries are decreasing.” The
miniaturization of components has dif-
ferent requirements such as thinner
boards that also must be very stable.
As a result, manufacturers have had to
learn how to make materials to accom-
modate these components. Because
improvements in board and substrate
materials have reached the point of
diminishing returns, manufacturers have
had to take a new approach. Many are
now looking at the requirements for the
finished product and working back from
there. This way they can design a board

for an exact application rather than
designing a variety of boards for engi-
neers to pick and choose from.

Strong Markets

Opinions vary as to the growth of
the market for substrate and board
materials. Companies such as Rogers
have seen an explosion in the com-
mercial arena for microwave related
products. But their market has also
shifted in the past few years to a more
commercial focus. Joel Dryer, company
team leader at Poly-Circuits sees a
very mature market, but still very heaithy.
There is plenty of business for com-
panies supplying into the market. Fred
Klimpl, president of Compositech notes,
“The industry spent about 18 months
in the doldrums. Now, however, shops
are busy with newer, more complex
designs.” Those 18 months of slow
business did take their toll. There
were some major reductions and
consolidations of suppliers and start-up
operations are rare. Now that business
is picking up however, companies are
finding plenty to keep them busy. It
is a customer driven market and it is
their demands that have brought about
many of these new and not so new
materials.

Because of their very nature, boards
and substrates are found in virtually
every RF application. The newer materi-
als are finding uses in areas such as
avionics, communications products, con-
sumer electronics, automotive electron-
ics, GPS, DBS, tracking systems and
virtually any wireless products. PTFE is
still an important board and substrate
material in the RF marketplace and will
remain so in the years to come. How-
ever, other materials have a lot to offer
the design engineer, provided he makes
the right choice. RF

For reprints of this report, call Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.
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RF engineering opportunities

THE FUTURE

IS WIRELESS.

While everyone has been talking about wireless computer networks, we have been
designing, manufacturing and selling them. Symbol has already installed over
1,500 Spectrum One wireless cellular networks. Symbol Spectrum One Network
gives Symbol's hand held computer wireless access to the user’s host computer for
applications in the retail, transportation and warehousing industries.

At Symbol Technologies, Inc.’ s San Jose RF Design Center, you will join an
innovative team of Engineers involved in RF circuit design, digital communications
research, RF and LAN protocol and software development. Your ideas will become
reality in our next generation of wireless networks.

PRINCIPAL ENGINEER - RF DESIGN

You must possess a BSEE (MSEE preferred), coupled with 15+ years of relevant
RF design experience primarily in the 1 to 3 Ghz frequency range. Additional
experience in complete radio design, including receiver planning and design; up-
converter, synthesizer, and power amp design; and design for low cost, high
volume manufacturing is required. Familiarity with RF CAD tools is essential. A
thorough understanding of modulation theory for digital communications is a plus.

COMMUNICATION TECHNOLOGIST

You must possess an MSEE (Ph.D.preferred), coupled with expertise in modula-
tion theory for digital communications. A strong background in coding theory and
familiarity with signal processing CAD and packet based local and wide area
networks is essential. Experience with spread spectrum techniques and some
commercial industry experience is a plus.

Symbol Technologies, Inc. offers a competitive salary and benefits package. For
immediate consideration, please send your resume to Symbol Technologies, Inc.,
Attn: Human Resources Dept. PE/CT, 340 Fischer Ave., Costa Mesa, CA
92626. Equal Opportunity Employer M/F/V/H. Principals Only Please.
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DEVELOPMENT
ENGINEERS
RF Circuitry

As the world's leading manufacturer
of quality microphones, audio cir-
cuitry and related electronics, we
can offer you the challenges and
rewards not readily found else-
where. Our research-oriented cor-
poration has openings for proficient
RF Engineers with a minimum of 3-5
years experience.

As part of our engineering team,
you'll be responsible for the devel-
opment of wireless microphone
products. Experience in UHF/
VHF/microwave circuit and product
design is required.

Salaries are competitive and com-
mensurate with experience. Our
benefits are comprehensive. For
confidential consideration, send
your resume with salary history to:

BOB LOVELL
SHURE
BROTHERS, INC.

222 Hartrey Ave,
Evanston, IL. 60202-3696

An Equal Opportunity Employer
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PROFESSIONALS... WORLDWIDE
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