
























































RF courses

Radar Cross Section Reduction
October 26-29, 1993, Atlanta, GA
Computational Electromagnetics: The Finite Element
Method, The Finite-Difference Time-Domain Method
October 26-29, 1993, Atlanta, GA
Information: Georgia Institute of Technology, Continuing Edu-
cation. Tel: (404) 894-2547.

Wireless Personal Communications Services

September 15-17, 1993, Los Angeles, CA
Advanced Communication Systems Using Digital Signal
Processing

November 29-December 3, 1993, Los Angeles, CA
RF and Microwave Circuit Design I: Passive and Linear
Active Circuits

November 29-December 3, 1993, Los Angeles, CA
Information: UCLA Extension, Engineering Short Courses,
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024. Tel:
(310) 825-1047. Fax: (310) 206-2815.

Electrostatic Discharge (ESD) in Integrated Circuits
October 18-19, 1993, Burlingame, CA

information: Continuing Education in Engineering, University

Extension, University of California, 2223 Fuiton St., Berkeley,

CA 94720. Tel: (510) 642-4151. Fax: (510) 643-8683.

Analyzing Communication System Performance
September 13-15, 1993, San Diego, CA
Digital Transmission for the Cellular Telephone
September 15-17, 1993, San Diego, CA
Global Positioning System: Principles and Practice
September 15-17, 1993, San Diego, CA
Future Telecommunications for Providers, Suppliers,
Users, and Regulators
September 20-22, 1993, Washington, DC
Transmission Systems for Telecommunication
September 27-30, 1993, Washington, DC
Mobile Communication Engineering
October 6-8, 1993, Washington, DC
Modern Digital Modulation Techniques
December 13-17, 1993, Orlando, FL
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Navstar/GPS

September 22-24, 1993, Boston, MA
Modern RF & Microwave Techniques

October 26-29, 1993, Monterey, CA
Information: University Consortium for Continuing Education,
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436. Tel:
(818) 995-6335. Fax: (818) 995-2932.

Basic Electrostatic Discharge Seminar

September 26, 1993, Lake Buena Vista, FL
information: EOS/ESD Association, 200 Liberty Plaza, Rome,
NY 13440. Tel: (315) 339-6937. Fax: (315) 339-6793.
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High Speed Communication Networking
September 27-October 1, 1993, Cambridge, UK
Adaptive Signal Processing, with Applications to
Communications, Radar, Control, Fiber Optics,
and Neural Networks
September 27-October 1, 1993, Cambridge, UK
Personal Communication Networks: Cellular Systems,
Wireless Data Networks, and Broadband Wireless Access
September 27-October 1, 1993, Cambridge, UK
Maintaining Signal Quality in High-Speed Digital Systems
September 27-October 1, 1993, Cambridge, UK
Fiber Optic Communication Technology, Systems
and Networks
September 27-October 1, 1993, Cambridge, UK
RF and Microwave Circuit Design: Linear and Non-Linear
(Theory and Applications)
November 15-19, 1993, Cambridge, UK
Modern Digital Modulation Techniques
November 17-19, 1993, Cambridge, UK
Far-Field, Compact & Near-Field Antenna Measurement
Techniques
March 21-24, 1994, Switzerland
Aspects of Modern Military and Commercial Radar
March 21-25, 1994, Switzerland
Information: CEl-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

Electromagnetic Compatibility Engineering

October 13-15, 1993, Longmont, CO
Information: Henry Ott Consultants, 48 Baker Road, Livingston,
NJ 07039. Tel: (201) 992-1793. Fax: (201) 533-1442.

RF/MW Small Signal/Low Noise Amplifier Design
November 8-9, 1993, Indianapolis, IN
RF/MW Circuit Design |
November 29-December 3, 1993, Los Angeles, CA
Information: Besser Associates, 4600 El Camino Real, Suite
210, Los Altos, CA 94022. Tel: (415) 949-3300. Fax: (415)
949-4400.

DSP Without Tears

September 20-22, 1993, Raleigh, NC

October 4-6, 1993, Scottsdale, AZ

October 18-20, 1993, Chicago, IL

November 8-10, 1993, Houston, TX

November 15-17, 1993, San Jose, CA
Advanced DSP With a Few Tears

November 18-19, 1993, San Jose, CA
Information: Z Domain Technologies, Inc., 325 Pine Isle Court,
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 664-6738.
Fax: (404) 442-1210.

EMC Emission and Immunity Testing for Compliance
in Europe

September 13, 1993, Newark, NJ
Information: Haefly, Inc., Dawne Fay, 2616 Morse Lane,
Woodbridge, VA 22192. Tel: (703) 494-1900. Or, Rohde &
Schwarz, Terry Palmer, 4425 Nicole Dr., Lanham, MD 20706.
Tel: (301) 459-8800, ext. 252 or 254.
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RF industry insight

Update on Regulatory Activity

By Gary A. Breed
Editor

he Federal Communications and

other regulatory authorities around
the world have been working to deal
with the need for spectrum space and
technical regulations for new RF appli-
cations. Here is a brief summary of
recent decisions, as well as work in
progress on major applications.

Frequency Allocations

The FCC recently granted a pioneer’s
preference license to Mobile Telecom-
munications Technologies, Inc. (MTEL)
for their Nationwide Wireless Network
paging system. Three 50 kHz wide
channels in the 930-931 MHz band will
be used for a national paging system
which utilizes a 24 kbps data rate to
transfer large amounts of data (such as
messages or even still picture video)
quickly. The system includes a talk-back
feature which allows individual pagers to
confirm receipt of messages, or to send
a brief reply.

Additional spectrum for the mobile
satellite service has been proposed.
1530-1544 and 1626.5-1646.5 MHz
would be co-primary service with the
maritime mobile service, and 1525-1530
would be a primary allocation. These
frequencies are for geostationary-based
services, not for low earth orbit (LEO)
uses. This proposal is based on a peti-
tion by American Mobile Satellite Corp.
and Inmarsat.

Other major issues being discussed
in the frequency allocation realm include
final definition of the L-band segment
set aside for Personal Communications
Service (PCS) applications. The first
rules to establish which particular fre-
quency blocks will be assigned to which
types of services are expected to be
released in early 1994. Several major
electronics firms are expected to intro-
duce PCS products for the American
market immediately following formal
FCC authorization.

Also under discussion is crowding
among public service users in the
mobile radio bands. A recent report in
Communications magazine noted that
by 1992, public service radio users had
exceeded by 70 percent projections that
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had been made ten years earlier. A
potential source of new spectrum is 200
MHz of government-allocated spectrum
space that Congress is attempting to
shift into commercial uses. However, the
bills that have been introduced do not
specifically require attention to the issue
of public service radio.

These bills cover additional concerns,
as well. In addition to reallocation of
government frequencies, HR 707 and S
335 address licensing of radio spectrum
through auctions, parity of regulations
among commercial mobile radio ser-
vices, preempt state and local regulation
of these wireless services, and establish
deadlines for completion of PCS dock-
ets at the FCC. The House bill has been
unanimously approved by the Com-
merce Committee.

LEO Satellite Rules

So called “Big LEO” rules are due in
October. The FCC’s semiannual regula-
tory agenda indicates the Commission’s
intention to release final rules by that
date, concerning low earth orbit (LEQ)
satellites operating above 1 GHz. The
rules will be based on a negotiated rule-
making between various applicants that
ended in March with concurrence on
several major issues, including spec-
trum sharing.

Also on the agenda for Fall 1993 are
the first rules concerning digital audio
broadcasting (DAB) and a request by
Norris Satellite Communications for real-
location of 20-30 GHz frequencies for a
General Satellite Service, along with its
request for a pioneer’s preference
license.

The Ongoing Story of HDTV
Pending technical rules for high defin-
ition television (HDTV) have been set
aside once again, as this past spring’s
on-air testing of the competing systems
provided inconclusive results. After that
round of evaluations, the Japanese with-
drew its analog-based transmission sys-
tem from consideration. The FCC then
asked the remaining U.S. applicants to
get together and decide on a single sys-
tem for terrestrial transmission of HDTV.

While most observers assume that the
technical issues will be readily dealt
with, questions remain concerning
licensing of patented circuits and
processes, and even whether such
cooperation violates anti-trust laws. The
most optimistic predictions suggest that
a public demonstration station broad-
casting HDTV could be on the air by the
end of 1994, and that the 1996
Olympics in Atlanta could have a signifi-
cant HDTV broadcast schedule.

Other Issues

Growth in radio-based communica-
tions and control systems is creating a
regulatory logjam. To work around the
problem, many initial product offerings
operate in the unlicensed industrial, sci-
entific and medical (ISM) bands under
the provisions of Part 15 of the FCC
Rules and Regulations. However, it is
assumed that these bands will rapidly
become overcrowded if the trend contin-
ues.

The increased proliferation of radio
frequency devices poses another prob-
lem that may ultimately require a regula-
tory solution, interference — both to
other devices, and received interfer-
ence. The European Community has
included interference immunity stan-
dards in its electromagnetic compatibility
(EMC) standards that will take effect in
1996. In the U.S., the FCC and the
Standards Committee of the IEEE EMC
Society has been studying susceptibility
to interference, but no standards are in
place. in order for an increased number
of radio devices to operate reliably, such
standards may be required. Many pro-
posed products will be low-cost con-
sumer items, which may not incorporate
good EMC practices in their design
unless required to do so. Other applica-
tions are for commercial and industrial
users, which may involve harsh EMC
environments. RF

For reprints of this report, call Argus
Business (formerly Cardiff Publishing
Co.) at (303) 220-0600. Ask for reprint
sales.
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RF featured technology

Using Aliased-Imaging Techniques
in DDS to Generate RF Signals

By Allen Hill and Jim Surber

Analog Devices, Inc. Computer Labs Group

Direct digital synthesis (DDS) is an
increasingly popular means of generat-
ing highly accurate, and harmonically
pure digital representations of signals.
Effectively, the architecture digitally
divides the phase of a highly accurate
clock by a digital tuning word (typically
32-bits) and uses a lookup table to con-
vert the phase information to the desired
frequency and signal output format. This
conversion is accomplished with either a
RAM lookup table or a direct phase-to-
sine amplitude conversion stage. The
latter type of DDS architecture will gen-
erate only a sine wave output, and may
sometimes be referred to as a “numeri-
cally controlled oscillator”, while the for-
mer may be programmed to generate
any arbitrary waveform desired by the
user (triangle, sawtooth, etc.). The digi-
tal output of a DDS circuit is usually
reconstructed with an accurate high-
speed D/A converter to provide an ana-
log output signal. The inherent advan-
tages in the DDS waveform generation
technique is in its high degree of fre-
quency resolution, frequency agility, and
in the spectral purity of its digital output.
DDS is also gaining popularity because
of its computer-compatibility and ease of
system design afforded by the large
scale of functional integration contained
in the DDS chip.

igure 1 shows a block diagram of the
Analog Devices AD9955 direct digital
synthesizer chip which utilizes a phase-
to-sine amplitude converter stage to
generate a sinusoidal digital output. This
highly-integrated DDS chip will accept a
32-bit tuning word and will generate a
12-bit sine output with a spurious-free
dynamic range of >90 dB. This architec-
ture uses a quarter wave sine/cosine
computation circuitry, which takes
advantage of the symmetry of a sine
wave, to reduce the chip complexity and
size. The output frequency resolution of
this type of architecture is determined by
the formula: clock/2%2.
The main function of DDS circuitry is
to generate a high-speed output signal
but there are several considerations that
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determine the maximum frequency that
can realistically be synthesized by a
DDS. Traditional Nyquist sampling theo-
ry dictates that at least two samples per
cycle are required to accurately recon-
struct a fundamental output frequency of
interest. Under this convention, the max-
imum frequency that could be synthe-
sized by a DDS system would be
Clock/2. One factor that results from
“violating” the Nyquist theorem is the
appearance of aliased images which are
generated as an interactive function of
the clock frequency and the fundamen-
tal output frequency of the DDS. To get
a clear understanding of this phenome-
non, please refer to the model of the
spectral output of a sampled system, as
shown in Figure 2.

As depicted, the first aliased image
appears at F ., - Fqngamenta @Nd addi-
tional images will appear at (N)F_ ..
£F ndamentar Where N=any integer. At
fundamental output frequencies above
clock/2, the first image response will fall
within the DC-fundamental output band-
width and it cannot be filtered out with a
traditional anti-aliasing filter response.
The rolloff in amplitude of the aliased
images (gray area in Figure 2) is due to
the SINX/X response of the quantized
output of the DDS and the reconstruc-
tion DAC. The glitch energy and non-lin-
earity errors contained in the DAC’s
transfer function, will appear as harmon-
ics and spurious energy in the output
spectrum. This energy does not have
the SINX/X rolloff characteristic and will
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generally be much lower in amplitude
than the aliased images.

System clock noise is also a factor
that limits the performance of high-
speed DDS circuitry. As previously
explained, standard sampling theory dic-
tates that the clock must be two times
the output frequency to avoid frequency
aliasing. This means that high analog
output frequencies require higher clock
rates. However, high clock frequencies
are difficult and expensive to generate
and they are notorious for generating
system noise that is virtually impossible
to subdue. Clock noise is always pre-
sent in the analog output and the fidelity
of the DDS is directly related to the level
of noise reduction techniques used in its
circuit layout. Clock frequencies above
100 MHz are extremely difficult to imple-
ment and control which places a practi-
cal limit on the upper output frequency
limit of a DDS system, under traditional
Nyquist criteria.

Another limitation to using DDS archi-
tecture to synthesize high-speed RF sig-
nals is the relatively poor spectral purity
of the signal reconstructed by the D/A
converter, versus that of a traditional
oscillator-generated analog RF signal. It
is not uncommon to lose more than 20
dB of spurious-free dynamic range in
the DDS-generated signal at the D/A
converter stage, due to differential non-
linearity and integral non-linearity errors,
and glitch energy in the DAC transfer
function. Furthermore, the higher the
frequency of the signal being recon-
structed, the lower the expected dynam-
ic performance from the D/A converter.
This has necessitated the technique of
using a DDS circuit, in conjunction with
phase-locked loop (PLL) circuits, or het-
erodyning mixer stages, to increase the
output signal frequency to the RF range
required for local oscillator stages in
wide-band receivers. In the PLL up-con-
version stage, the DDS circuit is gener-
ally either used as the “modulo N” func-
tion in the PLL, or as the reference fre-
quency applied to the phase compara-
tor. In either case the DDS advantages
of high frequency resolution and digital
control are preserved. The disadvan-
tages to this “marriage” of DDS and PLL
architecture is additional circuit com-
plexity and slow loop response times.

Reducing Upconversion
Complexity

The DDS architecture can be used in
such as way that the PLL, or mixer, up-
conversion stage is unnecessary in
some applications. As was shown in the
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model of the spectral output of a sam-
pled system (Figure 2), there are
images of a higher frequency than the
fundamental that appear at (N)F__,
+F indamentar Where N = any integer By
utilizing one of these aliased images as
the prime signal source, the RF design-
er may be able to avoid, or at least
reduce, the additional up-conversion
stages required to generate the desired
RF range. With the conditions of clock
rate = 51 MHz and F_, = 19 MHz as
shown in the spectral model, the second
image response of 70 MHz could easily
be selected as the desired output fre-
guency. Bandpass filtering would be
required to isolate the aliased image
from the adjacent harmonic and spuri-
ous signals and amplification may also
be required to compensate for the
SINX/X rolloff response. As will be
shown later in this article, actual test
results from a DDS/DAC combination

operating under these conditions can
yield a 70 MHz sine wave that has a
spurious-free dynamic range of 66 dB,
over a frequency span of at least 500
kHz. The amplitude of the 70 MHz
aliased image will be about —17 dBm.

Real-World Test Results

For observing the output of a DDS
system and characterizing the potential
of the aliased-imaging technique, we
used the Analog Devices AD9955/PCB,
DDS evaluation board, as our test piat-
form. This evaluation board is a com-
plete, and fully PC-compatible, DDS
system which greatly facilitates bench-
top experimentation. The block diagram
of the AD9955/PCB, and our test setup,
is shown in Figure 3.

We selected a 10-bit D/A converter,
the AD9721BBN, as the reconstruction
DAC for the DDS system. This DAC
gives the highest dynamic performance
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available at frequencies above 20 MHz.
The output was observed on a spectrum
analyzer which had the necessary filter-
ing and frequency resolution features to
fully analyze the aliased images. The
following plot of a spectrum analyzer
display of the test setup output, shows
the detailed spectral analysis of the sec-
ond aliased image at 70 MHz. Figure 4
shows the wideband spectral plot from
DC to 150 MHz which verifies the pres-
ence and amplitudes of the output fun-
damental, clock, aliased images, spuri-
ous signals, harmonics, and noise floor,
of the test setup. The locations of the
various frequency components in the
output spectrum are exactly per the
model.

The next series of plots show the
spurious-free dynamic range of the sec-
ond aliased image as the fundamental is
swept over the range of 19 MHz +250
kHz, in five increments. These plots ver-
ify that the aliased image has an SFDR
of greater than 66 dB within this fre-
guency span. This technique of sweep-
ing the fundamental through a frequency
band, provides a measure of the range
of frequency agility that is available to
the aliased image, while maintaining a
minimum level of SFDR. This level of
dynamic performance at 70 MHz is gen-
erally as good as that which is afforded
by adding an up- conversion stage to
the DDS, and operating under similar
conditions.

Phase Noise Performance

System designers who are using DDS
to generate carrier frequencies are gen-
erally interested in spurious signals that
is very close in to the carrier frequency.
Unfortunately the photographs of the
spectrum analyzer output (refer to Fig-
ures 5a-e) indicate a very wide spread
of spurious energy at the carrier. The
unusually high level of spurious energy,
manifested in the width of the carrier on
the spectrum analyzer display, is mostly
due to jitter in the local oscillator of the
spectrum analyzer itself; it is not gener-
ated within the DDS system. The phase
noise of a carrier synthesized in a DDS
system, is inherently low. It is actually
determined by the phase noise of the
system clock and, as will be revealed,
the DDS output actually contains less
phase noise than the clock itself. The
reason for the lower phase noise in the
DDS output is straightforward. The
function of the DDS architecture is to
perform a divide-by-n function on the
clock. The clock’s phase jitter is also
subjected to the divide-by function and
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will appear reduced on the output of the
DDS.

In order to verify the level of spurious
energy close-in to the carrier, we actu-
ally measured the phase noise of the
output of the AD9955 DDS chip at vari-
ous frequencies. This measurement
was accomplished in the evaluation
board test setup with a 50 MHz clock,
generating frequencies of 7.220 MHz,
9.999 MHz, and 19.780 MHz. The
phase noise measurement was per-
formed with a Hewlett Packard 3048A
phase noise measurement system. Fig-
ure 6 is the plot of the three output fre-
quencies showing the phase noise over
a span of up to 10 kHz from the carrier.
This measurement technique provides a
much more accurate characterization of
the close-in spurious energy than the
spectrum analyzer display. As can be
seen, the phase noise, at a 1 kHz offset
from the carrier, is greater than 130
dBc/Hz at all of the selected output fre-
quencies, with this particular clock fre-
quency. This performance characteristic
is not directly measurable on a typical
spectrum analyzer display. It is also
apparent in the plot that the phase
noise of the clock is of higher magni-
tude than that of the output frequencies
because of the divide-by function of the
DDS, as discussed earlier.

Making it Work

Establishing the proper DDS operating
conditions for creating a desired aliased
image response requires consideration
of several variables. Obviously, aliased
images are created by interaction of the
clock and fundamental output frequen-
cies so the optimum combination of the
two must be determined through calcu-
lation and empirical observation. As a
basic guideline for selecting the operat-
ing points, the following procedure can
be followed:

1. Determine the aliased image output
frequency of interest and the bandwidth
requirement.

2. Select the fundamental frequency,
for a given clock frequency, that will
generate the desired aliased image.
Sketching the spectral plot of (N)F__
1F indamentar MaY be helpful in visualizing
and selecting the best combination of
clock frequency and fundamental output
frequency. For best results, N should
not be a multiple of the clock and the
fundamental output frequency should
not exceed 40 percent of the clock fre-
quency. As a practical rule, lower clock
frequencies will generate relatively lower
levels of harmonic distortion related to
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RF cover story

Linear Frequency Modulation —
Theory and Practice

By Bar-Giora Goldberg
Sciteq Electronics, Inc.

This article addresses high-perfor-
mance applications for chirp waveforms,
and describes the Sciteq DCP-1, an all-
digital mechanism for generating chirp
signals with a combination of linearity
and operating bandwidth not previously
achieved.

linear frequency modulation (FM)

signal, or “chirp” is a swept frequen-
¢y change over some frequency range.
Ideally, the rate of change is perfectly
constant (time vs. frequency), without
ambiguity or anomaly. Originally stimu-
lated by emerging radar requirements to
distribute energy across a range of fre-
quencies, virtually all early LFM signals
were generated with analog devices
such as a voltage controlled oscillator
(VCO) or surface acoustic wave (SAW)
resonator. Analog ambiguities were
introduced by typical RF component and
environment uncertainties, and therefore
system performance was far from theo-
retical, but designers had no choice but
to attempt to work around these prob-
lems. The cost of linearizing and com-
pensating such circuitry in some cases
was as expensive as the rest of the RF
subsystem, so the high cost of
approaching theoretical numbers, and
the unavoidable errors caused by ana-
log solutions, made such applications
useful primarily for experimentation and
scientific exploration.

The advantage of a chirp waveform
drove its adoption by certain high perfor-
mance radar, sonar, and communication
systems, particularly in military systems.
A chirp signal’s energy is spread across
a wide band rather than focused at one
point, which helps reduce emitter spec-
tral density and makes it harder to jam.
Such an approach permits communica-
tion or system operation to continue
even if part of the spectrum is blocked.
Most importantly, it allows high resolu-
tion and is therefore applicable to imag-
ing, altimetry, and fuzing where resolu-
tion is an important parameter.

In the late 40s and early 50s, as pulse
radar technology grew out of its infancy,
a problem became visible. Radar range
depends on E/N,, where E is the pulse
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Figure 1. How a DDS works.

energy, E = P'T, (P is the received
power proportional to the transmit
power, T is the pulse duration) and N, is
the receiver noise density. Resolution
depends on the signal bandwidth. These
two requirements are related diagonally;
improving E makes it necessary to
increase T but an increase in T reduces
the pulse bandwidth and therefore reso-
lution. The most visible solution was to
modulate the pulse, which makes the
pulse bandwidth dependent upon the
modulating waveform rather than the
pulse length of (approximately) 1/T. One
of the early waveforms suggested for
this application was linear FM, and it
remains optimum for many radar appli-
cations.

Recently, the utility of linear FM in
non-radar applications has been recog-
nized. Use of this technique was
explored in various other systems
including communication, semiconduc-
tor process control, sonar, seekers, sim-
ulation, and test equipment. In 1989,
Sciteq began work on an all-digital tech-
nique for producing such systems that
would exploit the firm’s experience with
direct digital synthesis (DDS) technolo-
gy. DDS (Figure 1) had evolved into a
useful signal generation tool, but exist-
ing implementations were not appropri-
ate for chirp generation, except at near-
audio frequencies for sonar, due to
latencies in the designs. Nevertheless, it
was clear that the best approach to an
idealized chirp generator would exploit
some derivative of DDS techniques.

By 1990, key digital and data conver-

sion components had already been
developed or were being developed,
either by Sciteq or other agencies (San-
dia National Laboratories, for one), and
for the first time it appeared possible to
produce the industry’s first wideband
digital chirp synthesizer. Accordingly,
Army Research Laboratory (then Harry
Diamond Labs), let a Small Business
Innovative Research (SBIR) Phase |
contract to Sciteq to determine the prac-
ticality of meeting theoretical goals for
the Army’s next-generation battlefield
surveillance radars. Specifically, the
group working on Synthetic Aperture
Radar believed that a digital signal gen-
eration solution was important to pro-
gram objectives. Sciteq’s interface to
this program has been Barry Scheiner of
ARL.

The Phase | report was positive and
defined a practical path to the desired
goal, leading to a Phase Il contract
award. Though most SBIR projects are
considered high risk, the development
was successful and first prototypes were
delivered during the past year to the
Army and to other agencies interested in
the exploitation of ideal linear FM sig-
nals. The nature of the SBIR program is
to permit the contractor to retain control
over the new technology, and to com-
mercialize the results where possible,
hence the availability of Sciteq’s direct-
digital chirp synthesizer (DDCS) to the
industry. That product, designated the
DCP-1, is a DDCS that produces linear
FM signals over a band of more than
230 MHz, with linearity approaching an
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Figure 7. Basic architecture of the DCP-1.
™.

Figure 8. Different time/frequency relationships possible.

only the specified accumulation func-
tions, but also provides 12 bits of phase
control plus a time-equalized 8-bit fre-
quency output that supports system tim-
ing. The memory device uses a patent-
pending algorithm (Sciteq’s) to map the
phase output of the accumulator to digi-
tally-defined amplitudes, also at a 500
MHz rate or better. The digital output of
the memory is considered near-perfect,
with digital error supporting a spurious
response better than 70 dB below the
carrier, so it is the digital-to-analog con-
verter (DAC) that limits the spectral puri-

ty of the system. In the initial DCP-1s,
the DAC is a 12-bit GaAs part devel-
oped by a consortium including GE,
Sciteq, Motorola, and Hughes. The
DCP-1 basic architecture is shown in
Figure 7.

In the LFM mode, the DCP-1 updates
frequency at a 500 MHz rate, which
means that a new frequency is synthe-
sized every two nanoseconds. The
slowest chirp rate is =15 kHz/usec (=30
Hz times 500, since there are 500 steps
in each microsecond). For a full band
sweep, this would take approximately

CW MODE WITH TRANSFORMER AND FILTER
Feoux = 500 MKz
Fo =200 MHz
30 1,22 d3n - TR HFRD 1R1R M
ATTEN 27 s S
19.82 B35l

]

- - - | S PR U
MM‘(&mWL

e . IS
START .02 HH: STOP SER.R MH:
48 343 ¥H:z UB 3.8% iz ST 1.EE3 aec

CW MODE WITH TRANSFORMER AND FILTER

o = z
Fo=3Fg /8=1875 MHz

AL 10.88 dBm
ATTEN 22 d8

WAR B1GFAY -1R5.Y MHe
-45.41 ¢3

T§TaRy g wel T T TTSToe sep.d P
RE HE KMz )3 392 k4 ST 1653 sec

Figure 9. Spurious performance plots.
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13.4 msec (230,000,000 +~ 29.8 2 nsec
= 15.4 msec). Obviously, faster sweeps
are possible and are only limited by the
resolution that is acceptable (as an
extreme, at 230 MHz resolution it’s one
full chirp — a single step in two
nanoseconds). A chirp rate of 10
MHz/usec is practical if it is desired to
cover a 50 MHz bandwidth in 5 psec (5
usec = 2 nsec for the number of steps
gives a required resolution of 20 kHz).

The synthesizer is controlled by load-
ing two registers — start frequency and
chirp rate (or step size). When the chirp
begins, the step size will be added to
the start frequency every 2 nsec. At any
point during the chirp it is possible to
change the chirp rate so that the differ-
ent time:frequency relationships shown
in Figure 8 are possible. A negative
value in the chirp rate register will pro-
duce a sweep starting at a higher fre-
quency and moving lower, thus support-
ing complete manipulation of all para-
meters of the output.

In addition, 12 bits of phase control are
available for compensation of the
response during the sweep to reduce
side lobes. This may be updated at a rate
limited only by speed limitations of TTL
logic. Phase control adds ancther dimen-
sion of flexibility by permitting the control
of phase from pulse to pulse, which per-
mits accurate matching of signals.

Basic specifications for the DCP-1 are
given in Table 1.

Subsystem Configurations

The DCP-1 is shipped in a conven-
tional 5.25 in. chassis that includes the
basic chirp synthesizer (designated the
DCP-1A) and the support functions
shown in Figure 7. Users are encour-
aged to begin work with the complete
system, as shown, to reduce risk and
speed integration time. in production,
however, some combination of the
power supply, output filter, control inter-
face, reference, and cooling blocks will
ordinarily be integrated into the user’s
system. Production systems therefore
use only the basic DCP-1A module
(about 5"x7"x17),

Applications and Experimental
Results to Date

The DCP-1 generates its output in the
low-UHF range. Typically, that chirp sig-
nal must be upconverted to the desired
system operating range by either mix/fil-
ter or multiplication techniques. The
DCP-1 is now used by a variety of sys-
tems, including two millimeter-wave
seeker programs, four synthetic aper-
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RF tutorial

Introduction to S-Parameters

By Theodore Grosch, Ph.D.
MIT/Lincoln Labs

Scattering-parameters, or S-parame-
ters, have been used since the 50’s to
describe microwave circuits. At high fre-
quencies it is difficult to measure the
voltage and current at a terminal of a
device or network. On the other hand,
directional couplers can easily measure
the power flow into or out of the circuit,
This creates a situation where it is con-
venient to describe the electrical proper-
ties of a circuit by some means of power
flow or ratios thereof.

S—parameters are steady-state linear
coefficients used to express an n-
port at a particular frequency. Since S-
parameters are linear combinations of
voltages and currents in a network, they
can be manipulated much like any other
linear matrix form of network characteri-
zation.

S-parameters represent ratios
between incident and reflected wave
amplitudes in a transmission line.These
are direct expressions of reflection and
transmission that are especially useful in
high frequency analysis and design.
They are particularly suitable for prob-
lems of power transfer in networks
involving insertion gain or loss. Since
they express power flow, they are also
especially useful in problems dealing
with the conservation of energy in pas-
sive networks. This makes them valu-
able for finding the realizability of net-
works in the frequency domain for net-
work synthesis.

The Wave Vectors

S-parameters are ratios derived from
transmission line concepts of incident
and reflected voltage and current
waves. The popular transmission line
solution gives these quantities as for-
ward and reverse time-harmonic travel-
ing waves. Consider the circuit in Figure
1 with a generator of open circuit volt-
age E and a positive real internal imped-
ance of Z, connected to a load of imped-
ance Z,. This represents a termination
on a transmission line of characteristic
impedance Z,. The current and voltage
in Figure 1 are:

E

|=
Zy+2,

(1)

64

__EZ
Zo+Z,

(@)

where there is an implied factor of ejwt
along with these quantities. These are
vectors that define the amplitude and
phase of the voltage and current at a
specific frequency referenced to the
open circuit voltage E. In a high frequen-
cy circuit, these quantities are difficult to
measure. It’s easier to put a directional
coupler between the generator and the
load and measure the power flow that is
incident upon, and reflected from, the
load.

Let’'s define the incident current and
voltage as those quantities that would
exist at the load if the load were perfect-
ly matched to the generator (Z, = Z;).

.+ E
I‘220 ®)
_E

This makes it easy to define the maxi-
mum power, or incident power, that can
be delivered to any load.

E 2
_E ®
4Z,

Let's also define the reflected voltage
and current as the difference between
their actual and incident values.

_E _E

Zo+2Z, 22,

_ E(Z,-2,) ©
2Z,(Z, +2,)

V+ (|+ )" — P+

mF=l-1"=

viovove-FA B
Zo+2Z, 2

7

CE(Z,-2) ™

C2Z,+ 7))

From the ratio of either of the two volt-
ages or currents one gets the expres-
sion for reflection coefficient.
Vo Z,-Z
Vet Z,+2,

Since we can easily measure incident
power with directional couplers, one of

8)

our variables will be related to Equations
5. Going back to the incident voltage
and current, it would be more conve-
nient to normalize these by the charac-
teristic impedance Z,. We can define a
normalized incident vector a in terms of
the incident voltage and current.

* V+2ZI
a=—=.Z|"= o )

JZo Y T ez
We can also define a normalized

reflected vector b that is a function of
the reflected voltage and current.

V™ V-21
b=——=_\JZ,I = o
o T

So, in terms of a and b, the incident
power is

(10)

P = lal?, (11)
the reflected power is
P~ = Ibl?, (12)

the reflection coefficient is

r=2 (13)
a
I

ﬁ_b
+

Zo
% 7L

E

Figure 1. A one-port network Z,
connected to a generator with a
positive real internal impedance
Z,.
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Zg /\a_l/V ‘\ﬁ'\ ZL
~—_— Two-port —

r, r,

Figure 2. A two-port network and the incident vectors a, and a, and out-
going waves b, and b, at the two ports.

the actual power delivered to the load
will be

P =lal® -Ibl?, (14)
and the VSWR of the termination is
lal+lbl
= . 15
P = T2l (1%)

Armed with a new set of variables a
and b, it is simpler to compare the calcu-
lated circuit response with the power
flow measured with directional couplers
and power meters.

S-Parameters of Linear Networks

Usually, there is very little interest in
the actual values of a and b. The inter-
est lies in their ratio defining reflection
and transmission of power in a network.
The reflection coefficient G in Equation
13 is the S-parameter representation of
a one port. Just like Z and Y parame-
ters, S-parameters can be extended to
n-port networks by defining incoming
and outgoing waves at each port,

1 Vi+2Z
a; =§[— Z]’ (16)
1 V-2,

where i and j are the port number. For
the two-port network shown in Figure 2,
the S-parameters are defined as,

b,

S :a-1 ay =0’ (18)
b,

Siz :glafo! (19)
b

Sy = a_?| 2y 0> (20)
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_b,
) (21)
where
by =S;1as + S;28,, (22a)
by =Syiay + Spa,, (22b)

or in matrix representation

[m):[sn S12J(a1 J 23)
b,) S, SxpMa,

In Equation 22, one can see that b, is
a linear combination of the reflected
wave at the input due to S11 and the
wave transmitted from output to input
due to S12.

Since the waves a, and b, are func-
tions of voltage and current vectors, the
S-parameters their ratios form can be

related to the Z, Y, and ABCD parame-
ters of the network. To see how this
works, we look at the matrix of S-para-
meters S and column vectors a’ and b’
in Equation 23,

b'=Sa' (24)

where

a'= {;f (V+2Z,), (25a)
o1

b'= (V-2 (25b)

JZ,

and V and | are the column vector made
of the voltages on the two-port terminals
and the current flowing into the termi-
nals. The impedance matrix of the two
port is defined as,

V=2l (26)

Substituting Equation 26 in to the
Equations 25,

]
A
b= (Z1-2Z.))

JZ,

we can find that the S-parameter matrix
can be expressed as a function of the Z-
parameter matrix and the characteristic
impedance.

a'=

(Z1+2z,)), (27a)

(27b)

Sin
P S
I +
+
Zo Ig 75 Q
Transmission Vv 7 |
Vg Line of L
Length 3/8 A
E I — <__ v
- 8 I°

Figure 3. The circuit of Figure 1 with a transmission line inserted

between the generator and load.
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b _@-zh_ .
S- @iz @ L)
(28)

Note that the constant Z, in Equation 28
was converted to a diagonal matrix Z,
by multiplying Z, times the identity
matrix. S-parameters are related to
other network parameters by performing
similar derivations to the one above.

Examples

The following examples will illustrate
the use of the wave vectors and S-para-
meters. Consider the situation where a
75 Ohm transmission line terminated
with a 35 + j120 Ohm load. We want to
find the reflection coefficient and the
VSWR using the wave vectors.

Figure 1 shows this circuit with Z, =75
W and Z = 35 + j120. Normalizing the
voltage source to 1, the incident voltage
and current are (as if the transmission
line were perfectly matched),

Vit o (29)
2" 150

The reflected voltage and current are
found to be

75 — (35 + j120)
2(75 + (35 + j120)) (30)
_ 40-j120 4
220+ (240 -5+i9’
75 — (35 + j120)

" 150(75 + (35 + j120)) (31)
B 4
- _375+ 675

The vectors a and b are

1 4
a= y b = ,
275 J75(=5 + |9)

and so the reflection coefficient and the
VSWR are

(32)

r-s -—°%_, (33)
-5+j9
1.4
p:———? \/14&:7.97:1. (34)
2 4106

For the next example, consider the cir-
cuit shown in Figure 3. The termination
in Example 1 is connected to the same
75 ohm source through a transmission
line of length 3/8A. At the load, the para-
meters calculated above are the same.

RF Design

At the generator, the phases have been
shifted by the length of transmission
line. in terms of incident voltage and
current at the generator,

1 "3 1 o1
V, =—exp(i2n=)=———=+]j—==,
o p( 8) o2 12«5
(35)
1 i~ 3 1 1 1
|, =—exp(i2n=)=—| ——+|—
9" 150 Pl g 150[ V2 Jﬁ
(36)
The reflected voltage and current are
ot eppndy 22
9 -5+j9 8 5-19
(37)
3
| =————exp(-j2n—
o = 3754 je75 PLRTY)
38
22 +j242 %9)
375-i675
The vectors a and b are
1 1 1
a=——|-m="ti=) 39
sl ) %)
b 22 + 242 (40)

\J75(+5 - j9)

and the reflection coefficient and the
VSWR are

S S exp(—j2n§)
b \75(-5 +9) 8
Sp=T=—==

275

8 3
= exp(-jdn— (41)
-5+j9 p(-] 8)

3
o S
exp(jer o)

.3
gexp(—jr —
~ p( an)_

i8
5-9

-5+j9

p="5.644: 1[since

_ 1],

(42)

)

Notice that the phase of the reflection
coefficient has been shifted by 2 times
the electrical length because the waves
have to get to the load and then come
back again through the length of trans-
mission line.

For the final example, consider a two
port network with port two terminated as
shown in Figure 2. Suppose we want to
know the input reflection coefficient Gi.
The ratio of the reflected wave from the

load, a,, to the incident wave on the
load, by, is

T =—%. (43)

The incident wave on the output of the
two-port is

a, =I'b,. (44)

Substituting this in Equation 22, the
response of the two-port is given by

by =S8, + S;,T by, (45)

b, =85, + Syl b,. (46)

By solving the second equation for b2,

b, = i (47)

1-Spl
we can solve the first equation and find
the input reflection coefficient.
Fi:ﬁ:8”+m, (48)

a, 1-8,I

The S-parameters can be manipuiated
algebraically like any of the other linear
parameters.

Closing Remarks

This has been a basic nuts-and-bolts
discussion of S-parameters and their
relation to the other linear network para-
meters. The voltage across a load or
network port is split into two compo-
nents. One component being the volt-
age (incident voltage) that would exist
there if the load or port were perfectly
matched to the transmission line. The
second voltage is the reflected or differ-
ence between the actual and incident
voltages. The concept is the same for
current, and with these quantities, we
define the incident and reflected waves
aand b.

A few things have been simpiified in
this discussion. Most all applications will
be in a characteristic impedance of 50
Ohms. But in general, the characteristic
impedance on the ith port of a network
can be any complex number Zsi other
than 0 or infinity. In this case, we have
to define the column vectors a’ and b’
for an n-port as

a'=R,(V+Z) (49)
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A Tiny Electromagnetics Simulator

By Jonathon Y.C. Cheah
Hughes Network Systems

This article describes a tiny simulation
program based on the Transmission
Line Model [1] for solving the electro-
magnetic wave equation. The Transmis-
sion Line Model (TLM) method provides
a visual numerical solution to problems
in electromagnetics that is more intuitive
than purely numerical results. This pro-
gram was among the top entries in the
1993 RF Design Awards Contest.

lectromagnetics is one of the more

difficult subjects in the RF engineer-
ing discipline. However, demands for
modern day RF design engineers are in
the circuit design arena, so the funda-
mentals of electromagnetics take a back
seat in most instances. Engineers gladly
use pre-packaged closed-form equa-
tions for most problems of this nature.
The popular use of closed-form quasi-
static approximations for the complicat-
ed inhomogeneous microstrip line
impedance and discontinuities are good
examples. However, problems in elec-
tromagnetics are normally not as easily
visualized as in other circuit analysis.

TLM puts visibility into the solution by
using a time domain impulse over a
transmission line structure. If a time
impulse is asserted in a transmission
line, it is logical that the frequency
response of the transmission line can
then be fully characterized by its
impulse response.

Following the equivalent circuit of a
shunt node as shown in Figure 1, the
well known resultant wave equation
from the Maxwell’s equations for E
propagating in the z and x directions,
and its equivalent circuit counterpart
respectively are:

9°E, 0°E, 9°E

ox? " a2 Btzy ()
and
*V, 0%V, ERY

+ =oLc—* 2
ox? 9z ot? @
70

-

Transmission line node

Equivalent circuit

Figure 1. The unit length shunt node.

1

(a) Incident voltage

3
lr +0.5
0.5
2 *O 0.5
4 i N 4
Y Pl
Y 05

1
(b) Reflected voltages

Figure 2. The unit node incident /reflected voltage relationship.

It follows that,
E=V, u=L e=2C

Thus, the propagation velocity at the
shunt node is:

1 1
V| —m = ——— (3)
VHo€o vaLe

Similarly the intrinsic impedance is,

_ (Mo _ L
”‘g J; (4)

It can be seen that the above equiva-
lence introduces a propagation velocity

factor of 1/¥2 in TLM simulation, and it
will be more obvious in the simulation
program. Indeed, the velocity is a func-
tion of the granularity of the physical
dimension step size used in the compu-
tation with respect to the propagation
wavelength. In this program, this varia-
tion is avoided by enforcing the total
granularity to be no larger than 0.05 of a
wavelength.

Considering the mesh point configura-
tion shown in Figure 2a, a voltage
impulse of magnitude 1 arriving from
line 1 will generate a reflection of -1/2,
by virtue of the transmission line mis-
match of the termination of three paral-
lel lines, with resultant impedance of
1/3,

P31 1 5)
1/3+1 2
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movie

displayed only.

Commands Purpose
start This command must be the first command of the file.

Movie enables the simulation in 3 dimensions to be shown. If n=0,
n 100 frames of the simulation in time beginning with the assertion of
the impulse are displayed. This is the most educational part of
TLM. n= any number 1 to 100 will cause that particular frame to be

This command enables the scattering matrix computation. Input
and output must be specified, for the S-plots to be displayed. Total-

This command indicates the lowest initial value f in Al/A. The step

This command defines the boundary limits. The first is the location
where the impulse will be asserted. xI, xh are the low x coordinate

scatter

ly zero value functions will not be plotted.
input, z,x This command indicates the location of the input coordinates.
output, zx  This command indicates the location of the output coordinates.
limit f,s

size is s. The program calculates 100 steps automatically.
end This command ends the instruction section.
boundary This command starts the boundary section.
z
z,xi,xh

and the high x coordinate boundaries.
end This command terminates the circuit file.

Table 1. List of available commands.

File name Variables Explanation

EHI.dat E(t),H(t) Time values of E,. H, at the input port

EHO.dat E(t),H() Time values of E,, H, at the output port

EHR.dat E(t),H(1) Time values of E,, H, at the reference port

EMFEHI.dat  AI/AE,H;  Complex frequency values of E and H at the input
port

EMFEHO.dat Al/AE;H; Complex frequency values of E and H at the output
port

EMFEHR.dat Al/A, E,H; Complex frequency values of E and H at the refer-
ence port

EMZEHI.dat AV, [E/H|  Frequency values of the input port impedance

EMZEHO.dat Al/A, |E/H|  Frequency values of the output port impedance

MAGS11.ps IS11] Postscript plot file of the magnitude of S11

ARGS11.ps argS11 Postscript plot file of the phase of S11

MAGS21.ps  |S21| Postscript plot file of the magnitude of S21

ARGS21.ps argS21 Postscript plot file of the phase of 521

Table 2. ASCII files produced by the simulation.

and similarly, impulses of magnitude 1/2
are launched in the terminating lines as
shown in Figure 2b.

Thus, if Vil and Vr} denote the inci-
dent voltage and the reflected voltage at
k node line 1 respectively, then at node
k+1, the reflected voltages of line n can
be written as:

RF Design

where,

Vike(z,x) = Ve (z,x-1)
Viki(z,x) = Vrk+! (z—1,x)
Vil (z,x) = Vré+ (z,x+1)
VikHi(z,x) = VrkT (z+1,x)

For open circuit boundaries, the
reflection component of a point inside
the boundary is mirrored by the same
value immediately outside a boundary.
For example, a point (i,j) just outside the
boundary of j-0.5, is:

examplel.dat example2.dat
start start
movie scatter
0 input
input 14,10
14,6 limit
limit 0.001,0.0001
0.002,0.0002 movie
end 75
boundary output
z 45,10
4,2,10 end
z boundary
242,10 z
end 4219
z
30,8,12
z
46,8,12
end

Table 3. Data files for example 1
and example 2.

Ve (i) = Vg (ij-1) @)

likewise, for boundary of i-0.5, the same
point (i,j) just outside the boundary, is:

Vv (i) = Vrg (i-1.) (8)

The relationship indicated above,
allows the propagation voltage values at
each node to be calculated throughout
the mesh points within the boundaries.

Now the values of Ey and H, can also be
evaluated:

E‘; (m,n) = 1/2[Vi (m,n)+ Vi% (m,n)+
Vik (m,n)+ Vik (m,n)] (9)

and,
H¥ (m,n) = Vi% (m,n)-Vi¥ (m,n) (10)
The corresponding frequency

response S(f) can now be obtained by
FFT in the following manner:

S[%I) = §sk cos(zn;:Alj +

k=1
j gSk sin( 2nkA|)
k=1 A

(1)

where S¥ is the time function of E, or
H, generated before. j=V=1, N is the
total number of time intervals and Al is
the physical length between two nodes.
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A Programmable Gain, Constant
Phase Shift Amplifier

By Thomas McDermott and Roy Keeney
Toshiba America MR, Inc.

In a magnetic resonance imaging
(MRI) system, the signal sensed from
the patient is at the resonant frequency
of protons for the particular field strength
of the system’s magnet (1). Typical res-
onant frequencies for clinical MRI sys-
tems are from about 2 to 64 MHz, which
correspond to 0.06 to 1.50 Tesla mag-
nets. The RF receiver mixes the signal
down from the resonant frequency to
DC where it is converted to digital form
and read by the system computer. An
MRI receiver must have variable gain to
accommodate a wide range of input lev-
els. However, as the gain is varied, the
phase shift through the receiver must be
kept constant. This paper describes a
programmable gain, constant phase
shift amplifier for use in an MRI receiver.

he goal for the entire receiver is to

switch gain over a 63 dB range in 1.0
0.2 dB steps, with a phase change of
less than £1.5 degrees. This can be
achieved with several cascaded ampli-
fiers. Further, the amplifiers must have
noise and distortion characteristics that
allow the receiver to have the highest
possible dynamic range.

Basic Circuit

Several options exist for implementing
this function. Off-the-shelf solutions are
available, but typically their bandwidth
greatly exceeds what is needed in MRI,
and at several hundred dollars, can be
quite expensive for this application. A
straightforward way to change signal
level is to switch an attenuator in and
out of the signal path. This is commonly
done with two SPDT switches (diode or
relay). However, switching 63 dB of
attenuation in and out can have a
noticeable effect on the receiver noise
figure. Switching an amplifier in and out
of the signal path is one alternative.
MMIC amplifiers would be simple and
inexpensive to use, but their power
capability would limit the overall receiver
distortion performance. A transistor
amplifier might overcome this, but can
be unnecessarily complicated.

Finally we settled on an op amp circuit

76
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Figure 1. Basic circuit.

in which the gain itself is switched, as
opposed to the signal path. This allows
multiple bits of gain control per amplifier.
An op amp is simple and inexpensive,
can handle high signal levels, and can
operate in the low MHz frequency
range. As will be discussed in the next
section, there is a way to compensate
for its relatively poor noise performance.

Figure 1 shows the basic circuit. An
op amp is configured as an inverting
amplifier with multiple gain-determining
resistors (R1, R2, ..., RN). Current from
a control line flows through resistors RD
to turn on a diode, thus selecting a gain.
The resistance of the diode separates
the upper end of the variable capacitor
from AC ground, allowing phase adjust-
ment with a small capacitor. The diode
resistance simply adds to the gain-
determining resistor for gain calcula-
tions. R1 sets the lowest gain, G1, for

the amplifier; R2 sets the next highest,
and so on. R2 through RN are adjusted
to give the desired gain relative to G1,
so that the gain step size is exact. There
is more phase shift at higher gains, so
phase must be added to the lower gain
paths to make all paths equal. This is
done with capacitors C1, C2, etc., with
C1 having the highest value. There are
no inductors in the circuit.

Noise Figure
While op amps have inherently good

50 Ropt,

RN

—— OUT

Figure 2. Low noise input circuit.
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RF' expo program

RF Expo East
Technical Paper Abstracts

The RF Expo East engineering confer-
ence and product exhibition will be held
in Tampa, Florida, October 19-21. Full-
day short courses will also be held each
day from October 18-21. Once again,
top RF engineers will be presenting
papers covering all aspects of technolo-
gy — from basic to advanced, from uni-
versal topics to specialized applications.

A special addition to this year's RF
Expo East is RF Expo PLUS, a single
track dedicated to one topic. This year,
Commercial Space Applications is the
special subject. Each morning will
include an RF Expo Plus session in
addition to the usual full schedule of
technical papers.

Tuesday, October 19
8:30 to 11:30 a.m.

Session A-1:
Digital Communications

A Quadrature Demodulator and Base-
band Sampler for QPSK and QAM
Applications

Jim Marsh, Tektronix, Inc.

A fully integrated ASSP consisting of a quad-
rature demodulator and dual baseband digi-
tizers for QPSK and QAM applications is pre-
sented. RF input is in the 400-700 MHz range
with greater than +5 dBm input IP3.

Integrated Modem/RF Design Archi-
tectures for Reduced Power,
Increased Capacity F-QPSK Wireless
Systems

Kamilo Feher, University of Califor-
nia, Davis

Integrated modem and RF design architec-
tures for F-QPSK wireless systems applica-
tions are presented. Direct baseband to RF
and RF to baseband (zero-IF) coherent and
discrimination detected designs are compared.

Session A-2:
System Performance

Methods for Estimating and Simulat-
ing the Third Order Intercept Point
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Carl Stuebing and Mojy C. Chian, Har-
ris Semiconductor

Circuit nonlinearity is commonly character-
ized by third order intercept. This paper
reviews the Pip3 concept and reviews meth-
ods to estimate and simulate it.

Low Cost Phase Noise Measurement
Technique

Jim H. Walworth, Tampa Microwave
Lab, Inc.

This paper describes a proposed measure-
ment technique which utilizes a phase locked
oscillators’s own VCO curve and a low fre-
guency spectrum analyzer to measure FM
noise and convert that measurement to
phase noise.

Externally-Induced Transmitter Inter-
modulation: Measurement and Con-
trol

Ernie Franke, E-Systems ECI Division
Power amplifiers are typically designed for
efficiency and output power, not linearity.
This paper describes a wideband technique
for evaluation of externally-induced inter-
modulation performance, necessary for
amplifiers operating near other high power
transmitters.

Session A-3:
Amplifier Design

Tutorial on Current-Feedback Ampli-
fiers

Anthony D. Wang, Burr-Brown Corpo-
ration

The history of current-feedback amplifiers,
circuit operation and comparisons with volt-
age-feedback amplifiers begin this tutorial.
Design considerations, data sheet specs
and examples illustrate these devices’
usage.

The SLAM: A New Ultralinear Power
FET Module Concept for HF Applica-
tions

Adrian |. Cogan, Lee B. Max,
MicroWave Technology, inc.

A new FET technology for low cost HF ultra-
linear power amplifier blocks is described.
The SLAMs are seli-biased for minimum
complexity in supporting circuitry.

Tradeoffs in Practical Design of Class
E High-Efficiency RF Power Ampli-
fiers

Nathan O. Sokal, Laszlo Drimusz, Ist-
van Novak, Design Automation

This paper discusses the design objectives
and resulting tradeoffs for efficiency, harmon-
ic content, power output and component loss-
es in class D and E high efficiency power
amplifiers.

Tuesday, October 19
1:30 to 4:30 p.m.

Session B-1:
Digital Communications & DSP

A DSP Microprocessor Based Receiv-
er for a Cosine Transition-shaped
BPSK Signal .

Bruce H. Williams, Roy E. Greeff,
Paramax Systems Corp.

A DSP based receiver is described for the
cosine transition-shaped waveform. The car-
rier recovery loop and matched filter functions
are performed by Tl TMS320C40 DSP cir-
cuits.

A Study of Digital Eye Diagram Clo-
sure in a Noisy Channel

Brian May, Florida Atlantic University
Digital video experiments require a real-time
estimation of channel performance. A study
of digital eye diagram closure as a function of
carrier-to-noise ratio is described that pro-
vides a means for performance estimation.

Designing a High Performance Mono-
lithic Digital BPSK Modulator

Robert J. Zavrel, GEC Plessey Semi-
conductors

A new monolithic BPSK modulator is
described, emphasizing the functions per-
formed, measured specifications, applications
and additional devices for future development.

Session B-2:
Test Methods and Equipment

A 3 GHz 50 ohm Probe for PCB Mea-
surements
Joel Dunsmore, Robert Kornowski,
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Computer Aided Design Tools for RF
Circuits

Michael Rothery, Sam Ritchie, Madjid
A.Belkerdid, University of Central
Florida

A PC-based computer-aided design tool set
is presented, for both small amplifiers and
oscillators. Emphasis is on circuits for VHF
and UHF, including matching, stability and
other key parameters.

Wednesday, October 20
1:30 p.m. to 4:30 p.m.

Session D-1:
Components for Wireless

Practical Applications of a Low Cost
Low Noise GaAs PHEMT MMIC for
Commercial Markets

Al Ward and Henrik Morkner, Hewlett-
Packard Co.

A high performance broad band packaged
GaAs MMIC for 1.5 to 8 GHz applications is
described. The PHEMT device provides 20
dB gain, 2 dB noise figure and +7 dBm power
output.

Highly Integrated GaAs MMIC RF
Front End for PCMCIA PCS Applica-
tions

Thomas Kotsch, Andy Laundrie, Steve
Geske, Howard Fudem, Jim Biubaugh,
Sanjay Moghe, Northrop Corp.

This paper describes the technologies and
development activities for a wideband 800
MHz to 1.8 GHz fully integrated RF front end
using GaAs MMIC and muitilayer MIC tech-
niques to achieve PCMCIA card size.

Low Power Transmitter Design Using
SAW Devices

Earl Clark, RF Monolithics, Inc.

This paper discusses the design of low power

pulse modulated SAW stabilized transmitters,
with discussion of the differences in require-
ments between U.S. and European markets.

Session D-2:
Synthesizers

A Synthesizer Design Program With
Detailed Noise Analysis

Terrence Hock, National Center for
Atmospheric Research

The software winner in the 1993 RF Design
Awards Software Contest describes a program
which aids in the design and analysis of syn-
thesizers using current monolithic PLL ICs.

PLL Settling Time: Phase vs. Fre-
quency

Donald E. Phillips, Rockwell Interna-
tional

Analysis of PLL phase settling time versus
frequency settling time is presented, along
with a discussion of the significance of fre-
quency to phase error ratio.

Digital Linear FM: Synthesizing a New
Frequency Each Two Nanoseconds
Bar-Giora Goldberg, Sciteq Electron-
ics, Inc.

This paper compares an ideal chirp with the
capability of specialized VCOs and with digi-
tal synthesizers. It then explores the genera-
tion of such digital chirps and a chirp synthe-
sizer project with the Army and Sandia
National Labs.

Session D-3:
CAD Methods

SAW Resonator Oscillator Design
Using Linear RF Simulation

Alan R. Northam, RF Monolithics, Inc.
The designer faces two problems when
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designing a SAW oscillator; how to connect
the SAW resonator and how to model the
oscillator. This paper describes the two con-
nection options and shows how linear analy-
sis can be used to closely approximate actual
performance.

Embedding RF Design Tools in an IC
Design System

Mojy C. Chian, Steve S. Majors, Alan
G. Whittaker, Harris Semiconductor
This paper describes efforts to enhance and
modify an IC design framework to provide
RF-specific design and data representation
capabilities for development of silicon ASICs.

Electromagnetic Simulation of Arbi-
trary, Multilayer Planar Patterns
Charles Plott, Hewlett-Packard Co.
The goal of this paper is to convey an under-
standing of currently available electromagnet-
ic technology and discuss realistic applica-
tions. The basics of the Method of Moments
technique are presented, highlighting the
most recent advances.

Thursday, October 21
8:30 to 11:30 a.m.

Session E-1:
Wireless Applications

A Monolithic 915 MHz 20 dBm Direct
Sequence Spread Spectrum Trans-
mitter

Stephen Press, Tektronix, Inc.

This paper reports on the design and mea-
sured results for a 915 MHz Direct Sequence
Spread Spectrum transmitter. This monolithic
design was implemented on a bipolar
process for all RF circuit elements.

A Low Power RFID Transponder
Raymond Page, Wenzel Associates,
Inc.

This minimum-complexity transponder circuit
is powered by an illuminating signal, returning
data on a carrier at twice that frequency. This
is the design winner in the 1993 RF Design
Awards Contest.

Session E-2:
RF System Topics

Multi-Component Module for High
Speed Passive Design

Mark Brooks, Thin Film Technology

A novel means for making multilayer ceramic
is described which facilitates design of multi-
ple passive elements, bonded mechanicaily
and electrically into a single package.
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RF product report

Manufacturability Shapes Boards
and Substrates

By Andy Kellett
Technical Editor

Only rarely do printed circuit boards
and hybrid substrates limit RF
designs. However, PC boards and sub-
strates do have a bearing on the manu-
facturability, reliability and price of RF
devices. While most of the materials
remain the same, PC boards and sub-
strates have changed in other ways in
order to meet the demands of new RF
designs.

The RF designs getting the most
attention right now are for “wireless”
communications. These devices, meant
to be sold in high volumes and to be
operated in the low GHz range, will
require printed circuit boards that can
hold lots of components, handle high
frequencies and hold down costs. “This
trend will be part of everyone’s product,
especially if we are to take away some
of the business that Japan currently
posses,” says Charles Dexter, Staff Sci-
entist at Watkins Johnson (W-J).

Manufacturing Demands

The goal of design-for-manufacturabil-
ity is a minimum number of steps requir-
ing individual attention. “The ideal prod-
uct would be one huge pc board com-
pletely covered with surface mount com-
ponents,” says W-J’'s Dexter, “You could
slap it between two pieces of metal, test
it and ship it.” Manufacturers are work-
ing towards this goal by using multitayer
boards, by using more surface mounted
components and by keeping microstrip
and lumped element circuits on the
same board.

The same devices that are to be manu-
factured in high volumes are also going to
operate at higher frequencies. For exam-
ple, the current generation of analog cord-
less phones operates around 46 MHz.
The next generation will operate above
800 MHz. At these frequencies, stripline
and microstrip techniques are used for fil-
ters and other frequency selective circuits.
This means increased attention to the
effects of circuit board and substrate
parameters on circuit performance.

Perhaps the most strident demand
heard by circuit board and substrate
manufacturers is for lower cost. “The
people that have been suppliers to this
market for a number of years, like
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Rogers, are really focusing efforts on
reducing cost of manufacture while
maintaining electrical performance,”
observes Jim Carroll, Product Line Man-
ager for Rogers’ Substrate Division.

What’s Available

FR-4’s low cost makes it popular for
low frequency designs. At higher fre-
quencies, PTFE boards are used.
PTFE’s relatively high coefficient of ther-
mal expansion and sodium etch require-
ments present problems for plated-
through holes and multilayer boards.
Vias can “pop” when exposed to expan-
sion and contraction. However,
PTFE/ceramic composites stabilize
PTFE board performance both mechani-
cally and electrically. PTFE/ceramic
composites perform well but have tradi-
tionally been relatively expensive.

Materials with properties somewhere
between PTFE circuit board materials
and alumina circuit substrates are
being developed to accommodate
increasing chip-on-board construction.
For instance, Temperature-stable
Microwave Material (TMM™) from
Rogers Corporation can be processed
just like other plastic circuit board mate-
rials. In addition, TMM is a thermoset
plastic/ceramic composite which is rigid
enough to allow reliable wire-bonding
and whose surface readily accepts met-
alization. The material also exhibits sta-
bie thermal coefficients of expansion
and dielectric constant.

Alumina (AlL,Os) is still the most preva-
lently used material for substrates.
Available in several grades, alumina can
be tailored for firing properties, hardness
and other properties. “For instance, for
applications where low dielectric loss is
important, 99.6% grade alumina is used;
for devices using buried conductors, 90
or 92% grade alumina is preferred,”
noted Chong-il Park, R&D Manager for
Kyocera America.

Alumina must give way to other sub-
strate materials when high thermal con-
ductivity is needed. Berylia (BeO) sub-
strates are very thermally conductive —
and very expensive. Aluminum Nitride
falls between Alumina and Berylia in
both thermal conductivity and cost.

“More and more people are interested in
it,” noted Paul Garland, Production
Manger for Metallizing at Kyocera Amer-
ica’s Print Division.

Design and Manufacture

Design and manufacturing changes
have accompanied the changes in print-
ed circuit boards and substrates them-
selves. Designers working on complex,
multilayered, single-board devices must
make sure different layers and even dif-
ferent areas on the same layer do not
interfere with each other says W-J’s
Dexter. “Now the engineer sits down with
the printed circuit designer who’s looking
at all the different layers and is saying
‘beet this up’ or ‘make this smaller.”

Tools are availabie to make the transi-
tion from lumped-element design to dis-
tributed element design easier. A distrib-
uted element filter design program from
Eagleware allows designers to enter cir-
cuit board parameters to accurately
design microstrip and stripline filters.
There are even desk-top “prototyping”
mills by manufacturers such as T-Tech
and Capex which can take the computer
generated designs and create accurate
prototypes in minutes.

Selling More For Less

If there is one target printed circuit
board manufacturers are aiming for, it is
cost reduction. “The materials we have
provide the performance that the emerg-
ing wireless market needs,” observes
Rogers’ Carroll. “Price levels have his-
torically been high, reflecting the low
volumes associated with prior applica-
tions. As the market moves to higher
volumes, the price will come down.”

The manufacturers of substrates for
hybrid circuits have a less well defined
path to success. “There are a lot of alter-
native technologies for hybrid circuit
manufacture, and no clear winners,”
says Kyocera America’s Gibson. “ think
a lot of people are picking their own
direction, setting a standard of their own.
So for the supplier end of it, it is a mess.”

For reprints of this report, call Argus
Business (formerly Cardiff Publishing Co.)
at (303) 220-0600. Ask for reprint sales.

September 1993









RIF'design
MARKETPLACE

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE

increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and
buy from this section each month. To reach this sophisticated, targated market call today (303) 220-0600.

RF SPICE MODELS

CAL ﬁ&%@?@@i i&&s EN@ @@@s%%@;@&g

§\AL * BIPOLARS, FET, VARACTOR, PIN
-_\Q e MODELS FOR CLASS C POWER Need Clock Osclllators or Cryslals" Call 1-800-333- 9825 * 714-991 1580
"‘ﬁ?} » OPTO LASER AND PIN DIODES Quartz Crystals 50Khz to 200Mhz
“v‘ V¥ .« HIGH SPEED GATES AND FLOPS TTL Clock Oscillators 250Khz to 70Mhz
¢ é-../'/ « OPAMPS & TRANSIMPEDANCE AMPS HCMOS Clock Oscillators 3.5Mhz to 50Mhz
A M~0—/Q’V e FULL NON-LINEAR SPICE MODELS Tri-State, Half FSizet asnd S:Jrface 3Mour;tk also ai/ailable on request
6087 N ormcefoad * ACCURACY FROM DC T0 5-10 GHZ ast service - 5 weexs or less
Tucson A785704» INHOUSE RF & DC MEASUREMENTS _ Special frequencies our sl'e'“a'“v
PHONE (602) 575-5323 FAX (602) 297-5160 : N <
INFO/CARD 63 INFO/CARD 64
; ; « STD. 5 AND 10 MHZ OCXO NOVA RF Systems, Inc.
i K I S~ O YK U ATORS The Complete RF/Microwave Solution

— RF/Microwave Systems

— Custom Design/Consulting

— Simulation Software

[ — Synthesizers (PLL/DDS)

— Complete Lab/Machine Shop
— TDMA/CDMA/Spread Spectrum

« CUSTOMIZED CRYSTAL FILTERS
E'-Ec"'@"""cs STD. 10.7 MHZ, 214 MHZ and 45 MHZ
[ e yew deem e vete” | 1/C FILTERS

Call or Fax your requirements.

16406 N. Cave Creek Rd. #5 International Inquiries Welcome
Phoenix, AZ 85032-2919 1740 Pine Valley Dr. Vienna, VA 22182
Phone & Fax (602) 971-3301 (703) 255-2353
INFO/CARD 66 INFO/CARD 65

Interested in a product or service in this magazine?
. Fill out the card
RF'design on page 89
S to receive information.

RF Design 87




RF engineering opportunities Advertiser Index
... YOUR CAREER ADVERTISER .........coovere.
Cellutar Engineers: Designklevelop RF and ircuits for hi i i
i 0 2 yors xporancs hany of i olowng. DSF ASE basey) e paoms, Redires Amplifier Research ........................
Modulation, Digital Mobile C ications, Channel i itter-R izer o
Audio Design, Digital Signal Processing. Analog & RF Models......
Regional Sales Manager: Responsible for sales, promotion and technical support Anderser_] Laboratones
within a specified geographical region with the support of field sales representa- Arl"OWSmlth Shelburne INC. vovvurnn. 22
tives. Identifies new opportunities and coordinates efforts 1o secure contracts. . o ’
RESP?”Simed for (;nsurir)g the:t 1ir<]ek_i slalles (epre_rs;mativ? are satisfyings!hde cus- Aydln Vector Division.......c.c..cc...... 59
1 S an roviding technical training. IS
ngzleercstnrc‘:ealeengineeeing wng 1-3 years experigence mptal'lseI 22 r;c::ggiei:“s mdi%;?ye, Cal CryStaI Lab, InC. ---------------------- 87
This person could be a design engineer with a desire to begin a sales career. Ca“fornia Eastern Laboratories ..... 61
Celeritek ......cocvivieeeiieieeiee 9
Design and Sr. Design Engineers: Design and develop advanced minature microwave subsystems COiICI’aft ......................................... 58
d 1s f lications i jcations t i d rad ivers: pert bsyst- inati
morn lvel dosign/analysic, dedign of up/don canvertere, andior synthosized source dosign: M Communication Concepts, Inc.......82
component design of amplifiers, filters, switches, limiters, mixers and oscillators. BSEE or equilvalent. COmpaCt SOftWare ________________ ....38
RF Design Engineer: Rasponsible for design of analog and RF systems and circuits for consumer and commercial digital wire- DAICO Ind UStrieS, Inc....... ...6
less products. Five to ten years experience in RF systems analysis and design. Experience with low-cost design techniques for E I
frequency synthesizers, power amplifiers, upidown converters and baseband circuits for digital communications systems. Must ag eware..........oooeviieienens ee 40
derive RF nd module requi ] nd cost goals. Familiarity with time divisi
z‘e‘p'a:ieou()cebn';ia;gemsa ule o meet overal and cost goals. Familiarity with time division EG&G Frequency PrOdUCtS .......... 57
Manager RF Amplifiers: Provide technical leadership and management for a group of engineering ETF TeChnOIOgy, |nC. .
1 Is designing | i it d RF lifiers. Amplif i te in th ;
B00-MH 10 2 Gz range for commercial communication equipment. Clacs C a5 well lnear ampliers FEI Microwave, InC. .........c..oconene. 27
are needed up to capabilities of 100 Watts of composite power. BS/MSEE preferred. FSI ___________________________________________________ 2
ign: PhD in Electrical ing with minimum 5 lated experience is preferred, The candidate should ; ;
Pave ot ke and sxpenence Lot Sipolar High Frcquaney . dostn anc messromen st 0 sedon s Giga-tronics, Inc. ..., 12-13
like Amplifiers, Mixers, Oscillators, VCO's, Prescalers, Synthesizers, Limiting Ampiifiers, etc. operating up to 2 GHz in Bipolar or Hen ry R adlo __________________________________ 1 O
BiCMOS technologies.
MMIC Design Engineer: Develop L/S band GaAs MMIC HeWIett-PaCkard """"""""""""""" 47
power amplifiers for commercial wireless communica- IFR Systems, |nC. ............................ 3
tions. R ‘M.S. or BSEE, +2 th ;
(I;O;Ass Mel\/qllL(li,riZsign, ;rmulauon,+pazi:;nge;x::crllfgscle " Inte rnatlonal CryStaI Mfg
Desgn Enginest: Responsie ot designand devlopontf 50 Co,INC. oo 62
4 nsible jor the de: .
Mszwelasoonsumefgiectronicpmducls.nggnedandp = = JFW lndustrles, Inc
AM/FMIFSK transmittersireceivers in 902-926 MHz fr ) .
Hands-on ex::’r‘n::ce onm?lllrJ‘HF systems :nﬁm:n’:ge Johanson Manufacturlng Corp. ..... 62
hich includes LNAs, med fiers, dow , i ;
s an comst resonats oo, UCOs, AWV F oy = Kalmus Engineering, Inc................ 68
tems, RF modulators/demodulators, PLLS & audio video Gifcuits. i Kay Elemetrics Corp.......cc............. 86
KS Electronics .......cocevveeieieerinns 87
COMMUNICATIONS j
“' M I c R o EXCOUTVE SEARCH IP_(E\l/G_I_I\elgrr]thI r/:\(;nenca, InC. coovvee. g?
871 Turnpike St. » North Andover, MA 08145 p ) T e anas
o - , . A Loral Microwave-FSl........................ 2
We in the of P both nationally and internationally.
COLLECT: TEL: 508-685-2272 FAX: 508-794-5627 M/A-Com COMP. oo 14-15
CALL : - 508-685- il M/A-Com Interconnect
Products Div. ......cccccecveivieennnnn, 36
M-tron Industries, Inc..........c.c....... 63
Matanzas Engineering 85
L] . LV $000909090900 (| WViAladllLZao CIjilicei iy ......oceeeievvnne
Electrical & Mechanical Design MEITIMEC... .o oo 11
Mini-Circuits.......... 4-5, 29, 65,71, 77
Motorola Radius Division............... 50
® o Murata Erie North America ............ 72
Nova RF Systems, Inc.................. 87
Osciliatek ..................... .43
Penstock, Inc. ................. .37
Philips Semiconductors ................. 16
Martin Marietta. In the world of advanced defense systems, few compa- Programmed Test Sources, Inc.....30
nies can match our capabilities, our technology, or our career opportuni- Q-bit COrp v 25
ties. This is your chance to join us and discover new ways to test your QUALCOMM, INC...ccovvirreinerrnennns 26
expertise and build a rewarding career. RF Power Components, Inc. ......... 23
Right now in our Moorestown, New Jersey operations, we seek proven S!Chardsocn EIeCtronltcs,l Ltd. oo ?g
professionals to contribute to the electrical and mechanical design of S:Ie'min\? ”omgoner: z,mncl:"f' """""" 78
radar systems in the following areas: icon Vajiey Fowe piners ......
) ) : . i Sprague Goodman
e Design, analysis, and production of state-of-the-art microwave analog Electronics, INC. ...vovovv.....
signal processing equipment for .radar or communications ‘applications Stanford Research Systems
* Mechanical design of antenna/microwave/TR module equipment Stanford Telecom ...
Candidates must possess a BSEE/ME (MSEE/ME desired) or equivalent Surcom Associates, Inc................ 85
with five or more years of related experience, including proficiency Synergy Mlcrow.ave Corp. cevoveennn. 45
with CAD tools, laboratory evaluation, and vendor interface. Excellent Temex Electronics, Inc. ................. 17
communications skills and the ability to excel in a team environment Tesoft, INC......ovv 69
are essential. E’JTE, cljnél .......................................... 7
. o . . : nite
The challenge is waiting. The next step is yours. Please fax your resume ass to
. ] A . S Metal Sealing, InC.......cccooo.e. 17
right away to Dept. OA9309 at (703) 821-3521 or mail to: Martin Voltronics Corp 69
ariett: ) o 5 0. lad ia. PA 19101 An T PRI T TP
M 1r}c—ittd, Dcr{)t, QA))3091, P.O. Box 8555, Philadelphia, 9 Wavetek/Communications
equal opportunity employer. DIVISION ... 33
Wavetek/Instruments Division ....... 21
MARTIN MARIETTA Werlatone, Inc. . s 8
Wide Band Engineering Co., Inc. ..60

September 1993









	05471551 199309.bmp
	05471552.bmp
	05471553.bmp
	05471554.bmp
	05471555.bmp
	05471556.bmp
	05471557.bmp
	05471558.bmp
	05471559.bmp
	05471560.bmp
	05471561.bmp
	05471562.bmp
	05471563.bmp
	05471564.bmp
	05471565.bmp
	05471566.bmp
	05471567.bmp
	05471568.bmp
	05471569.bmp
	05471570.bmp
	05471571.bmp
	05471572.bmp
	05471573.bmp
	05471574.bmp
	05471575.bmp
	05471576.bmp
	05471577.bmp
	05471578.bmp
	05471579.bmp
	05471580.bmp
	05471581.bmp
	05471582.bmp
	05471583.bmp
	05471584.bmp
	05471585.bmp
	05471586.bmp
	05471587.bmp
	05471588.bmp
	05471589.bmp
	05471590.bmp
	05471591.bmp
	05471592.bmp
	05471593.bmp
	05471594.bmp
	05471595.bmp
	05471596.bmp
	05471597.bmp
	05471598.bmp
	05471599.bmp
	05471600.bmp
	05471601.bmp
	05471602.bmp
	05471603.bmp
	05471604.bmp
	05471605.bmp
	05471606.bmp
	05471607.bmp
	05471608.bmp
	05471609.bmp
	05471610.bmp
	05471611.bmp
	05471612.bmp
	05471613.bmp
	05471614.bmp
	05471615.bmp
	05471616.bmp
	05471617.bmp
	05471618.bmp
	05471619.bmp
	05471620.bmp
	05471621.bmp
	05471622.bmp
	05471623.bmp
	05471624.bmp
	05471625.bmp
	05471626.bmp
	05471627.bmp
	05471628.bmp
	05471629.bmp
	05471630.bmp
	05471631.bmp
	05471632.bmp
	05471633.bmp
	05471634.bmp

