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RF courses

Design and Processing of Power Hybrids
May 12-13, 1994, Los Angeles, Ca
Microwave/Millimeter-Wave Monolithic Integrated Circuits
May 17-20, 1994, Los Angeles, CA
Microwave/Millimeter-Wave Monolithic Integrated Circuits
May 17-20, 1994, Los Angeles, CA
Information: UCLA Extension, Engineering Short Courses,
10995 Le Conte Ave., Ste. 542, Los Angeles, CA 90024. Tel:
(310) 825-1047. Fax: (310) 206-2815.

1994 Worldwide HP-EEsof High-Frequency Modeling and
Simulation Seminar

June 6, 1994, Ft. Lauderdale, FL

June 8, 1994, Richardson, TX

June 10, 1994, Chicago, IL

June 13, 1994, Mt. View, CA

June 15, 1994, Los Angeles, CA

June 17, 1994, Phoenix, AZ
Information: HP-EEsof, 5601 Lindere Canyon road, Westlake
Village, CA. Tel: (800) 343-3763.

Low Earth Orbit Satellite Systems (LEO's)
May 16-18, 1994, Washington, DC
Global Positioning System: Principles and Practice
June 7-10, 1994, Orlando, FL
Microwave Radio Systems
August 9-12, 1994, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Academic Center, Room T-308, 801
22nd Street, N.W., Washington, DC 20052. Tel: (202)
994-6106 or (800) 424-9773. Fax: (202) 872-0645.

RF/MW Circuit Design: Linear/Non-Linear, Theory and
Applications

June 6-10, 1994, United Kingdom

June 8-14, 1994, United Kingdom
Active and Passive RF Components: Measurements,
Models, and Data Extraction

June 8-14, 1994, United Kingdom
Information: CEIl-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

Modern Antennas

May 16-18, 1994, Boulder, CO
Antenna Measurement Techniques

May 23-25, 1994, Boulder, CO
Phased Array Antenna Technology

June 13-15, 1994, Scottsdale, AZ
Information: Technology Service Corporation, 962 Wayne
Avenue, Suite 800, Silver Spring, MD 20901. Tel: (301)
565-2970. Fax: (301) 565-0673.

DSP Without Tears

May 18-20, 1994, San Jose, CA

May 11-13, 1994, Richardson, TX

May 18-20, 1994, San Jose, CA

June 20-22, 1994, Boston, MA

July 20-22, 1994, Salt Lake City, UT
Information: Z Domain Technologies, Inc., 325 Pine Isle Court,
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 664-6738.
Fax: (404) 442—1210.

Component Technology
May 16-17, 1994, Washington, DC
Reliability Predictions
May 18, 1994, Washington, DC
Information: Sav-Soft Products, P.O. Box 360974, Milpitas, CA
95036. Tel: (408) 263-9150.

Electromagnetic Fields - An Overview

May 25, 1994, Detroit, Ml

June 15, 1994, Atlanta, GA
Power Quality: Problems, Analysis & Solutions

May 17-18, 1994, Detroit, Ml

June 7-9, 1994, Atlanta, GA
Information: PowerCET Corporation, 2700 Augustine Drive,
Suite 178, Santa Clara, 95054. Tel: (408) 988—1346. Fax:
(408) 988-4869.

Introduction to Radar Systems and Signal Processing
May 17-19, 1994, Washington, DC

Information: Research Associates of Syracuse, Incorporated,

Hancock Army Complex, 510 Stewart Drive, N. Syracuse, NY

13212. Tel: (315) 455-7157.

Circuit Board Level Microwaves: Issues and Solutions
May 23-24, 1994, San Diego, CA

Information: Tom Laverghetta, TPL Associates, Inc., 516 E.

First St., Auburn, IN 46706. Tel: (219) 925-1819.

RF Component Measurements, Models and Data
Extraction

June 8-14, 1994, UK
RF/MW Circuit Design I

June 6-10, 1994, UK
Information: Besser Associates, 4600 El Camino Real, Suite
210, Los Altos, CA 94022. Tel: (415) 949-3300. Fax: (415)
949-4400.

20

Fundamentals of Data Communications & Local
Area Networks

May 16-17, 1994, Grand Rapids, M|

May 17-18, 1994, Seattle, WA

May 18-19, 1994, Orlando, FL

May 25-26, 1994, Philadelphia, PA
Understanding Data Communications

May 16-17, 1994, Chicago, IL

May 19-20, 1994, New Orleans, LA

May 23-24, 1994, St. Louis, MO
Understanding LANS

May 16-17, 1994, Anchorage, AK

May 16-17, 1994, Chicago, IL

May 19-20, 1994, Washington, DC
Fundamentals of Telecommunications

May 16-17, 1994, Tampa, FL

May 23-24, 1994, Atlanta, GA

May 25-26, 1994, Chicago, IL
Information: Technology Interchange Group, Inc., Dept. 43,
P.O. Box 2107, Clifton, NJ 07015. Tel: (201) 478-5400. Fax:
(201) 478-4418.

Measured Equation of Invariance

May 19-21, 1994, San Francisco, CA
Information: MEI Institute, P.O. Box 679, Berkeley, CA 94701.
Fax: (510) 254-7639.
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RF news

Boston to Host 1994 IEEE International
Frequency Control Symposium

The 48th annual IEEE International
Frequency Control Symposium will be
held June 1, 2, and 3 at the Westin
Hotel, Boston, Massachusetts, with tuto-
rial sessions on May 31. The event is
sponsored by the IEEE Ultrasonics, Fer-
roelectrics, and Frequency Control Soci-
ety, with technical participation by per-
sonnel of the U.S. Army Research Labo-
ratory at Ft. Monmouth, NJ. Topics at
the international forum will include: fun-
damental properties of quartz and other
piezoelectric crystals; processing of
quartz and other piezoelectric materials;
theory and design of piezoelectric res-
onators and filters (BAW and SAW); sta-
ble oscillators and synthesizers; atomic
and molecular frequency standards; and
frequency and time coordination and
distribution. Topics for special sessions
include: new piezoelectric materials,
cryogenic and whispering gallery mode

dielectric resonators, cryogenic hydro-
gen masers, RF- and laser-excited
trapped ion standards, and 1/f noise
processes in oscillators. Eight invited
and 127 contributed papers are sched-
uled to be presented. Plenary session
speakers will present “1/f Noise Univer-
sality in High-Technology Applications”
and “Applications of Silicon Microma-
chining to Resonator Fabrication.” Invit-
ed speakers will present papers on
acoustic wave attenuation, piezoelectric
resonator materials, radar frequency
requirements, SAW sensors, SAW
devices on lithium tetraborate, and limi-
tations on the instabilities of quartz oscil-
lators. For an advance program and for
registration information, call or write:
Barbara McGivney, Synergistic Manage-
ment, Inc., 3100 Route 138, Wall Town-
ship, NJ 07719, USA. Tel: (908) 280-
2024.

System Improves Permittivity Mea-
surements -~ Recently, NIST
researchers have developed and evalu-
ated an improved coaxial air line system
for measuring permittivity. The new sys-
tem employs a 77 mm diameter coaxial
air line instead of the conventional 7 mm
line. The increased diameter line
reduces the ratio of surface area to vol-
ume for the sample dielectrics inserted
in the line. An air gap between the sam-
ple dielectric and center conductor is
inevitable, but the improved proportions
minimize the effect of the air gap. For
example, a commercial ceramic that had
nominal real permittivity of 270 (at 50 to
1000 MHz) was measured at 275 after
air-gap correction. The researchers
hope to extend the method to the low-
frequency range of 0.1 MHz to 50 MHz.
For technical information, contact
Claude Weil, Div. 813.08 NIST, Boulder,
CO 80303-3328. Tel: (303) 497-3198.

Testing Lab Agreement Renewed —
NIST and the Standards Council of
Canada renewed an agreement that
provides mutual recognition of testing
laboratories located within the territorial
U.S. that are accredited by the NIST
National Voluntary Laboratory Accredi-
tation Program (NVLAP), and for testing
laboratories within Canada that are
accredited by SCC's Program for
Accreditation of Laboratories, Canada
(PALCAN). Both programs meet interna-
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tional standards under ISO/IEC Guides
25 and 58. Officials responsible for
administering each system have partici-
pated in assessment visits to testing lab-
oratories accredited under the other
national program. NVLAP accredits 900
labs in 16 fields of testing, and the
Canadian PALCAN program has
accredited 150 labs in 14 areas. For
PALCAN information contact, Manager
Testing Division, SCC, 1200-45 O'Con-
nor St., Ottawa, Ontario, Canada K1P
B6N7. (613) 238-3222. Fax: (613) 995-
4564. Contact NVLAP at A162 TRF
Bldg., NIST, Gaithersburg, MD 20899-
0001, (301) 975-4016. Fax: (301) 926-
2884.

ITU Reports 1992 Boom Market — The
size of the global telecommunication
market in 1992 was estimated at $535
billion according to a report released at
the World Telecommunication Develop-
ment Conference in Buenos Aires this
March. In 1992, revenues for services
increased 8% from the previous year
and equipment revenues rose by 9%.
The 24 industrial nations of the Organi-
zation for Economic Co-operation and
Development (OECD) contributed 85%
of global telecommunications service
revenues although they are home to
only 16% of the population. High income
countries with only 15% of the popula-
tion have 71% of the world’s telephone
lines. The report looks at the successes

of selected countries under different
organizational set-ups and various
stages of economic development.

MCM’s Software Tools Contract -
The Advanced Research Projects
Agency (ARPA) awarded a two-year
$2.8 million contract to Tanner
Research Inc. to develop affordable
software design tools for multi-chip mod-
ules (MCMs). Funded by ARPA’s Appli-
cation Specific Electronic Module
(ASEM) initiative, it calls for the develop-
ment of a suite of cost reduced MCM-
specific tools for place-and-route, signal
integrity, design partitioning, testability,
and thermal analysis.

$11 Million Technology Reinvestment
— The Communication Electronics Tech-
nology Division (CET) of Watkins-John-
son Company, along with Array Comm,
Inc. and Spectrian, Inc., have received a
research grant in a joint project to devel-
op a Spatial Division Multiple Access
(SDMA) digital base station for the Per-
sonal Communications Services (PCS)
wireless market. The system will
address both commercial and military
requirements with advanced technolo-
gies such as SMART antenna systems,
digitizers and FET power amplifiers.

Command Post Aircraft — Boeing
Defense and Space Group has given
Scientific-Atlanta a $2.2 million contract
for test equipment in support of Boeing's
work on the E-4B National Emergency
Command Post Aircraft. Tested will be
the triband radomes that are used with
satellite communications equipment car-
ried aboard the modified 747 aircraft.
The test system will assure the radome
is performing properly by characterizing
the unit before it is installed on the air-
craft. The triband radome allows the Mil-
star Extremely High Frequency commu-
nications system, a jam resistant satel-
lite satellite communications capability
for the strategic and tactical forces of all
U.S. military services, to become opera-
tional.

HTS Wire Research — A two year, $2
million extended development program
between American Superconductor Cor-
poration (ASC) and Inco Alloys Interna-
tional (IAl) continues IAl's funding for
ASC's accelerated production of special-
ized “metallic precursor” powders.
These powders are the basis of one of
the major methods of producing high
temperature superconducting (HTS)
wires. The use of HTS wires not only
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design an amplifier for low noise opera-
tion. For this type of design, the synthe-
sis program requires that the minimum
noise input reflection coefficient be spec-
ified; this quantity is obtained from man-
ufacturer spec sheets.

For the NE 02135, which is only condi-
tionally stable at the design frequency,
we made similar calculations for both
maximum gain and low-noise amplifiers.

Amplifiers were realized by etching
striplines on the chosen substrate, and
providing ground along both sides of the
stripline, thus forming a shielded copla-
nar transmission line. (alternatively
feedthrough to the ground side of the
substrate can be made), The capacitors
can be placed at the calculated dis-
tances, and for fine tuning, moved a bit
along the lines to obtain the best match.
This type of design is very flexible
because it is possible to etch 50 or 75
ohm line of sufficient length on the sub-
strate, and calculate amplifiers for differ-
ent frequencies. Then, only the positions
of the capacitors of different values will
determine the exact frequency and final
performance of the amplifier. Therefore,
one type of substrate layout can be used
for equalization of many types of ampli-
fiers. Such a circuit has considerable
advantages over standard stripline
designs.

Amplifier Circuit

To keep the circuit as simple as possi-
ble, two-resistor biasing was used. The
circuit itself and the layout on the sub-
strate is shown in Figure 1. The coupling
capacitors Cc at the input and output of
the amplifier limit the low frequency
response, and are chosen so that the
gain at lower frequencies is reduced to
the desired value. In our case we chose
22 pF coupling capacitors for both
devices. All chip capacitors used in the
design were manufactured by ATC.
Capacitors C1 and C2 given by the com-
puter for each particular application were
placed at calculated distances L along
the matching transmission line. Note that
in the actual circuit their ground side is
placed on the side where the power sup-
ply decoupling capacitor is placed. This
reduces the chance of unwanted reso-
nances, which are always a danger in
high frequency work.

Proper grounding is of utmost impor-
tance and the best solution is to provide
feedthrough plated holes to the bottom
ground plane close to each capacitor.
The power supply decoupling capacitor
Cd is 500 pF chip. Resistors R1 and R2
are 1/8 W resistors or smaller, soldered
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directly on the line close to the device
with the shortest leads possible. Their
values are calculated to provide for the
proper biasing conditions. The device
itself is placed in the drilled hole in the
substrate with ground leads soldered
through holes on both sides of the sub-
strate. The top of the substrate and the
bottom ground plane then form a copla-
nar shielded transmission line. A small
island is etched on one side to provide
for connection of a 12 V power supply in
the case of the MRF 571, and 15 V in
the case of the NE 02135. To assure
that the coplanar planes along the cen-
tral transmission line provide good
ground, wide copper strips are wrapped
on the edge of the substrate close to
capacitors C1 and C2 and soldered on
the top and bottom of the substrate. On
the connector side, the ground plane is
soldered to the connector on top and
bottom with the center connector sol-
dered to the central transmission line.
Proper grounding prevents unwanted
resonances which can substantially
influence the overall performance of the
amplifier.

Results

The completed amplifiers were
checked and adjusted using the HP
8754A network analyzer and measured
using the HP 8790 noise figure meter. In
the case of the MRF 571 bipolar transis-
tor, the maximum gain design for a 1
GHz center frequency actually resulted
in a center frequency around 920 MHz,
as shown in Figure 2. Reducing the
input capacitor C1 (which has the
biggest influence on the setting of center
frequency) from the calculated value of
12.48 pF (13 pF was used) to 8.2 pF
moved the center frequency to 1 GHz,
as is also shown in Figure 2 (this change
also reduced the noise figure).

The reason for the discrepancy in the
C1 value may be explained by the fact
that the equivalent open stub is over 60
degrees long, i.e. the equivalent reac-
tance is changing rapidly in this area
(because it is a tangential function), so
the capacitance adjustment is very sen-
sitive.

No attempt was made to move capaci-
tors to compensate for the frequency
deviation, and the distances to the
capacitances were measured from the
center of the device. Also, no correction
for stray capacitances was included in
the analysis program. In cases where a
particular frequency is desired, a vari-
able capacitor should be used at the
input to set the frequency value.

Gain or noise (dB)

gain meas.
gain meas. (8.2pF)

800 850 900 950 1000 1050 1100 1150
Frequency (MHz)

Figure 3. MRF 571 maximum gain
amplifier.
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Figure 4. MRF 571 low noise
amplifier.

For the next experiment we designed
an amplifier for the same center frequen-
cy, but optimized it for low noise opera-
tion. The result was an amplifier with
lower center frequency (using now 2.7
and 3.6 pF chips instead of the calculat-
ed 2.67 and 3.48 values), but with much
wider bandwidth, and this time the noise
figure was, as expected, much lower
and centered around 2.2 dB. Analysis of
the amplifier actually indicated the fre-
quency shift, shown by comparing calcu-
lated and measured values in Figure 3.

This result could be expected,
because to achieve the low noise perfor-
mance we must actually mismatch the
input of the amplifier, and this subse-
quently results in shifted center frequen-
cy. Therefore, to actually make an ampli-
fier for minimum noise at some desired
frequency, we need to start with the
design at higher frequency and then use
an analysis program to finely adjust the
circuit for proper center frequency. But
note that the measured and calculated
values are very close for the 1 GHz
design. In this case, the reduction of
input capacitance did not resuit in signifi-
cant change in gain and noise perfor-
mance, because the amplifier was
already mismatched for low noise opera-
tion and because the equivalent open
stub length was shorter than 60 degrees
(actually 47.5 degrees), the circuit was
not as sensitive to the change of operat-
ing condition as the maximum gain case.

Amplifiers realized with the NE 02135
device were built using fiberglass sub-
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Figure 9. Terminal voltages for the coupled line sys-
tem from Figure 8, (top-reflection, bottom-crosstalk).

the terminal voltages are shown in Fig-
ure 11 a and 11 b. Thanks to the proper
termination of the lines, reflections and
cross talk have been significantly
reduced.

Super-Spice provides the characteris-
tic parameters for the coupled line sys-

tem. These parameters can be used for
design purposes with conventional
Spice or other programs. For instance,
those parameters can be used to syn-
thesize a matching network for the cou-
pled line system under investigation.
Super-Spice outputs the model line

2 METER VHF AMPLIFIERS

35 Watt Model 335A.......... $ 79.95 Kit
75 Watt Model 875A ........... $119.95 Kit
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i
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Figure 11. Terminal voltages for the coupled line sys-
tem from Figure 10. (top-reflection, bottom-crosstalk).

parameters of the coupled line system,
including the decoupled modal propaga-
tion constant (8), the decoupled modal
impedance Zq and the current eigenvec-
tor matrix. The delay values and DC
resistance of the lines can also be
obtained.

To demonstrate the pulse degradation
on a long propagation path, a microstrip
meander line was analyzed. This circuit
includes ten parallel coupled lines and
18 right angle bends. The circuit uses a
0.6 mm thick alumina substrate and 5
mm thick copper lines. Each line section
was chosen to be 500 mm long. A
schematic of the line together with termi-
nations is shown in Figure 12. Figure 13
shows a plot of the input pulse and the
output voltage waveform when the spac-
ing is equal to the width of the line (s =
w). Figure 14 shows a plot of the input
pulse and the output voltage waveform
when the spacing is one half the width
of the line (s = w/2). Note the apparent
signal degradation at the output end of
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RI matching

A New CAD Method For Narrowband
Matching Circuits

By Mihai Albulet
Polytechnic Institute of IASSY

The general problem of impedance
matching consists of transforming a load
impedance to the optimal working
impedance of the generator. This article
investigates narrowband matching cir-
cuits (made up of three lumped ele-
ments) used in RF power amplifiers.

e choose this case to study

because this solution is the most
used in practice, being simple and pro-
viding enough design flexibility. Consid-
ering the specific problems of RF power
amplifiers, the matching circuit connect-
ed between the electron device and the
load must meet a number of require-
ments. It should, among other things:

a) Transform the load impedance into
an equivalent resistance which is opti-
mal for the electron device. Otherwise,
the RF power amplifier would operate
under unfavorable conditions, its effi-
ciency might decrease, and the signal
being transmitted might be distorted.

b) Maintain the specified amplitude-
and phase-frequency response over a
certain frequency range according to the
type of intelligence being transmitted
and in compliance with relevant stan-
dards.

c) Attenuate (filter out) the higher har-
monics so that any of the harmonic's
power delivered to the load (the input to
the subsequent stage or the antenna of
the final stage) will not exceed the maxi-
mum safe value.

d) Have insignificant power loss, that
is, maintain a high efficiency. In addition,
there are some requirements with
regard to cost, size, weight, reliability
and practicality.

Since the above requirements cannot
be satisfied equally well, in practice they
are divided into primary and secondary.

Classical Design of Narrowband
Matching Circuits

The classical design method for nar-
rowband matching circuits (with three
ideal reactive elements) is based on
choosing the circuit quality factor ([1] -
[4]). Quality factor is correlated (to some
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extent) with circuit bandwidth, harmonic
attenuation and efficiency of power
transfer through the circuit. In order to
emphasize the bad points of this method
we will analyze some examples.

There are five matching circuits, (a
through e, Figure 1), designed for the
same source resistance (R_=10 ohms),
at center frequency f;, _108 MHz. Q=3
was chosen for mrcuns A, Cand E, Q=4
for B and D circuits.

Table 1 contains the performances of
the five matching circuits (with ideal
reactive elements); thus we observe that
bandwidth, harmonics attenuation and
efficiency depend on both quality factor
and (to a large extent) circuit configura-
tion and load and source impedances.

For the same circuit and same load
and source impedances, if a higher
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Figure 1. Five matching circuits
designed for the same source
resistance and center frequency.

quality factor is chosen for the same cir-
cuit and same load and source imped-
ances, a more selective circuit, with a
lower power transfer efficiency, is
obtained. Therefore, the quality factor
does not offer an accurate quantitative
information about circuit performances.
On the other hand, neglecting losses in
reactive elements results in significant
errors, especially if the coil quality factor
is low, or the frequency is relatively low.

Proposed Design Method

The method for narrowband matching
circuit design proposed in this paper
presents two important advantages:

a) The design parameter used is the
efficiency of power transfer through cir-
cuit. This is very important in every situ-
ation and, especially, when high power
is transferred. This parameter has a pre-
cise physical significance irrespective of
circuit configuration and load and source
impedances.

b) It takes into account the finite quali-
ty factor of inductances from circuit,
reducing (sometimes significant) design
errors. We note that because we know
the order-of-magnitude of the of the
inductance in the circuit, we know the
inductors’ quality factors with adequate
precision.

Taking into account the requirements
that narrowband matching circuits used
in RF power amplifiers must meet, we
analyze here only lowpass and band-

CIRCUIT|A (Q=3) B (Q=4) |C (0=3)|D (Q=4)[E (Q=3)
a,[dB] [29.04 [27.33 {1863 |25.85 |47.7
a,[dB] [41.06 [3937 [30.37 |37.78 |60.96
ni%l [909 Js24 |96 945 [733

i [MHz] [109.2 1111 |123.7 |1166 |1038

Note:

- the second and third harmonics attenuation
(ay, a5, in dBc), and the 3 dB upper frequency
limit of band, have been calculated for source
resistance R =10 ohms;

- power transfer efficiency through circuit has
been calculated neglecting lost power in capaci-
tors; for coils, a quality factor Q,=100 is
assumed;

Table 1. Performance of matching
circuits in Figure 1.
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2
1—n RpX5 (3b)

-NQp(1-m) (3c)

X2:

, ANIkQ3 (1= )2 + (kn = 1(n - )]
B 1+Q35(1-1)% —kn
where
R (4)

AL
R1p

Remarks:

From X, and X, we extract X_, and
le, respectively, and then the resulting
C,and C,

In some situations the problem admits
two solutions. If the load or source
impedances don't have an inductive
part, the problem has at most one solu-
tion.

If

Qo(1-m)Xp +nRy, =0 (®)

then the problem has solution only if

Xgp>0; in this case the solution is

_ 1 (6)
0Xgp

Cq

X, and X, are found using equation 3.
If

1+Q3(1-n)2 —kn=0 ™
then:
_ (k - n)R‘lp (8)
27 2(1-1)Qq

X, X, are given in (3); if Xgp>0 we have,
in addition, the solution:

X Qp(1-M)Ry, (9a)

n

R

% = gp

() o0
C 1 (9¢)
2= c

cngp

Program Description

Based on the new design method we
wrote an IBM PC - GWBASIC program
meant for the design of narrowband
matching circuits, with the limitation that
only resistive or capacitive load and
source impedances are accepted. In
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PI NETWORK

F =100 MHz
R1, C1 series/parallel - p
R1 =500hms

Ct =20pF
Rg =25ohms
Cg =10pF
ETA =97%

Q0 =150

L

Rg =» Clg C1 C|2 C|I Rll
I

L =42.213 nH (26.523 ohms)
C1=104.619 pF
C2 =68.588 pF

FREQUENCY ANALYSIS

- POWER ATTENUATION

() = IDEAL CURRENT SOURCE

(U) = IDEAL VOLTAGE SOURCE

- INPUT IMPEDANCE - MODULE [ohms] & PHASE [deg]
-REAL & IMAGINARY PART [chms]

HARMONIC 2

ATEN (1) = 26,545 dB

ATEN (U) = 16.893 dB

Zin = 8.228 EXP (' ~89.541) = .066 + |* -8.228

HARMONIC 3
ATEN (I} = 38.826 dB
ATEN (U) = 24.74 dB
Zin = 4.939 EXP (" —89.936) = .006 + {* ~4.939

HARMONIC 4
ATEN (1) = 46.854 dB
ATEN (U) = 30.007 dB

Zin = 2.838 EXP (j* —89.989) = .001 +{" —2.838
FREQUENCY =101 MHz

ATEN (1) = -.269 dB
ATEN (U) = 284 dB
Zin = 26.646 EXP (| —2.411) = 26.622 +* —1.121

FREQUENCY = 102 MHz

ATEN ()= —516 dB

ATEN (U) = .567 dB

Zin = 28.32 EXP (j* -5.242) = 28.201 +}* -2.588

FREQUENCY = 103 MHz

ATEN (I} =-.73 dB

ATEN (U) = .848 dB

Zin = 29.978 EXP (j* —8.492) = 29.649 +j* —4.427

PINETWORK

F =100 MHz

R1, C1 series/parailel - p
R1  =50o0hms

C1 =20pF

Rg =25o0hms

Cg =10pF
ETA=97%

Q0 =150

L
[
Rg =» Cg C1 C2 Cl Ri
[ T I

L =17.153 nH (10.778 ohms)
C1 = 1446.693 pF
C2=162.213 pF

FREQUENCY ANALYSIS
- POWER ATTENUATION
() = IDEAL CURRENT SOURCE

Figure 5. Example output.

fact, in most cases, impedances which
are to be matched (at least for not too
high frequencies), are resistive or
capacitive. In addition, the source
impedance is given as an RC parallel
impedance (usually, the source is an
active device which is modeled with a
parallel capacitance or possibly a null
capacitance).

Frequency Analysis Assumptions

In order to facilitate the design, the
program can make an optional frequen-
cy domain analysis based on the follow-
ing observations:

-It is assumed that the coils’ quality
factor and elements’ values are constant
versus frequency. Also, load resistance
and capacitance may be considered
constant with frequency either in the
series or the parallel modelling, depend-

frequency F [MHz] = ? 100

load impedance: R, Cl parallel/series (P/S) ? p
load resistance Rl [ohms] = ? 50

load capacitance Cl [pF] = 7 20

source resistance rg [ohms] = ? 25

source cap. Cg [pF] - (parallel with Rg) = ? 10
efficiency ETA [%] = ? 97

inductances quality factor Q0 = ? 150
harmonics analysis ? (Y/N) ? y

Fmin...Fmax analysis ? (Y/N) ? y

Fmin [MHz] = ? 101

Fmax [MHz] = 7 103

step Df [MHz] = ? 1

Figure 4. Example input screen.

ing on design data input.

-In parallel modelling, source capaci-
tance is considered constant with fre-
quency. Therefore, output data are use-
ful only as a first cut, because, in prac-
tice, load and source reactance are sel-
dom constant with frequency.

-The program computes power attenu-
ation on load (on harmonics or at a cer-
tain frequency) based on the fact that
either the circuit is driven by a current
source (it models a non saturated active
device), or that the circuit is driven by a
voltage source (it models an active volt-
age switching device). Power attenua-
tion computed in this way characterizes
only the matching circuit (including
source reactance); the drive is assumed
to be constant with frequency.

-The program is able to compute the
input impedance of the circuit both for
harmonics and in arbitrary frequency
intervals. Input impedance is computed
as modulus and phase, real and imagi-
nary part.

Program Operation

To run the program, call GWBASIC
MATCH from the prompt and answer
the on-screen questions. Note that:

1. Load impedance is given as a RC
series or parallel impedance; if RC, is a
parallel group, C, may be zero.

2. Source impedance is given as a RC
parallel impedance; Cg may be zero.
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RF tutorial

A First Introduction to Frequency
Hopping Spread Spectrum

By Gary A. Breed
Editor

Last month, this tutorial column
reviewed the fundamentals of direct
sequence spread spectrum. This month,
the other major spread spectrum tech-
nigue, frequency hopping, is introduced
in a conceptual, block diagram form.
This description is intended for readers
who have no prior experience with
spread spectrum.

pread spectrum (SS) is a modulation

technique that uses a wide band-
width, transmitting a signal with low
energy density per unit frequency. This
characteristic can be used to improve
reliability in low signal-to-noise condi-
tions, to reduce interference to and from
other users of the same region of the RF
spectrum, and to introduce a measure of
security through the complexity of the
modulation scheme.

Last month’s review of direct
sequence SS showed that a modulated
data signal can be spread over a very
wide bandwidth using a pseudo-random
chipping code. The random nature of
the resulting signal creates sidebands
which spread over a wide range of fre-
guencies on either side of the carrier fre-
qguency. Therefore, in direct sequence
SS, the signal has a specific carrier fre-

quency, with information that is “hidden”
in the data stream that has been altered
by the PN code.

Frequency hopping, in its simplest
form, creates an SS signal by moving
the carrier frequency according to some
pseudo-random pattern, with a modula-
tion method that may be the same as
direct sequence SS before the chipping
code is introduced (BPSK or QPSK), or
some other digital modulation method
(FSK, MSK, OOK). in this case, the
information is “hidden” by the uncertain-
ty of the next transmitted frequency.

The advantage of frequency hopping
is that the signal, although changing fre-
quency, remains narrowband, with the
excellent signal-to-noise performance
and interference rejection afforded by
narrow filters. The disadvantage is the
complexity of the RF circuitry required to
support very fast frequency changes.
This can increase cost and complexity
of the hardware, as well as limit the data
rate that can be transmitted.

Generating Frequency Hopping
Spread Spectrum

Figure 1 is the block diagram of a sim-
ple frequency hopping SS transmitter.
The digital input goes to a conventional

modulator, which generates an IF sig-
nal. The PN code is applied to logic that
controls a fast-switching frequency syn-
thesizer. The output of this synthesizer
becomes the local oscillator of an
upconversion stage that takes the mod-
ulated signal to the final operating fre-
quency, with hopping that follows the
synthesizer frequency changes.

In a current frequency hopping sys-
tem, the hopping rate might be 1000 fre-
quencies per second. To minimize pre-
dictability of the hopping sequence, the
pseudo-random number (PN) code
should be updated at perhaps 256 or
512 kchips per second. This increases
the randomness of the code, making it
far more difficult to determine the PN
code by analyzing the frequency hop-
ping pattern.

Data rates may be transmitted up to 1
Mbit/s using current commercial hopping
technology. This means that up to 1000
bits will be transmitted during one hop
(less pause time during the required set-
tling time for a new frequency). Synchro-
nization is required at the data rate in
frequency hopping SS, rather than the
much faster chipping rate in direct
sequence SS.

The key element in frequency hopping

Digital Baseband
Information » Modulation ~ [—#] Upconverter
PN Code » Control ; Synthesized
Generator Logic Local Oscillator

To Antenna

Figure 1. Simplified block diagram of a frequency hopping spread spectrum transmitter.
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Figure 6. Output circuit schematic.

[1] as functions of the modulation index.

Those spurious products that fall with-
in the passband of the output filter reach
the load and are become spurious prod-
ucts in the RF output. While there are a
large number of spurious products,
those of the lowest order tend to have
the largest amplitudes. It is therefore
convenient to set f_ to the maximum-
output (cut-off) frequency of the output
filter.

Figure 5 shows the variation of the
largest in-band spurious product with
the ratio of the switching frequency to
the RF bandwidth, which is

Brr =2fm (5)

Keeping the spurious products at least
30- or 40-dB below the carrier requires
the switching frequency to be four or five
times the highest modulation frequency,
respectively (2 or 2.5 times the RF
bandwidth).

Requirements for SSB

The design of a class-S modulator for
an SSB transmitter requires attention to
be given to
 Spurious products produced by PWM,
» Envelope bandwidth, and
» Delay introduced by the output filter.

Spurious Products
For EER with a two-tone signal,
y(8,,) = aE(8,,) = ac(8) cos ot (6)

where ¢(0) is a cosinusoidal +1 switch-
ing function and a is the PEP amplitude.
The general approach to analysis of the
PWM/EER spectrum is similar to that of
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the previous section. However, the
spectrum now has three sets of compo-
nents:
* The switching frequency and its har-
monics,
¢ An FM-type modulation spectrum on
each harmonic, and
* A switching-function spectrum upon
each component of the FM-type spec-
trum.

The analysis is somewhat tedious.
Fortunately, only odd-order Bessel func-
tions are present, for which

Jons1(Kac(Bm)) = (O Wonsa(ka) ()

After a number of substitutions and
rearrangements, the magnitudes of spu-
rious products of the kth harmonic are
given by

4V
Vk 2n+1+b = DD (8)
n°k
- o1
Z( Wonsi(ka) Z ‘b‘_ 2
n=0 b=1,3

The order of these products is
2n+1+b, hence the resultant frequencies
are kfg £ (2n+1+b)f . Index b is the
order of the harmonic components of
the switching waveform.

The maximum in-band spurious prod-
uct (Figure 4) is found by computer. The
theoretical predictions and laboratory
measurements are in excellent agree-
ment for spurious levels of —40 dBc or
more. It is thought that errors in the cal-
culation of Besse! functions of large
arguments are responsible for the small

discrepancies at lower spurious levels.
A spurious level of —30 dBc thus
requires f, /Bgr = 4.5. A level of —40 dBc
requires a ratio of about 6.5.

Envelope Bandwidth

The bandwidth of an SSB envelope is
in general infinite. Consequently, the
finite bandwidth of a practical class-S
modulator distorts the envelope, which
results in intermodulation distortion
(IMD) in the output signal.

The IM products associated with the
finite modulator bandwidth are deter-
mined in [5] through Fourier-series
analysis and simulation. For a two tone
signal, IM levels of —30 and —40 dBc
require that differential delay not exceed
0.1/Bgg and 0.056/Bgg, respectively.

Delay

Delay of the envelope with respect to
the hard-limited carrier is another source
of IMD. From [5], keeping IMDs below
an amplitude c¢ requires that

12 < EC ©
2

where 1 is the differential delay normal-

ized to a cycle of the modulation fre-

quency. The time delay is then

ettt 2t
2n fm 2T BRF

For two-tone SSB with a 3-kHz band-
width, IMDs of —30 dBc require t < 23.7
us, while IMDs of —40 dBc require 1 <
13.3 pus.

Unfortunately, delay is inherent in the
low-pass output filter of the class-S
modulator. The amount of delay
depends upon the type of filter, the num-
ber of poles, and the bandwidth. The
four-pole Butterworth filter used in the
subsequently discussed circuit can be
regarded as typical. it has a cut-off fre-
quency of 57 kHz and a delay of about 9

us.

(10)
TBgF

Circuit Implementation

The PC-board implementation of the
100-W class-S modulator is shown in
Figure 3.

The triangle-wave generator is an
Exar XR-205 integrated circuit. PWM is
generated by a MC3431 high-speed
comparator. The input audio signal has
a peak amplitude of 1.2 V. The DC off-
set is adjusted so that zero pulsewidth
corresponds precisely to zero envelope.

The output circuit is shown in Figure
6. Voltage translation is accomplished
by a Harris H11N1 opto-isolator. Com-
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RYF filters

A Program For the Design Of
Chebyshev Impedance-
Transforming Lowpass Filters

By Ljubomir Urshev
and Antoaneta Stoeva,
Elco Star Ltd.

This article describes a computer pro-
gram which determines the values of
the elements of Chebyshev low-pass
matching fiiters. By using this program
impedance transforming networks can
be realized for n=2,4,6 and 8 reactive
elements. A design example is provided
together with the simulated response of
the filter.

Low-pass matching filters are widely
used in broadband transistor ampli-
fiers and frequency multipliers. The pro-
cedure for designing such filters in most
cases relies on tables given by Mathaei
[1]. Although these tables of normalized
element values for impedance trans-
forming networks are useful for the

Lower Frequency Fl in MHz

? 600

Higher frequency Fh in MHz must be greater
than 600 and less than 1800

? 1400

Lower impedance Rl in ohms

?50

Higher impedance Rh in ohms must be greater
than 75

? 150

Lower frequency Fl = 600 MHz
Higher frequency Fh = 1400 MHz
Lower impedance Rl = 50 ohms
Higher impedance Rh = 150 ohms
Sureyin?y

Network order (it may be N=2 or N=4 or N=6 or
N=8)

?6

Network order N= 6

Fl =600 MHz

Fh = 1400 MHz
Ripple Lar = 2.346127E-02 dB
Rs =150 ohms

Cp =.9244648 pF

Ls =19.66351 nH

Cp =2.086634 pF

Ls = 15.64968 nH

Cp =2.621813 pF

Ls =6.933454 nH

2l =50 ohms

Another calculation with new N y/n? n
Ok

Table 1. Example run of filter
design program.
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design at microwave frequencies, they
have some drawbacks. One of them is
the tedium of obtaining accurate values
of filter elements for a given frequency
range and defined source and load ter-
minations. Another inconvenience arises
when the variable intermediate values
with respect to those fixed in the tables.
The desired result may be achieved by
interpolation, but unfortunately this pro-
cedure gives no exact solution. In these
cases the program described here offers
a practical, accurate and convenient
method for determining the circuit ele-
ments. The program is based on the
results presented in [2] and calculates
the elements of Chebyshev low-pass fil-
ters with an equal-ripple in the passband
using special mapping functions.

Program Description
The program has been written in

LS LS LS
19.66nH  15.64nH  6.93nH
LYY Y 1YY
Rs o%g 2%% 2%5 R
15| O9eRL =tSel <bepl | 50
> - -T- -T- >
ﬁ -
0 0
TR
< i
—-20 o =z
. \/\ N \ x
o A F s S
= 40 F 2
] l ' - 20
-60 4+t =t 25
0 05 1 1.5 2
Freq [GHz}]

Figure 1. Component values and
frequency response for example
filter.

Microsoft Basic. When started it prompts
for passband frequencies (FI - lower fre-
quency, Fh higher frequency in MHz,
where Fh must be maximum three times
greater than Fl), termination resistances
in ohms (Rl - lower impedance, Rh -
higher impedance, where Rh must be
1.5 times greater than RI). At this point
the program prints out the input data
and asks for the order N of the filter,
which may be N=2, 4, 6 or 8. The actual
component values are then calculated
and printed out together with the pass-
band ripple Lar. Table 1 is an example
of program operation for a 6th order fil-
ter with Ri=50 ohms and Rh=150 ohms,
FI=600 MHz and Fh=1400 MHz. For this
example the calculated ripple is
Lar=0.0234 dB. The computed compo-
nent values are as follows: Cp=0.924
pF, Ls=19.6635 nH, Cp=2.086 pF,
Ls=15.64968 nH, Cp=2.621 pF,
Ls=6.93345 nH. After that, the computa-
tion may be repeated for a new value of
N or terminated. In Figure 1 the filter
equivalent circuit and the computed fre-
quency response are given.

This program is available from the RF
Design Software Service. For ordering
information, please see page 89. RF
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RF cad techniques

RF Amplifier and Oscillator Design

Using the UCFCAD Tools

Michael Rothery, Sam Richie, and Madjid Belkerdid

University of Central Florida

This article presents a comprehensive
design for small signal RF amplifiers
and oscillators in the VHF and UHF
bands. The development of these sys-
tems is based on the small signal S
parameters and noise parameters which
can supply information on stability, gain,
and noise. The negative resistance
model is used for RF oscillator design.
Colpitts and Pierce topologies are first
reduced to the generic negative resis-
tance model before the oscillation criteri-
on is applied.

PC based computer aided design

tool (UCFCAD) has been developed
to provide for a user friendly, interactive,
fast, and inexpensive program to be
used in the design, analysis, and syn-
thesis of the above RF circuits. The
input to the CAD system consists of the
operating frequency, the S parameters,
the noise figure parameters, and the
system resistance, UCFCAD then plots
the stability circles, constant gain cir-
cles, and constant noise figure circles
on a graphical display of the Smith
chart. The CAD tool also plots the fre-
quency response, and generates the cir-
cuit diagrams for the wideband amplifier
design. The program was written in C
and runs on an MS-DOS PC.

The design of RF amplifiers and oscil-
lators in the VHF and UHF band using
lumped elements boils down to an
impedance matching problem. Matching
networks are normally done graphically,
in the reflection coefficient domain,
using a Smith chart. For a given reflec-
tion coefficient on the Smith chart, an
intersection of circles technique is used
to determine the amount of reactance or
susceptance required from each compo-
nent in the matching network. Then,
given the frequency of operation and the
system resistance, the value of the
lumped inductor or capacitor are then be
determined.

This article describes procedures
used to design several types of linear
RF amplifiers and oscillators. The steps
for developing a set of matching net-
works to meet design specifications for
a narrowband amplifier are first intro-
duced, followed by an automated itera-
tive design for single stage broadband
amplifiers. A design procedure to devel-
op oscillation conditions for a negative
resistance oscillator are also presented.
Colpitts and Pierce oscillator topologies,
using their respective AC equivalent cir-
cuits, are used in the negative resis-
tance model. instead of matching the
input and output ports of the active

device, a resonant circuit is chosen for
one port, while the other is matched
under loaded conditions. These design
techniques are based primarily upon the
common emitter scattering (S) parame-
ters of the biased transistor at the oper-
ating frequency.

Narrowband Ampilifier Design

The design of a narrowband transistor
amplifier is simply a matter of finding the
proper matching networks for the input
and output ports of a biased transistor
circuit. Using the Smith chart, the stabili-
ty, gain, and noise figure of the circuit
are graphically analyzed with the infor-
mation provided by the S parameters
and noise parameters of the unmatched
device. The proper source and load
reflection coefficients may then be
determined from the Smith chart. These
reflection coefficients translate directly
to the required matching networks which
are easily obtained using the Smith
chart. The matching networks determine
the stability, gain, and noise figure of the
amplifier. Therefore, the challenge is to
find the source and load reflection coef-
ficients on the Smith chart which will
allow the designer to satisfy a given set
of design specifications.

Narrowband design follows a flow

INPUT AND OUTPUT UNILATERAL CONSTANT GAIN CIRCLES

Freauenc: 43 100 MHz
29 : 500

B11; 0.72]-59

St2: ©

So1: 5.4l121

S22: 0.621-36

[opt:0.52492
Finin : 3dB
Ru: 120

CONSTANT NOISE FIGURE CIRCLES

2q: 500

Frequency: 100 MHz

S12: 0
Sz1: 5.4l121
S22 0.62]1-36

[ope: 0.52492
Fain 3c8
Ry: 120

[s plane

Figure 1(a). Input and output constant gain circles.
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Figure 1(b). Constant noise figure circles.
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INPUT MATCHING NETWORKS

THREE-ELEMENT INPUT MATCHING NETWORKS

| Freauency: 100 MHz |
20 : 509

St1; ©.72(-59

: ©
Sz1: 5.4(121
S22 0.62{-36

Freauency: 100 MHz
Zn:S0R

S11: 0.74:-68
S12: ©.04}60
Sz1: 8.5{140
Sy 0.62]1-25
K: 0.462

A:0.438)-87

[bpr:0.52(92 MNn: 0.781{-90.2
Foan: 3dB [tn:0.57¢-13
Ry: 12p Transducer Gain:19.93d8
[o.62135.9 1 I0.5a1]-106.6 7 ez

lo.721{59 3

[ plane

Transducer Gain: 16.03d8

o 572713

|—|‘_ plane 1

Figure 1(c). Input and output matching networks.

Figure 2(b). Three element input matching network.

STABILITY CIACLES AND CONSTANT AUAILABLE POWER GAIN CIRCLES

THREE-ELEMENT OUTPUT MATCHING NETHORKS AND MATCHING PATHS

Fr. : 100 MHz
20: 508

Si1: 0.77-68

S12: 0.04/60

Sz1: 8.57140

S22: 0.62]1-25

K: 0.462

A: 0.43af-a7

Frequency: 100 MHz
Z0: 508
S11; 0.7[-68

S12: 0.04{60
Sz1: 8.5/140
S22 0.62{-25
KT 0.462

A: 0.4341-47

{ip: 0.781-90.2
Tow:0.571-13

[ plane f

[ plane f

Figure 2(a) Stability and constant power gain circles.

If, for example, a gain of 16 dB is
desired from the amplifier, a source
reflection coefficient on the 16 dB gain
circle in the stable region of the I'g-plane
is selected, in this case I'g = .0.541
£~-106.6°. Figure 2b displays four possi-
ble three-element input matching net-
works for I'y. The conjugate match in
the I' -plane is shown to be I'| = .0.572
£13°. Figure 2c displays four possible
output matching networks for I .

Wideband Amplifier Design

The technique used for the design of
single stage RF amplifiers operating
over a wide range of frequencies con-
sists of three principal elements — a
feedback network to flatten the gain
response for constant gain specifica-
tions, a shunt resistor across the output
port to stabilize the device, and match-
ing networks to minimize the input and
output VSWR [1]. A schematic of this
RF broadband amplifier design circuit is
shown in Figure 3.

One of the difficulties in the design of
wideband amplifiers is caused from the
variation of IS,,| as a function of fre-
quency. The resistor-inductor feedback
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Figure 2(c). Three element output matching network

and matching paths.

network is used to compensate for these
variations and assist in flattening the
gain response, IS,,12. The CAD system
operates by first tuning the active net-
work of the device to provide the desired
gain across the frequencies of interest
by varying the values of R; and L,. The
active network of the device includes the
transistor, R;, L;, and Rg. For each
change in R, and L; a new set of S para-
meters is calculated for the active net-
work. This iterative optimization tech-
nique is the heart of this wideband
amplifier design technique and is
explained below.

To calculate this new set of S parame-
ters, the common emitter S parameters
provided by the user are first trans-
formed to y parameters. The impedance
of the feedback network is represented
by Z; = Z, + jZ,,, where Z; = R/Z, and
Z, = 2nfL/Z, are the resistance and
reactance parts respectively, and f is the
frequency for the set of S parameters
under transformation. Y, = 1/Z; is then
added to y,; and y,,, and subtracted
from y,, and y,,. If Rg is present in the
network, this new set of y parameters is
transformed to h parameters. To

account for the shunt resistor, Z,/Rq is
added to the output admittance parame-
ter, h,,. These h parameters are then
transformed to the new set of S parame-
ters for the active network. If Rg is not
present in the circuit then the y parame-
ters are transformed to S parameters.
Rg is required for the circuit if the tuned
active network is potentially unstable.

After tuning the active network, a
check for potential instability (K<1 or
lAl>1) is performed at each frequency
for which a set of S parameters is given.
K and A are stability factors and are
defined as:

_ =18y —[Seef +[A°
2|S12821|
A =548z — 51282

K

If potential instability is found, a value
of Rg is determined which will provide
unconditional stability at each of these
frequencies. This is done so that no
passive matching network will yield an
unstable device that could produce
oscillations, and therefore, complete
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Figure 4a. Wideband amplifier setup and feedback. Figure 4c. Final optimized wideband design.
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Figure 4b. Tuned feedback elements. Figure 5. Tuned and untuned wideband responses.
Since this network is unconditionally sta- Toud L= 1 (2) I'q = 1/T;, from (1). Either method yields
ble over the band, Rg will not be the same result [5]. The input and output
required for this design. where, matching networks corresponding to I'g
To improve the input and output S.S.T and I', are then determined.

VSWR (minimize [S;,1 and IS,,l) a set of T, =S+ 222 L (3) An example of a 100 MHz oscillator
matching networks is added to the 1-S,,T, design is discussed, the transistor has S
device and the amplifier circuit can then parameters at 100 MHz given by:
be tuned. The optimized amplifier and,
design and resulting S parameters are S,, = 0.85/-50°
shown in Figure 4c, while the untuned . _ o S:2Sals (4)  Syp=0.06.54°
and optimized flat gain curves as a func- ot T2 T y_g, g S,, = 9.7./148°

tion of frequency are shown in Figure 5.

Oscillator Design

The same S parameter design tech-
niques used in the design of narrow-
band amplifiers are applied directly to
the design of the negative resistance
oscillator model. The principal differ-
ence, however, is that the oscillator
ports are passively terminated such that
the transistor circuit will operate under
unstable conditions. The Colpitts and
Pierce oscillators are reconfigured to the
negative resistance oscillator model
using their respective AC equivalent cir-
cuit topologies.

The conditions of oscillation require an
unstable active device coupled with refec-
tion coefficient conditions given by [4]:

r,Fg=1 M

82

It can be shown [1] that if (1) is satisfied
then (2) is also satisfied, and vice versa.
The negative resistance oscillator
model — Given a transistor that is
potentially unstable (K<1 or |Al>1) at the
desired frequency of oscillation, passive
terminations can be found which satisfy
the oscillation criteria given in (1) and
(2). First, using the computerized Smith
chart of the CAD tools, the input and
output stability circles are calculated and
drawn. The source and load reflection
coefficients, I'g and I, which satisfy the
oscillation criteria are then determined.
I's and T are found by first selecting
I'y from the unstable region of the I's-
plane, calculating T, from (4), and
finally computing T’ = /T, from (2); or
select I, from the unstable region of the
T, -plane, calculate I, from (3), and find

S, = 0.79./-18°

The stability factors are found to be
K= 0.381 and |Al= 0.889, and since K<1
the transistor is potentially unstable. The
source reflection coefficient is selected
by moving a marker to the desired loca-
tion on the I'g-plane Smith chart. As
each value of I'g is highlighted, a corre-
sponding value of T is calculated to sat-
isfy the oscillation criteria. These values
of I' are graphically displayed on the
I -plane Smith chart along with the pos-
sible matching networks for the current
values of I'gor I

Colpitts Oscillator Design

The standard topology for the Colpitts
oscillator is shown in Figure 6a. In order
to use the criteria for oscillation as
defined in (1) and (2), this topology must
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Figure 6a. Colpitts oscillator topology.

be made to conform to the two-port con-
figuration as seen in Figure 6b [6], and
the resulting AC equivalent circuit
shown in Figure 6c¢ satisfies this require-
ment. Here, the potentially unstable
active network consists of the transistor,
feedback capacitor (C, ) and resistor
(R,). The output matching tank network
is made up of three parallel elements —
an inductor (L), a tuning capacitor (C, ),
and the load resistor (R,). A single
capacitor (C,) makes up the input
matching tank network.

The S parameters of the potentially
unstable active network in this new con-
figuration is determined from the com-
mon-emitter S parameters of the transis-
tor and from the values of C, and R..
The common emitter S parameters must
first be transformed to common emitter
h parameters and then to common base
h parameters. R./Z, is added to the real
part of h,, and the resulting h parame-
ters are transformed to y parameters.
2nfC,Z, is then added to the suscep-
tance portions of y,, and y,,, and sub-
tracted from the susceptance portions of
Yy @nd y,,. These y parameters may
now be transformed to the S parameters
of the active network and it can be con-
firmed that the device is potentially
unstable (K<1 or |Al>1).

Next, given the load resistance and a
value for C,, an incremental search is
made for an acceptable inductor value
that satisfies the condition IT; | = 1. This
condition, necessary so that the input
match can be accomplished with a sin-
gle capacitor to satisfy the Colpitts topol-
ogy, is performed by the CAD tools. The
iterative calculations begin with an
inductor value of 1 nH. T is calculated
using equation (3), where I'| =

RF Design

(Z -N(Z +1), and Z = (LIIC|IIR )/Z,,.
The value of L is increased by 1 nH untll
a value is found which yields IT; | = 1.
When certain combinations of Re C,,
C, and R, are used with a partrcular
transistor, lt is possible that no reason-
able inductor value exists that will result
in IT,.[ = 1. Therefore, a maximum value
of L should be supplied to prevent
unnecessary iterations. There is an
additional requirement to ensure that the
input match can be made with a capaci-
tor (rather than an inductor). If —180°<
I's<0°, then using the oscillation criteria
given in (1) results in 0°< I'g<180° and
the input cannot resonate with a single
capacitor, and the Colpitts topology can-
not be satisfied using the particular tran-
sistor at the desired frequency of oscilia-
tion which is, of course, inferred by the
given S parameters.

If an acceptable inductor value is
found and assuming that 0°< I; <180°, a
value will be determined for C which
satisfies the oscillation crrterla Using
the relationship I'y = 1/, from (1), the
source |mpedance deflned by Zg
(1+Tg)/(1-Ig) is found. C, is then glven
by C, = —1/2rfZoZ, where Zg is always
negative.

Using the same set of S parameters
from the previous example, the following
element values were supplied to the
CAD system:

R, =90 Q
C, =20 pF
C,=15pF
R, = 1000 Q

The active device S parameters were
calculated for these element values and
found from Figure 7 and are given by:

Figure 6¢c. Colpitts

negative resistance model.

S,y = 0.270£-39.9°
S,, = 0.632.248.70°
S,y = 0.794./8.40°

Sy = 0.774£-43.6°

Figure 7 also indicates that an induc-
tor value of 76.3 nH was found to satisfy
the condition Il | = 1 and a capacitor
value of 126 pF was found to satisfy the
oscillation criteria of (1) to complete the
design. Also displayed are a set of
Smith charts which contain the input and
output stability circles and locations of
I's and . The element values can be
changed directly on the circuit with an
on screen editor. With each element
value change a new set of S parameters
is calculated, new values for L and C,
determined, stability circles redrawn
and reflection coefficients reiocated on
the Smith charts.

Pierce Oscillator Design

The Pierce oscillator design is very
similar to that for the Colpitts. The
Pierce oscillator circuit is depicted in
Figure 8 must be made to conform to
the same two-port configuration shown
in Figure 6b for the Colpitts. The AC
equivalent circuit of the form shown at
the top of Figure 9 satisfies this topology
for the Pierce osciilator. The potentially
unstable active network includes the
transistor and feedback inductor (L).
The output matching network is a paral-
lel network made up of a capacitor (C)
and load resistor (R|), and the mput
matching network is once again a single
capacitor (C,).

The S parameters of the potentially
unstable active network will be deter-
mined from the common emitter S para-
meters of the transistor and the feed-
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COLPITTS OSCILLATOR

PIERCE OSCILLATOR

Frequency: 100 MHz

Frequency: 100 MHz

20 S0
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Figure 7. Optimized Colpitts oscillator design.

back inductor, L. The common emitter S
parameters given by the user must first
be transformed to y parameters. Z,/2ril
is then subtracted from the susceptance
portions of y,, and y,,, and added to the
susceptance portions of y,, and y,,.
These y parameters are then trans-
formed to the S parameters of the active
network, and it can be confirmed that
the device is potentially unstable.

Given the load resistance, an incre-
mental search is made for a value of C,
that satisfies the condition I[,| = 1 so
that the input match can be accom-
plished with a single capacitor. If the
search is successful and assuming that
0°< TI',,<180°, C, will be caiculated to
satisfy the oscillation criteria given in (1).

Using the following S parameters and
element values for a transistor at 100
MHz:

Sqq = 0.3£-39°
Syp = 0.02£32°
S,, = 3.42121°

Figure 8. Pierce oscillator circuit
topology.
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S,, = 0.43/-24°
L=50nH
R, = 1000 Q

The active network S parameters were
calculated and found from Figure 9, and
are given by:

S,, = 0.808/153°
S,, = 0.374,9.2°
S, = 0.69./-100°
S,, = 0.843/151°

A value of C, = 41.2 pF was found to
satisfy the condition and a single capaci-
tor value of C, = 384.3 pF was found for
the input matching network to satisfy the
oscillation criteria. As with the Colpitts
design, the input and output stability cir-
cles and locations of I'g and I, are dis-
played.

Summary

This paper has presented CAD tools
for RF amplitier and oscillator design
developed at the University of Central
Florida. The UCFCAD tools are based
on a flow chart design approach to nar-
row band, and a custom optimizer for
wide band amplifier design, as well as
an iterative design approach to the neg-
ative resistance oscillator model. The
UCFCAD tools, written in C for the IBM
PC or compatible, are pull-down menu
driven and can be used for design and
analysis. These tools include custom
graphical displays such as a computer-
ized Smith Chart and interactive design
capability, and also offer some basic
schematic capture capability.

The UCFCAD program will be avail-
able in June, 1994, and will be distrib-

Figure 9. Optimized Pierce oscillator design.

uted by the Argus Inc. Direct Marketing
Department, 6151 Powers Ferry Road,
Atlanta, GA 30339; (404) 618-0219. See
the June issue of RF Design or call for
pricing and availability. RF
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RF product report

Communications Test Equipment
Copes with Myriad of Standards

By Ann Marie Trudeau
Assistant Editor

Communications test equipment is in
the same flux as the communication
industry itself. R&D needs flexible appli-
cations for designing. Manufacturers
and service providers want fully auto-
mated equipment that can be used by
an unskilled tester. But, the biggest
concern is the standards race. With
this turmoil in mind what follows is an
overview of how some companies are
interpreting the race and focusing their
products.

“The tremendous growth and devel-
opment in the wireless communications
market is driving the needs of the test
equipment market,” says Carla Slater,
Product Development Engineer at Giga-
tronics Corp. They are targeting manu-
facturing requirements. Slater said that
Giga-tronics is not pursuing any wire-
less standard, waiting to see what the
market will settle on.

Sharing the same view, Jack Tiley,
World Wide Sales Manager for Hewlett
Packard’s Spokane, Washington Divi-
sion, said that they are involved in RF
communications, service, and manufac-
turing. As a result they have responded
to the many available standards, he
said, by taking a wait-and-see mode
and by building customizable general
purpose platforms.

“It's a heck of a market to keep chas-
ing,” said Doug Mach, Test Engineering
Manager of Motorola’s Government and
Systems Technology Group. “The
biggest change | see is the constant
evolution of communications.” Their
testing platforms for test radios, pagers
and cellular sites have room for
upgrades.

International Responses

Deputy Managing Director Sandy
Warwick, of Marconi Instruments Inc.
pointed out that the traditional main
players are changing and looking
toward other markets because of mili-
tary cut backs. “In Europe the same
thing is happening and everyone wants
something from test manufacturers,”
Warwick said. As a resuit, Marconi also
has decided to leave room in their radio
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test set for features to deal with differ-
ent standards.

Ken Harrison, the National Sales
Manager for Wayne Kerr, Inc., a British
manufacturer, said that they are already
into the Far East but are not well known
in the U.S. The markets that they are
into are wireless PCS and LAN. They
don’t provide any dedicated systems
but modulation sources can be used.

Another company that doesn’t provide
standard dedicated systems but does
combine the needs of R&D and commu-
nications is the Lake Stevens Instru-
ment Division of Hewlett Packard. Rod
Nemitz, Product Marketing Engineer,
said that their R&D equipment has been
driven by diverse and complex applica-
tions and tighter restrictions in a restrict-
ed spectrum. Nemitz thought that
CDMA is making strong moves in com-
munications networks and PCN or PCS
will soon be in the same position that
CDMA is in now.

With instruments for R&D, manufac-
turing and maintenance, Noise Com
tries to bring the real world into the test
lab with their multi-path fading emulator,
Marketing Manager Bent Hessen-
Schmidt said. Noise Com’s focus con-
tinues in these three test equipment
market areas.

Joining Forces

Rohde & Schwarz, Tektronix, and
Advantest Corporation, a Japanese
company, have taken the tactic of work-
ing together so that whatever way the
standards race goes they are protected
because one of the three companies
will be able to jump into the market with
the support of the others. Gerhard Son-
nde, Director of Marketing and Sales for
Rohde & Schwarz said they are the only
Type Approval Test System for testing
European GSM phones. If a vendor
wants to make phones for the European
GSM standards they have to be tested,
by law, on a Rhode & Schwarz tester
before they can be sold. They are tar-
geting R&D, manufacturing and servic-
ing, with the biggest focus on the manu-
facturing side. They don't expect analog

to grow any more because everything is
going digital, Sonnde said.

A Resourcful Solution

Dr. Herman C. Okean, Vice President
of Government Systems Division for
LNR Communications, Inc., said that
their niche has been in satellite commu-
nications. But, because they had to
develop flexible spread spectrum equip-
ment for their own use, going into the
spread spectrum test generator and
receiver business was a natural exten-
sion for LNR

Views on Fallout Time
EIP Microwave, Inc.,, is still focusing on
the shrinking military market as they
expand into a communications niche
serving sparsely settled, remote areas.
They service dish antennas, cell sites,
and microwave links. “I believe the con-
sumer will get upset with the govern-
ment and want a single standard,” Ray
Beers, Product Marketing Manager
said. Also he said the standard fallout
may be decided in one to two years.
Then there’s the long term approach
to the standards fallout. “There’s talk in
the industry that sometime down the
road, it may be in as many as 15 years,
we will have a world wide standard,”
Craig Hendricks, Product Marketing
Engineer for Anritsu Wiltron Sales Com-
pany said. Hendricks thinks that the
future standard will be in the spread
spectrum area. Anritsu Wiltron focuses
on a narrow niche of celiular and PCS
design, manufacturing, including the
components market, by offering a gen-
eral piece of equipment that has dedi-
cated standards accessible by push
buttons.

Summary

One person jokingly pointed out that
they were offering dedicated general
equipment. That observation certainly
exemplifies the dilemma facing the
industry and how test equipment
providers are trying to cope with the
changes and still stay marketable. RF
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