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Optimal Design of Matching Net-
works for Microwave Transistor
Amplifiers

Abstract—The design of input and out-
put matching networks for transistor micro-
wave frequency amplifiers has been opti-
mized by the use of an efficient computer
program. Power amplifiers capable of 2.5
watt peak power output with a 400 MHz
bandwidth at 2.25 GHz have been fabri-
cated, The matching network problem was
reduced to an equivalent nonlinear pro-
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plicated by nonlinear operation to give ef-
ficiency as well as gain. The natural step to
integrated microwave transistor amplifiers
imposes a minimal size constraint upon the
matching network design. Additional con-
straints such as transistor biasing networks
and coupling capacitor dimensions must
also be considered. The characterization
techniques used to obtain the transistor in-
put and output admittances have been
previously described [1). The admittances
generally cannot be ascribed to a simple
equivalent circuit. The technique described
in this paper allows networks, consisting of
lossless transmission lines, to be designed to
match the measured admittances over a
broad range of frequencies. An extension of
the technique to lumped parameter ele-
ments also has been made.

We have characterized either port of a
transistor as an admittance for the pur-
poses of this discussion. This admittance is
generally a function of both power level and
frequency as shown in Fig, 2. Upon choosing
an operating level, the admittance is given
in terms of frequency alone. By least
squares curve fitting, an admittance vs.
frequency function may be empirically de-
scribed. In general, two such admittance
functions are given to be matched to one
another by the use of a suitable network.
The case described below utilizes lossless
transmission line elements and capacitors to
construct an admittance matching network
over a broad band of frequencies.

IDEAL TRANSISTOR

R
o— ] —
{ 1
INPUT \ // OUTRUT
INPUT MATCHING ~ MATCHING| OUTPUT
NETWORK NETWORK
° 1

Fig. 1.

Schematic diagram of a single stage transistor microwave amplifier. The output may be the

input admittance of the next transistor stage.

gramming problem by considering the N-
filter elements as coordinates in a 2N-
dimensional vector space. The optimal solu-
tion point in the vector space was found by
the use of a “pattern search” routine which
utilized randomly chosen orthogonal trans-
formations of the search pattern to minimize
an objective function. In this case, a suitable
objective function was chosen to be the area
under the curve of “reflection coefficient”
vs. frequency for the filter input. By use of
multiple data input as many as six designs
have been achieved in less than nine min-
utes on the 7044 computer.

INTRODUCTION

Construction of transistor amplifiers at
microwave frequencies involves the design
of suitable matching networks as shown in
Fig. 1. Power amplifiers are further com-

Manuscript received May 31, 1966. This work was
sponsored by the AF Avionics Laboratory, Research
and Technology Division, USAF Systems Command,
under Contract AF 33(615)-2525.
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NeTworRK DESIGN

The lossless line elements used are series
sections, open stubs, and shorted stubs; the
characteristic impedance and the individual
line lengths, the capacitance and series re-
sistance, are varied in the optimization
procedure. A configuration of N elements
thus describes the coordinates of a 2N
vector space. By using one admittance as a
load, the “reflection coefficient” between
the transformed load admittance and the
second (source) admittance may be cal
culated. Use of this function follows Fano
[2], but the “reflection coefficient” actually
employed is that function defined by Youla
[3]. For a point in the vector space the
“reflection coefficient” may be calculated
as a function of frequency over the range
of interest. Using a finite difference scheme
and effectively integrating the resulting “re-
flection coefficient” function over this range
results in an objective function to be mini-
mized over the vector space.

The inclusion of constraints (upper and
lower bounds) on the magnitudes of the 2V

variables, imposed by practical design con-
siderations, poses this as a special form
(linear constraints with a nonlinear objec-
tive function) of a general nonlinear pro-
gramming problem [4], {S].

The small number of elements (N <10)
allowed us to include the design constraints
in the objective function by means of
penalty functions. This, in turn, allowed us
to utilize an efficient pattern search op-
timization routine called “SPIDER” for
the mimimization process [6}-[8].

From the initial point a successful direc-
tion is determined by searching a fixed
distance from the base point in a number of
random orthogonal directions. If a success-
ful direction is determined, a series of ac-
celerating moves are made in this direction
by a speed factor. If no successful direction
is found with the current incremental values,
then the increments are reduced. The ex-
ploratory moves are repeated with new in-
crement values. Increments are successively
reduced until the lower limit on the first
variable is undercut, which initiates an
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exit routine. The maximum number of
iterations may be specified to cause a
separate (possibly nonoptimal) exit. Figures
3 and 4 diagram the search routine program.

At the present time the network con-
figuration is at the discretion of the de-
signer; an initial point and step sizes must
also be given to the program. Boundary
values for the transmission line elements
are specified by the designer. This approach
has been tested by designing transistor
microwave power amplifiers. Table 1 gives
a sample configuration, starting values, and
final values for a network matching the out-
put admittance of an amplifier to a 50 @
load. Figure 5 shows a computer plot of the
“reflection coefficient” vs. frequency curve
achieved by the program. Figure 6 shows a
2.5 W peak-power amplifier designed using
the computer program; Fig. 7 gives the
frequency performance of the amplifier. The
matching networks operate satisfactorily
within the accuracy of the admittance mea-
surements and the knowledge of the trans-
mission-line design parameters.
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TABLE 1

NETWORK MATCHING OUTPUT IMPEDANCE OF AN
AMPLIFIER TO A 50 @ LoaD

Initial Value Final Value
Ele- BL at Bf at
ment 2.4 2.4
No. Yo GHz Yo GHz
{mmhos) (de- (mmbhos) (de-
grees) grees)
1 Series 15 45 12 14
2 Open Stub 15 45 20 62
3 Series 15 45 13 18
4 Shorted 15 45 28 20
Stub
5 Serieg 15 45 23 15

KEFLECTION
COEFF ICIENT

0.1569576-00
0417705 0E-00
0.158185E=-0C
0.140364E-00
0.123597E-00G
0.107903E-00
£.933140E-01
0.798642E-01
04676895E-01
0.568494E-01
0.475374€-01
0.399919E-04
0.344860E-01
0.3120118-01
€.300194E-01
0.304425E-01
0.317850€-01
0.334309€-01
04349385E=01
C+360260E-01
0.365276E-01
0.363611€-01
0.355122€-01
0.340377E~01
C.32088HE~CL
€4299602E~01
€.2H165CE~01
0-274746E-0L
0.Z8T81TE~CL
0.3262656-01
0438960 3E~01
0.474605E~01
G.5766326-01
0.652303€-01
0.819439E-01
£.955989E-01
0.110030€-00
Co125089€-C0
C.140637E-00
0.156546E-00
0172692E-00
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THIS AMAZING FEAT HAS BEEN ACCOMPLISHED IN 100 ITERATIONS
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Fig. 5. Reflection coefficient vs. frequency.

Fig. 6. Peak power amplifier (2.5 watts).
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Fig. 7. Frequency performance of amplifier.
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Confocal Resonator Band-Pass
Filters

Direct-coupled confocal' resonators are
considered for use as band-pass filters at
millimeter wavelengths in this correspon-
dence. In previous work on band-pass filters
for millimeter wavelengths [1], two flat
reflectors were used to form resonators:
these resonators could not produce high
unloaded @ values because of the critical
tolerances of maintaining parallelism be-
tween reflectors [2]. To overcome these
difficulties, resonators with curved spheri-
cal surfaces have been used at millimeter
wavelengths to achieve high Q. [3]-[5].
Single-resonator Fabry-Perot interferome-
ters and absorption wavemeters were
considered (in these references), and the
possibility of using them as band-pass filter
elements was suggested [5]. One- and
two-resonator band-pass filters are de-
scribed herein together with experimental
data. Emphasis is placed on types of cou-
pling structures, reduction of spurious re-
sponses, and an extension to filters of ar-
bitrary numbers of resonators.

Figure 1 shows a tunable, single-res-
onator, band-pass filter constructed of brass
and operating in the 40 GHz region. Each
reflector is machined into a cylindrically
shaped piece which has a concentric thread.
One end reflector has a right-hand thread,
the other a left-hand thread. Rotation of
the cylinder tunes the filter. Two steel guide
rods are used to maintain reflector align-
ment.

Manuscript received June 15, 1966. This work was
presented at the 1966 IEEE G-MTT Symposium,
Palo Alto, Calif,

1 The filters described are confocal and nonfocal;
for conciseness, “confocal” will be used to describe
either situation.



