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[57] ABSTRACT 
A matching network matches an output impedance of a 
source with an input impedance of a load. The matching 
network includes a plurality of transmission line stubs. 
Each transmission line stub includes a ?rst transmission 
line conductor, a second transmission line conductor 
running parallel to but not in electrical contact with the 
?rst transmission line conductor, and ferrite dielectric 
material between the ?rst transmission line conductor 
and the second transmission line conductor. A magnetic 
?eld is used to vary the relative permeability of the 
ferrite dielectric material. 

21 Claims, 3 Drawing Sheets 
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5,065,118 
1 

ELECI'RONICALLY TUNED VHF/UHF 
MATCHING NETWORK 

BACKGROUND 

The present invention concerns the connection of a 
?rst electrical circuit to a second electrical circuit using 
a matching network so as to provide maximum power 
transfer between the first electrical circuit (the 
“source”) and second electrical circuit (the “load”). 
Maximum power is transferred from the source to the 

load when the output impedance of the source is the 
complex conjugate of the input impedance of the load. 
In most cases the output impedance of the source is not 
naturally equal to the complex conjugate of the input 
impedance of the load; therefore, matching networks 
are placed between the source and load when power 
control and efficiency are critical. A matching network 
operates properly when the input impedance of the 
matching network is the complex conjugate of the out 
put impedance of the source, and the output impedance 
of the matching network is the complex conjugate of 
the input impedance of the load. In this way power may 
be transferred from a source through a matching net 
work to a load with minimal loss of power through 
power reflection, heat dissipation, etc. 

In cases where the input impedance of the load varies 
during operation it is necessary to make adjustments to 
the matching network to maintain maximum power 
transfer from the source to the load. Typically, match 
ing networks are designed such that variations in the 
input impedance of the load will result in a variation of 
the impedance of the matching network, the input irnpe 
dance of the matching network being held constant. 
Further, in many applications the output impedance of 
a source is an output resistance with a negligible imagi 
nary component. Therefore, in some prior art applica 
tions, the impedance magnitude and the impedance 
phase angle is measured at the input of the matching 
networks. Variable capacitors or inductors within the 
matching network are varied until the input impedance 
of the matching network matches the output impedance 
of the source network, that is until the impedance phase 
angle is zero and the impedance magnitude matches the 
magnitude of the output resistance of the source. The 
variable capacitors or inductors are placed in the 
matching network so that for every predicted variance 
in the input impedance of the load there is a solution in 
which the variable capacitors are set to values so that 
for the input of the matching network the impedance 
phase angle is zero and the impedance magnitude 
matches the magnitude of the output resistance of the 
source. 

In US. Pat. No. 4,951,009 by Kenneth Collins et al., 
entitled “Turning Method and Control System for Au 
tomatic Matching Network”, techniques are discussed 
in which variable impedance elements are used to re 
place variable capacitors and variable inductors. The 
variable impedance elements are constructed using 
magnetically saturable reactors, such as a transformer 
composed of primary and secondary windings wound 
around a non-linear ferromagnetic core. 

Re?ective power is removed by “dithering”. What is 
meant by dithering is varying at a known-frequency or 
frequencies the impedance through the ?rst variable 
impedance element and the impedance through the 
second variable impedance element. A control circuit 
separates out the component of the change in reflected 
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power which is due to dithering of the ?rst variable 
impedance element from the change in re?ected power 
which is due to dithering of the second variable impe 
dance element. Using the components of change, the 
control circuit continuously varies the steady state im 
pedance of the ?rst variable impedance and the steady 
state impedance of the second variable impedance in 
directions which minimize the reflected power. The 
dithered method of tuning and control always con 
verges to a unique matching solution, even for non-lin 
ear, dynamic loads. Convergence can be very fast by 
using high dither frequencies and magnetic dithering. 
The use of saturable reactors allows the variance of 
matching network impedance elements quickly and 
without moving parts. 
While the matching network discussed in US. Pat. 

No. 4,951,009 works well for signals in the radio fre 
quency range (frequency less than or equal to 30 Mega 
hertz), for high power signals in the very high fre 
quency (VHF) range (30-300 megahertz) or in the ultra 
high frequency (UHF) range (300-3000 megahertz), 
parasitic irnpedances within the magnetically saturable 
reactors are sufficiently large to cause non-ideal opera 
tional characteristics. 
One alternate approach for matching networks which 

handle high power signals in the VHF or UHF range is 
to use a distributed parameter approach. In the distrib 
uted parameter approach transmission line sections or 
stubs are used to match irnpedances. In the prior art, the 
impedance of each transmission line stub may be varied 
by mechanically moving a short circuit or tap which is 
connected to the transmission line stub. However, when 
it is desired to quickly change impedances of a matching 
network, for example in a dithering process, such me 
chanical movement is unacceptably slow and unreli 
able. 

SUMMARY OF THE INVENTION 

In accordance with the preferred embodiment of the 
present invention, a matching network is presented. The 
matching network matches an output impedance of a 
source with an input impedance of a load. The matching 
network includes a plurality of transmission line stubs. 
Each transmission line stub includes a ?rst transmission 
line conductor, a second transmission line conductor 
running parallel to but not in electrical contact with the 
?rst transmission line conductor, and ferrite dielectric 
material between the ?rst transmission line conductor 
and the second transmission line conductor. A magnetic 
?eld is used to vary the relative permeability of the 
ferrite dielectric material. Throughout the discussion of 
the present invention, the term ferrite dielectric mate 
rial means ferromagnetic or antiferromagnetic dielec 
tric material. 

In the preferred embodiment of the present invention 
the ?rst transmission line conductor and the second 
transmission line are coaxial. These may be imple 
mented by electrically conducting pipes placed one 
inside the other. Deionized water may be ?owed 
through the inner pipe to remove heat generated by the 
transmission line stub. Alternately, some other fluid, 
such as air, may be ?owed through the inner pipe to 
remove heat generated by the transmission line stub. 
Similarly air (or some other fluid such as deionized 
water) may be ?owed on the outside of the outer elec 
trically conducting pipe. 
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