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FUZZY LOGIC TUNING OF RF MATCHING
NETWORK

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This mvention relates to plasma generation equipment,
and 1s particularly directed to an automatic RF matching
network to match the mmpedance of a reactive plasma
chamber or similar non-linear load to a constant impedance
(e.g., 50 ohms) output of an RF generator or similar RF
source. The mvention 1s more particularly concerned with a
tuzzy logic technique that 1s capable of controlling two, or
more, tunable elements 1n the matching network using both
the phase error signal and magnitude error signal associated
with the matching network.

In a typical RF plasma generator arrangement, a high
power RF source produces an RF wave at a preset frequency,
1.e., 13.56 MHZ, and this 1s furnished along a power conduit
to a plasma chamber. The RF power 1s also typically
provided at a fixed, known impedance, e.g., 50 ohms.
Because there 1s typically a severe impedance mismatch
between the RF power source and the plasma chamber, an
impedance matching network 1s interposed between the two.
There are non-linearities 1n the plasma chamber which make
it dithicult to simply set the impedance match network at
fixed positions for a plasma process. At the mput to the
matching network there i1s located a phase and magmtude
error detector that produces two (or more) error signals
representing the magnitude of impedance error and phase
error. Magnitude error is the diflerence between the magni-
tude of the nominal input impedance (typically 50€2 and the
magnitude of the actual input impedance. Phase error 1s the
deviation between the phase at the nominal input impedance
(typically zero degrees) and the phase at the actual input
impedance. The error signals also indicate the direction or
sign (+ or —) of the magnmitude error and phase error.

The conventional matching network uses these two error
signals to control two variable tuning elements: phase error
being used to control one tuning element and magmtude
error being used to control the other tuning element. The
phase and magnitude error signals drive motors associated
with variable capacitors or perhaps a tuning slug of a

variable inductor. The error signals drop to a low or zero
level when a matched condition has been achieved.

The conventional system has experienced dificulty in
quickly achieving matched impedance under a number of
conditions. One primary problem 1s that the current design
does not address the fact that each tuming element aflects
both error signals. Because of this eflect, the error signals
may drive one or both of the tuning elements away from the
match or tune point. This prolongs the tuning process, and
causes slower, less reliable tuning. Another problem arises
because the phase and magnitude error signals alone do not
always provide enough information to drive the matching
network to the tune point. This means that the matching
network may have “lost conditions™ where 1t will be unable
to reach impedance match. A third problem 1s that the error
signal produced by a given movement of a tuning element
varies with the tuning element’s position. In other words, 1t
the tuning element 1s near the minimum end of 1ts travel, a
10% change 1n position may produce a 50% change 1n error
signal amplitude, but if the tuning element 1s near the
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maximum end of its travel, the same 10% change might
produce only a 5% change in error signal amplitude. This
will cause the control loop stability to vary depending upon
the position of the tuning elements. However, at the present
time, no practical system even tracks the tuming element
(e.g., rotor) position as an input.

A cross-poimnt approach to address the first-mentioned
problem has been proposed previously, but still uses only a
single error signal for each of two tuning elements. Another
problem 1s that this approach requires a hard, fixed threshold
rather than a gradual transition.

A lost-recovery approach has been proposed to address
the second problem mentioned above, namely the “lost
conditions” problem. In this approach the system detects
that impedance match has been lost, and then moves the
tuning elements to predetermined “lost recovery” positions,
from which 1t can tune to a match. This approach wastes
considerable time in recovering impedance match, and may
not work with every load in the tuning range.

The industry does not seem to have recognized the third
problem arising from the non-linearity of the error signal
across 1ts range. Also, the desirability of using more than one
error signal to control each tuning element has not been
recognized, nor has any process been proposed for combin-
ing multiple error signals to control each of the tuning
clements associated with the impedance matching network.

Fuzzy logic has been employed as a control algorithm 1n
many applications, and has the advantage of reducing a
complex multi-dimensional treatment to a rather straight-
forward algorithm based on a simple set of rules. Fuzzy
logic 1s based on Fuzzy Set Theory, a branch of mathematics
developed by Prof. Lotft1 A. Zadeh 1in the 1960°s. Fuzzy logic
provides a robust, non-linear and eflicient approach to
control by mapping inputs to outputs using a minimal
amount of code. The basis for Tuzzy logic and fuzzy controls
has been explained 1n many places in the mathematical and
engineering literature. Basically, the fuzzy logic control
process can be described as a small number steps or stages.
First, the process control engineer establishes a number of
overlapping fuzzy sets, e.g., “high positive,” “medium
positive,” “zero” or small, “medium negative,” and “high
negative.” In the first stage, 1.e., “fuzzification,” crisp, dis-
crete mput values are fuzzified, that is, they are converted
into appropriate degrees of membership 1 overlapping
tuzzy sets. Then, 1n a rule application stage, rules are applied
to define the relation between the input vaniables and the
output variables. These rules are provided in terms of a
“fuzzy mterference function™ and represent a relation that
should be mtuitive to the process engineer. These can be a
series of IF-AND-THEN statements, or can be constructed
as a straightforward table, grid or matrix. An output or
defuzzification stage converts the fuzzy variables to crisp
output values that are applied as control values or signals to
a control device, such as the rotor of a variable capacitor.

No one has previously considered employing fuzzy logic
to the control the tuming of an impedance match network,
and no one has previously appreciated that an application of
tuzzy logic would resolve the three problems mentioned
above.

OBJECTS AND SUMMARY OF TH
INVENTION

It 15 an object of this invention to provide the scheme for
controlling the tuming of an RF matching network that
avoids the drawbacks of the prior art.

It 1s another object of this invention to provide automatic
tuning of an RF matching network that avoids problems of
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single variable control of the tuning elements, “lost condi-
tions” and non-linearity across the tuning range.

It 1s a further object to provide automatic tuning of the RF
matching network which 1s fast and reliable, and which 1s

casily implemented and adjusted.

According to an aspect of this mvention, a fuzzy logic
method 1s employed for tuning an RF matching network of
the type having an input at which 1s applied RF power at a
given frequency and at a given impedance, and an output

which applies such power to an RF load having a non-
constant 1mpedance, such as an RF plasma chamber. The
matching network has a phase-magnitude error detector
providing a phase error signal and a magnitude error signal
related respectively to the differences between nominal and
actual input phase angle, 1.¢., A¢ and between nominal and
actual impedance AZ. The matching network has at least a
first variable impedance having a driven element for varying
its 1mpedance, and a second variable impedance having a
driven element for varying its impedance. The fuzzy logic
control technique involves the steps of supplying the phase
and the magnitude error signals to a tuzzy logic controller,
wherein each error signal has a magnitude and direction.
Then the error signals are each applied to a fuzzy logic
inference function based on membership 1n one or more
tuzzy sets, which may be overlapping fuzzy sets. The value,
1.e., the size and direction of each error signal enjoys
membership in one, two, or more overlapping fuzzy sets.
Fuzzy logic rules are applied to the phase and magnitude
error signals according to the fuzzy sets for which said first
and second error signals enjoy membership. A plurality of
drive signal values are obtained, based on the fuzzy logic
rules for each of the phase and magnitude error signals. The
drive signal values are weighted according to respective
tuzzy interference functions for which the error signals
enjoy membership. Then the weighted drive signal values
are combined to produce an output drive signal for the first
variable impedance-device driven element. A similar pro-
cess creates an output drive signal for the second variable
impedance. According to the fuzzy logic rules, the phase and
magnitude error signals are used jointly to obtain each of the
output drive signals.

The fuzzy logic rules can be expressed as a matrix of
NxM drive current values, where N 1s the number of fuzzy
sets of said first error signal and M 1s the number of fuzzy
sets of said second error signal. Here, to obtain each drive
current value, there 1s a given set of rules applying the first
error signal and the second error signal.

A Tuzzy logic controller 1s provided according to another
aspect of this invention for tuning an RF matching network,
wherein the matching network 1s positioned between a
source of applied RF power at a given frequency and at a
given impedance, and an RF load, such as an RF plasma
chamber, having a non-constant impedance. A phase-
magnitude error detector produces a phase error signal and
a magnitude error signal related respectively to the phase
error and magnitude error 1in mput impedance, as discussed
carlier. The matching network also has at least a first variable
impedance having a driven element for varying the imped-
ance thereof and a second variable impedance having a
driven element for varying the impedance thereof. The fuzzy
logic controller has input means to receive the values of the
phase and magnitude error signals. The controller applies
these values of error signals to a fuzzy logic inference
function based on a number of overlapping tuzzy sets. The
values of error signals enjoy membership 1n one, two, or
more overlapping fuzzy sets. Fuzzy logic rules are applied
to the phase and magnitude error signals, with the rules
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4

depending on the fuzzy sets for which the error signals enjoy
membership. Drive signal values are obtained according to
the fuzzy logic rules for each fuzzy set for which the error
signals enjoy membership. The drive signal values are
weilghted according to the respective fuzzy inference func-
tions for the values of these error signals. Then the weighted
drive signal values are combined to produce an output drive
signal for the first variable impedance device driven ele-
ment. Additional drive signal values are obtained based on
additional fuzzy logic rules for each of the phase and
magnitude error signals. Then these additional drive signal
values are weighted according to additional respective fuzzy
inference functions, and the weighted drive signal values are
combined to produce an output drive signal for the second
variable impedance device driven element.

The fuzzy logic controller quickly drives the turning
clements to a matched impedance state, and avoids lost
condition problems. The fuzzy logic controller can be 1mple-
mented in hardware, or can be based on a programmed
device such as a digital signal processor (DSP) or a micro-
processor. The fuzzy logic controller function can operate in
background, or can employ a separate hardware device to
free the DSP for other functions such as signal processing,
motor control, user interface, or other functions. A separate
independent PC can be employed to carry out the fuzzy logic
tuning.

Further enhancements 1n performance can be obtained by
employing additional inputs. For example, tuning element
positions can be used as inputs to linearize loop gain as a
function of position. This can achieve higher overall loop
gain and faster tuning speeds. A reduction or elimination of
lost conditions can be achuieved by using additional sensors,
¢.g., voltage and current at the RF plasma chamber, and then
applying the detected levels as additional inputs to the fuzzy
logic controller.

The improvements of this invention use fuzzy logic to
provide a practical method to analyze multiple mnputs and to
produce signals which will drive multiple tuning elements.
In a minimal system, the fuzzy controller mnputs can consist
of phase and magmtude errors, and the fuzzy outputs can
consist of one or both of the drive signals for the tuning
clements.

The mnvention can be easily extended to control of three
or more variable tuning devices.

The above and many other objects, features, and advan-
tages of this invention will become apparent from the
ensuing description of a preferred embodiment, which 1s to
be read in conjunction with the accompanying Drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a system block diagram of an RF plasma process
incorporating an impedance match net with a fuzzy logic
control system according to one embodiment of this inven-
tion.

FIG. 2 1s an enlarged schematic diagram of the match net
and control system of this embodiment.

FIGS. 3 and 4 are charts of the fuzzy logic inference
functions or membership functions with respect to the fuzzy
sets of impedance magnitude error and phase angle error,
respectively.

FIGS. 5A and 3B are fuzzy logic rule application matrices
for first and second variable impedance tuning drive signals
according to an embodiment of this mvention.

FIGS. 6 A and 6B are fuzzy logic rule application matrices
for first and second variable impedance tuning drive signals
according to another embodiment of this imnvention.
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FIG. 7 illustrates a three-dimensional fuzzy logic rule
application matrnix that can be employed with additional
embodiments of this invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1l

With reference to the Drawing figures, and mitially to
FIG. 1, an RF plasma processing system 10 1s shown for
purposes of example. A plasma generator 12 provides RF
clectrical power at a predetermined frequency, 1.e., 13.56
MHz. The output of the generator 12 1s followed by a
harmonic/subharmonic filter 14, which 1s then followed by
an 1mpedance matching network 16, which supplies the
clectrical power through a voltage/current sensor system 18
to an input of a plasma chamber 20. The matching network
16 comprises a controllable impedance matching unit 22,
with a phase/magnitude sensor 24 connected at 1ts input. The
sensor provides a phase error signal A¢ that 1s proportional
to the difference between the nominal mput impedance
phase angle and the actual phase angle (¢—¢_) of the imped-
ance matching umt, and also provides a magmtude error
signal AZ that i1s proportional to the difference between the
nominal 1put impedance and actual mmput impedance
(£-2,).

A Tuzzy logic controller 26 has 1inputs to receive the phase
error signal A¢ and to recerve the magnitude error signal AZ,
and respective control signal outputs CS1 and CS2 {for
controlling respective first and second variable impedance
devices within the unit 22. An optional third control signal
output CS3 1s shown in ghost lines. Additional sensors 28
can optionally provide the fuzzy logic controller 26 with
additional mput signals, e.g., time rate of change of phase
error. The fuzzy logic controller can be a separate unit, but
may also be incorporated into the housing of the impedance
matching network 16. The operating codes, including the
tuzzy logic rule matrix and fuzzy logic inference function
algorithm can be stored 1n a memory device (not shown) of
the controller 26. This memory device can be a program-
mable read-only memory, such as an E-PROM, capable of
storing downloaded program codes, and providing for revi-
sion of the codes to optimize the tuning of the matching
network 16. It 1s also possible to employ a “fixed match”
arrangement, and use the error signals A¢p and AZ to control
the frequency of the plasma generator 12.

FIG. 2 shows details of the match net umit 22 and the
tuzzy logic controller 26 from which the operation of this
invention can be explaimned. The match net unit 22 includes
a number of variable impedance devices for eflecting tuning
to establish an impedance match between the 50 ochms of the
RF generator 12 and the unknown impedance of the RF
plasma chamber 20. Besides the fixed impedances (not
shown) there can be a first tuning capacitor C1 and a second
capacitor C2. Optionally, there can also be a third tuning
capacitor C3 and/or a tunable inductor L. The first and
second tuning capacitors each have a tuning element motor
M1 and M2, respectively. If additional tuning elements are
desired, a third tuning element motor M3 can be provided
for the third capacitor C3. Also, a motor (not shown) can be
provided for the tuning slug of the tunable inductor L.

The fuzzy logic controller 26 here accomplishes three
operations on the mput signals, which are here shown as the
phase error signal A¢, the impedance magnitude error signal
A7, and any additional error signals, e.g., from other sensors
28. The error signals are first applied to a fuzzification stage
29, where the error signals are applied to respective fuzzy
inference functions 30, 32, 34. These functions here are
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shown as sequences of overlapping triangular or trapezoidal
ramp functions, and will be explained in detail shortly. Then,
in a rule evaluation stage 35, predetermined rules are
applied, depending on the fuzzy sets 1n the fuzzification
stage 29 to which each of the error signals enjoys member-

ship. These can be expressed as IF-AND-THEN logic
statements, such as IF the phase error 1s negative and large,
AND IF the magnitude error 1s positive and medium, THEN
apply a positive large drive signal as CS1 and apply a
negative medium drive signal as CS2. The rules for all
combinations of fuzzy set memberships of phase error and
magnitude error can be considered as a matrix of NxM rules,
where N 1s the number of fuzzy sets of phase error and M
1s the number of fuzzy sets of magnitude error. The several
drive signal values obtained 1n the rule elevation stage 35 are
then converted to discrete drive signal values CS1, CS2,
CS3, etc., 1n a defuzzification stage 37.

In the fuzzification stage 29, ramp-shaped membership
functions, or fuzzy inference functions 32 and 30 are
employed, as shown 1n FIGS. 3 and 4, respectively for the
impedance magnitude error AZ, and for the phase error A¢.
These are overlapping functions, as shown, so that the
respective error signal values are partly members of one
tuzzy set and also partly members of an overlapping fuzzy
set. In the example shown here 1 FIG. 3, the magnitude
error AZ 1s of a positive value, and has a membership of 35%
of zero error, and 65% positive medium error. At the same
time, as shown 1n FIG. 4, the phase error A¢ has a negative
value, and enjoys a 25% membership 1n the zero error fuzzy
set and a 75% membership 1n the negative medium fuzzy
set. These membership values are used for weighting and
combining the respective drive signal values that are
obtained according to the fuzzy rules application stage 35.

In the defuzzification stage 37, a weighting factor 1s
applied to the drive signal values that are obtained, based on
the conditions of magmtude error positive medium, phase
error negative medium; magnitude error positive medium,
phase error zero; magnitude error zero, phase error negative
medium; and magnitude error zero, phase error zero (for the
example 1n FIGS. 3 and 4). These are weighted according to
their respective membership values, and are combined for
cach drive signal CS1, CS2, CS3, etc. This results 1n
bringing each of the tuning devices quickly to a tuned
condition, and accounts for the ellect of each device on the
phase error and magnitude error signals. The amount of
movement for each tuning device also depends on the size
and sign (positive or negative) of the phase and magnitude
error. Thus, this system avoided the major pitialls of prior art
impedance match networks, as mentioned previously.

FIGS. 5SA and 5B are matrices of typical fuzzy logic rules
for a given impedance match network. Here, the notation
used 1n the grid squares 1indicates the size and direction of
motor current to be applied to the first tuning capacitor (FIG.
5A) and to be applied to the second tuning capacitor (FIG.
5B). These are PL—positive large; PM—positive medium;
/e—zero; NM—mnegative medium; and NL—negative large.
The labels on the vertical and horizontal axes represent the
tuzzy sets for the magnitude error and phase error, namely
NL—negative large; NM—negative medium; Ze—zero;
PM—positive medium; and PL—positive large. As 1is
apparent, these matrices are somewhat asymmetric or
unbalanced, as they have to account for the problems of
non-linearity, cross-over, and lost conditions, as mentioned
betore. These matrices can be arrived at rather quickly by the
process engineer, starting with orthogonal or symmetric
matrices, where he drive current values depend on only one
error signal. A pair of orthogonal matrices are shown 1n
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FIGS. 6A and 6B. Based on the engineer’s experience and
by making imntuitive adjustments to the matrix, in particular
at the conditions where cross-over and lost conditions may
be likely to occur the process engineer can try modified rule
sets against a synthetic load. By obtaining the results of the
tuning algorithm the matrices can be changed incrementally,

as need be, for each iteration. Within a reasonable number of
trials, the process engineer will arrive at an optimal pair of

rule set matrices, like those of FIGS. 5A and 5B.

The fuzzy logic tuning process of this invention achieves
a good impedance match rapidly, without undue hunting and
without encountering the problems noted above.

It 1s also possible to employ rule sets of three, or more,
variables to control the impedance match net 1n a more
complex environment. For example, FIG. 7 illustrates a
possible rules matrix showing error signal variables along its
three axes, namely, magnitude error, phase error, and time

rate ol change of phase error. Of course, there are many
other possibilities, and the number of input variables 1s not
limited to only three. To account for the differences in error
signal that vary with tuning element position, the rotor
positions of the tuming capacitors C1, C2, and C3 can be
included as inputs to the fuzzy logic controller. Also, rather
than overlapping fuzzy sets, as shown here, 1t 1s possible that
at least some of the fuzzy sets not overlap, or that the
variables enjoy membership 1n three or more fuzzy sets.

While the invention has been described above 1n respect
to an embodiment of the invention, 1t should be understood
that the invention 1s not limited to that precise embodiment.
Rather, many modifications and variations will present
themselves to persons skilled 1in the art without departure
from the scope and spirit of the invention, which 1s defined
in the appended claims.

I claim:

1. Fuzzy logic method of tuning [an RF] a radio frequency
(RF)matching network of the type having an input at which
1s applied RF power at a given frequency and at a given
impedance, and an output which applies said power to an RF
load having a non-constant impedance, said matching net-
work including a phase-magnmitude error detector means
providing a phase error signal and a magnitude error signal
related respectively to impedance phase angle error and
impedance magnitude error, and said matching network
comprising at least a first variable impedance device having
a driven element for varying the impedance thereof and a
second variable impedance device having a driven element
for varying the impedance thereof; the method comprising:

supplying said phase and said magnitude error signals to
a Tuzzy logic controller, wherein each of said error
[signal] sigrals has a magnitude and direction].];

applying each of said phase and magnitude error [signal]
signals to a fuzzy logic inference function based on a
number of overlapping fuzzy sets, and where [the] a
value of each of said phase and magnitude error
[signal] sigrals enjoys membership in one or more
fuzzy sets;

applying fuzzy logic rules to said phase and magmtude
error signals according to [the] said one or more fuzzy
sets for which said [first and second] phase and mag-
nitude error signals enjoy membership;

obtaining drive signal values based on said fuzzy logic
rules for each of said phase and magnitude error
signals;

weighting said drive signal values according to the
respective one or more fuzzy sets inference [functions]
tor which said phase and magnitude error signals enjoy
membership; and
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combining said weighted drive signal values to produce
an output drive signal for the the driven element of said
first variable impedance device [driven element].
2. Fuzzy logic method of tuning an RF matching network
according to claim 1, further comprising:

obtaining additional drive signal values based on addi-
tional fuzzy logic rules for each of said [first and
second] phase and magnitude error signals;

weighting said additiornal drive signal values according to
additional respective fuzzy inference functions; and

combining [such] said weighted additional drive signal
values to produce an output drive signal for the driven
element of said second variable impedance device
[driven element].

3. Fuzzy logic method for tuning an RF matching network
according to claim 2, wherein said fuzzy logic rules and said
additional fuzzy logic rules comprise a matrix of NxM drive
signal values, where N 1s the number of fuzzy sets of said
phase error signal and M 1s the number of fuzzy sets of said
magnitude error signal, and each of said drive signal [value]
values and said additional drive signal values corresponds
to a given set of said phase signal and a given set of said
magnitude error signal.

4. Fuzzy logic method of tuning an RF matching network

according to claim 1 wherein said number of overlapping
fuzzy sets [being] are centered respectively about zero, a
medium positive value, a medium negative value, a high
positive value, and a high negative value.

5. A fuzzy logic controller for tuning [an RF] a radio

frequency (RF)matching network, wherein said matching

network 1s positioned between a source of applied RF power
at a given frequency and at a given impedance, and an RF
load having a non-constant impedance, said matching net-
work 1including a phase-magnitude error detector means
providing a phase error signal and a magnitude error signal
related respectively to impedance phase angle error and
impedance magnitude error, and said matching network
comprising at least a first variable impedance device having
a driven element for varying the impedance thereof and a
second variable impedance device having a driven element
for varying the impedance thereof; the fuzzy logic controller
comprising.

an mput means receiving values of said phase and mag-

nitude error signals;

means for applying the values of said phase and magni-
tude error signals to a fuzzy logic inference function
based on a number of overlapping fuzzy sets, and
where a [the values] value of each of said phase and
magnitude error signals enjoy membership 1n one or
more fuzzy sets;

means for applying tuzzy logic rules to said phase and
magnitude error signals according to fuzzy sets for
which said error signals enjoy membership;

means for obtaining drive signal values according to said
fuzzy logic rules for each [set] of said fuzzy sets for
which said error signals enjoy membership;

means for weighting said drive signal values according to
the respective fuzzy inference functions for the values
of said phase and magnitude error signals; and

means for combining said weighted drive signal values to
produce an output drive signal for said first variable
impedance device driven element.

6. Fuzzy logic controller according to claim 5, further

comprising;

means for obtaining additional drive signal values based
on additional fuzzy logic rules for each of said phase
and magmtude error signals;
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means for weighting said additional drive signal values
according to additional respective fuzzy inference
functions; and

means for combining [such] said weighted additional
drive signal values to produce an output drive signal for
said second variable impedance device driven element.
7. Fuzzy logic method of tuning a tunable [RF] radio

frequency (RF)device of the type having an imput at which
1s applied RF power at a given frequency and at a given
impedance, and an output, including an error detector means
providing a {irst error signal and a second error signal, and
said tunable RF [means] device including at least a first
variable 1mpedance device having a driven eclement for
varying the impedance thereof and a second variable imped-
ance device having a driven element for varying the imped-
ance thereof; the method comprising:

supplying said first and said second error signals to a
fuzzy logic controller, wherein each of said first and
said second error [signal] sigrals has a magnitude and
directionl[.]-

applying each of said first and said second error [signal]
signals to a fuzzy logic inference function based on a
number of overlapping fuzzy sets, and generating a
membership value that corresponds to [the] a amount

15

of overlapping membership of the error [signal value] 25

signals 1n one or more fuzzy sets;

applying a plurality of Tuzzy logic rules to said first and
second error signals according to the fuzzy sets for
which said first and second error signals enjoy mem-
bership;

obtaining a plurality of drive signal values based on said
plurality of Tuzzy logic rules for each of said first and
second error signals;

weighting said drive signal values according to the
respective membership values for said first and second
error signals; and

combining said weighted drive signal values to produce
an output drive signal for said first variable impedance
having said first variable impedance device driven
clement.
8. Fuzzy logic method of tuning a tunable RF device
according to claim 7, further comprising:

obtaining a plurality of additional drive signal values
based on additional fuzzy logic rules for each of said
first and second error signals;

welghting said additional drive signal values according to
a plurality of additional respective fuzzy inference
functions; and

combining such weighted additional drive signal values to
produce an output drive signal for said second variable
impedance device driven element.

9. An electrical network comprising:

a radio frequency (RF) generator for generating an RF
signal, the RF generator having a source impedance;

a load rveceiving the RF signal, the RF signal providing a
driving energy to the load, the load having a variable
load impedance;

a matching network interposed between the RF generator
and the load, the matching network having a variable
network impedance, the matching network detecting at
least one of an impedance phase and an impedance
magnitude ervor and generating at least one of a
respective phase ervvor signal and a magnitude ervor
signal, the matching network varying at least one of the
impedance phase and the impedance magnitude evvor
in ovder to vary the network impedance;
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a fuzzy inference module receiving the at least one of the
respective phase and magnitude errov signals and
defining a membership value that varies in accordance
with membership in at least one fuzzy set; and

a controller receiving the at least one respective phase
error signal and magnitude ervvor signal, the controller
applving fuzzy logic rules to the at least one of the
respective impedance phase ervor signal and the
impedance magnitude ervvor signal according to the
Juzzy sets for which said error signals enjoy member-
ship in order to generate at least one control signal to
vary the network impedance, thereby matching the
source impedance and the load impedance.

10. The network of claim 9 wherein the controller further
comprises a rules module having a set of rules applied in
accovdance with the membership value, the rules module
generating at least one fuzzy output.

11. The network of claim 10, wherein the controller
further comprises a defuzzification module, the defuzzifica-
tion module converting the at least one fuzzy output to the at
least one control signal.

[ 2. The network of claim 9 wherein the matching network
further comprises at least one of a variable capacitance and
a variable inductance.

13. The network of claim 9, wherein the matching network
further comprises a civcuit for varying the network imped-
ance.

14. The network of claim 9 wherein the load is a RF
plasma chamber.

15. An electrical network comprising:

a radio frequency (RF) generator for generating an RF
signal, the RF generator having a source impedance;

a load receiving the REF signal, the REF signal providing a
driving energy to the load, the load having a variable
load impedance;

a matching network interposed between the RF generator
and the load, the matching network having a variable
network impedance, the matching network detecting at
least one network parameter and genervating at least
one sensed signal, the matching network varving the
network impedance in ovder to match the variable load
impedance and the source impedance, wherein the at
least one sensed signal comprises at least one of an
impedance phase ervor signal and an impedance mag-
nitude evvor signal;

a fuzzy inference module receiving the at least one sensed
signal and defining a membership value that varies in
accordance with membership in at least one fuzzy set;
and

a controller rveceiving the at least one sensed signal, the
controller applyving fuzzy logic rules to the at least one
sensed signal accovding to the fuzzy sets for which said
phase and magnitude evvor signals enjoy membership
in order to genervate at least one control signal to vary
the network impedance, therveby matching the source
impedance and the load impedance.

16. The network of claim 15 wherein the controller further
comprises a rules module having a set of rules applied in
accovdance with the membership value, the rules module
generating at least one fuzzy output.

17. The network of claim 15 whevrein the controller further
comprises a defuzzification module, the defuzzification mod-
ule converting at least one fuzzy output to the at least one
control signal.

18. The network of claim 15 wherein the matching net-
work includes at least one of a variable capacitance and a
variable inductance.
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19. The network of claim 15 wherein the matching net-
work further comprises a circuit for varying the network
inductance.

20. The network of claim 15 wherein the matching net-
work further comprise a circuit for varving the network
impedance.

21. The network of claim 15, wherein the load is a RF
plasma chamber.

22. A method of tuning a radio frequency (RF) impedance
matching network having an input which veceives RE power
and an output which applies the power to a REF load, the
matching network having a variable impedance, comprising
the steps of:

determining an impedance phase evvor and an impedance
magnitude evror and genervating a corresponding phase
error signal and a corresponding magnitude ervor
signal;

applying the impedance phase and impedance magnitude
errors to a fuzzy logic inference function, the phase and
magnitude errov signals each having at least one
respective membership value in at least one fuzzy set;
and

applying fuzzy logic rules to the impedance phase and
impedance magnitude error signals according to the
fuzzy sets for which said ervor signals enjoy member-
ship to generate fuzzy output signals based upon the
phase and the magnitude evvor signals and generating
a control signal to adjust the variable impedance of the
matching network.

23. The method of claim 22 wherein the step of applving
fuzzy logic further comprises applving logic rules to the at
least one respective membership value to generate at least
one respective fuzzy output value.

24. The method of claim 22, wherein the step of applying
logic rules further comprises the step of weighting at least
one respective fuzzy output value according to the at least
one respective membership value.

25. The method of claim 24 wherein the step of applying
logic rules further comprises the step of combining said
weighted at least one rvespective fuzzy output values to
produce the control signal.

26. The method of claim 22, wherein the logic rules
comprise a matrix of NxM fuzzy output values, where N is
the number of fuzzy sets of a first sensed signal and M is the
number of fuzzy sets of a second sensed signal, and each
Juzzy output value corresponds to a predetermined set of the
first sensed signal and a predetermined set of the second
sensed signal.
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27. The method of claim 22 wherein the at least one fuzzy
set comprises a plurality of fuzzy sets centeved respectively
about zero, a medium positive value, a medium negative
value, a high positive value, and a high negative value.

28. A method of tuning a radio frequency (RF) impedance
matching network having an input which receives RF power
and an output which applies the power to a REF load, the
matching network having a variable impedance, comprising
the steps of:

determining a network parvameter and generating a cor-

responding semnsed signal that varies in accordance
with the network parameter;

applving the corresponding sensed signal to a fuzzy logic

inference function, the corresponding sensed signal
having at least one vespective membership value in at
least one fuzzy set; and

applving fuzzy logic rules to the corresponding sensed

signal according to fuzzy sets for which said sensed
signal enjoys membership;

generating fuzzy output signals based upon the corrve-
sponding sensed signal; and

generating a control signal to adjust the variable imped-
ance of the matching network based upon the fuzzy
output signals.

29. The method of claim 28 wherein the step of applving
fuzzy logic rules further comprises applving logic rules to
the at least one vespective membership value to generate at
least one rvespective fuzzy output value.

30. The method of claim 28, wherein the step of applying
fuzzy logic rules further comprises the step of weighting at
least one rvespective fuzzy output value according to the at
least one respective membership value.

31. The method of claim 30 wherein the step of applying
fuzzy logic rules further comprises the step of combining
said weighted at least one vespective fuzzy output value to
produce the control signal.

32. The method of claim 28, wherein the fuzzy logic rules
comprise a matvix of NxM fuzzy output values, wheve N is
the number of fuzzy sets of the corresponding sensed signal
and M is the number of fuzzy sets of a second sensed signal,
and each fuzzy output value corvesponds to a predetermined
set of the sensed signal and a predetermined set of the
second sensed signal.

33. The method of claim 28 wherein the at least one fuzzy
set comprises a plurality of fuzzy sets centered respectively
about zero, a medium positive value, a medium negative
value, a high positive value, and a high negative value.
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