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Description

The present invention relates to an automatic im-
pedance adjusting apparatus for a microwave load and
an automatic impedance adjusting method therefor, and
more particularly to an automatic impedance adjusting
apparatus for adjusting an impedance seen looking to-
wards a microwave load at a point of a microwave trans-
mission line to a desirable impedance such as an imped-
ance of a microwave oscillator, and an automatic imped-
ance adjusting method therefor.

Fig. 1 shows a conventional automatic microwave
impedance maitching apparatus proposed in Japanese
laid open publication No. (JP-A) 63-15502/1988.

Referring to Fig. 1, a rectangular waveguide 100 of
the automatic impedance matching apparatus is con-
nected between a microwave oscillator and a microwave
load. On the microwave oscillator side in the rectangular
waveguide 100, there is arranged a voltage standing
wave detector composed of five probes PR11 to PR15
therein aligned at an equal distance of g/8 in the longi-
tudinal direction thereof, wherein Ag is an average
waveguide length of the microwave propagating in the
rectangular waveguide 100. On the microwave load side
inthe rectangular waveguide 100, two pairs of composite
stubs ST1 and ST2 are arranged at different positions in
the longitudinal direction thereof.

The first composite stub ST1 is composed of two
stubs S11 and S12 mounted at both ends of a seesaw
rod, and the stubs S11 and S12 are driven by a stub driv-
ing motor M11 so as to be inserted into and drawn out
from the rectangular waveguide 100 reciprocally by a
seesaw motion of the seesaw rod. On the other hand,
the second composite stubs ST2 is composed of two
stubs S13 and S14 mounted at both ends of another see-
saw rod, and the stubs S13 and S14 are driven by an-
other stub driving motor M12 in the same manner as the
stubs S11 and S12 of the first composite stub ST1.

A voltage standing wave of the microwave propa-
gating in the rectangular waveguide 100 is detected by
diodes DI11 to DI15 connected to the probes PR11 to
PR15, respectively. After the output of the diode DI11 is
outputted to the anode of the diode DI15 so as to com-
pose the output of the diode DI15 therewith, the com-
posed output is inputted to an input terminal of a differ-
ential amplifier AMP11 through a resistor R11. Each out-
put of the diodes DI12 and DI14 is inputted to each input
terminal of a differential amplifier AMP12, and the output
of the diode DI13 is inputted to another input terminal of
the differential amplifier AMP11.

The output of the differential amplifier AMP11 is out-
putted to the stub driving motor M11 through a power
amplifier AMP21, and the output of the differential am-
plifier AMP12 is outputted to the stub driving motor M12
through a power amplifier AMP22.

In the automatic microwave impedance matching
apparatus constructed above, output voltages Va,; and
Va,, of respective differential amplifiers AMP11 and
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AMP12 are expressed by the following equations with
voltages Vp44 to Vp45 of the voltage standing wave de-
tected by respective probes PR11 to PR15.

Vag = Vpqy - Vpyy (M

1
Vayp=75 (VP11 +VP45) -VPyg @)

When the stub driving motors M11 and M12 are driv-
en according to the output voltages Va,; and Va,,, re-
spectively, the voltage standing wave in the rectangular
waveguide 100 changes, namely, an impedance seen
looking toward the load at the voltage standing wave de-
tector changes. Since the probes PR11 to PR15 are ar-
ranged at an equal distance of Ag/8 in the longitudinal
direction of the rectangular waveguide 100, the output
voltages Va,, and Va,, of respective differential amplifi-
ers AmP11 and AMP12 are orthogonal to each other.
Therefore, in the feed back system of the automatic im-
pedance matching apparatus, the composite stubs ST1
and ST2 are driven by the stub driving motor M11 and
M12 so that each of the output voltages Va,; and Va,»
becomes zero. When both the output voltages Va,; and
Va4, become zero, the impedance of the microwave os-
cillator is matched to the load impedance.

However, when the above automatic microwave im-
pedance matching apparatus is applied to an apparatus
comprising a plasma generating apparatus such as a
plasma etching apparatus, a plasma CVD apparatus or
the like, the following problems are caused.

(1) Astate of a plasma generated by the plasma gen-
erating apparatus may change suddenly, and then, a
load impedance thereof may change. In this case, the
conventional automatic impedance matching apparatus
can not track the change in the load impedance thereof
accurately, resulting in a hunting phenomenon therein.

(2) As shown in Fig. 2, there is a hysteresis in a re-
lationship between an output power of the microwave os-
cillator and a load impedance of the plasma generating
apparatus, and particularly, the hysteresis has two dis-
continuous points 101 and 102. Therefore, the load im-
pedance changes discontinuously at respective discon-
tinuous points 101 and 102, and then, the automatic im-
pedance matching apparatus can not match the load im-
pedance to the impedance of the microwave oscillator.

It is known to those skilled in the art that a plasma
may be generated more stably in a state slightly shifted
from the impedance matching state. Therefore, it has
been desired that the impedance seen looking towards
the load is automatically adjusted to a desirable imped-
ance. However, the automatic microwave impedance
matching apparatus described above cannot adjust the
impedance seen looking towards the load to a desirable
impedance.

Japanese laid-open publication no. JP-A-61-1101
discloses a microwave processing apparatus utilising a
control system which automatically provides triple stub
tuning on a microwave line associated with a magnetron
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to control the sequential tuning of each of the three stubs.

US patent no. 3617953 discloses an impedance
matching device for automatically and continuously
matching a time varying microwave load to a fixed fre-
quency microwave power source and its output line.

Attention is also directed to Patents Abstracts of Ja-
pan, vol. 10, no. 137 (E405)(2194) 21 May 1986, and
JP-A-61 1101 (Fijitsu K.K.) 07 January 1986, and to
'Foundations for Microwave Engineering', International
Student Edition, McGraw-Hill Physical and Quantum
Electronics Series, R.E. Collin, 1966, pages 212-217.

It would be desirable to be able to provide an auto-
matic impedance adjusting method and/or apparatus ca-
pable of more stably and more precisely adjusting an im-
pedance seen looking towards a microwave load to a de-
sirable impedance such as an impedance of a micro-
wave oscillator, even if the load impedance changes.

According to one aspect of the present invention
there is provided an automatic microwave impedance
adjusting method including a first step of measuring ei-
ther an impedance seen looking towards a microwave
load at a predetermined reference point of a microwave
transmission line of a rectangular waveguide connected
between a microwave oscillator and said microwave load
or a reflection coefficient thereat by detecting a voltage
standing wave of a microwave propagating on said mi-
crowave transmission line;

wherein said method includes:

a second step of calculating insertion lengths of first
to third stubs of variable impedance means so as to
adjust said impedance seen looking towards said
microwave load to a desired value corresponding to
an inputted desired reflection coefficient, responsive
o said value measured at said first step, said first to
third stubs being mounted on said microwave load
side of said reference point on said microwave trans-
mission line, and mounted at different points in an
order of said first to third stubs at equal spaces of a
quarter of said waveguide length in the longitudinal
direction of said rectangular waveguide, and

a third step of inserting said first to third stubs into
said rectangular waveguide by insertion lengths cal-
culated at said second step, thereby adjusting said
impedance seen looking towards said microwave
load to said desired value,

characterised in that a whole region within a Smith
chart representing an impedance seen looking
towards said microwave load is divided into a first
region for executing said impedance adjusting proc-
ess of said third step using first and second stubs
when an impedance point seen looking towards said
microwave load at said reference point is located
within said first region, a second region for executing
said impedance adjusting process of said third step
using said second and third stubs when said imped-
ance point is located within said second region, and
a third region for executing said impedance adjust-
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ing of said third step using all said first to third stubs
when said impedance point is located within said
third region, said third region being defined as a par-
tial region of said first region for any positive coordi-
nate value of a V-axis of a UV orthogonal coordinate
of the Smith chart; and

wherein said second step includes:

calculating an impedance seen looking towards said
microwave load at said reference point responsive
to said value measured at said first step; and
judging whether an impedance point of said calcu-
lated impedance is located within either said first
region, said second region or said third region on
said Smith chart; and

wherein said third step includes:

executing said impedance adjusting process of said
third step using said first and second stubs when it
is judged that said impedance point of said calcu-
lated impedance is located within said first region,
executing said impedance adjusting process of said
third step using said second and third stubs when it
is judged that said impedance point of said calcu-
lated impedance is located within said second
region, and executing said impedance adjusting
process of said third step using all said first to third
stubs when it is judged that said impedance point of
said calculated impedance is located within said
third region.

There is also provided a method according to the
one aspect of the invention wherein a whole region within
a Smith chart representing an impedance seen looking
towards said microwave load is divided into a first region
for executing said impedance adjusting process of said
third step using said first and second stubs when an im-
pedance point seen looking towards said microwave
load at said reference point is located within said first re-
gion, and a second region for executing said impedance
adjusting process of said third step using said second
and third stubs when said impedance point is located
within said second region;

wherein said second step includes:

calculating an impedance seen looking towards said
microwave load at said reference point responsive
to said value measured at said first step, and
judging whether an impedance point of said calcu-
lated impedance is located within either said first
region or said second region of said Smith chart, and
wherein said third step includes:

executing said impedance adjusting process of said
third step using said first and second stubs when it
is judged that said impedance point of said calcu-
lated impedance is located within said first region,
and executing said impedance adjusting process of
said third step using said second and third stubs
when it is judged that said impedance point of said
calculated impedance is located within said second



5 EP 0 381 398 B1 8

region.

In all said methods, the processes of saidfirst to third
steps may be repeated.

According to a further aspect of the invention, there
is provided an automatic microwave impedance adjust-
ing apparatus for performing the above methods and
comprising:

a microwave transmission line connected between
a microwave oscillator and a microwave load, said
microwave transmission line being a rectangular
waveguide,

measuring means for measuring either an imped-
ance seen looking towards said microwave load at
a mounted point thereof or a reflection coefficient
thereat by detecting a voltage standing wave of a
microwave propagating on said microwave trans-
mission line,

variable impedance means for changing an imped-
ance to be connected to a mounted point thereof,
and

control means for controlling said variable imped-
ance means responsive to a value measured by said
measuring means so as to adjust said impedance to
adesired value correspondingto an inputted desired
reflection coefficient,

characterised in that

said variable impedance means are mounted on
said microwave load side of said measuring means
on said microwave transmission line, said variable
impedance means comprising three stubs mounted
at different points at equal spaces of a quarter of said
waveguide wavelength in the longitudinal direction
of said rectangular waveguide, and

said control means comprises:

calculating means for calculating insertion lengths
of first to third stubs of variable impedance means
so as to adjust said impedance seen looking towards
said microwave load to a desired value correspond-
ing to an inputted desired reflection coefficient,
responsive to said value measured by said measur-
ing means, and

insertion control means for inserting said first to third
stubs into said rectangular waveguide by insertion
lengths calculated by said calculating means,
thereby adjusting said impedance seen looking
towards said microwave load to said desired value,
wherein a whole region within a Smith chart repre-
senting an impedance seen looking towards said
microwave load is divided into a first region for exe-
cuting said impedance adjusting process of said
insertion control means using first and second stubs
when an impedance point seen looking towards said
microwave load at said reference point is located
within said first region, a second region for executing
said impedance adjusting process of said insertion
control means using said second and third stubs
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when said impedance point is located within said
second region, and a third region for executing said
impedance adjusting of said insertion control means
using all said first to third stubs when said imped-
ance point is located within said third region, said
third region being defined as a partial region of said
first region for any positive coordinate value of a
V-axis of a UV orthogonal coordinate of the Smith
chart; and

wherein said calculating means comprises:

means for calculating an impedance seen looking
towards said microwave load at said reference point
responsive to said value measured by said measur-
ing means; and

means for judging whether an impedance point of
said calculated impedance is located within either
said first region, said second region or said third
region on said Smith chart; and

wherein said insertion control means comprises:
executing said impedance adjusting process of said
insertion control means using said first and second
stubs when it is judged that said impedance point of
said calculated impedance is located within said first
region, executing said impedance adjusting process
of said insertion control means using said second
and third stubs when it is judged that said impedance
point of said calculated impedance is located within
said second region, and executing said impedance
adjusting process of said insertion control means
using all said first to third stubs when it is judged that
said impedance point of said calculated impedance
is located within said third region.

By way of example only, the apparatus and method

of the invention will now be described in greater detail
with reference to the accompanying drawings of which:

Fig. 1 is a schematic diagram showing a conven-
tional automatic microwave impedance maiching
apparatus;

Fig. 2 is a graph showing a relationship between a
output power of a microwave oscillator and a load
impedance IZ| of a plasma generating apparatus;
Fig. 3 is a schematic diagram showing an automatic
microwave impedance adjusting apparatus of a pre-
ferred embodiment according to the present inven-
tion;

Fig. 4 is a schematic block diagram showing a con-
troller of the automatic microwave impedance
adjusting apparatus shown in Fig. 3 and peripheral
units thereof;

Fig. 5 is a chart showing a voltage standing wave
pattern in a rectangular waveguide shown in Fig. 3;
Fig. 6 is a crank diagram showing respective vectors
of the voltage standing wave at mounted points of
respective probes shown in Fig. 3;

Fig. 7 is a circuit diagram showing an equivalent cir-
cuit of a triple-stub tuner arranged between the
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microwave oscillator and the plasma generating
apparatus shown in Fig. 3;

Figs. 8 and 9 are reflection coefficient charts and
Smith charts showing an admittance contour ther-
eon when stubs S1, S2 and S3 of the triple-stub
tuner shown in Fig. 3are inserted into and drawn out
from the rectangular waveguide;

Figs. 10 to 20 are reflection coefficient charts and
Smith charts showing an action of the automatic
microwave impedance adjusting apparatus shown
in Figs. 1 and 2;

Fig. 21 is a graph showing a relationship between
an insertion length of each stub of the triple-stub
tuner shown in Fig. 1 when inserted into the rectan-
gular waveguide, and a susceptance connected to
the stub point;

Fig. 22 is a flowchart showing a main routine of an
automatic impedance adjusting process executed
by a CPU of the controller shown in Fig. 4;

Fig. 23 is a flowchart showing a subroutine of an
impedance adjusting process using stubs S2 and
S3; and

Fig. 24 is a flowchart showing a subroutine of an
impedance adjusting process using stubs S1 and
S1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

An automatic microwave impedance adjusting ap-
paratus of a preferred embodiment according to the
present invention will be described below, in the order of
the following items, with reference to the attached draw-
ings.

(1) Composition of an automatic impedance adjust-
ing apparatus

(2) Composition of a controller and peripheral units
thereof

(3) Voltage standing wave detector

(4) Triple-stub tuner

(5) Action of the automatic impedance adjusting
apparatus

(6) Impedance matching process

(7) Modifications

It is to be noted that, in this specification, a normal-
ized impedance and a normalized admittance which are
given by dividing an impedance and an admittance at a
point of a rectangular waveguide 13 by a characteristic
impedance of the rectangular waveguide 13 are referred
to as an impedance and an admittance hereinafter, re-
spectively.

Fig. 3 shows the automatic microwave impedance
adjusting apparatus of the preferred embodiment ac-
cording to the present invention, and Fig. 4 shows a con-
troller 50 of the automatic microwave impedance adjust-
ing apparatus and peripheral units thereof.
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The automatic microwave impedance adjusting ap-
paratus of the present preferred embodiment mainly
comprises:

(a) a voltage standing wave detector 31 composed
of three probes PR1, PR2 and PR3 for detecting an
amplitude of a voltage standing wave of a micro-
wave propagating in the rectangular waveguide 13
which is connected between a microwave oscillator
10 and a plasma generating apparatus 30, the volt-
age standing wave detector 13 being arranged on
the microwave oscillator 10 side in the rectangular
waveguide 13;

(b) a triple-stub tuner 32 composed of three stubs
81, 82 and S3for connecting an admittance in par-
allel to the transmission line of the rectangular
waveguide 13 when driven by stepping motors M1,
M2 and M3, the triple-stub tuner 32 being arranged
on the plasma generating apparatus 30 side in the
rectangular waveguide 13; and

(c) the controller 50 for calculating a reflection coef-
ficient ro at the probe PR1 of the voltage standing
wave detector 31 from amplitudes of the voltage
standing wave detected by the voltage standing
wave detector 31, calculating a desirable admit-
tance Ys corresponding to a desirable reflection
coefficient T's which has been previously inputted
using a keyboard 72, calculating insertion lengths of
the stubs S1, S2 and S8 required for adjusting an
admittance Yo seen looking toward a load of the
plasma generating apparatus 30 at a mounted point
Ps; of the stub S1 mounted in the rectangular
waveguide 13 (referred to as a reference point here-
inafter) to the calculated desirable admittance Ys,
and outputting driving signals for driving the step-
ping motors M1, M2 and M3 so that the stubs S1,
S2 and S8 are inserted into the rectangular
waveguide 13 by the above calculated insertion
lengths, respectively; and

the automatic microwave impedance adjusting
apparatus is characterized in that an impedance

(referred to as a reference impedance hereinafter)
Zo seen looking toward the plasma generating
apparatus 30 at the reference point Ps, is automat-
ically adjusted to a desirable impedance Zs corre-
sponding to the inputted desirable reflection coeffi-
cient I's.

The automatic microwave impedance adjusting ap-
paratus has a single operation mode for executing only
one impedance adjusting process for adjusting the ref-
erence impedance Zo to the desirable impedance Zs
corresponding to the inputted desirable reflection coeffi-
cient rs without taking into consideration a change in the
load impedance of the plasma generating apparatus 30,
and a repeat operation mode for repeating the above im-
pedance adjusting process with taking into consideration
the change in the load impedance thereof.
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(1) Composition of Automatic impedance adjusting
apparatus

Referringto Fig. 3, between the microwave oscillator
10 and the plasma generating apparatus 30, there are
connected an isolator 11 for making a microwave output-
ted from the microwave oscillator 10 propagate toward
only the plasma generating apparatus 30, a directional
coupler 12, in one port of which there is mounted a diode
DI10 for detecting a power of a progressive wave of the
microwave propagating therein, the rectangular
waveguide 13 wherein there are mounted the voltage
standing wave detector 31 and the triple-stub tuner 32,
a rectangular waveguide 14 wherein there is formed a
hole 14h for flowing cooling air thereinto, a taper
waveguide 15 for transforming the TEo mode which is
the principal mode of the isolator 11 and the rectangular
waveguides 13 and 14 into the TE;; mode which is the
principle mode of a circular waveguide 15, in the order
of the isolator 11, the directional coupler 12, the rectan-
gular waveguides 13 and 14 and the taper waveguide
15, in the longitudinal direction thereof. It is to be noted
that a connection point of the rectangular waveguide 14
and the taper waveguide 15 is referred to as a load end
14t seen looking at the rectangular waveguide 13 of the
automatic microwave impedance adjusting apparatus.

The power of the progressive wave of the microwave
outputted from the microwave oscillator 10 is detected
by the diode DI10 connected to one port of the directional
coupler 12, and the detection output is inputted to a pow-
er detector 10d. The power detector 10d outputs a de-
tection signal indicating a power level, which is direct pro-
portional to the square of the detection output, to a power
controller 10c. The power controller 10c controls the mi-
crowave oscillator 10 according to the above detection
signal so that the microwave power outputted therefrom
is kept a predetermined constant power level.

The voltage standing wave detector 31 comprises
three probes PR1, PR2 and PR3 which are mounted on
the microwave oscillator 10 side in the rectangular
waveguide 13. These probes PR1, PR2 and PR3 are
mounted in the order of PR1, PR2 and PR3 from the mi-
crowave oscillator 10 side at equal spaces of Ag/6 in the
longitudinal direction of the rectangular waveguide 13in
the center portion of the longitudinal side of the section
thereof so as to project thereinto, wherein Ag is a
waveguide length of the microwave propagating in the
rectangular waveguide 13. Mounted points of the probes
PR1, PR2 and PR3 in the longitudinal direction of the
rectangular waveguide 13 are labeled Pda, Pdb and Pdc
hereinafter, respectively.

The voltage standing wave of the microwave prop-
agating in the rectangular waveguide 13 is detected by
the diodes DI1, DI2 and DI3 which are respectively con-
nected to the probes PR1, PR2 and PR3, and respective
detection outputs thereof are inputted to voltage detec-
tors 40a, 40b and 40c, respectively. The voltage detec-
tors 40a, 40b and 40c detect the voltages of the detection

10

20

25

30

35

40

45

50

55

outputs, and output detection signals indicating detected
voltage levels to analogue to digital converters (referred
to as A/D converters hereinafter) 67a, 67b and 67c, re-
spectively.

The triple-stub tuner 32 comprises three stubs S1,
S2 and S3 which are mounted on the plasma generating
apparatus 30 side in the rectangular waveguide 13.
These stubs S1, S2 and S3 are mounted in the order of
S1, S2 and 53 from the microwave oscillator 10 side at
equal spaces of Ag/4 in the longitudinal direction of the
rectangular waveguide 13 in the center portion of the lon-
gitudinal side of the section thereof so as to be inserted
into and drawn out from the rectangular waveguide 13
in a direction perpendicular to the longitudinal side of the
section thereof. It is to be noted that the stub S1 is mount-
ed at a mounted point Ps; apart by a distance of Ag/2 in
the longitudinal direction of the rectangular waveguide
13 from the mounted point Pda of the probe PR1 of the
voltage standing wave detector 31. Mounted points of
respective stubs S1, S2 and S3 are labeled Ps4, Ps, and
Ps; in the longitudinal direction of the rectangular
waveguide 13.

As described later, pulse signals indicating the in-
sertion lengths or the drawing-out lengths of respective
stubs S1, S2 and S3to be inserted into or drawn out from
the rectangular waveguide 13, and polarity signals indi-
cating the insertion or the drawing-out operation thereof
are outputted from an interface 65 of the controller 50 to
respective motor drivers 41a, 41b and 41c¢. Responsive
to these signals, the motor drivers 41a, 41b and 41¢c am-
plify the pulse signals, and output the amplified pulse sig-
nals having polarities indicated by the above polarity sig-
nals to the stepping motors M1, M2 and M3, respectively.
The stepping motors M1, M2 and M3 respectively drive
the stubs S1, S2 and S3 according to the pulse signals
s0 as to insert them into the rectangular waveguide 13
by insertion lengths corresponding to the pulse numbers
of the pulse signals, or draw out them therefrom by draw-
ing-out lengths corresponding to the pulse numbers of
the pulse signals.

The plasma generating apparatus 30 is provided for
performing an oxidation process for a high temperature
superconductor W of oxide group. On the outer periph-
eral portion of the circular waveguide 16 of the plasma
generating apparatus 30, there is mounted an electro-
magnet 17 for applying a magnetic field onto a glass
plasma container 18g having a half egg shape which is
mounted in the center portion of the circular waveguide
16, in order to not only generate a plasma utilizing an
electron cyclotron motion but also store the generated
plasma effectively within the plasma container 18g. Fur-
thermore, in the outer peripheral portion of the circular
waveguide 16, there is formed a cooling air outlet 16a
for exhausting the cooling air which has been flowed
from the hole 14h of the rectangular waveguide 14 into
the outside of the circular waveguide 16. It is to be noted
that the cooling air is flowed thereinto in order to prevent
the temperature of the plasma container 18g from in-
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creasing when the plasma container 18g receives an en-
ergy from the plasma generated therein, so as to prevent
the plasma container 18g from being broken due to the
over heating.

In the center portion positioned between the plasma
container 18g mounted in the circular waveguide 16 and
a plasma processing chamber 18 for processing a su-
perconductor W to be processed, there is formed a plas-
ma outlet 20 for flowing out the plasma generated in the
plasma container 18g into the plasma chamber 18. On
the outer peripheral portion of the plasma outlet 20, there
is mounted a ring-shaped electrode 20a which is electri-
cally connected to a positive electrode of a direct-current
voltage source 21 and ground. Furthermore, a negative
electrode of the direct-current voltage source 21 is elec-
trically connected to a support mechanism 19m.

Inthe center portion of the plasma processing cham-
ber 18, there is arranged a table 19 for mounting the su-
perconductor W to be processed. The table 19 is con-
nected to the support mechanism 19m for moving the
table 19 in directions as indicated by arrows 19a. Further,
in the positions opposing to each other of the outer pe-
ripheral portion of the plasma processing chamber 18,
there are formed an oxygen gas inlet 18h for supplying
oxygen gas into the plasma processing chamber 18, and
an oxygen gas outlet 18j for exhausting the supplied ox-
ygen gas into the outside of the plasma processing
chamber 18.

In the plasma generating apparatus constructed
above, after the table 19 on which the superconductor
W to be processed is brought close to the plasma outlet
20 by the support mechanism 10m, the inside of the plas-
ma processing chamber 18 is kept at an oxygen gas
pressure in the range from 104 Torr to 102 Torr, and
then, the superconductor W to be processed is heated
at a temperature in the range from 200 °C to 400 °C.
Thereafter, a microwave having a frequency such as
2.45 GHz is generated by the microwave oscillator 10.
The generated microwave propagates in the isolator 11,
the directional coupler 12, the rectangular waveguides
13 and 14, the taper waveguide 15, and the circular
waveguide 16, and is incident to the plasma processing
chamber 18. On the other hand, a magnetic field is ap-
plied to the microwave incident into the circular
waveguide 16 in a direction perpendicular to the propa-
gation direction of the microwave by the electromagnet
17, so as to generate an electron cyclotron resonance
for the incident microwave at the position on the left side
in Fig. 3 of the superconductor W to be processed which
is arranged in the plasma processing chamber 18. Fur-
thermore, a negative voltage such as a voltage in the
range from -5 V to -100 V is applied to the ring-shaped
electrode 20a mounted on the outer peripheral portion
of the plasma outlet 20 relative to a potential of the table
19 on which the superconductor W to be processed is
mounted. After a time in the range from 30 minutes to
one hour has passed in this state, a film of the supercon-
ductor W is oxidized, and then, a superconductor having
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a high temperature superconductor characteristics can
be obtained.

(2) Composition of Controller and Peripheral units
thereof

Fig. 4 shows the controller 50 for controlling the op-
eration of the automatic microwave impedance adjusting
apparatus and the peripheral units thereof.

Referring to Fig. 4, the controller 50 comprises a
central processing unit (referredto as a CPU hereinafter)
60 for controlling the impedance adjusting process of the
automatic microwave impedance adjusting apparatus, a
read only memory (referred to as a ROM hereinafter) 61
for storing a system program for executing the process
of the CPU 60 and data required for executing the above
system program, and a random access memory (re-
ferred to as a RAM hereinafter) 62 for being used as a
working area and storing data required in the processing
of the CPU 60.

The controller 50 further comprises a display inter-
face 63 connected to a display 71, a keyboard interface
64 connected to the keyboard 72, the A/D converters
67a, 67b and 67c¢, an interface 66 connected to the A/D
converters 67a, 67b and 67¢, and an interface 65 con-
nectedto the motordrivers 41a, 41b and 41c. Inthe con-
troller 50, the CPU 60, the ROM 61, the RAM 62, the
display interface 63, the keyboard interface 64 and the
interfaces 65 and 66 are connected to each other
through a bus 67.

Respective detection signals outputied from the
voltage detectors 40a, 40b and 40c are A/D converted
to digital data, and then, the digital data are transferred
to the RAM through the interface 66 and the bus 67, and
are stored therein. The CPU 60 calculates data of the
insertion lengths or the drawing-out lengths of respective
stubs S1, S2 and S3 required for adjusting the reference
impedance Zo seen looking toward the load at the refer-
ence point Ps, to the above desirable impedance Zs
from the digital data of the detection signals, and a de-
sirable reflection coefficient I's which has been previous-
ly inputted using the keyboard 72, and outputs the cal-
culated data and data indicating the insertion or the
drawing-out operation of respective stubs S1, S2and S3,
to the interface 65 through the bus 67.

Responsive to the data, the interface 65 generates
the pulse signals indicating the insertion lengths or the
drawing-out lengths of respective stubs S1, S2 and S3
to be inserted into or drawn out from the rectangular
waveguide 13, and the polarity signals indicating the in-
sertion or the drawing-out operation thereof, to respec-
tive motor drivers 41a, 41b and 41c. It is to be noted that
the impedance adjusting process executed by the CPU
60 will be described in detail later, with reference to flow-
charts shown in Figs. 22 to 24.

The display 71 displays impedance points seen
looking toward the load on a Smith chart, and the inser-
tion lengths of respective stubs S1, S2 and S3, according
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to the data inputted from the CPU 60 through the display
interface 63.

The keyboard 72 comprises a operation mode se-
lection key (not shown) for selecting either the repeat op-
eration mode or the single operation mode, and a set of
ten keys (not shown) for inputting the absolute value ITsl
and the phase 6s of the reflection coefficient T's corre-
spondingtothe desirable impedance Zs, and outputs the
inputted data to the CPU 60 through the keyboard inter-
face 64.

(3) Voltage standing wave detector

The voltage standing wave detector 31 comprises
three probes PR1, PR2 and PR3 mounted at respective
points Pda, Pdb and Pdc in the longitudinal direction of
the rectangular waveguide 13 at equal spaces of Ag/6,
as described above.

Fig. 5 shows a voltage standing wave pattern 1Vstl
when there is a reflected wave propagating from the load
end 14t in the rectangular waveguides 13 and 14, name-
ly, the load impedance Ps, seen looking toward the load
at the reference point is mismatched to the impedance
seen looking toward the microwave oscillator 10.

Referringto Fig. 5, the amplitude 1Vstl of the voltage
standing wave changes periodically with a period of
Ag/2. In Fig. 5, the amplitudes of the voltage standing
wave at the points Pda, Pdb and Pdc are labeled IVal,
IVbl and IVcl, respectively.

Fig. 6 is a granlg) diagrarr_; showing a relationship
among vectors Va, Vb and V¢ of the amplitudes_)Va,
Vb and Vc of the voltage standing wave, a vegtor D of
a progressive wave voltage D, and a vector E of a re-
flected wave voltage E. In Fig. 6, 80 is a phase of the
reflected wave voltage E relative to a point where the
amplitude [Vstl of the voltage standing wave becomes a
maximum. Then, the reflection coefficient To at the
mounted point Pda of the probe PR1 is expressed as
follows:

T'o = ITol - &/%° @)

Since the mounted point Pda of the probe PR1 is
apart by a distance of Ag/2 in the longitudinal direction
of the rectangular waveguide 13 from the reference point
Ps, at which the stub S1 is mounted, the reflection co-
efficient To expressed by the above equation (3) is a re-
flection coefficient at the reference point Psy. | |

A}s shown in Fig. 6, respective vectors Va, Vb
and Vc of the amplitude_)s of the voltage standing wave
are a sum of the vector, D of the progressive wave volt-
age D and the vector E of the reflgcteq)voltage_)E. Re-
spective end points of the vector Va, Vb and Vc are
positioned on a circIe_)having a radius equal to the am-
plitude of the vector E of the reflected wave voltage E
and a center p_())int which is located at the end point Pdd
of the vector D of the progressive wave voltage D so
that each difference between respective phases thereof
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When the amplitude IVstl of the voltage standing wave
becomes a maximum, the phase 80 becomes zero, and
the reflection coefficient To becomes IT'ol. On the other
hand, the amplitude IVstl of the voltage standing wave
becomes a minimum, the phase 8o becomes =, and the
reflection coefficient To becomes -IT"ol.

Furthermore, as is apparent from Fig. 6, the squares
of respective amplitudes of the voltage standing wave
IVal2, IVbI2 and IVcI2 detected by the probes PR1, PR2
and PR3 are expressed as follows:

IVal® = IEI® + IDI® - 21EI - IDI - cos(x - 60)
4)

Vbl 2=]E12+1D|2-2]E] D .cos(n-eo+gn)

(®)

Ivel2=|E12+|D1%-2/€] {0l .cos(n-eo+§n)

)

Furthermore, the absolute value IT"ol of the reflection
coefficient '=o0 is expressed as follows:
|El
ITol =1l 7
Therefore, since respective amplitudes [Val, Vbl
and IVcl of the voltage standing wave can be measured
by the voltage standing wave detector 31, the absolute
value ITol and the phase 6o of the reflection coefficient
To can be obtained by calculating the solutions of the
simultaneous equations (4) to (7). Furthermore, the ad-
mittance or the impedance seen looking toward the plas-
ma generating apparatus 30 at the reference point Ps;
can be calculated using equations (9) to (11) which are
described later, from the absolute value ITol and the
phase 60.

(4) Triple-stub tuner

The triple-stub tuner 32 comprises three stubs S1,
S2 and S3 mounted at respective points Ps,, Ps, and
Ps5 of the rectangular waveguide 13 at equal spaces of
Ag/4 in the longitudinal direction thereof, as described
above.

Fig. 21 shows a relationship between an insertion
length L of each of the stubs S1, S2 and S3 when insert-
ed into the rectangular waveguide 13, and a sus-
ceptance B connected to the mounted point of each stub
in the rectangular waveguide 13.

As is apparent from Fig. 21, as the insertion length
L of each of the stubs S1, S2 and S3 increases, the sus-
ceptance B of the mounted point increases. Namely,
each of the stubs S1, S2 and S3 operates as an admit-
tance element having a pure susceptance B.
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Fig. 7 shows an equivalent circuit of the triple-stub
tuner 32 which is connected between the microwave os-
cillator 10 and the plasma generating apparatus 30.

Referring to Fig. 7, the microwave oscillator 10, re-
spective admittance elements Ys,, Ys, and Ys; of the
stubs S1, S2 and S3, and a load admittance Y¥£ of the
plasma generating apparatus are connected in parallel.
Therefore, the triple-stub tuner 32 can adjust the admit-
tance Yo = Go + jBo seen looking toward the load of the
plasma generating apparatus 30 at the reference point
Ps, where the stub 81 is mounted, to a desirable admit-
tance Ys = 1/Zs.

For example, in order to match the load admittance
Yo seen looking toward the plasma generating appara-
tus 30 to the admittance of the microwave oscillator 10,
it is apparent that the stubs S1, S2 and S3 are respec-
tively inserted into the rectangular waveguide 13 by such
insertion lengths that the admittance Yo seen looking to-
ward the plasma generating apparatus 30 at the refer-
ence point Ps; is matched to the admittance Yso = 1/Zso
seen looking toward the microwave oscillator 10 at the
reference point Ps;.

In the automatic microwave impedance adjusting
apparatus of the present preferred embodiment, there is
calculated the insertion lengths of respective stubs S1,
S2 and S3 required for adjusting the admittance Yo seen
looking toward the load of the plasma generating appa-
ratus 30 at the reference point Ps, to a desirable admit-
tance Ys including the admittance Yso seen looking to-
ward the microwave oscillator 10 at the reference point
Ps4, by the CPU 60 of the controller 50, and then, the
stepping motors M1, M2 and M3 are driven so that the
stubs S1, S2 and S8 are inserted into the rectangular
waveguide 13 by the calculated insertion lengths, re-
spectively.

Fig. 8 shows a relationship between a Smith chart
and a UV orthogonal coordinates (referred to as a UV
coordinates hereinafter) of a complex plane of a reflec-
tion coefficient T".

As shown in Fig. 8, the reflection coefficient To at
the reference point Ps, is expressed as follows:

To=1Irol- e = u_ + v, @)

where u, and v, are a coordinate value of the U-axis

and a coordinate value of the V-axis of the UV coordi-
nates.

Furthermore, the admittance Yo = 1/Zo seen looking

toward the load of the plasma generating apparatus 30

at the reference point Ps, is uniquely expressed as fol-
lows:

Yo=Go=jBo
_14rd &1%°
1+ o &%
~ 1-u-jv,

1+uo+1vo
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An admittance point Pp of the admittance Yo is
shown on the Smith chart and the UV coordinates of Fig.
8. Furthermore, the conductance Go and the sus-
ceptance bo of the admittance Yo are uniquely ex-
pressed as follows:

1-u 2-v 2
Go= R (10)
(1+uo) +V
-2v
Bo=——— (1)

(T+u) 2+V02
Furthermore, transforming the above equations (8)
and (9) gives:

(u+ Go )2+V2—( L )2
° Go+1 ° "\Go+1

(12)

(u +1)2+(V +i)2:(i)2 (13)
° ° Bo Bo

The above equation (12) represents a G = Go circle
which includes the admittance point Pp on the Smith
chart and is tangent to a U = -1 straight line, as shown
in Fig. 8. Also, the above equation (13) represents a B =
Bo circle which includes the admittance point Pp on the
Smith chart and a point of the UV coordinates (-1, jO)uv,
as shown in Fig. 8.

It is to be noted that, in the specification and Figs. 8
to 20, UV coordinates of an admittance point located on
the Smith chart are represented hereinafter by a coordi-
nate representation with a suffix "uv" such as (0, juv, (1,
jO)uv, and also, coordinates of an admittance point locat-
ed on the Smith chart which indicate a conductance and
a susceptance thereof is represented hereinafter by a
coordinate representation without any suffix such as
(Go, jBo).

When the insertion length of the stub S1 located at
the reference point Ps, or the stub S3 located at the point
Ps4 apart from the reference point Ps; by a distance of
Ag/2 in the longitudinal direction of the rectangular
waveguide 13 is changed, only the susceptance B to be
connected to the point Ps; at Psg of the rectangular
waveguide 13 changes, as described above. Therefore,
when the insertion length of the stub S1 or S3 of the tri-
ple-stub tuner 32 is changed, the admittance point Pp of
the admittance Yo seen looking toward the load of the
plasma generating apparatus 30 at the points Ps, and
Ps; moves on the G = Go circle on the Smith chart shown
in Fig. 8.

Furthermore, an admittance point of an admittance
Yo' seen looking toward the load of the plasma generat-
ing apparatus 30 at the point Ps, of the stub S2 is located
at a point Pp' given when the admittance point Pp of the
admittance Yo on the Smith chart is-rotated around the
original O of the UV coordinates by 180 degrees, and the
admittance Yo' is uniquely expressed as follows:
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Yo'=Go'+jBo'

o
14|10 -""°

1rd-¢"°

:1+u°+.1v° (14)
1-u v,

It is to be noted that respective references of an ad-
mittance, a conductance and a susceptance seen look-
ing toward the load of the plasma generating apparatus
30 are suffixed with a dash mark ' so as to distinguish
them from those seen looking toward the load at the ref-
erence point Ps;.

Further, the conductance Go' and the susceptance
Bo' of the admittance Yo' are uniquely expressed as fol-
lows:

1 2 2
Go'=—e Yo (15)
(T-uy) +v,
2v
Bo'=——— (16)

(1-uy) 2+V02
Furthermore, transforming the above equations (15)
and (16) gives:

S IYER
° Go'+1 ° "\ Go'+1

IR e,

The above equation (17) represents a G' = Go' circle
which includes the admittance point Pp' on the Smith
chart and is tangent to a U = 1 straight line, as shown in
Fig. 9, and the G' = Go' circle and the G = Go circle are
point symmetric with respective to the origin O of the UV
coordinates. Also, the above equation (18) represents a
B' = Bo' circle which includes the admittance point Pp'
on the Smith chart and a point of the UV coordinates (1,
jO)uv, as shown in Fig. 8, and the B' = Bo' circle and the
B = Bo circle are point symmetric with respective to the
origin O of the UV coordinates.

Itis to be noted that, in Figs. 9 to 20, the coordinates
of the Smith chart are represented by coordinates of an
admittance point of an admittance seen looking toward
the load at the reference point Ps,. Furthermore, in all
Figs. 910 20, a G = G' = = circle which includes points
of the UV coordinates (1, jO)uv, (0, juy, (-1, jO)uv and (O,
-j)uv is drawn as a maximum reference circle.

When the insertion length of the stub S2 located at
the point Ps, of the rectangular waveguide 13 is
changed, only the susceptance B to be connected to the
point Ps, of the rectangular waveguide 13 changes, as
described above. Therefore, when the insertion length
of the stub S2 of the triple-stub tuner 32 is changed, the
admittance point Pp' of the admittance Yo' seen looking
toward the load of the plasma generating apparatus 30

(a7

(18)
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at the points Ps, moves on the G' = Go' circle on the
Smith chart shown in Fig. 9.

Inthe impedance adjusting process executed by the
CPU 60 of the controller 50 as described later, the sus-
ceptance Bo' of the admittance Yo' seen looking toward
the load at the point Ps, of the stub S2 is calculated from
the UV coordinates of the admittance point Po of the ad-
mittance Yo seen looking toward the load at the refer-
ence point Ps,, and also, the susceptance Bo of the ad-
mittance Yo seen looking toward the load at the refer-
ence point Ps, is calculated from the UV coordinates of
the admittance point Pp' of the admittance Yo' seen look-
ing toward the load at the point Ps, of the stub S2. In
these calculations, the converted susceptance can be
calculated by inverting respective signs of the coordinate
values of the U-axis and V-axis and substituting the in-
verted UV coordinates into the equation (11).

(5) Action of Automatic impedance adjusting apparatus

Fig. 22 is flowchart showing a main routine of an im-
pedance adjusting process executed by the CPU 60 of
the controller 50. The main routine includes two subrou-
tines executed at steps #7 and #8 of Fig. 22.

(5-1) Main routine of Impedance adjusting process

Referring to Fig. 22, first of all, at step #1, either the
repeat operation mode or the single operation mode is
selected using the operation mode selection key of the
keyboard 72, and then, at step #2, an absolute value IT'sl
and a phase 0s of a desirable reflection coefficient T's
correspondingtoa desirable impedance Zs seen looking
toward the load at the reference point Ps, are inputted
using a set of ten keys of the keyboard 72.

Thereafter, at step #3, the CPU 60 calculates a con-
ductance Gs and a susceptance Bs of a desirable admit-
tance Ys corresponding to the inputted reflection coeffi-
cientT's, using the equations (9) to (11) from the absolute
value ITs| and the phase 8o which have been inputted,
wherein the admittance point of the desirable admittance
Ys is located at an intersection Ps of the G = Gs circle
and the B = Bs circle on the Smith chart, as shown in Fig.
10. Thereafter, there are calculated a conductance Gs'
and a susceptance Bs' of an admittance Ys' seen looking
toward the load at the point Ps, of the stub S2 which is
given when the phase of the admittance Ys is inverted,
using the equations (15) and (16).

Furthermore, at step #4, there are calculated the
amplitudes of the voltage standing wave IVal, IVbl and
IVcl from respective voltages detected by the diodes DI,
DI2 and DI3 which are respectively connected to the
probes PR1, PR2 and PR3 of the voltage standing wave
detector 31, and then, at step #5, there are calculated
the absolute value ITol and the phase 6o of the reflection
coefficient To at the reference point Ps; by calculating
the solutions of the simultaneous equations (4) to (7). It
is to be noted that the admittance point of the admittance
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(referred to as a reference admittance hereinafter) Yo
corresponding to the calculated reflection coefficient To
at the reference point Ps; is located at an intersection
Po of the G = Go circle and the B = Bo circle on the Smith
chart, as shown in Fig. 11.

Thereafter, at step #6, it is judged whether the ad-
mittance point Po of the reference admittance Yo detect-
ed by the voltage standing wave detector 31 is located
within a tuning region Rx; shown in Fig. 12, or a tuning
region Ry, shownin Fig. 15. Then, if the admittance point
Po is located within the tuning region Rx,, the program
flow goes to step #7, and then, the impedance adjusting
process using the stubs S2 and S3 is executed so as to
adjust the reference admittance Yo to the above desira-
ble admittance Ys, and the program flow goes to step
#9. On the other hand, if the admittance point Po is lo-
cated within the tuning region Ry, the program flow goes
to step #8, and then, the impedance adjusting process
using the stubs S1 and S2 is executed so as to adjust
the reference admittance Yo to the above desirable ad-
mittance Ys, and the program flow goes to step #9.

As shown in Fig. 12, the tuning region Rx, is a region
located within the G = G' = «, and is composed of a sum
of:

(a) a region located within a G' = Gs' circle which
includes the admittance point Ps of the admittance
Ys on the Smith chart, and is tangent to the U = 1
straight line; and

(b) aregion of allthe positive coordinate of the V-axis
of the UV coordinates given excluding a region
located within a G = Gs circle which includes the
admittance point Ps and is tangent to the U = -1
straight line. If the admittance point Po of the refer-
ence admittance Yo on the Smith chart is located in
the tuning region Rx,, the reference admittance Yo
can be adjusted to the desirable admittance Ys
using two stubs S2 and S3.

Furthermore, as shown in Fig. 15, the tuning region
Ry, is a region located within the G = G' = « given ex-
cluding the tuning region Rx,. If the admittance point Po
of the reference admittance Yo is located in the tuning
region Ry, on the Smith chart the reference admittance
Yo can be adjusted to the desirable admittance Ys using
two stubs S1 and S1.

It is to be noted that, if the admittance point Po is
located on the G = Gs circle of a boundary line between
the tuning regions Rx; and Ry,, the above impedance
adjusting process can be executed using only either stub
S1 or S3. On the other hand, if the admittance point Po
is located on the G' = Gs' circle of a boundary line be-
tween the tuning regions Rx; and Ry, the above imped-
ance adjusting process can be executed using only the
stub S2.

Furthermore, at step #9, it is judged whether or not
the operation mode is set at the repeat operation mode.
If the operation mode is set at the repeat operation mode,
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the program flow goes to step #4, and then, the process-
es from steps #4 are repeated. On the other hand, if the
operation mode is set at the single operation mode, the
impedance adjusting mode is completed.

The repeat operation mode is useful for adjusting the
impedance seen looking toward the load having a load
impedance changing with a time such as the plasma
generating apparatus 30. Namely, at a time 10, there is
calculated reflection coefficient ro corresponding to the
reference admittance Yo in the processes of steps #4
and #5. However, if the load impedance at a time t1 de-
fined after the time 10 is shifted from the load impedance
at the time t0, the reference admittance Yo after execut-
ing the impedance adjusting process at step #7 or #8 is
mismatched to the desirable admittance Ys correspond-
ing to the desirable reflection coefficient rs which has
been previously inputted at step #2. If the repeat opera-
tion mode is set in the automatic microwave impedance
adjusting apparatus, the automatic microwave imped-
ance adjusting apparatus has such an advantage that
the impedance adjusting process can be executed de-
pending on a change in the load impedance of the load
such as the plasma generating apparatus 30, even
though the load impedance changes.

In order to match the impedance seen looking to-
ward the microwave oscillator 10 to the impedance seen
looking toward the load of the plasma generating appa-
ratus 30, at step #2, "zero" and "any number" are input-
ted as the absolute value IT'sl and the phase 6s of the
reflection coefficient T's, respectively.

Furthermore, in the case of the load of the plasma
generating apparatus 30, the reference impedance seen
looking toward the load may not become a certain desir-
able impedance stably due to a frequent change in the
load impedance of the plasma generating apparatus 30,
even though the impedance adjusting process of the
present preferred embodiment is executed so that the
reference impedance seen looking toward the load at the
reference point Ps, is matched to the impedance seen
toward the microwave oscillator 10. In this case, at step
#2, there are inputted an absolute value IT'sl and a phase
0s of a desirable reflection coefficient I's close to the im-
pedance matching point located at the origin O of the UV
coordinates so as to adjust the above reference admit-
tance Yo to a desirable admittance Ys corresponding the
above inputted reflection coefficient T's, resulting in a sta-
ble reference impedance seen looking toward the load
at the reference point Ps,.

(5-2) Subroutine of Impedance adjusting process using
Stubs S2 and S3

Fig. 23 is a flowchart showing the subroutine of the
impedance adjusting process using the stubs S2 and S3
(step #7 of Fig. 22).

Referring to Fig. 23, first of all, at step #11, there is
calculated a susceptance Bo seen looking toward the
load at the reference point Ps, using the equations (8)
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and (11) from the absolute value ITol and the phase 6o
of the reflection coefficient T'o at the reference point Ps;,
which have been calculated at step #5, and then, at step
#12, there are calculated the UV coordinates of an inter-
section Pa of the G = Go circle and the G' = Gs' circle
shown in Fig. 13, using the equation (12) and (17).

Thereafter, at step #13, there is calculated a sus-
ceptance Ba of the intersection Pa from the UV coordi-
nates of the intersection Pa, and then, at step #14, there
is calculated a susceptance Bgg to be connected by the
stub S3 to the transmission line of the rectangular
waveguide 13, which is expressed by the following equa-
tion (19) :

By, = Ba - Bo (19)

The susceptance By, is a difference between re-
spective susceptances of the admittance points Po and
Pa which are located on the G = Go circle on the Smith
chart shown in Fig. 13.

Thereafter, at step #15, there is calculated a sus-
ceptance Ba' seen looking toward the load at the point
Ps, of the stub S2 using the equation (11), as described
above, from the UV coordinates of the above sus-
ceptance Ba.

Thereafter, at step #16, there is calculated a sus-
ceptance B,g' to be connected by the stub S2 to the
transmission line of the rectangular waveguide 13, which
is expressed by the following equation (20):

B ]

0 = Bs' - Ba' (20)

The susceptance B,g' is a difference between re-
spective susceptances of the admittance points Ps and
Pa which are located on the G' = Gs' circle on the Smith
chart shown in Fig. 14.

Thereafter, at step #17, there are calculated inser-
tion lengths of the stubs S2 and S3 using the relationship
between the insertion length L thereof and the sus-
ceptance B shown in Fig. 21 which has been previously
measured, from the calculated susceptances Byg' and
B3, and then, at step #18, the stepping motors M2 and
M3 are driven, respectively, so that the stubs S2 and S3
are inserted into the rectangular waveguide 13 by the
calculated insertion lengths. Then, the reference admit-
tance Yo is adjusted to the desirable admittance Ys.

(5-3) Subroutine of Impedance adjusting process using
Stubs S1 and S2

Fig. 24 is a flowchart showing the subroutine of the
impedance adjusting process using the stubs S1 and S2
(step #8 of Fig. 22).

Referring to Fig. 24, first of all, at step #21, there is
calculated a susceptance Bo' seen looking toward the
load at the point Ps, using the equations (15) and (16)
from the absolute value IT'ol and the phase 6o of the re-
flection coefficient T'o at the reference point Ps; which
have been calculated at step #5, and then, at step #22,
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there are calculated the UV coordinates of an intersec-
tion Pb of the G' = Go' circle and the G = Gs circle shown
in Fig. 16, using the equation (12) and (17).

Thereafter, at step #23, there is calculated a sus-
ceptance Bb' of the intersection Pb from the UV coordi-
nates of the intersection Pb, and then, at step #24, there
is calculated a susceptance Byg' to be connected by the
stub S2 to the transmission line of the rectangular
waveguide 13, which is expressed by the following equa-
tion (21):

B ]

s = Bb' - BO'

(21)

The susceptance Byy' is a difference between re-
spective susceptances of the admittance points Po and
Pb which are located on the G' = Go' circle on the Smith
chart shown in Fig. 16.

Thereafter, at step #25, there is calculated a sus-
ceptance Bb seen looking toward the load at the refer-
ence point Ps; using the equation (11), as described
above, from the UV coordinates of the above sus-
ceptance Bb'.

Thereafter, at step #26, there is calculated a sus-
ceptance By tobe connected by the stub S1 to the trans-
mission line of the rectangular waveguide 13, which is
expressed by the following equation (22):

B,,=Bs-Bb (22)

The susceptance B,q is a difference between re-
spective susceptances of the admittance points Ps and
Pb which are located on the G = Gs circle on the Smith
chart shown in Fig. 17.

Thereafter, at step #27, there are calculated inser-
tion lengths of the stubs S1 and S2 using the relationship
between the insertion length L thereof and the sus-
ceptance B shown in Fig. 21 which has been previously
measured, from the calculated susceptances B,y and
Bog', and then, at step #28, the stepping motors M1 and
M2 are driven, respectively, so that the stubs S1 and S2
are inserted into the rectangular waveguide 13 by the
calculated insertion lengths. Then, the reference admit-
tance Yo is adjusted to the desirable admittance Ys.

(6) Impedance matching process

Figs. 18 and 19 are Smith charts and complex
planes of UV coordinates showing tuning regions Rx,
and Ry, corresponding to the tuning regions Rx, and
Ry, in the case of an impedance matching process for
matching the reference admittance Yo seen looking to-
ward the load of the plasma generating apparatus 30 at
the reference point Ps; to the admittance Yso = 1/Zso
seen looking toward the microwave oscillator 10 thereat.

In Figs. 18 and 19, the tuning region RXx, is a region
where the impedance matching process is executed us-
ing the stubs S2 and S3 when the admittance point Po
of the reference admittance Yo is located within the tun-
ing region Rxg on the Smith chart, and the tuning region
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Ry is a region where the impedance matching process
is executed using the stubs S1 and S2 when the admit-
tance point Po of the reference admittance Yo is located
within the tuning region Ryg on the Smith chart.

As shown in Figs. 18 and 19, the admittance point
Ps of the desirable admittance Ys becomes the origin
Pso of the UV coordinates, and a boundary line between
the tuning regions Rxgy and Ry, is composed of half the
G =1 circle for any positive coordinate value of the V-axis
of the UV coordinates, and half the G' = 1 circle for any
negative coordinate value of the V-axis of the UV coor-
dinates.

The impedance matching process shown in Fig. 18
is executed in a manner similar to that of the subroutine
of step #7, and the impedance matching process shown
in Fig. 19 is executed in a manner similar to that of the
subroutine of step #8.

(7) Modifications

At step #6 of the present preferred embodiment, it
is judged whether the admittance point Po of the refer-
ence admittance Yo is located within the tuning region
Rx, or Ry, and then, the impedance adjusting process
using the stubs S2 and S8 is executed if the point Po is
located within the tuning region Rx4, on the other hand,
the impedance adjusting process using the stubs S1 and
S2 is executed if the point Po is located within the tuning
region Ry,. However, the present invention is not limited
to this. If the admittance point Po is located at a partial
region (referred to as a tuning region Rz, hereinafter) of
the tuning region Ry, for any positive coordinate value
of the V-axis of the UV coordinates, an impedance ad-
justing process may be executed using all the stubs S1,
S2 and S3. Then, the reference admittance Yo can be
adjusted to a desirable admittance Ys, for a time shorter
than that of the impedance adjusting process using the
stubs S1 and S2, in the above case.

Fig. 18 is a Smith chart and a complex plane of a UV
coordinates showing an operation of an impedance
matching process using all the stubs S1, S2 and S3.

If the admittance point Po of the reference admit-
tance Yo is located within a tuning region Rz, on the
Smith chart shown in Fig. 18, the impedance matching
process is executed using all the stubs S1, S2 and S3,
wherein the tuning region Rz is a region located within
half the G = 1 for any positive value of the V-axis of the
UV coordinates.

Inthe impedance matching process, as shown inthe
Smith chart of Fig. 20, the admittance point Po of the
reference admittance Yo is moved using the stub S3 to
an intersection Pa of the G = Go circle and the U-axis,
and then, the admittance point Pa is moved using the
stub S2 to an intersection Pb of the G = 1 circle and a G'
=Ga', whereinthe G'=Ga' circle includes the admittance
point Pa and is tangent to the U = 1 straight line. There-
after, the admittance point Pb is moved using the stub
S1 to the impedance matching point Pso. Thus, the sus-
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ceptances of respective stubs S1, S2 and S3 are
changed so as to match the reference admittance Yo to
the admittance Yso seen looking toward the microwave
oscillator 10 at the reference points Ps;. the calculation
of this impedance matching process is executed in a
manner similar to that of the subroutine of step #7 or #8.

In the present preferred embodiment, there are cal-
culated the absolute value ITol and the phase 6o of the
reflection coefficient ITol at the reference point by the
CPU 60 from the amplitudes of the voltage standing
wave detected by respective probes PR1, PR2 and PR3
by the standing wave measuring method using the
probes PR1, PR2 and PR3 and the diodes DI1, DI2 and
DI3. However, the present invention is not limited to this.
For example, after measuring the impedance seen look-
ing to a load at a point of a microwave transmission line
by another measuring method for measuring the imped-
ance thereof, a reflection coefficient corresponding to the
measured impedance may be calculated, and then, the
impedance adjusting process of the present invention
may be executed.

In the voltage standing wave detector 31 of the
present preferred embodiment, three probes PR1, PR2
and PR3 are mounted at equal spaces of Ag/6 in the lon-
gitudinal direction of the rectangular waveguide 13. How-
ever, the present invention is not limited to this. At least
three probes may be mounted at different points at pre-
determined spaces, one of which is not a product of any
natural number and the length Ag/2. Each space be-
tween the probes is preferably set at a length equal to a
product of any natural number and the length Ag/6 ex-
cept for products of any natural number and the length
Ag/2. For example, when each space between the
probes is set at the length Ag/3, the squares of the am-
plitudes of the voltage standing wave detected by re-
spective probes PR1, PR2 and PR3 are expressed as
follows:

Val® = IEI® + IDI? - 21EI - IDI - cos (n - 60)
(23)

IVbi2=|El2+|DI2-2|E] D] .cos(n-eo+gn)

(24)

Vel 2=|E|2+|DI2-2/E] 10| .cos(n-eo+gn)

(25)

In the present preferred embodiment, the space in
the longitudinal direction of the rectangular waveguide
13 between the stub S1 and the probe PR1 is set at the
length Ag/2 for convenience of the explanation. Howev-
er, the present invention is not limited to this. This space
may be set at any distance.

At step #2 of Fig. 22 of the present preferred embod-
iment, there are inputted the absolute value IT'sl and the
phase 6o of the reflection coefficient T's corresponding
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to the desirable impedance Zs seen looking toward the
load at the reference point Ps,. However, the present in-
vention is not limited to this. A resistance Rs and a reac-
tance Xs of a desirable impedance Zs may be in putted,
or a conductance Gs and a susceptance Bs of a desira-
ble admittance Ys corresponding to a desirable imped-
ance Zs may be inputted.

Claims

1. An automatic microwave impedance adjusting
method including a first step of measuring either an
impedance seen looking towards a microwave load
(3) at a predetermined reference point of a micro-
wave transmission line of a rectangular waveguide
(13) connected between a microwave oscillator (10)
and said microwave load (30) or a reflection coeffi-
cient thereat by detecting a voltage standing wave
of a microwave propagating on said microwave
transmission line;

wherein said method includes:

a second step of calculating insertion lengths of
first to third stubs (S1, S2 and S3) of variable
impedance means so as to adjust said imped-
ance seen looking towards said microwave load
(30) to a desired value corresponding to an
inputted desired reflection coefficient, respon-
sive 1o said value measured at said first step,
said first to third stubs (S1, S2 and S3) being
mounted on said microwave load side of said
reference point on said microwave transmission
line, and mounted at different points in an order
of said first to third stubs (S1, S2 and S3) at
equal spaces of a quarter of said waveguide
length in the longitudinal direction of said rec-
tangular waveguide (13), and

a third step of inserting said first to third stubs
(S1, S2 and S83) into said rectangular
waveguide (13) by insertion lengths calculated
at said second step, thereby adjusting said
impedance seen looking towards said micro-
wave load (30) to said desired value,
characterised in that a whole region within a
Smith chart representing an impedance seen
looking towards said microwave load (30) is
divided into a first region (Ry) for executing said
impedance adjusting process of said third step
using first and second stubs (S1, S2) when an
impedance point seen looking towards said
microwave load (30) at said reference point is
located within said first region (Ry), a second
region (Rx) for executing said impedance
adjusting process of said third step using said
second and third stubs (S2, S3) when said
impedance point is located within said second
region (Rx), and a third region (Rz) for executing
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said impedance adjusting of said third step
using all said first to third stubs (S1, S2 and S3)
when said impedance point is located within
said third region (Rz), said third region (Rz)
being defined as a partial region of said first
region (Ry) for any positive coordinate value of
a V-axis of a UV orthogonal coordinate of the
Smith chart; and

wherein said second step includes:

calculating an impedance seen looking towards
said microwave load (30) at said reference point
responsive to said value measured at said first
step; and

judging whether an impedance point of said cal-
culated impedance is located within either said
first region (Ry), said second region (Rx) or said
third region (Rz) on said Smith chart; and
wherein said third step includes:

executing said impedance adjusting process of
said third step using said first and second stubs
(81, S2) when it is judged that said impedance
point of said calculated impedance is located
within said first region (Ry), executing said
impedance adjusting process of said third step
using said second and third stubs (S2, S3) when
it is judged that said impedance point of said cal-
culated impedance is located within said sec-
ond region (Rx), and executing said impedance
adjusting process of said third step using all said
first to third stubs (S1, S2 and S3) when it is
judged that said impedance point of said calcu-
lated impedance is located within said third
region (Rz).

A method as claimed in claim 1, wherein a whole
region within a Smith chart representing an imped-
ance seen looking towards said microwave load (30)
is divided into a first region for executing said imped-
ance adjusting process of said third step using said
first and second stubs (S1, S2) when an impedance
point seen looking towards said microwave load (30)
at said reference point is located within said first
region, and a second region for executing said
impedance adjusting process of said third step using
said second and third stubs (S2, S3) when said
impedance point is located within said second
region;

wherein said second step includes:

calculating an impedance seen looking towards
said microwave load (30) at said reference point
responsive to said value measured at said first
step, and

judging whether an impedance point of said cal-
culated impedance is located within either said
first region or said second region of said Smith
chart, and

wherein said third step includes:
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executing said impedance adjusting process of
said third step using said first and second stubs
(S1, S2) when it is judged that said impedance
point of said calculated impedance is located
within said first region, and executing said
impedance adjusting process of said third step
using said second and third stubs (S2, S3) when
it is judged that said impedance point of said cal-
culated impedance is located within said sec-
ond region.

A method as claimed in any one of claims 1 and 2,
wherein said processes of said first to third steps are
repeated.

An automatic microwave impedance adjusting
apparatus for performing the method of any one of
claims 1 to 3 and comprising:

a microwave transmission line connected
between a microwave oscillator (10) and a
microwave load (3), said microwave transmis-
sion line being a rectangular waveguide (13),
measuring means for measuring either an
impedance seen looking towards said micro-
wave load (30) at a mounted point thereof or a
reflection coefficient thereat by detecting a volt-
age standing wave of a microwave propagating
on said microwave transmission line,

variable impedance means (32) for changing an
impedance to be connected to a mounted point
thereof, and

control means (5) for controlling said variable
impedance means (32) responsive to a value
measured by said measuring means so as to
adjust said impedance to a desired value corre-
sponding to an inputted desired reflection coef-
ficient,

characterised in that

said variable impedance means (32) are
mounted on said microwave load side of said
measuring means on said microwave transmis-
sion line, said variable impedance means (32)
comprising three stubs (S1, S2 and S83)
mounted at different points at equal spaces of
a quarter of said waveguide wavelength in the
longitudinal direction of said rectangular
waveguide (13), and

said control means (5) comprises:

calculating means for calculating insertion
lengths of first to third stubs (S1, S2 and S3) of
variable impedance means so as to adjust said
impedance seen looking towards said micro-
wave load (30) to a desired value corresponding
to an inputted desired reflection coefficient,
responsive to said value measured by said
measuring means, and

insertion control means for inserting said first to
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third stubs (S1, S2 and S3) into said rectangular
waveguide (13) by insertion lengths calculated
by said calculating means, thereby adjusting
said impedance seen looking towards said
microwave load (30) to said desired value,
wherein a whole region within a Smith chart rep-
resenting an impedance seen looking towards
said microwave load (30) is divided into a first
region (Ry) for executing said impedance
adjusting process of said insertion control
means using first and second stubs (S1, S2)
when an impedance point seen looking towards
said microwave load (30) at said reference point
is located within said first region (Ry), a second
region (Rx) for executing said impedance
adjusting process of said insertion control
means using said second and third stubs (S2,
S3) when said impedance point is located within
said second region (Rx), and a third region (Rz)
for executing said impedance adjusting of said
insertion control means using all said first to
third stubs (S1, S2 and S3) when said imped-
ance point is located within said third region
(Rz), said third region (Rz) being defined as a
partial region of said first region (Ry) for any
positive coordinate value of a V-axis of a UV
orthogonal coordinate of the Smith chart; and
wherein said calculating means comprises:
means for calculating an impedance seen look-
ing towards said microwave load (30) at said ref-
erence point responsive to said value measured
by said measuring means; and

means for judging whether an impedance point
of said calculated impedance is located within
either said first region (Ry), said second region
(Rx) or said third region (Rz) on said Smith
chart; and

wherein said insertion control means com-
prises:

executing said impedance adjusting process of
said insertion control means using said first and
second stubs (S1, S2) when itis judged that said
impedance point of said calculated impedance
is located within said first region (Ry), executing
said impedance adjusting process of said inser-
tion control means using said second and third
stubs (S2, S3) when it is judged that said imped-
ance point of said calculated impedance is
located within said second region (Rx), and exe-
cuting said impedance adjusting process of said
insertion control means using all said first to
third stubs (S1, S2 and S3) when it is judged
that said impedance point of said calculated
impedance is located within said third region
(Rz).
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Patentanspriiche

1.

Verfahren zur automatischen Mikrowellenimpe-
danzeinstellung, bei dem in einem ersten Schritt ent-
weder die Impedanz gemessen wird, die man sieht,
wenn man an einem vorbestimmten Referenzpunki
einer Mikrowellenlbertragungsleitung eines recht-
winkligen Wellenleiters (13), der einen Mikrowellen-
oszillator (10) und eine Mikrowellenbelastung (30)
verbindet, in Richtung der Mikrowellenbelastung
(30) schaut, oder der dortige Reflexionskoeffizient
durch Messung einer stehenden Spannungswelle
einer sich auf dieser Mikrowellenubertragungslei-
tung ausbreitenden Mikrowelle,

wobei das Verfahren folgendes umfaBt:

einen zweiten Schritt, bei dem die Einflgungs-
langen von ersten bis dritten Blindleitungen (S1,
S2 und S38) variabler Impedanz derart berech-
net werden, daB die Impedanz, die man sieht,
wenn man in Richtung der Mikrowellenbela-
stung (30) schaut, auf einen gewiinschten Wert
eingestellt wird, der einem eingegebenen
gewlnschten Reflexionskoeffizient entspricht,
in Abh&ngigkeit vom im ersten Schritt gemes-
senen Wert, wobei die ersten bis dritten Blind-
leitungen (S1, S2 und S3) vom Referenzpunkt
gesehen auf der Seite der Mikrowellenbela-
stung auf der Mikrowellenlbertragungsleitung
angeordnet sind, und wobei sie von der ersten
bis zur dritten Blindleitung (S1, S2 und S3) an
verschiedenen Punkten mit gleichen Abstén-
den, deren GréBe einem Viertel der Lange des
Wellenleiters entspricht, in Langsrichtung des
rechtwinkligen Wellenleiters (13) angeordnet
sind, und

einen dritten Schritt, bei dem die ersten bis drit-
ten Blindleitungen (S1, S2 und S3) in den recht-
winkligen Wellenleiter (13) eingefiigt werden
mit Einflgelangen, die im zweiten Schritt
berechnet wurden, um somit die Impedanz, die
man in Richtung auf die Mikrowellenbelastung
(30) sieht, auf den gewiinschten Wert einzustel-
len,

dadurch gekennzeichnet, daf3 ein vollstandi-
ges Gebiet innerhalb eines Smithschen Lei-
tungsdiagramms, das eine Impedanz darstellt,
die man sieht, wenn man in Richtung der Mikro-
wellenbelastung (30) sieht, unterteilt ist in ein
erstes Gebiet (Ry) fir das Durchflihren des
Impedanzeinstelliverfahrens des dritten Schrit-
tes, das die ersten und zweiten Blindleitungen
(S1, S2) benutzt, wenn ein Impedanzpunkt, den
man sieht, wenn man am Referenzpunkt in
Richtung der Mikrowellenbelastung (30)
schaut, sich im ersten Gebiet (Ry) befindet, in
ein zweites Gebiet (Rx) fur das Durchfiihren des
Impedanzeinstelliverfahrens des dritten Schrit-
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tes, das die zweiten und dritten Blindleitungen
(82, S3) verwendet, wenn der Impedanzpunkt
sich im zweiten Gebiet (Rx) befindet, und in ein
drittes Gebiet (Rz) fur das Durchflhren des
Impedanzeinstellverfahrens des dritten Schrit-
tes, das alle der ersten bis dritten Blindleitungen
(81, S2 und S3) verwendet, wenn der Impe-
danzpunkt sich im dritten Gebiet (Rz) befindet,
wobei das dritte Gebiet (Rz) definiert ist als Teil-
gebiet eines ersten Gebietes (Ry) fur irgendei-
nen positiven Koordinatenwert einer V-Achse
einer rechtwinkligen UV Koordinate des Smith-
schen Leitungsdiagramms; und

wobei der zweite Schritt folgendes umfaBt:

die Berechnung einer Impedanz, die man sieht,
wenn man am Referenzpunkt, abhangigvom im
ersten Schritt gemessenen Wert, in Richtung
der Mikrowellenbelastung (30) schaut; und

die Beurteilung, ob ein Impedanzpunki der
berechneten Impedanz sich entweder im ersten
Gebiet (Ry), im zweiten Gebiet (Rx) oder im drit-
ten Gebiet (Rz) im Smithschen Leitungsdia-
gramm befindet; und

wobei der dritte Schritt folgendes umfaft:

die Ausflhrung des Impedanzeinstellverfah-
rens des dritten Schrittes, das die ersten und
zweiten Blindleitungen (S1, S2) verwendet,
wenn ermittelt wurde, daB3 der Impedanzpunki
der berechneten Impedanz sich im ersten
Gebiet (Ry) befindet, die Ausfihrung des Impe-
danzeinstellverfahrens des dritten Schrittes,
das die zweiten und dritten Blindleitungen (S2,
S3) verwendet, wenn ermittelt wurde, daf3 der
Impedanzpunkt der berechneten Impedanz
sich im zweiten Gebiet (Rx) befindet, und die
Ausfihrung des Impedanzeinstellverfahrens
des dritten Schrittes, das alle der ersten bis drit-
ten Blindleitungen (S1, S2 und S3) verwendet,
wenn ermittelt wurde, daB3 der Impedanzpunki
der berechneten Impedanz sich im dritten
Gebiet (Rz) befindet.

Verfahren nach Anspruch 1, bei dem ein vollstandi-
ges Gebiet innerhalb eines Smithschen Leitungs-
diagramms, das eine Impedanz darstellt, die man
sieht, wenn man in Richtung der Mikrowellenbela-
stung (30) sieht, unterteilt ist in ein erstes Gebiet
(Ry) fur das Durchflihren des Impedanzeinstellver-
fahrens des dritten Schrittes, das die ersten und
zweiten Blindleitungen (S1, S2) benutzt, wenn ein
Impedanzpunkt, den man sieht, wenn man vom
Referenzpunkt in Richtung der Mikrowellenbela-
stung (30) schaut, sich im ersten Gebiet (Ry) befin-
det, und in ein zweites Gebiet fur das Durchflihren
des Impedanzeinstellverfahrens des dritten Schrit-
tes, das die zweiten und dritten Blindleitungen (S2,
S3) verwendet, wenn der Impedanzpunkt sich im
zweiten Gebiet befindet,
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wobei der zweite Schritt folgendes umfaft:

die Berechnung einer Impedanz, die man sieht,
wenn man am Referenzpunkt, abhangig vom im
ersten Schritt gemessenen Wert, in Richtung
der Mikrowellenbelastung (30) schaut; und

die Beurteilung, ob ein Impedanzpunkt der
berechneten Impedanz sich entweder im ersten
Gebiet oder im zweiten Gebiet des Smithschen
Leitungsdiagramm befindet, und

wobei der dritte Schritt folgendes umfaft:

die Ausfihrung des Impedanzeinstellverfah-
rens des dritten Schrittes, das die ersten und
zweiten Blindleitungen (S1, S2) verwendet,
wenn ermittelt wurde, daf3 der Impedanzpunkit
der berechneten Impedanz sich im ersten
Gebiet befindet, und die Ausfilhrung des Impe-
danzeinstellverfahrens des dritten Schrittes,
das die zweiten und dritten Blindleitungen (S2,
S3) verwendet, wenn ermittelt wurde, daf3 der
Impedanzpunkt der berechneten Impedanz
sich im zweiten Gebiet befindet.

Verfahren nach einem der Anspriiche 1 und 2, wobei
die Verfahren der ersten bis dritten Schritte wieder-
holt werden.

Vorrichtung zur automatischen Mikrowellenimpe-
danzeinstellung zur Durchfihrung des Verfahrens
nach einem der Anspriiche 1 bis 3, wobei die Vor-
richtung folgendes umfaft:

eine Mikrowelleniibertragungsleitung, die einen
Mikrowellenoszillator (10) und eine Mikrowel-
lenbelastung (30) verbindet, wobei die Mikro-
wellenlibertragungsleitung aus einem recht-
winkligen Wellenleiter (13) besteht,

eine MeBvorrichtung zur Messung entweder
einer Impedanz, die man sieht, wenn man von
einem Montagepunkt aus in Richtung der Mikro-
wellenbelastung (30) sieht, oder eines dortigen
Reflexionskoeffizienten durch das Messen
einer stehenden Spannungswelle einer sich auf
dieser Mikrowellenlbertragungsleitung aus-
breitenden Mikrowelle,

variable Impedanzvorrichtungen (32) fir das
Verandern einer Impedanz, die an einem Mon-
tagepunkt mit ihr verbunden werden sollen; und
eine Steuervorrichtung (5) zur Steuerung der
variablen Impedanzvorrichtungen (32) in
Abhangigkeit von einem Wert, der von der
MeBvorrichtung gemessen wurde, um die
Impedanz auf einen gewlinschten Wert einzu-
stellen, der einem eingegebenen gewiinschten
Reflexionskoeffizient entspricht,

dadurch gekennzeichnet, daB

die variablen Impedanzvorrichtungen (32) auf
der Seite der Mikrowellenbelastung der
MeBeinrichtung auf der Mikrowellenibertra-
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gungsleitung montiert sind, wobei die variablen
Impedanzvorrichtungen (32) drei Blindleitun-
gen (S1, S2 und S3) umfassen, die an verschie-
denen Punkten mit gleichen Abstanden vonein-
ander in Langsrichtung des rechtwinkligen Wel-
lenleiters  (13) montiert sind, wobei die
Abstdnde eine GrdéBe haben, die gleich ist
einem Viertel der Wellenlange des Wellenlei-
ters, und

wobei die Steuervorrichtung folgendes umfaft:
eine Berechnungsvorrichtung zur Berechnung
der Einflgelangen der ersten bis dritten Blind-
leitungen (S1, S2 und S3) variabler Impedanz,
um die Impedanz, die man in Richtung der
Mikrowellenbelastung (30) sieht, auf einen
gewlnschten Wert einzustellen, der einem ein-
gegebenen gewiinschten Reflexionskoeffizient
entspricht, abhangig vom Wert, der durch die
MeBvorrichtung gemessen wurde, und

eine Einflgesteuervorrichtung zum Einflgen
dieser ersten bis dritten Blindleitungen (S1, S2
und S3) in den rechtwinkligen Wellenleiter (13)
mit Einfigel&ngen, die durch die Berechnungs-
vorrichtung berechnet wurden, um somit die
Impedanz, die man sieht, wenn man in Richtung
der Mikrowellenbelastung (30) schaut, auf den
gewulnschten Wert einzustellen,

wobei ein vollstandiges Gebiet innerhalb eines
Smithschen Leitungsdiagramms, das eine
Impedanz darstellt, die man sieht, wenn man in
Richtung der Mikrowellenbelastung (30) sieht,
unterteilt ist in ein erstes Gebiet (Ry) fir das
Durchfiihren des Impedanzeinstellverfahrens
der Einfugesteuervorrichtung, das erste und
zweite Blindleitungen (S1, S2) benutzt, wenn
ein Impedanzpunkt, den man sieht, wenn man
am Referenzpunkt in Richtung der Mikrowellen-
belastung (30) schaut, sich im ersten Gebiet
(Ry) befindet, in ein zweites Gebiet (Rx) fur das
Durchfiihren des Impedanzeinstellverfahrens
der Einfigesteuervorrichtung, das die zweiten
und dritten Blindleitungen (S2, S3) verwendet,
wenn der Impedanzpunkt sich im zweiten
Gebiet (Rx) befindet, und ein drittes Gebiet (Rz)
fur das Durchfiihren der Impedanzeinstellung
der Einfligesteuervorrichtung, die alle der
ersten bis dritten Blindleitungen (S1, S2 und S3)
verwendet, wenn der Impedanzpunkt sich im
dritten Gebiet (Rz) befindet, wobei das dritte
Gebiet (Rz) definiert ist als Teilgebiet des ersten
Gebietes (Ry) fur irgendeinen positiven Koordi-
natenwert einer V-Achse einer rechtwinkligen
UV Koordinate des Smithschen Leitungsdia-
gramms; und

wobei die Berechnungsvorrichtung folgendes
umfaBt:

eine Vorrichtung zur Berechnung einer Impe-
danz, die man sieht, wenn man am Referenz-
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punkt, abhangig vom von der MeBvorrichtung
gemessenen Wert, in Richtung der Mikrowel-
lenbelastung (30) schaut; und

eine Vorrichtung zur Beurteilung, ob ein Impe-
danzpunkt der berechneten Impedanz sich ent-
weder im ersten Gebiet (Ry), im zweiten Gebiet
(Rx) oder im dritten Gebiet (Rz) im Smithschen
Leitungsdiagramm befindet; und

wobei die Einfugesteuervorrichtung folgendes
umfaBt:

die Ausfihrung des Impedanzeinstellverfah-
rens der Einfligesteuervorrichtung, das die
ersten und zweiten Blindleitungen (S1, S2) ver-
wendet, wenn ermittelt wurde, daB3 der Impe-
danzpunkt der berechneten Impedanz sich im
ersten Gebiet (Ry) befindet, die Ausfihrung des
Impedanzeinstellverfahrens der Einflgesteuer-
vorrichtung, das die zweiten und dritten Blind-
leitungen (S2, S3) verwendet, wenn ermittelt
wurde, daf3 der Impedanzpunkt der berechne-
ten Impedanz sich im zweiten Gebiet (Rx) befin-
det, und die Ausfihrung des Impedanzeinstell-
verfahrens der Einfugesteuervorrichtung, das
alle der ersten bis dritten Blindleitungen (S1, S2
und S3) verwendet, wenn ermittelt wurde, dafi
der Impedanzpunkt der berechneten Impedanz
sich im dritten Gebiet (Rz) befindet.

Revendications

1. Procédé de réglage automatique d'une impédance
hyperfréquence incluant une premiére étape de
mesure de soit une impédance vue en regardant en
direction d'une charge hyperfréquence (3) en un
point de référence prédéterminé d'une ligne de
transmission hyperfréquence d'un guide d'onde rec-
tangulaire (13) connecté entre un oscillateur hyper-
fréquence (10) et ladite charge hyperfréquence (30)
soit un coefficient de réflexion a ce niveau en détec-
tant une onde stationnaire de tension d'une hyper-
fréquence se propageant sur ladite ligne de trans-
mission hyperfréquence,

dans lequel ledit procédé inclut :

une seconde étape de calcul de longueurs
d'insertion de premier & troisiéme adaptateurs
d'impédance (S1, S2 et S3) d'un moyen d'impé-
dance variable de maniére a régler ladite impé-
dance vue en regardant en direction de ladite
charge hyperfréquence (30) a une valeur sou-
haitée correspondant a un coefficient de
réflexion souhaité entré, en réponse a ladite
valeur mesurée lors de ladite premiére étape,
lesdits premier & troisiéme adaptateurs d'impé-
dance (S1, S2 et S3) étant montés sur ledit c6té
de charge hyperfréquence dudit point de réfé-
rence sur ladite ligne de transmission hyperfré-
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quence et étant montés en différents points
selon l'ordre desdits premier a troisiéme adap-
tateurs d'impédance (S1, S2 et S3) selon des
espaces égaux valant chacun un quart de ladite
longueur du guide d'onde suivant la direction
longitudinale dudit guide d'onde rectangulaire
(13); et

une troisiéme étape d'insertion desdits premier
atroisieme adaptateurs d'impédance (S1, S2 et
S3) dans ledit guide d'onde rectangulaire (13)
sur des longueurs d'insertion calculées lors de
ladite seconde étape pour ainsi régler ladite
impédance vue en regardant en direction de
ladite charge hyperfréquence (30) a ladite
valeur souhaitée,

caractérisé en ce qu'une région globale a l'inté-
rieur d'un abaque de Smith représentant une
impédance vue en regardant en direction de
ladite charge hyperfréquence (30) est divisée
en une premiére région (Ry) pour exécuter ledit
processus de réglage d'impédance de ladite
troisidme étape en utilisant les premier et
second adaptateurs d'impédance (S1, S2)
lorsqu'un point d'impédance vu en regardant en
direction de ladite charge hyperfréquence (30)
au niveau dudit point de référence est localisé
a l'intérieur de ladite premiére région (Ry), en
une seconde région (Rx) pour exécuter ledit
processus de réglage d'impédance de ladite
troisidme étape en utilisant lesdits second et
troisitme adaptateurs d'impédance (S2, S3)
lorsque ledit point d'impédance est localisé a
l'intérieur de ladite seconde région (Rx) et en
une troisiéme région (Rz) pour exécuter ledit
réglage d'impédance de ladite troisiéme étape
en utilisant la totalité desdits premier a troisieme
adaptateurs d'impédance (S1, S2 et S3) lors-
que ledit point d'impédance est localisé a l'inté-
rieur de ladite troisieme région (Rz), ladite troi-
siéme région (Rz) étant définie en tant que
région partielle de ladite premiére région (Ry)
pour une quelconque valeur de coordonnée
positive d'un axe V et pour une coordonnée
orthogonale UV de l'abaque de Smith ; et
dans lequel ladite seconde étape inclut :

le calcul d'une impédance vue en regardant en
direction de ladite charge hyperfréquence (30)
au niveau dudit point de référence en réponse
a ladite valeur mesurée lors de ladite premiére
étape ; et

l'appréciation de si oui ou non un point d'impé-
dance de ladite impédance calculée est localisé
a l'intérieur soit de ladite premiére région (Ry),
soit de ladite seconde région (Rx), soit de ladite
troisidme région (Rz) sur ledit abaque de
Smith ; et

dans lequel ladite troisiéme étape inclut :
I'exécution dudit processus de réglage d'impé-
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dance de ladite troisiéme étape en utilisant les-
dits premier et second adaptateurs d'impé-
dance (S1, S2) lorsqu'il est apprécié que ledit
point d'impédance de ladite impédance calcu-
Iée est localisé a l'intérieur de ladite premiére
région (Ry), lI'exécution dudit processus de
réglage d'impédance de ladite troisiéme étape
en utilisant lesdits second et troisiéme adapta-
teurs d'impédance (S2, S3) lorsqu'il est appré-
cié que ledit point d'impédance de ladite impé-
dance calculée est localisé a l'intérieur de ladite
seconde région (Rx) et I'exécution dudit proces-
sus de réglage d'impédance de ladite troisiéme
étape en utilisant la totalité desdits premier a
troisiéme adaptateurs d'impédance (S1, S2 et
S3) lorsqu'il est apprécié que ledit point d'impé-
dance de ladite impédance calculée est localisé
a l'intérieur de ladite troisiéme région (Rz).

Procédé selon la revendication 1, dans lequel une
région globale a l'intérieur d'un abaque de Smith
représentant une impédance vue en regardant en
direction de ladite charge hyperfréquence (30) est
divisée en une premiére région pour exécuter ledit
processus de réglage d'impédance de ladite troi-
siéme étape en utilisant lesdits premier et second
adaptateurs d'impédance (S1, S2) lorsqu'un point
d'impédance vu en regardant en direction de ladite
charge hyperfréquence (30) audit point de référence
est localisé dans ladite premiére région et en une
seconde région pour exécuter ledit processus de
réglage d'impédance de ladite troisiéme étape en
utilisant lesdits second et troisiime adaptateurs
d'impédance (S2, S3) lorsque ledit point d'impé-
dance est localisé a l'intérieur de ladite seconde
région,

dans lequel ladite seconde étape inclut :

le calcul d'une impédance vue en regardant en
direction de ladite charge hyperfréquence (30)
au niveau dudit point de référence en réponse
a ladite valeur mesurée lors de ladite premiére
étape ; et

I'appréciation de si oui ou non un point d'impé-
dance de ladite impédance calculée est localisé
a l'intérieur de soit ladite premiére région, soit
ladite seconde région dudit abaque de Smith ;
et

dans lequel ladite troisieme étape inclut :
I'exécution dudit processus de réglage d'impé-
dance de ladite troisiéme étape en utilisant les-
dits premier et second adaptateurs d'impé-
dance (S1, S2) lorsqu'il est apprécié que ledit
point d'impédance de ladite impédance calcu-
Iée est localisé a l'intérieur de ladite premiére
région et en exécutant ledit processus de
réglage d'impédance de ladite troisiéme étape
en utilisant lesdits second et troisiéme adapta-
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teurs d'impédance (S2, S3) lorsqu'il est appré-
cié que ledit point d'impédance de ladite impé-
dance calculée est localisé a l'intérieur de ladite
seconde région.

Procédé selon I'une quelconque des revendications
1 et 2, dans lequel lesdits processus desdites pre-
miére & troisiéme étapes sont répétés.

Appareil de réglage automatique d'impédance
hyperfréquence permettant de réaliser le procédé
selon l'une quelconque des revendications 1 & 3 et
comprenant :

une ligne de transmission hyperfréquence con-
nectée entre un oscillateur hyperfréquence (10)
et une charge hyperfréquence (3), ladite ligne
de transmission hyperfréquence étant un guide
d'onde rectangulaire (13);

un moyen de mesure pour mesurer soit une
impédance vue en regardant en direction de
ladite charge hyperfréquence (30) en son point
de montage soit un coefficient de réflexion a ce
niveau en détectant une onde stationnaire de
tension d'une hyperfréquence se propageant
sur ladite ligne de transmission
hyperfréquence ;

un moyen d'impédance variable (32) pour modi-
fier une impédance & connecter en son point de
montage ; et

un moyen de commande (5) pour commander
ledit moyen d'impédance variable (32) en
réponse a une valeur mesurée par ledit moyen
de mesure de maniére a régler ladite impé-
dance & une valeur souhaitée correspondant a
un coefficient de réflexion souhaité entré,
caractérisé en ce que :

ledit moyen d'impédance variable (32) est
monté sur ledit c6té de charge hyperfréquence
dudit moyen de mesure sur ladite ligne de trans-
mission hyperfréquence, ledit moyen d'impé-
dance variable (32) comprenant trois adapta-
teurs d'impédance (S1, S2 et S3) montés en dif-
férents points selon des espaces égaux valant
chacun un quart de ladite longueur d'onde du
guide d'onde suivant la direction longitudinale
dudit guide d'onde rectangulaire (13) ; et

ledit moyen de commande (5) comprend :

un moyen de calcul pour calculer les longueurs
d'insertion des premier a troisiéme adaptateurs
d'impédance (S1, S2 et S3) du moyen d'impé-
dance variable de maniére a régler ladite impé-
dance vue en regardant en direction de ladite
charge hyperfréquence (30) a une valeur sou-
haitée correspondant a un coefficient de
réflexion souhaité entré en réponse a ladite
valeur mesurée par ledit moyen de mesure ; et
un moyen de commande d'insertion pour insé-
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rer lesdits premier a troisieme adaptateurs
d'impédance (S1, S2 et S3) dans ledit guide
d'onde rectangulaire (13) sur des longueurs
d'insertion calculées par ledit moyen de calcul
en réglant ainsi ladite impédance vue en regar-
dant en direction de ladite charge hyperfré-
quence (30) & ladite valeur souhaitée,

dans lequel une région globale a l'intérieur d'un
abaque de Smith représentant une impédance
vue en regardant en direction de ladite charge
hyperfréquence (30) est divisée en une pre-
miére région (Ry) pour exécuter ledit processus
de réglage d'impédance dudit moyen de com-
mande d'insertion en utilisant les premier et
second adaptateurs d'impédance (S1, S2)
lorsqu'un point d'impédance vu en regardant en
direction de ladite charge hyperfréquence (30)
au niveau dudit point de référence est localisé
a l'intérieur de ladite premiére région (Ry), en
une seconde région (Rx) pour exécuter ledit
processus de réglage d'impédance dudit
moyen de commande d'insertion en utilisant
lesdits second et troisieme adaptateurs d'impé-
dance (S2, S3) lorsque ledit point d'impédance
est localisé a l'intérieur de ladite seconde région
(Rx) et en une troisidme région (Rz) pour exé-
cuter ledit réglage d'impédance dudit moyen de
commande d'insertion en utilisant la totalité
desdits premier a troisiéme adaptateurs d'impé-
dance (S1, S2 et S3) lorsque ledit point d'impé-
dance est localisé a l'intérieur de ladite troi-
siéme région (Rz), ladite troisieme région (Rz)
étant définie en tant que région partielle de
ladite premiére région (Ry) pour une quelcon-
que valeur de coordonnée positive d'un axe V
et pour une coordonnée orthogonale UV de
I'abaque de Smith ; et

dans lequel ledit moyen de calcul comprend :
un moyen pour calculer une impédance vue en
regardant en direction de ladite charge hyper-
fréquence (30) au niveau dudit point de réfé-
rence en réponse & ladite valeur mesurée par
ledit moyen de mesure ; et

un moyen pour apprécier si oui ou non un point
d'impédance de ladite impédance calculée est
localisé a l'intérieur soit de ladite premiére
région (Ry), soit de ladite seconde région (Rx),
soit de ladite troisidme région (Rz) sur ledit aba-
que de Smith ; et

dans lequel ledit moyen de commande d'inser-
tion comprend :

I'exécution dudit processus de réglage d'impé-
dance dudit moyen de commande d'insertion en
utilisant lesdits premier et second adaptateurs
d'impédance (S1, S2) lorsqu'il est apprécié que
ledit point d'impédance de ladite impédance
calculée est localisé & l'intérieur de ladite pre-
miére région (Ry), en exécutant ledit processus
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de réglage d'impédance dudit moyen de com-
mande d'insertion en utilisant lesdits second et
troisitme adaptateurs d'impédance (S2, S3)
lorsqu'il est apprécié que ledit point d'impé-
dance de ladite impédance calculée est localisé
a l'intérieur de ladite seconde région (Rx) et en
exécutant ledit processus de réglage d'impé-
dance dudit moyen de commande d'insertion en
utilisant la totalité desdits premier a troisieme
adaptateurs d'impédance (S1, S2 et S3)
lorsqu'il est apprécié que ledit point d'impé-
dance de ladite impédance calculée est localisé
a l'intérieur de ladite troisieme région (Rz).
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