DESCRIPTION
PLASMA IGNITION SYSTEM, PLASMA IGNITION METHOD, AND PLASMA

GENERATING APPARATUS

TECHNICAL FIELD
[0001]
The present invention relates to a plasma ignition system,

a plasma ignition method, and a plasma generating apparatus.

BACKGROUND ART
[0002}

Plasma is used in various production sites. For example,
in the field of manufacturing of semiconductor circuits, a
surfaceofzasemiconductorcircuittx)bebonded;hscleanedusing
plasma.

[0003]

As one example of plasma generating apparatuses, Japanese
Unexamined Patent Application Publicatiocn No. 2002-343599
discloses an apparatus configured such that a wire is disposed
al an axial core of a glass tube in which an argon gas is
introduced, and that a high frequency coil and an ignition coil
are wound at a tip portion of the glass tube (Patent Document
1} . According to this apparatus, after an argon gas is
introduced into the glass tube and a flow of a plasma gas is
stabilized, a high freguency power is supplied to the high
frequency coil from a high frequency power source, and then a

high voltage is applied to the ignition coil, and wherehy a
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discharge is generated and plasma is generated.
[0004]

Further, Japanese Unexamined Patent Application
Publication No. 2003-328138 discloses a plasma ignition
mechanism of igniting plasma by applying a high voltage to a
plasma ignition coil including a wire from an igniter, and by
inducing a discharge between the plasma ignition coil and the
wirc (Fig. 3, DPatenl Document 2)}.

[C005]

Moreover, Japanese Unexamined Patent Application
Publication No. 2006-104545 discloses a micro plasma reactor
configured such that around an inner tube of a plasma flame off
through which & high-melting conducting wire is inserted is
enclosed by an outer tube of a plasma flame off in which a mixed
gas circulates, and a discharge is started by an externally
provided igniter (Figs. 1~-6, Patent Document 3).

[0006]

Furthermore, Japanese Unexamined Patent Application
Publication No. H06-215894 discloses a radio-freguency plasma
power supply device that supplies high frequency power between
electrodesjj1aplasmachamberviaeﬂlimpedancen&tchingcircuit
(Patent Document 4). According te this device, a voltage value
supplied to an FET of a power amplifier is set to be low during
a time period until power output impedance and impedance in the
plasma chamber match, thereby preventing an FET from being
damaged due to a reflected wave.

PRIOR ART DOCUMENTS



PATENT DOCUMENTS

[00C7)

Patent Document 1: Japanese Unexamined Patent Application
Pubblicalion No., 2002-34354%

Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2003-328138

Patent Document 3: Japanese Unexamined Patent Application
Publication No. 2006-104545

Patent Document 4: Japanese Unexamined Patent Application

Publication No. H(06-215894

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[00C8]

However, in the plasma generating apparatus, plasma often
becomes unstable or disappears when a flow of an inert gas for
plasma deteriorates or such. If plasma is unstable or
disappears, defects are developed in many of products such as
semiconductor circuits. Such defects can further result in
disadvantageous effects such as heat generation at a section
that is not the defective section. Taking time before the
disappearance of plasma is found results in defects developed
in many products. Therefore, the plasma generating apparatus
disclosed in Patent Documents described above reguires
monitoring of the presence of plasma. Further, when the plasma
has disappeared, it is necessary to manually reignite plasma.

In addition, as it is necessary to conduct plasma ignition work
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with proper timing in parallel with application work for a high
frequency power, a certain level of skill is required for the
igniting work.

{10009]

Thus, an object of the present invention, conceived in
view of the above problems, is to provide a plasma ignition
technique allowing easy and reliable ignition and reignition
of plasma without monitoring or manual handling.

MEANS FOR SOLVING THE PROBLEMS
{00107

In order to address the above problem, a plasma ignition
system according to the present invention is provided with: a
radio-frequency power supply configured to supply a
predetermined high frequency signal to an applied electrode for
generating plasma; a matching device configured to match
impedance on a side of the radio-frequency power supply and
impedance on a side of the applied electrode; a forward
wave/reflected wave delector configured to detect a forward
wave and a reflected wave of the high frequency signal; a
high-voltage generator configured to generate a predetermined
high voltage; and a controller configured to superimpose the
high voltage on the high frequency signal when a ratioc of the
reflected wave to the forward wave is greater than a first
thresheld value,

00211}
According to this configuration, when the high frequency

signal is supplied to the applied electrode, the impedance on
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the side of the applied electrode is determined according to
a state of the plasma at this time. If the plasma is not
appropriately generated at this time, output impedance on a side
of the matching device and the impedance on the side of the
applied electrode do not match, and therefore the ratio of the
reflected wave to the forward wave of the high frequency signal
increases. When the ratio of the reflected wave to the forward
wave is increased to some extent, it is estimated to be in a
state before the ignition, or in a state in which the plasma
that has once ignited has disappeared for some reason.
Therefore, it is determined that plasma is not ignited if this
ratio is greater than the first threshold value that is
previouslyrseﬁjjlordertx>estimate1ﬂu&statejj1whic11the1:lasma
has disappeared, and the high voltage is superimposed on the
high frequency signal. By the high voltage, a discharge is
generated to the applied electrode, and plasma is ignited or
reignited.

(0012}

Ingeneral, “aratioof areflectedwave to a forward wave”
is understood as a ratio of an amplitude value of the reflected
wave to an amplitude value of the forward wave, for example,
a standing wave ratio {(8WR (Standing Wave Ratio) wvalue).
EFFECTS OF THE INVENTION
[0013]

According to the present invention, as a state of plasma
ignition is determined based on a ratio of a reflected wave to

a forward wave and then the igniting work is conducted, it is
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possible to easily and reliably ignite and reignite plasma

without monitoring or manual handling.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a configuration diagram of a plasma generating
apparatus including a plasma ignition system according to an
embodiment 1.

Fig. 2 is a flowchart illustrating a plasma ignition
method according to the embodiment 1.

Fig. 3 is a waveform chart illustrating the plasma
igniticn method according to the embodiment 1.

Fig. 4 is a flowchart illustrating a plasma ignition
method according to an embodiment 2.

Fig. 5 is a waveform chart illustrating the plasma
ignition method according to the embodiment 2.

Fig. 6 is a flowchart illustrating a plasma ignition
methed according to an embodiment 3.

Fig. 7 is a waveform chart illustrating the plasma
ignition method according to the embodiment 3.

Fig. 8 is a flowchart illustrating a plasma ignition
method according to an embodiment 4.

Fig. 9 is a waveform chart illustrating the plasma
ignition method according to the embodiment 4.

Fig. 10 is a flowchart illustrating a plasma ignition
method according to an application example.

Fig. 11 is a configuration diagram of a plasma generating
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apparatus according to a modified example,

MODES FOR CARRYING CUT THE INVENTION
[0015]

Hereinafter, embodiments of the present invention will
be described. In the following description of the drawings,
the same or like steps are represented by the same or like
reference numerals. However,blockdiagrams,waveformcharts,
andflowchartsjjlthedrawingsarejjlustrated@usmereexamples.
Therefore, specific blocks, a generated waveform, and a
processing flow are to be considered in the context of the
following description.

[0016]
Embodiment 1

An embodiment 1 according to the present invention
relates to a basic configuration of a plasma ignition system
capable of automatically igniting plasma, and configured to
superimpose a high voltage on a high frequency signal when a
ratio of a reflected wave to a forward wave is greater than a
predetermined threshold value, and to stop superimposing the
high voltage when the ratio of the reflected wave to the forward
wave becomes equal to or smaller than a threshold value after
the high voltage is superimposed on the high frequency signal.
F0017)

Fig. 1 shows a configuration diagram of a plasma
generating apparatus including a plasma ignition system

according to this embodiment. When used in the manufacturing



of semiconductor circuits, a plasma generating apparatus 1 is
disposed facing a cleaning surface of a semiconductor circuit
as a cleaning target (bonding target), and used to generate
plasma to clean the cleaning surface of the semiconductor
circuit.

[0018]

Referring to Fig. 1, the plasma generating apparatus 1
according to this embodiment is provided with a plasma ignition
system 10, a gas chamber 110, a reactance correction coil 111,
a ceramic tube 112, an applied electrode 114, a ground electrode
116, and a plasma gas supply inlet 118.

[C019]

The gas chamber 110 is a gas filling chamber for supplying
a plasma gas to the ceramic tube 112. Preferably, the plasma
gas is an inert gas. It is possible to use H;, O,, Nz, or a mixed
gas of any of these and an inert gas. As the inert gas, argon
(Ar), helium (He), xenon (Xe), and neon (Ne) can be used, and
argon {Ar) and helium (He) are most commonly used. To the gas
chamber 110, a plasma gas is supplied from the plasma gas supply
inlet 118 using a compressor that is not depicted, and
pressurized to a predetermined pressure, for example, on the
order of 3 atmospheres from atmospheric pressure. The plasma
gas is supplied to the plasma gas supply inlet 118 through an
arbitrarygaszquﬂdzsyst@nincludingeagascylinder,azpressure
meter, a flow meter, a pipe, and such.

[0020]

The ceramic tube 112 is a structure configured by ceramic

8



as an insulation material resistant to high temperatures
generated by plasma and high reactivity, and formed to have a
predelernined diameter suitable for plasma generation.
Instead of ceramic, amaterial such as silica glass can be used.
The ceramic tube 112 is provided with the ground electrode 116
extending along its axial core. The ceramic tube 112 is
communicated with the gas chamber 110, and configured such that
the pressurized plasma gas from the gas chamber 110 circulates
around the ground electrode 116 at high speed. A surface to
be plasma~irradiated (a surface of a semiconductor circuit to
be cleaned) is positioned facing an opening of the ceramic tube
112 (a left end surface in Fig. 1). Here, it is possible to
increase a workable area by bundling more than one ceramic tube
112 (this will be described later in detail as a modified
example) .

[0021]

The ground electrode 116 is an electrode that is grounded
to generate plasma, and an opposite electrode of the applied
electrode 114. The ground electrode 116 is provided extending
along the axial core of the ceramic tube 112. A tipof the ground
electrode 116 can be disposed within a range covered by the
applied electrode 114, or can extend to a portion near a front
end of the ceramic tube 112 beyond the range covered by the
applied electrode 114. The ground electrode 116 is configured
by a wire made of a metal having a high meiting point, such as
platinum or tungsten, for example, so as to withstand high

temperatures of plasma generated from environment. The ground
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electrode 116 is grounded to ocutside through the gas chambher
110.
[0022]

The applied electrode 114 is an electrode that
constitutes a palr with the ground electrode 116 and to which
a high frequency signal HS is applied from the plasma ignition
system 10. The applied electrode 114 faces a part of the ground
electrode so as to enclose an exterior of the ceramic tube 112,
and has a tubular (annular) cross-section in this embodiment.
The applied electrode 114 is made of an oxidation-resistant
metal, for example, stainless-steel or a metal provided with
oxidation-resistance by such as plating. A distance between
the applied electrode 114 and the ground electrode 116 is sef
based on relation between electrical power of an high freguency
signal to be applied and density of piliasma desired to be
generated. The appliied electrode 114 can be provided in a form
of a coil wound around the ceramic tube 112, instead of the form
having an annular cross-section.

[0023]

The reactance correction coil 111 is an optional
component, which is a coil element connected to the applied
electrode 114. The reactance correctiocn coil 111 functions to
restrict an influence of reactance (impedance) generated due
to a capacitance compenent between the applied electrode 114
and the ground potential, and to improve a voltage standing wave
ratio VSWR that will be later described (that is, to bring the
VSWR closer to 13.
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[0024)

The plasma ignition system 10 is provided with a
controller 100, & radio-frequency power supply 101, a forward
wave/refiectedwavedetector102,akﬂghmvoltagegenerator103,
and a superimposed coil 104. Here, the radio-frequency power
supply 101 and the high-voltage generator 104 can be provided
as a single device.

[0025]

Further, a matching device 105 is provided between the
piasma ignition system 10 and a plasma chamber 110. Here, the
matching device 105 and the forward wave/reflected wave
detector102cxuzbeprovidedensasingledevicewithhﬁtheplasma
ignition system 10,

[0026]

The radio-frequency power supply 101 is an RF power source
configured to supply a predetermined high frequency signal HS
to the applied electrode 114 for generating plasma. The high
frequency signal HS is a signal having a frequency and a power
output suitable for plasma generation. The fregquency of the
high freguency signal HS suitable for plasma generation is from
around 10 KHz to around 1 GHz, and the suitable electrical power
output is fromaround 0.1 W to around 100 W. In this embodiment,
the high frequency signal HS is assumed to be a high frequency
signal having a frequency of 450 MHz and a power ocutput of 30
W. The radio-frequency power supply 101 is configured by such
aseﬂloscillatorcircuithavingen]cutputstagecombiningz&high

frequency power transistor and a high frequency transformer.
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In response to a control signal Sys from the controller 100,
theradio—frequencypowersuppllelstartscn?stopsgenerating
the high frequency signal HS.

[0027)

The matching device 105 is provided along a transmission
path between the plasma ignition system 10 and the applied
electrode 114, and functions to match impedance on a side of
the radio-frequency power supply 101 and impedance on a side
of the applied electrode 114. The matching device 105 has a
filtering circult structure configured by such as a coil and
avariablecapacitor,andjj;designedsuchthatealoadimpedance
in a state in which plasma is stably generated is characteristic
impedance Zy (50 Q, for example) on an output side of the
radico~frequency power supply 101. However, a load impedance
Zz of a plasma gas drastically changes in the process that the
plasma gas generates plasma. The load impedance % also
drastically changes depending on such as a type, a flow rate,
a pressure, and a temperature of the plasma gas. If the load
impedance Z does not match the characteristic impedance %y of
the radio-frequency power supply 101, a part of the supplied
high frequency power returns as a reflected wave, often
resulting in reduction of an electrical power efficiency or a
damage to an element of the output stage of the radio-frequency
power supply 101. The matching device 105 performs impedance
matching between the side of the radio-frequency power supply
101 and the side of the applied electrode 114 by an impedance

matching function, and reduces generation of a reflected wave
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to be small.
[0028]

The forward wave/reflected wave detector 102 is a device
configured to detect the forward wave of the high frequency
signal HS through the transmission path and the reflected wave
reflected from the applied electrode 114. To be specific,
physical amounts to be detected are either values of electrical
power or amplitude (voltage) values of the forward wave and the
reflected wave. For the sake of simplicity, the amplitude
values (voltage values) are used herein. Specifically, the
forward wave/reflected wave detector 102 is able to detect an
amplitude value Vf of the forward wave and an amplitude value
Vr of the reflected wave of the high frequency signal HS.
[0029]

Here, when a signal source and the lcad impedance % are
respectively connected to both ends of the transmission path
of the characteristic impedance %y, the voltage standing wave
ratio (VSWR: Voltage Standing Wave Ratio) on a load side is
expressed by expressions 1 and 2 using the forward wave
amplitude value Vf and the reflected wave amplitude value Vr.

[Expression 1}

(D)

I' (gamma) is a voltage reflection coefficient.
According to the expressions 1 and 2, when the characteristic

impedance Zy and the load impedance %2 of the transmission path
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match, Zy = Z, and the veoltage standing wave ratio VSWR = 1.
The matching device 105 controls to change internal impedance
50 as to bring the veltage refliection coefficient ' closer to
2ero as much as possible.

{0030]

Here, as the detection of the forward wave amplitude value
VE and the reflected wave amplitude value Vr is essential in
the process of impedance matching, the matching device 105 and
the forward wave/reflected wave detector 102 can be provided
as a single device. However, it is necessary to provide the
matching device 105 between an output terminal of the plasma
ignition system 10 and the gas chamber 110, as being a device
for matching the impedance in the transmission path between the
plasma ignition system 10 and the applied electrode 114.
[0031]

The high-voltage generator 103 is a voltage generation
circuit configured to generate a predetermined high voltage HV
in response to a control signal S,y from the controller 100.
An amplitude value of the high voltage HV is set to be a voltage
value with which a discharge sufficient to excite plasma in the
plasma gas is provided as a load. For example, the high~voltage
generator 103 generates the high voltage HV approximately from
0.8 kVto2kV. Asanactualcircuit, the high~-voltage generator
103 is configured by & switching element as the high-voltage
generator3{X3generatesezconsiderablyrhigh'voltageenscompared
to the power-supply voltage, and therefore the high voltage HV

is generated as a pulse signal having a predetermined switching
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frequency (1 kHz, for example). This pulse signal can be
outputted as a direct voltage smoothed by a capacitor.
[0032]

The superimposed coll 104 includes a reactance that gives
sufficientiy high impedance to the high frequency signal HS,
and sufficiently low impedance to the high voltage HV,
Accordingly, the superimposed coil 104 functions as an adder
for adding the high frequency signal HS and the high voltage
HV,

F0033]

A coaxial cable 106 is a transmission path of the
characteristic impedance Z; through which the high frequency
signal HS is supplied to the applied electrode 114. The coaxial
cable 106 is connected to the matching device 105 and the gas
chamber 110 respectively via connectors, and coating of the
coaxial cable 106 is grounded through at least one of the
matching device 105 and the gas chamber 110.

[0034]

Thecontroller100:hsabletx>operateaseageneral—purpose
computer provided with such as a CPU, a RAM, a ROM, an I/0 that
are not depicted. The controller 100 is able to perform the
functions relating to a plasma ignition method according to the
present invention by running a program for executing the
predetermined plasma ignition method stored in an internal or
external storage medium. Specifically, the controller 100
transmitstﬁm&controlsignalASm;toinstruct1juaradio—frequency

power supply 101 to start or stop generating the high frequency
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signal HS. The controller 100 also functions to transmit the
control signal Sy to instruct the high-voltage generator 103
to start or stop generating the high voltage HV. Further, the
controller 100 is able to receive the forward wave amplitude
value Vi and the reflected wave amplitude value Vr from the
forward wave/reflected wave detector 102, and to calculate the
voltage standing wave ratio VSWR {(hereinafter also referred to
as “WSWR value”) based on the expressions 1 and 2. The
controller 100 can be configured so as to be able to execute
an instruction to a plasma gas supply system that is not depict,
for example, to control to supply or stop supplying the plasma
gas. Here, instead of the VSWR value, the controller 100 can
use the voltage reflection coefficient I calculated based on
the expression 2 or the reflected wave amplitude value Vr.
[0035]

In this case, as unnecessarily high electrical power of
the high frequency signal HS generates an adverse effect due
to heat generation, it is preferable that supplied electrical
power of the high frequency signal HS be variable according to
a state of plasma. However, when the electrical power of the
high frequency signal HS changes, the reflected wave anmplitude
value Vr also changes in conjunction. Accordingly, it is
preferable to use the ratio of the reflected wave to the forward
wave, for example, a standing wave ratio such as the VSWR value,
80 as not to be affected by a change in the amplitude value.
[0036]

Here, the program for executing the plasma ignition
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method according to the present invention can be distributed
in a form stored in a storage medium M. Examples of the storage
medium M include a variety of types of physical storage media
such as a ROM, a USB memory having a flash memory, a USB memory,
an 5D memory, a memory stick, a memory card, an FD, a CD-ROM,
and a DVD~ROM, as well as a transmission medium capable of

transmitting the program such as the Internet. Typically, the
program is recorded in a ROM of the controller 100 in advance.
When the program is recorded in a different detachable type of
the storage medium M, the controller 100 includes a storage
medium reading device that is not depicted and is configured
toreadandexecutetheprogramrecord@dintheexternalstorage
medium M as illustrated in Fig. 1.

[0037)

In particular, in this embodiment 1, the controller 100
functions to superimpose the predetermined high voltage HV on
the high frequency signal HS when the ratio of the reflected
wave to the forward wave (VSWR value) is greater than a
predetermined threshold value Vth. Specifically, when it is
determined that the VSWR value is detected to some extent, the
controller 100 operates to generate the high voltage HV and
superimpose the high voltage HV on the high frequency signal
H5., Further, the contrcller 100 functions to stop
superimposing the high voltage HV when the ratioc of the
reflected wave to the forward wave (VSWR value) becomes equal
to or smaller than the predetermined threshold value after the
high voltage HV is superimposed on the high frequency signal
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HS. While the threshold value for delermining a condition to
superimpose the high voltage HV and the threshold value for
determining a condition to stop superimposing the high voltage
HV can be different values, these threshold values are assumed
to be the same in the embodiment 1. A case in which these
threshold values are different will be described later
according to an embodiment 2.

[0038]

As described above, the load impedance of the plasma
generatingapparatusdrasticallychanqesin(aLransitionperiod
from a time at which the plasma gas is not yet ignited untiil
Lhe plasma is stably generated. The matching device 105 cannot
match Impedance in the transition period in which the load
impedance conlinuously changes as an impedance matching
operation takes a few seconds. As the impedance is unmatched
during this period, generation of the reflected wave increases
and the VSWR value exceeds a certain value. According to the
plasma ignition system according to the embodiment 1, the
threshold value Vth is set to a value with which the VSWR value
ineaperiodjjlwhichtﬁuaplasmajjsunstable<xn1be<jistinguished
from the VSWR value in a period in which the plasma is stable,
Therefore, by comparing the detected VSWR value with the
threshold value Vth, the controller 100 can determine whether
Or not the plasma is stably generated. In other words, it is
possible to easily identify whether the plasma is being
effectively generated or has disappeared (unstable).

[0039]
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Description of Operation

Next, a process of the plasma ignition method according
to the embodiment 1 will be described with reference to a
flewchart in Fig. 2 and a waveform chart in FPig. 3. The
flowchart in Fig. 2 shows a program process executed repeatedly
or irregularly as needed.

[0040]

When it is ready for igniting plasma (hereinafter also
referred to as “plasma standby state”), the plasma gas is
supplied from the plasna gas supply inlet 118 to the gas chamber
110 based either on the control of the controller 100 or on an
administrator’s operation. Upon supply of the plasma gas, the
plasma gas filled in the gas chamber 110 flows through the
ceramic tube 112 at a predetermined pressure. When the flow
of the plasma gas stabilized, an instruction of plasma ignition
is outputted to the controller 100. While the ignition of the
plasma gas here is instructed by the administrator, it is
possible that the controller 100 determines right timing for
the ignition of the plasma gas by its own.

{0041}

Referring to Fig. 2, the controller 100 determines
whether or not a status of the system is in the plasma standby
state. It Is possible to determine whether or not the system
is in the plasma standby state, by detecting a flag recorded
in & memory of the controller 100 or operational states of
various switches. If it is not the plasma standby state (NO),

the process exits this processing loop. If it is the plasma
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standby state (YES), the process moves to Step S11. In Step
511, the controller 100 transmits the control signal Sys to the
radico~frequency power supply 101 to instruct the
radio-frequency power supply 101 to supply the high frequency
signal HS. In response to the control signal Sps, the
radio~frequency power supply 101 outputs the high frequency
signal HS having a frequency of 450 MHz and an output of 30 W
to the transmission path. Upon supply of the high freguency
signal HS, a high frequency electromagnetic wave is induced
between the applied electrode 114 and the ground electrode 116.
(0042}

Subsequently, the process moves to Step 812, and, along
with the supply of the high frequency signal HS, the forward
wave/reflected wave detector 103 detects the forward wave
amplitude value Vf and the reflected wave amplitude value Vr
reflected on the applied electrode 114 and the controller 100
calculates the VSWR value. The load impedance on the side of
the applied electrode 114 becomes equal to the characteristic
impedance of the radio-frequency power supply 1C1 in a state
in which plasma is generated appropriately. At the stage prior
to the plasma generation, the load impedance on the side of the
applied electrode 114 is largely different from the
characteristic impedance Z,. Accordingly, the reflected wave
amplitude value Vr detected by the forward wave/reflected wave
detector 102 becomes large. Therefore, the VSWR value
calculated by the controller 100 becomes relatively large.

[0043]
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Referring to the waveform chart in Fig. 3, time t0-t1
correspond to the process in Steps S10-811. At time £0, the
controller 100 turns the high frequency signal to the ON state,
and the high frequency signal HS is applied to the transmission
path., The high frequency signal HS is an alternating-current
signal having predetermined amplitude. As the load impedance
initially does not match the characteristic impedance Z5, the
VSWR value largely exceeds the threshold value Vth.

[0044)

Referring back to Fig. 2, the process moves to Step 813,
and the controller 100 determines whether or not the calculated
VSWR value 1s greater than the threshold value Vth for
identifying the plasma generation. If, as a result of trhe
determination, the VSWR value is determined to be greater than
the threshold value Vth (YES), the process moves to Step S14,
and the controller 100 transmits the control signal Suyy to the
high-veltage generator 103 to instruct the high~-voltage
generator 103 to start generating the high voltage HV., In
response to the control signal Suy, the high-voltage generator
103 generates the high voltage HV. The generated high voltage
ijjssuppliedt};the'transmissionguujnthroughtﬂmasuperimposed
coil 104, and superimposed on the high frequency signal HS.
Upon superimposition of the high voltage HV on the high
frequency signal HS, the high voltage HV is also applied between
the applied electrode 114 and the ground electrode 116, and a
discharge is generated within the ceramic tube 112. Upon

generation of the discharge, electrons generated by the ground
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electrode 116 work as pilot light, and this generates plasma.
Once the plasma is generated, the plasma is maintained by the
high frequency signal HS applied to the applied electrode 114.
When the plasma is stably generated, a plasma jet is blown out
from the front end of the ceramic tube 112, and can be used for
necessary processing of semiconductor circuits and such. Once
the plasma is generated, the load impedance on the side of the
applied electrode 114 is converged to the characteristic
impedance Z;.

[0045]

If, as a result of the determination in Step 813, the VSWR
value becomes equal to or smaller than rhe threshold value Vth
(NO), the process moves to Step 515, and the controller 100
transmits the control signal Sy to the high-veltage generator
103toinstructthehighwvoltagegenerat0r103tostopsupplying
the high voltage HV. 1In response to the control signal S, the
high-voltage generator 103 stops supplying the high voltage HV.
Only the high frequency signal HS is supplied to the
transmission path. As the plasma is stably generated at this
stage, the plasma may not disappear even after the high voltage
HV is not superimposed.

[0046]

Referring to Fig. 3, time t1-t3 correspond to the process
in Steps S13 and S15. At time tl, the controller 100 turns the
high voltage HV to the ON state, and the high voltage HV is
superimposed on the high frequency signal HS. Superimposing

the high voltage HV causes the high freguency signal HS o be
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an alternating-current signal that increases or decreases in
the amplitude oftﬂmahigh,frequency'signdlfﬁScentering'thelwigh
voltage HV. The application of the high voltage HV generates
plasma that works as the pilot light. At time t2, plasma is
generated. Along with this, the load impedance on the side of
the applied electrode 114 is rapidly converged to the
characteristic impedance Zg. Along with the convergence of the
load impedance, the ratio of the reflected wave reflected on
Lhe applied electrode 114 to the forward wave, that is, the VSWR
value, also decreases, At time t3, when the VSWR value becomes
equal to or smaller than the threshold value Vr, the controller
100 turns the high voltage HV to the OFF state. The
superimposition of the high voltage HV is stopped, and the high
frequency signal HS is turned to an alternating-current signal
that oscillates centering zero volts. The VSWR value is
converged to a value Vrmin that is a value when the plasma is
stabilized,.

[0047]

While the above process describes the control of the case
of automatically igniting plasma in the plasma standby state,
itjjsaisoappliedtoeacasecﬁfreignitingplasmawheniﬁueplasma
disappears during the plasma processing. In the process based
on the flowchart in Fig. 2, after starting to supply the high
voltage HV (Step S14), the calculation of the VSWR value (Step
512) and the determination of the VSWR value {Step 813) are
periodically repeated. As the calculation and the

determination of the VSWR value can be repeated at intervals
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such that the disappearance of plasma may not cause an adverse
effect, it is possible to hold the process for a certain amount
of time in the process of returning from Step S14 to Step S12.
it is possible to employ a configuration in which the holding
time can change appropriately depending the state of the plasma
generating apparatus 1.

[0048]

It is assumed that, for example, the state of the plasma
has become unstable gas at time t4 in Fig. 3 due to a problem
with the supply of the plasma, and the plasma has dilsappeared
at time t5. The program process shown in Fig. 2 is executed
regularly or irregularly regardless of the state of the plasma.
Accordingly, at predetermined time, e.g., at time t6 in Fig.
3, the VSWR value is determined to be greater than the threshold
value Vth (813: YES), and the high voltage HV is superimposed
on the high frequency signal HS (S14). By superimposing the
high voltage HV, at time t7, pilot light of plasma is generated
and plasma is generated. Once the plasma is generated, the
reflected wave starts to decrease. Then, at time t8&, the VSWR
value is determined to be equal to or smaller than the threshold
valuthh(Sl3:NO),andtﬂmasuperimpositionof1ﬂu9highvoltage
HV is stopped (S15). Even if the plasma disappears in the middle
of the process, the plasma ignition system according to this
embodiment automatically performs the reignition process.
[0049]

Asdescribedabove,accordingtx;theprocesskn;theplasma

ignition system of this embodiment, the generation of plasma
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is determined based on whether or not the VSWR value is greater
than the predetermined threshold value Vth. Tf the VSWR value
is greater than the threshold value Vth, it is determined to
beeastatebeforeplasnm.isignitedcnﬁastatejj]WhLﬂ}theplasma
that has once been ignited has disappeared due to some reasons,
and the high voltage HV is Superimposed on Lhe high frequency
signal HS. Therefore, it is possible to easily and reliably
iguiteandxeignitepiasmawithouteapersonnmnitoringthestate
of plasma ignition and without manual handling.

{6050]

Embodiment 2

The embodiment 2 according Lo the present invention is
an improvement of the embodiment 1, and relates to a case in
which the threshold value (first threshold value} to start
supplying a high voltage for igniting plasma and the threshold
value (second threshold value) to stop supplying the high
voltage are different.

[0051]

Configurations of the plasma generating apparatus 1 and
the plasma ignition system 10 according to the embodiment 2 are
the same as those according to the embodiment 1, and
explanations for these configurations will be omitted.
However, the embodiment 2 is different from the embodiment 1
in that the program process by the controller 100 corresponds
a flowchart in Fig. 4.

[0052]

In the embodiment 2, the controller 100 operates so as
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to superimpose the high voltage HV on the high fregquency signal
HS when the VSWR value is greater than a first threshold value
Vthl, and stop superimposing the high voltage HV when the VSWR
value becomes equal to or smaller than a second threshold value
Vth2 after the high voltage HV is superimposed on the high

frequency signal HS.

[0053]

To be more specific, while the values for the threshold
value Vth used in the determination for applying the high
voltage HV to the high freguency signal HS and for stopping
applying the high voltage HV are the same in the embodiment 1,
different values are used in the embodiment 2. Specifically,
in the embodiment 2, the first threshold value Vihl is used to
determine that the plasma is in the disappeared state, and the
second threshold value Vth2 is used to determine that the state
of plasma has changed from the disappeared state to the ignited
state. It is preferable that the first threshold value Vth]
and the second threshold value VthZ be in relation as shown
below.

[0054)]

Vthl>Vih?2 {3)
[0055]

Superimposing the high voltage HV on the high frequency
signal HS in order to ignite plasma in the state in which plasma
is not generated or has disappeared, plasma is ignited by a
discharge, and plasma 1s generated. Here, initially in the

plasma generation, the state of the gas and such is often
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unstable, and the VSWR value does not fall immediately and
possibly remains around the threshold value Vth. The plasma
in this state is often weak or unstable. If the high voltage
HV is applied to the plasma in this state because the VSWR value
happened to exceed the threshold value Vth, there is a case that
the plasma disappears due to an impact of the application.
Further, when the plasma actually disappears, there is a
possibility that so-called hunting in which a discharge by the
highvoltage}ﬂianddisappearanceof;ﬂasmaarerepeatedoccurs,
as the VSWR value exceeds the threshold value Vth and the high
voltage HV is applied.

[005¢6]

Therefore, according to the embodiment 2, different
values are used for the first threshold value Vthl for
determining that the plasma is in the disappeared state and the
second threshold value Vth2 for determining the state of plasma
has c¢hanged from the disappeared state to the ignited state.
The determination using different threshold values provides
hysteresis for a process of high voltage application, and it
is possible to cause the operation to transit in a stable manner.
[0057]

Next, a plasma ignition method according to the
embodiment 2 will be described with reference to a flowchart
in Fig. 4 and a waveform chart in Fig. 5. The flowchart in Fig.
4 shows a program process executed repeatedly or irregularly
as needed. The same processing steps with those in the

embodiment 1 are represented by the same step numbers.
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{0058}

In Fig. 4, the processing steps of determining the plasma
standby state (S10), supplying the high frequency signal HS
(S11), and calculating the VSWR value (S12) are the same as those
described in the cmbodiment 1.

[0059]

The process then moves to Step S13b, and the controller
100 determines whether or not the calculated VSWR value is
greater than the first threshold value Vthl for identifying
generation of plasma. If, as a result of the determination,
the VSWR value is determined to be greater than the first
threshold value Vthl (YES), the disappearance of the plasma is
confirmed. Therefore, the process moves to Step 514, and the
controller 100 transmits the control signal Sp to the
high-voltage generator 103 to instruct the high-voltage
generator 103 to start generating the high voltage HV. As a
result of the processing, plasma is generated due to the high
fregquency signal HS supplied between the applied electrode 114
and the ground electrode 116,

[0060)

If, as a result of the determination in Step 813b, the
VSWR value is determined to be equal to or smaller than the first
threshold value Vthl (NC)}, the process moves to Step $13¢, and
the controller 100 further determines whether or not the VSWR
value is equal to or smaller than the second threshold value
Vth2. 1If, as a result of the determination, the VSWR value is

determined to be equal to or smaller than the second threshold
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value Vth2 (YES), it possible to determine that the plasma has
been disappeared is ignited stably. Then, the process moves
to Step 515, and the controller 100 transmits the control signal
Sww to the high-voltage generator 103 to instruct the
high-voltage generator 103 to stop supplying the high voltage
HV.

f0061]

If, in Step S513c, the VSWR value is determined to be
greater than the second threshold value Vth? (NO), as it is a
state in which plasma is not stably ignited and the plasma is
weak or unstable, the controller 100 returns to the calculation
of the VSWR value in Step $S12 and continue superimposing the
high voltage HV.

(0062]

In the process of the flowchart in Fig. 4, similarly to
theembodimentl,ji;ispossibleto%uﬁxitheprocessforwacertain
amount of time after superimposition of the high voltage HV
starts (Step S14). It is possible to employ a configuration
in which the holding time can change appropriately depending
the state of the plasma generating apparatus 1.

[0063]

In the waveform chart in Fig. 5, time t0-t2 correspond
to the process in Steps S10-513b, S13c¢, and S1i4. At time 0,
the controller 100 turns the high frequency signal to the ON
state, and the high frequency signal HS is applied to the
transmission path. At time tl, if the VSWR value is determined

to be greater than the first threshold value Vthl, the
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controller 100 turns the high voltage HV to the ON state, and
thehighvoltagefﬂlissuperimposedon1ﬁuahighfrequencysignal
HS. The application of the high voltage HV generates plasma
that works as the pilot light. At time t2, plasma is generated.
Along with this, the load impedance on the side of the applied
electrode 114 is rapidly converged to the characteristic
impedance Zg, and the reflected wave amplitude value Vr
reflected on the applied electrode 114 and the VSWR value also
decrease. At time t3, when the VSWR value becomes equal to or
smaller than the second threshold value Vth2, the controller
100 turns the high voltage HV to the OFF state. The
superimposition of the high voltage HV is stopped, and the VSWR
value is converged to the value Vrmin that is a value when the
plasma is stabilized.

[0064]

The reignition of plasma is similarly processed by the
program. It is assumed that the state of the plasma has become
unstable at time t4 in Fig. 5 due to a problem with the supply
of the plasma gas, and the plasma has disappeared at time t5.
The disappearance of plasma is determined by the fact that the
VSWR value is greater than the first threshold value Vthl at
time t6.

[0065]

Asdescribedabove,according1x>theprocesstuftheplasma
ignition system of the embodiment 2, the same effect as the
embodiment 1 is provided, and the high voltage HV is supplied

when the VSWR value is greater than the first threshold value
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vtnhl. Further, the supply of the high voltage HV is stopped
when the VSWR value is equal to or smaller than the second
threshold value Vth2 that is smaller than the first threshold
value Vthi. Therefore, it is possible to reliably detect that
the plasma is in the disappeared state, and that the state of
the plasma that has been in the ignited state has disappeared,
and to control the plasma ignition in a stable manner.
[0066]

Embodiment 3

An embodiment 3 according to the present invention is an
improvement of Lhe embodiment 1, and relates to a case of
ocutputting a predetermined alarm signal and stopping
superimposing the high voltage in a case in which the VSWR value
remains greater than the predetermined threshold value Vth when
a first time period elapses after the high voltage is
superimposed on the high frequency signal. According to this
embodiment, it is determined to be an abnormal state when plasma
is not ignited for an extended period of time.

[0C&7]

Configurations of the plasma generating apparatus 1 and
the plasma ignition system 10 according to the embodiment 3 are
the same as those according to the embodiment 1, and
explanations for these configurations will be omitted.
However, the embodiment 3 is different from the embodiment 1
in that the program process by the controller 100 corresponds
a flowchart in Fig. 6.

[0068]
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In the embodiment 3, the controller 100 operates so as
to output a predetermined alarm signal, stop supplying the high
frequency signal and the plasma gas, and stop superimposing the
high voltage HV in a case in which the VSWR value is greater
than the threshold value Vth even when a first time period T1
elapses after the high voltage HV is superimposed on the high
frequency signal HS.

[CO69]

To be more specific, in the embodiment 1, the high voltage
}ﬂiiscontinuedtx)besuperimposeﬂwhen1ﬁu3VSWRvalue:nsgreater
than the thresheld value Vth. However, there is a case in which
plasma is not generated indefinitely due to a failure in the
radio-frequency power supply 101 or the high-voltage generator
103, 1In addition, plasma is not generated when the flow rate
or the pressure of the plasma gas changes due to a defect
occurring in a plasma supply system. Therefore, accoerding to
the embodiment 3, it is determined to be in an abnormal state
when it is not possible to detect stable plasma generation after
a certain periocd of time elapses.

[007C]

Next, a plasma ignition method according to the
embodiment 3 will be described with reference to a flowchart
in Fig. 6 and a waveform chart in Fig. 7. The flowchart in Fig.
6 shows a program process executed repeatedly or irregularly
as needed. The same processing steps with those in the
embodiment 1 are represented by the same step numbers.

[0071]
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In Fig. 6, the processing steps of determining the plasma
standby state (510), supplying the high freguency signal HS
(511), calculating the VSWR value (S12), comparing the VSWR
value with the threshold value Vth (813), superimposing the high
voltage when the VSWR value is greater than the threshold value
vth (514}, and stopping superimposing the high voltage when the
VSWR value is equal to or smaller than the threshold value Vth
(515) are the same as those described in the embodiment 1.
[0072]

In the embodiment 3, Step S16 is executed after
superimposing the high voltage in Step 514. 1In Step 816, the
contxollerl@@determineswhetherorrmm;atimeperiodﬂ?elapsed
after superimposition of the high voltage HV starts is greater
than the first time period T1 that is a threshold time pericd
for determining abnormity. The first time period Tl is set to
be a period of time in which plasma is expected to be reliably
generated after superimposing the high voltage if the supply
of the plasma gas is in a normal state. If, as a result of the
determination, the time period elapsed after superimposition
of the high voltage HV starts is determined to have exceeded
the first time period T1 (YES), it can be determined to be in
the abnormal state. Therefore, the process moves to Step 517,
and the controller 100 performs processing when the abnormity
is determined, for example, outputs an alarm signal. Nex%t, the
process moves to Step 818, and the controller 100 stops the
supplyof1ﬂuahighfrequencysignalHSenujthepiasmagas. Then,

the process moves to Step §15, and the controller 100 stops the
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superimposition of the high voltage HV. Here, conceivable
examples of the output of the alarm signal include a display
in a display device, lighting an alarm lamp, making sound of
an alarm buzzer, and such.

[0073]

Here, in Step 516, 1f the time period elapsed after
superimposition of the high voltage HV starts is determined to
havenotexceededthefirsttimeperi@dTl(NO),it:ﬂsdetermined
to be within a normal waiting time period for plasma ignition,
and the process returns to the calculation of the VSWR value
(512).

[0074]

In the waveform chart in Fig. 7, time tl10-t11 correspond
to the process in Steps S10-S13. At time t10, the controller
100 turns the high frequency signal to Lhe ON state, and the
high frequency signal HS is applied to the transmission path.
At time til, if the VSWR value is determined to be greater than
the threshold value Vth, the controller 100 turns the high
voltage HV to the ON state, and the high voltage HV is
superimposed on the high fregquency signal HS.

[0075]

Here, if some kind of abnormity has occurred, plasma that
works as the pilot light is not generated even when the high
voltage HV is applied, or plasma is not stably generated even
when the plasma that works as the pilot light is generated. In
such a state, time passes in a state in which the load impedance

is not converged and the VSWR value remains exceeding the
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threshold value Vth for detecting stable generation of plasma.
If time passes from time tll at which the high voltage HV is
applied to time t12 at which the first time period T1 is elapsed
while this state is maintained, the controller 100 determines
that the abnormal state has cccurred. Then, the controller 100
turns the high frequency signal and the superimposition of the
high voltage to the OFF state, and outputs an alarm signal.
f0C76]

As described above, according to the process by the plasma
ignition system of the embodiment 3, the same effect as the
embodiment 1 is provided. Additiconally, it is determined to
be in the abnormal state when the VSWR value is greater than
thethresholdvaluthhifthefirsttimeperiodTleﬂapsesafter
the high voltage HV is superimposed, and an alarm signal is
outputted. Therefore, it is possible to reliably detect a
failure occurring in the plasma generating apparatus 1, and
inform the administrator that maintenance is needed.

[0077]
Embodiment 4

An embodiment 4 according to the present invention is an
improvement of the embodiment 1, and relates to a case of
changing the voltage value of the high voltage in a case in which
the VSWR value remains greater than the predetermined threshold
value Vth when a second time period elapses after the high
voltage is superimposed on the high frequency signal.
According to this embodiment, the high voltage to be applied
is changed when plasma is not ignited within a certain period
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of tTime.
[0078]

Configurations of the plasma generating apparatus 1 and
the plasma ignition system 10 according to the embodiment 4 are
the same as those according to the embodiment 1, and
explanations for these configurations will be omitted.
However, the embodiment 4 is different from the embodiment 1
in that the program process by the controller 100 corresponds
a flowchart in Fig. 8.

(0079]

In the embodiment 4, the controller 100 operates so as
to change the voltage value of the high voltage HV in a case
in which the VSWR value is greater than the threshold value Vith
even when a second time period T2 elapses after the high voltage
BV is superimposed on the high frequency signal HS.

LUUE0 ]

To be more specific, in the embodiment 1, the high voltage
HV superimposed on the high frequency signal HS is not changed.
However, Lhere ls a case in which it is possible to easily cause
a discharge depending on the state of the plasma gas by changing
the voltage value of the high voltage HV applied to the high
frequency signal HS. Therefore, according to the embodiment
4, the voltage value of the high voltage HV to be superimposed
is controlled to change when plasma is not generated after the
second time period T2 elapses. In particular, this embodiment
exemplifieseacasej11whichtﬁmavoltagevalueofiﬂuzhighvoltage

HV is increased in a stepwise manner.
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[0081]

Next, a plasma ignition method according to the
embodiment 4 will be described with reference to a flowchart
in Fig. 8 and a waveform chart in Fig. 9. The flowchart in Fig,
8 shows a program process executed repeatedly or irregularly
as needed. The same processing steps with those in the
embodiment 1 are represented by the same step numbers.
[0082]

In Fig, 8,1jmaprocessing‘stepscﬁfdeterminingtﬁm&plasma
standby state {510), supplying the high frequency signal HS
(511), calculating the VSWR value (512), comparing the VSWR
value with the threshold value Vth (813), superimposing the high
voltage when the VSWR value is greater than the threshold value
Vth {514), and stopping superimposing the high voltage when the
VSWR value is equal to or smaller than the threshold value Vth
(515) are the same as those described in the embodiment 1.
[0083]

in the embodiment 4, Step S19 is executed after
superimposing the high voltage in Step S14. In Step 519, the
controller 100 determines whether or not the time period T
elapsed after superimposition of the high voltage BV starts is
greater than the second time period TZ that is a threshold for
changing the voltage value. The second time period T2 is set
to be shorter than a period of time in which plasma is expected
to be reliably generated after superimposing the high voitage
if the supply of the plasma gas is in a normal state (the first

time period Tl in the embodiment 3). The second time period
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T2 is also set depending on the number of steps by which the
voltage value is changed.
[008B4]

1f, as a result of the determination, the time period
elapsed after superimposition of the high voltage HV starts is
determined to have exceeded the second time period T2 (YES),
it is determined that the voltage value of the high voltage HV
to be superimposed should be changed. Therefore, the process
moves to Step S20, and the controlier 100 outputs the control
signal Suyy to the high-voltage generator 103 to instruct the
high-voltage generator 103 to increase the voltage value of the
high voltage HV to be superimposed by a predetermined number
of steps (A V, for example). Then, the process moves to Step
514, and the high-voltage generator 103 generates the high
voltage HV at the instructed voltage value, and superimposes
the generated high voltage HV on the high frequency signal HS.
ITf, as a result of the determination, the time period elapsed
after superimposition of the high veoltage HV starts is
determined to have not exceeded the second time period T2 (NO),
the process returns to the calculation of the VSWR value {(S12).
[0085]

Here, in Step S19, while the elapsed time period T elapsed
from a time point at which superimposition of the high voltage
HV has started is compared with the second time period T2 for
the first time, the elapsed time period T from a time point at
which the voltage value of the high voltage HV has been changed

previously is compared with the second time period T2 for the
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second time and thereafter. Specifically, every time the
second time period T2 elapses, an internal timer that counts
the elapsed time period is reset.
[0086]

in the waveform chart in Fig. 9, time t20-t21 correspond
to the process in Steps S10-313. At time t20, the controller
100 turns the high frequency signal to the ON state, and the
high frequency signal HS is applied to the transmission path,
At time t21, if the VSWR value is determined to be greater than
the threshold value Vth, the controller 100 turns the high
voltage HV to the ON state, and a high voltage HV1 (initial value)
is superimposed on the high frequency signal HS. As is clearly
seen from Fig. 9, the first time period Tl is longer than the
second time period T2, and is equal to a time period from time
tZ1 to time 24,
[0087]

Here, depending on the state of the plasma gas, there is
a case in which plasma is not stably generated even when the
high voltage EV at the predetermined voltage value is applied.
In such a state, time passes in a state in which the load
impedance is not converged and the VSWR value remains exceeding
the threshold value Vth for detecting stable generation of
plasma. At time t22 at which the second time period T2 elapses
after time t21 at which superimposition of the high voltage HV
has started previously, the voltage value of the high voltage
HV to be superimposed on the high frequency signal HS is changed

to a high voltage HV2 that is higher than the high voltage HVI1

39



by a step A V. If plasma is not generated even with the high
voltage HV2 after the change, the VSHR value still remains above
the threshold value Vth. Therefore, at time t23 at which the
secondtimeperideZelapsesaftertimet22aﬁ:whichthevcltage
value of the high voltage HV has been changed previously, the
voltage value of the high voltage HV to be superimposed on the
high frequency signal HS is changed to a high voltage HV3 that
is higher than the high voltage HV2 by another step A V. At
time t24, if plasma is generated with the high voltage HV3 after
the change, the VSWR value is converged and becomes equal to
or smaller than the threshold value Vth, and as a result, the
superimposition of the high voltage HV is stopped.

[(0088]

As described above, according to the process by the plasma
ignition system of the embodiment 4, the same effect as the
embodiment 1 is provided, and as the voltage value of the high
voltage HV to be superimposed is changed every time when the
second time period TZ elapses, it is possible to reliably ignite
plasma even when the state of the plasma gas varies.

[0089]
Cther Modified Examples

The present invention is not limited to the above
embodiments, and can be altered as needed without departing from
the spirit of the present invention.

(00901
For example, the embodiments 1 to 4 are not exclusive to

each other, and two or more embodiments can be freely combined
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and put into application. A flowchart in Fig. 10 shows an
application example when all of the embodiments 1 to 4 are
incorporated. According to this application example, it is
possible to provide a plasma ignition method providing the same
effect as the embodiment 1, as well as all of the effects
characteristic of the embodiments 2 to 4.

[0091]

Further, according to the embodiments 1 to 4, as
illustrated in Fig. 1, while the plasma generating apparatus
1 is provided with one ceramic tube 112, the apparatus can
generate plasma using a plurality of ceramic tubes.

[0092]

Fig. 11 shows a configuration diagram of a plasma
generating apparatus 1b provided with a plurality of ceramic
tubes 112. The same or like components as those in the
empodiment 1 (Fig. 1) are represented by the same or like
reference numerals.

[0093]

The plasma generating apparatus 1b is provided with the
plasma ignition system 10, a gas chamber 110b, the reactance
correctioncoil 111, the ceramic tubes 112, an applied electrode
11l4b, the shielding cover 115, ground electrodes 116b, and the
plasma gas supply inlet 118. 1In particular, the modified
example is characteristics in that the plurality of ceramic
tubes 112 are provided.

{0094}

The gas chamber 110b is a gas filling chamber for supplying
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a plasma gas similarly to the gas chamber 110 in the embodiment
1, but different in that a frame 113 having the plurality of
ceramic tubes 112 is provided. The frame 113 is configured by
aconductiven@terial,andiseaplatedbodyhavingholdingholes
throughwhichtjwaceramictubesJJQBarerespectivelyheld. Each
holding hole is configured to have a diameter as large as an
external diameter of the ceramic tubes so as to be able to hold
the cerresponding ceramic tube 112. The plurality of ceramic
tubes 112 are held by the frame 113 such that openings of the
tubes face a cleaning surface S. The applied electrode 114Db
is configured by a conductive material such as brass, and is
a plated bedy having insertion heles through which the ceramic
tubesll2heldknftheframeZEMBarerespectivelyinserted. Each
insertion hole is configured to have a diameter slightly larger
than the external diameter of the ceramic tubes 112. The
applied electrode 114b is, similarly to the embodiment 1,
electrically connected to the coaxial cable 106 via the
reactance correction coil 111, and the high frequency signal
HS outputted from the plasma ignition system 10 and the matching
device 105 is supplied to the applied electrode 114b. The gas
chamber 110b is provided with a shielding cover 115 so as to
enclose a part of each ceramic tube 112 and applied electrode
114b. The shielding cover 115 is configured by a conductive
material, and to be able to shield electromagnetic waves
generated by the applied electrode 114b. Further, the ground
electrodes 116b are provided respectively along axial cores of

the ceramic tubes 112. The configurations and the operations
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of the plasma ignition system 10 and the matching device 105
are similar to those accerding to the embodiments 1 to 4.
[0095)

According to the plasma generating apparatus 1b of the
modified example, similarly to the embodiments 1 to 4, when the
plasma gas is supplied to the plasma gas supply inlet 118, and
the high voltage HV is supplied to the applied electrode 114b
from the plasma ignition system 10, plasma is generated due to
a discharge. Further, the plasma is stably maintained by
supplying the high frequency signal HS from the plasma ignition
system 10. In particular, according to the plasma generating
apparatus ib of the modified example, it is configured such that
plasma jets can be blown cut from the plurality of ceramic tubes
112 to the cleaning surface §. Thus, processing {cleaning) by
the plasma jets can be performed over a wide range. Moreover,
the plasma ignition method according to the present invention
can be applied to the plasma generating apparatus 1b of the above

example.

INDUSTRIAL APPLICARILITY
[0096]

The plasma ignition system and the plasma ignition method
according to the present invention are applicable in an
environment in which it is desired to automatically provide air
ventilation in an enclosed region without manual handling.
[0097])

The present invention can be applied, according to
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purpcses and applications, as an embodiment appropriately

combined or an application example that is altered or improved,
and not limited to the embodiments or the application example
described through the Modes For Carrying Out The Invention. An
empodiment and an application example appropriately combined
according to purposes and applications are also included in the
technical scope of the present invention, in so far as not

departing from the technical scope of the present invention.

DESCRIPTION OF REFERENCE CHARACTERS
[0098)
1 Plasma Generating Apparatus
10 Plasma Ignition System
100 Controller
101 High-Frequency Power Supply
102  Traveling Wave/Reflected Wave Detector
103 High-Voltage Generator
104 Superimposed Coil
105 Matching Device
106 Coaxial Cable
110, 1i0b Gas Chamber
111 Reactance Correction Coil
112 Ceramic Tube
114, 114b Applied Electrode
115 Shielding Cover
il6, 1leéb Ground Electrode

118 Plasma Gas Supply Inlet
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RS

HY

High Frequency Signal

High Voltage

HV1 High Voltage

HvV2 High Voltage

HV3 High Voltage

Sus
Shy
V§
Vr
Z
L

T

Storage Medium
Cleaning Surface {(Worked
Control Signal
Control Signal
Traveling Wave Amplitude
Refliected Wave Amplitude
Lead Impedance
Characteristic Impedance

(Gamma ) Voltage Reflection
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CLAI M5
1. A plasma generating apparatus conpri sing:

a plasma ignition systemfor generating a predeternined high
frequency signal

an applied electrode to which the high frequency signal is
suppl i ed;

a ground el ectrode for generating plasna between the applied
el ectrode and t hereof;

a ceramc tube for inducing a plasna gas around one of the
applied el ectrode and the ground el ectrode;

a gas supply device for supplyingthe plasma gas to the ceranic
tube, the gas supply device conprising a gas chanber that is
communi cated with the ceram c tube

an i npedance correction coil is provided between the plasna
ignition systemand the applied el ectrode; and

the plasma ignition system conprising:

a radi o-frequency power supply for supplying the high
frequency signal to the applied electrode to generate plasna

a mat chi ng devi ce for mat chi ng an i npedance on a si de of
the radi o-frequency power supply and an i npedance on a side of the
appl i ed el ectrode,

a forward wave/refl ected wave detector for detecting a
forward wave and a reflected wave of the high frequency signal

a hi gh-vol t age generator for generating a predetern ned

hi gh vol tage, and
46



a controller for superinposing the high voltage on the
hi gh frequency si gnal whenaratioof thereflectedwavetotheforward
wave is greater than a first threshold val ue, wherein

the controller is configured to stop superinposing the high
vol tage when the ratio beconmes equal to or smaller than a second
threshol d val ue after the high voltage i s superinposed on the high
frequency signal, and the first threshold value is configured to
becone greater than the second threshol d val ue, wherein

the applied el ectrode has a tubul ar cross-section, the applied
el ectrode is configured to face a portion of the ground el ectrode,
surroundi ng an exterior of theceram ctubetherefrom andtheapplied
el ectrode is made of an oxidation-resistant netal, and
wher ei n

t he ground el ectrode extends al ong t he axi s core of the ceram ¢
tube, atip of the ground el ectrode i s di sposed beyond covering area
of the applied el ectrode so as to be extended up to around a | eadi ng
end of the ceram c tube, the ground el ectrode is configured with a
nmet al having a high nelting point to w thstand high tenperatures of
pl asma generated from environment, and the ground electrode is

grounded via the gas chanber.

2. The pl asma generati ng apparatus according to claiml, wherein
the controll er outputs a predeterm ned al armsi gnal and st ops
superi nmposi ng t he hi gh vol t age, suppl yi ng t he hi gh f requency si gnal ,

and supplying the plasma gas that has been supplied for inducing
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pl asnma, when the ratio is greater than the second threshold val ue
even when a first time period elapses after the high voltage is

superi nposed on the high frequency signal.

3. The pl asma generati ng apparatus accordingto claiml, wherein

the controller changes a voltage val ue of the high voltage,
when the ratio is greater than the second threshol d val ue even when
a predetermined tine period elapses after the high voltage is

superi nposed on the high frequency signal.

4. The pl asma generati ng apparatus accordingto claiml, wherein
the gas chanber is providedwith a plurality of ceram c tubes,
and t he ground el ectr ode ext ends al ong an axi s core of the each ceram c

t ube.
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