DESCRI PTI ON PLASMVA | GNI TI ON SYSTEM PLASMA | GNI TI ON METHOD, AND PLASMA

GENERATI NG APPARATUS TECHNI CAL FI ELD [ 0001] ~ The present invention
relates to a plasma ignition system a plasma ignition nethod, and a plasma
generating apparatus. BACKGROUND ART [0002] Plasma is used in

various production sites. For exanple, in the field of manufacturing of
sem conductor circuits, a surface of a sem conductor circuit to be bonded

i s cleaned using plasma. [0003] 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.

BACKGRCOUND ART
[c002)

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

[0003]

As one example of plasma generating apparatuses, Japanese
Unexamined Patent Application Publication No. 2002-343500
discloses an apparatus configured such that a wire is disposed
at 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 frequency power is supplied to the high
frequency coil from a high freguency power source, and then a

high voltage is applied to the ignition coil, and whereby a
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As one exanple of plasma generating apparatuses, Japanese Unexam ned Patent
Application Publication No. 2002-343599 di scl oses an apparatus confi gured
such that a wire is disposed at 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 Docunent 1)
According to this apparatus, after an argon gas is introduced into the

gl ass tuge and a flow of a plasma gas is stabilized, a high frequency power
is suppl éacgérﬁﬁejﬁl@ﬁnPFéﬁﬁﬁhé?“kéﬂ@SF@om%aQﬁQﬁfqﬁﬁﬁnmwmy power source,
and then ﬁo@i h voltage is applied to the ignition coil, and whereby a
dischargé 3enerated and pl asma i s generated. [0004] Furt her,
Japanese Unexa Pat lication.Pu I|c tion No. .2003-328138

di scl oses a p|géﬁgglgﬁl ﬁ%g HF§ﬁW6Pelgﬁ??eﬁg Spgéﬁﬁaﬁyogpplylng a hi gh

ol tage n I, Lincyl. from.an niter, and b
! nducrng” S5 BR2ER AT, 20 %%@ ORE Sl TGN o FAT AR i re (R, 5

] d P
at ent EHQHHEHEs%)of[9ﬁ9§l1ngob%ai%§ gvﬁé%éﬁ“ Qgg@J&Pexa q%%&“?%ggtor

Application Publicatio s ancro

conflgurﬁﬂagmghlwﬁﬁl@ﬁ%wﬁl%dmﬁrné upe 9l @, h\aﬁﬂal%f‘@@ro“in hg,pugh

whi ch a high-nelting conducting wre inserted i s enctlosed by an-outer
tube of anphasg & |@necioffgd bahict & ﬁ@qbgéslshﬁ.g%ﬁt @élzamdac}% scharge
is started by an externally provided igniter (Figs. 1-6, Patent Docunent

3). [0006}zc (Fig.FBrthecancepcdapanese)Unexam ned Patent Application
Publ i cati on No. HO6-215894 di scloses a radi o-frequency plasma power supply
devi ce thadOSupplies high frequency power between electrodes in a plasm
chanber via an inpedance matching circuit (Patent Docunent 4). According to
this device, alwottage, vahpensspplhedatonan PETent appowertamplifier is set
to be lowduring a tinme period until power output inpedance and inpedance
in the pPashicazhambe¥o met&h-1herebydjmevents ng rarc RED Ifasem beisg damaged
due to a refl|ected wave. PRI OR ART DOCUMENTS

configured such that around an inner tube of a plasma flame off

through which a 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-frequency plasma

power supply device that supplies high freguency power between

electrodesjjxaplasmachamberviaeylimpedancenmtchingcircuit

(Patent Document 4). According to 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

piasma chamber match, thereby preventing an FET from being

damaged due to a reflected wave.

PRIOR ART DOCUMENTS



PATENT DOCUMENTS [ 0007] Patent Docunent 1: Japanese Unexam ned Patent
Application Publication No, 2002-343599 Patent Docunent 2: Japanese
Unexam ned Pat ent Application Publication No. 2003-328138 Patent Docunent
3: Japanese Unexam ned Patent Application Publication No. 2006-104545

Pat ent Docunent 4: Japanese Unexam ned Patent Application Publication No.
HO6- 215894 SUMVARY OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0008]
PATENT DOCUMENTS

[0007]
Patent Document 1: Japanese Unexamined Patent Application
Publicval.lon No. 2002-343500
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. HG6-215894

SUMMARY OF "THE INVENTICN
FROBLEMS TO BE SOLVED BY THE INVENTION
[0008]

However, in the plasma generating apparatus, plasma often
becomes unstable or disappears when a flow of an inert gas for
plasma detericrates 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

3



However, in the plasnma generating apparatus, plasma often becones unstable
or di sappears when a flow of an inert gas for plasna deteriorates or such.
If plasma is unstable or disappears, defects are devel oped in many of
products such as sem conductor circuits. Such defects can further result in
di sadvant ageous effects such as heat generation at a section that is not
the defective section. Taking tine before the di sappearance of plasma is
found results in defects devel oped in many products. Therefore, the plasma
gener at i g tApPRPRELS 1Y d8ede T al Pat enttIDsburerEs ideseri bt rabovegh equi r es
nnnitori&g‘of t he Bresence of plasma. Further, when the plasma has

di sappearéGVef Vs PREEEssAr§e T o Mankal ¢y dfeisgriiltie Ll asruired &ddithon, as
it is necessary to conduct plasma ignition work wth proper timng in
parallellﬁpﬁ%lﬁﬁpwp gtion work fora high frequency power, a certain |eve

of skill b@ogﬁquired for the igniting work. [0009] Thus, an obj ect
of the presént invention, conceived in view of the above problens, is to

provi de a pl as Lgni.tion. hni.que_all owi ng easy and reliable ignjtion and
reignition of p ‘ééfmél\t}m %&%&En@%?@%‘?i%e%?”ﬁaﬂh‘é%“%%1 i WY ICHVERRS For

SOLVI NG P 0 I rder_to address the above problem
a pl asrragi!ﬂg‘ﬁ?i '?%kﬁg?g%g%%akggp ier%s’t&%t %é) ngréjs"relne in erﬁslnban TGS ded

with: a E@Qhﬁi&ﬁ;@qgﬁﬂewi%v‘@éﬁ“QIE’%YH?PPM)E&”E 105 s4rpl .&ip@{pe&ef&{m'“ed
I rTasrra; a

hi gh frequency 'signal to an applied electrode 1or generating

mat chi ngodeyi gemeont L gUnedrba i FBLGh i rRedanscs 10m 8 Side of the
radi o- frequency power supply and i npedance on a side of” the applied

el ect r odegarsf powarsdrvave/ refl egbedrwave detector configured to detect a
forward wave and a reflected wave of the high frequency signal; a
hi gh-vol {ageogenerator configured to generate a predeterm ned high voltage;
and a controller configured to superinpose the high voltage on the high
frequency signah onfvenr aoratileest tihe aefiepredlwayeat®) 4 e fiopwaridbwave is
greater than a first threshold value. [0011] According to this
confi guraysonn avenrdhey highHa eqeerey $hgrakibs sspptéeddse ¢herapplied
el ectrode, the inpedance on
radic-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 radic-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 ratio of the
reflected wave to the forward wave is greater than a first
threshold value.
[0011]

According to this configuration, when the high frequency

signal is supplied to the applied electrode, the impedance on
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4 the side of the applied electrode is determ ned according to a state of
the plasna at this tinme. If the plasma is not appropriately generated at
this time, output inpedance on a side of the nmatching device and the
i npedance on the side of the applied el ectrode do not match, and therefore
the ratio of the reflected wave to the forward wave of the high frequency
signal increases. Wien the ratio of the reflected wave to the forward wave
is increased to sone extent, it is estimated to be in a state before the
i gni tion,t6r sitfeacdt be pRPWAREheL et pPdemast Hatehasnedcectgnilied has
di sappeared for some reason. Therefore, it is determned that plasma is not
ignited i /IS 4t S £lgrdst &t (R tiHend i r 9 thicesHalsthavdlsueathat i s
previouslé set Lntorder to estimate the state in which the plasma has
di sappeal®® %xAd e "7 GREVOT EAGE T14° S P npekRidt GipeERe ey fr ebdency
signal . By the high voltage, a discharge is generated to the applied
el ect rodé%é &h& &aggﬁld‘nigs%i%gfﬁictee&m& t%éﬁ iR qoorpthe side |of deferal, "a
rati o of refle g_ e to a for d waye" is understood as a_ratio of an
anplitudgg§éﬁﬁg %%8 h%gégfé%ccgdmﬁggé'tﬁn n“ AT § PR ARG 16f ©f He'$ or war d
wave, for anpl t [ tio ég@gﬁ% t.andi.ng Wave Rati o). val ue).
y re ’ : ,
EFFECTS GF TR P RVERIT OF th%ﬁm&(ﬁ Vel Q3 R Fﬁgqb?%én‘il?lh%ﬂenu on,
as a st aligc0bapkasmah gRItionaksodot ¢h/n ped) based on,a Jatie of 8 ref lected
wave to a forward wave and tEen the ignl?lng WOr |£%%6ﬁﬁéégé§?rW?p$s 5
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
previouslgrsetjjlordertx)estimateijuastatejjlwhichtjuaplasma
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.
10012]
Ingeneral, “aratioof a reflected wave 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 {SWR (Standing Wave Ratic) value).
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 plasm w thout

noni toring or manual handl

ng. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]

Fig. 1 is a configuration diagramof a plasma generating apparatus
including a plasna ignition systemaccording to an enbodinent 1.
Fig. 2 is a flowhart illustrating a plasma ignition nethod according to

t he enbodi nent 1. Fi
ignition nethod according t
f I owchar PAIEStT dt9 i -

2. [

illustrating a plasma ignit

Fig. 7 is a waveform chart
according to the enbo%§?gp

[0014]

g. 3 is a waveformchart illustrating the plasm
o the enbodi nent 1. Fig. 4is a _
agtth dghialon wthod acdordi pyito mhaenbodi ment

. Fig. 5 is a waveformchart illustrating the plasm ignition
met hod adedrfliig B it it st mentuad handlingFig. 6 is a flowchart

ion method according to an enbodi nent 3.
illustrating the plasma ignition nmethod

5%SCRIPTION OF THE DRAWINGS

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

ignition 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

method according te an embodiment 3.

Fig. 7 is a waveform chart illustrating the plasna

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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Fig. 8 is a flowhart illustrating a plasma ignition nethod according to an

enbodi nent 4. Fig. 9 is a waveformchart illustrating the plasna
ignition nethod according to the enbodi mnent 4. Fig. 10is a _
flowchart illustrating a plasma ignition nethod according to an application

exanple. Fig. 11 is a configuration diagramof a plasma generating
apngatus according to a nodified exanple. MODES FOR CARRYI NG QUT THE

| NVENTI ON [ 0015 Herei nafter, enbodi ments of the present invention
will be d@g%???gﬂﬁ FGELFEL DI FOWR nBodested pekoncde . t he drawi ngs, the same

or like steps are represented by the sane or |ike reference nunerals.

However, bl ock diagrans, waveform charts, and flowharts in the draw ngs
a generated

weveform and a procgb0Fug PRow BRE 10 bUICORE deFEa N he sont oxt of Che
follomjng“ﬂfﬁﬁription.

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,
andflowchartsin1ﬁxadrawingsare.iliustratedasxmareexamples.
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 Lrequency 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.
00171

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
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[0016] Enbodi ment 1 An enbodi nent 1 according to the present
invention relates to a basic configuration of a plasma ignition system
capabl e of automatically igniting plasnma, and configured to superinpose a
hi gh vol tage on a high frequency signal when a ratio of a reflected wave to
a forward wave is greater than a predeterm ned threshold value, and to stop
superi nposi ng 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
hi gh vol tdgéemnscsugerkaposedcent s hex ilgrerfa eguency isicghaaba rp@0E7] is
Fig. 1 shows a configuration diagramof a plasma generating apparatus
i ncl udi n§igrpEasmharghpt @ onl systiemsacderad v & os thi sordbode nent rcWien used
in the manufacturing 7 of sem conductor circuits, a plasma generating
appar at u§ 519 §18P8388e 286 nd PR EieEn i big wlinf ace bfused e crsTduct ot
circuit a? a clganin ta[%et (bonding target), and used to generate plasma
to cl eanPtAEMEI 8nFﬁ§a§uF ScEGRTIRE @&ﬁééﬂﬁhﬂﬁ(ﬁhQﬂ%QﬂﬁQanQRﬁﬁﬂ

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 tupe 112, an applied electrode 114, a ground electrode

116, and a plasma gas supply inlet 118.

[0019]

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 Hi, 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 compresscr 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

arbitrarygasSupplysystemincludingeagascylinder,apmessure

meter, a flow meter, a pipe, and such.

[0020]

The ceramic tube 112 is a structure configured by ceramic
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Referring to Fig. 1, the plasma generating apparatus 1 according to this
enbodi nent is provided with a plasma ignition system 10, a gas chanber 110,
a reactance correction coil 111, a ceram c tube 112, an applied el ectrode
114, a ground el ectrode 116, and a plasma gas supply inlet 118. [0019]

The gas chanber 110 is a gas filling chanber for supplying a plasma gas to
the ceramc tube 112. Preferably, the plasma gas is an inert gas. It is
possible to use H2, 02, N2, or a m xed gas of any of these and an inert
gas. As fife @ndnsigad,icar govk A, Heellisimr(tHe)g hiertont €nfe) raamdemeon (Ne)
can be used, and argon (Ar) and helium (He) are nost commonly used. To the
gas chant¥éRere¢eCalpl Bdatngaznd $ialpglgast Fiidi t ke pifasmedgas sapply i nl et
118 using a conpressor that is not depicted, and pressurized to a

pr edet er RiFFEE e diGre P8 t&famlid 20 tite drideirafoed aitatospher es from

at nospheric pressure. The plasma gas is supplied to the plasma gas supply
inlet 118 FhF6dgh §ﬁr§FBF¥rﬁP$ﬂﬁﬁgi§uﬁﬁF§ Iy StidmGengl 88f mprabgasseyl i nder,

.a fl ter, i ) h. [0020].Th ic tub
115 o aBerastumet ol gurea iy ol Ang o™ oy e FastRa ToRCRECRRI RS
i st I . . ted | . i gh tivity, d

Formod {6 hare 2 TP eHR e ven G 0 aRGLGr SOl Pabroorer pRASTA gendration,

| nst ead ' i bl b ...Ih

coram ¢ {ObetTTa rE m Bt SEE e ER BT R SR e EREEATG a1 ong
its axiakneofgesdhLi £84 E}}ﬁ'acsr&au?%slﬁ'goﬂist}%)@%nhﬁg}n%gr\’\i{(51 ctihreCLEQﬂﬁasteChanber

h ed p e é%s

110, and configured such that e pressuriz asim gas from

chanber ;;auaar@H&aaggféuﬁaogm@cwgdgrwadaﬁlﬁggﬁoggeé&ﬁ 3& 4,00, speed. A
surface to be plasma-irradiated (a surface of "a sem conductor circuit to be

cl eaned) b sp posig i pResd f ackAY AR LQRGNING rOF é&@i&@ﬁéﬁ&goi%%g%(@o left
end surface in Fig. 1). Here, it is possible to increase a workable area by

bundl i ngosuriedrtan asepcef ambted ube: HR abht Bhbenwiklobendessribed | ater in
detail as a nodified exanple). [0021] The ground el ectrode 116 is

an el ectibde(ahatft segd osndeacs oigened at e) pl asmms, and @ (RpROosi e &) ectrode
of the applied electrode 114. The ground el ectrode 116 is provided

ext endi ngnateage ttheoakizbll ecarea afy bhadtenamer ¢ uberldde A timi ©ft e ground
el ectrode 116 can be di sposed within a range covered by the applied

el ectrodeld14thos e¢ahiekteddstoinegoitien neadeaafilonts endoofi ftikel ceram c
tube 112 beyond the range covered by the applied el ectrode 114. The ground
el ect rode*amBle¢s- configured by a wire nade of a netal having a high nelting
poi nt, such as platinumor tungsten, for exanple, so as to w thstand high

t enper at LY®%1 bf pl asna generated from environnent. The ground

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 tip of 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 melting point, such as
platinum or tungsten, for example, so as to withstand high

temperatures of plasma generated from environment. The ground

9



el ectrode 116 is grounded to outside through the gas chanmber 110. [0022]
The applied el ectrode 114 is an electrode that constitutes a pair with the
ground el ectrode 116 and to which a high frequency signal HS is applied
fromthe plasma ignition system 10. The applied el ectrode 114 faces a part
of the ground el ectrode so as to enclose an exterior of the ceramc tube
112, and has a tubul ar (annular) cross-section in this enbodinent. The
applied electrode 114 is nade of an oxidation-resistant metal, for exanple,
st ai nl es€GEIOYt 1d frdtsak rpreveded owpth sdtied abironaheshst arsecbymsaeh as
pl ati ng. % di stance between the applied el ectrode 114 and the ground

el ectrode 16 is set based on relation between el ectrical power of an high
frequency, si.gnal to be applied and density of plasma desired to be _
gener at ed. e applied electrode 114 can be provided in a formof a coi

or0%s- et | on. [60SST TTRE FASETAREs dar ot ih edtronE 16 opt ?252! 114
The roactSASe Lo FRch BaLEol T THITS RALTBhE 16 Wetrs 0P &R0 APl terde of
reactance {i gnedancel, generalad dues ta, A L3S LRSS SPIRRNeNt betveen the
applied elecfrode 114
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 set
based on relation between electrical power of an high fregquency
signal to be applied and density of pilasma desired to be
generated. The applied 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 correction coil 111 functions to
restrict an influence of reactance (impedance) generated due
to a capacitance compenent between the applied electrode 114
amjthegroumﬂpotential,and1x>improveeavoltagestandingwave
ratio VSWR that will be later described (that 1s, to bring the

VSWR closer to 1}.
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and the ground potential, and to inprove a voltage standi ng wave rati o VSR
that will be later described (that is, to bring the VSWR closer to 1).

[ 0024] The plasnma ignition system 10 is provided with a controller
100, a radio-frequency power supply 101, a forward wave/refl ected wave
detector 102, a high-voltage generator 103, and a superinposed 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
devi ce 10%02¢ Iprovi ded between the plasna ignition system 10 and a pl asna
chanber 110. Here, the matching device 105 and the forward wave/reflected
wave detector 108 PaASHE pEGVtAEd &YS&esi A 6 sdevicvs dsid hiith e pl asma
ignition system.,10. b 026] , The radi o-frequency power supply 101 is
an RE' p rgg]&regel nf ¥ gUAEL 107 SUBPLSY P Proder@ntivndd Lhi ghf dregency

si gnal H%a%o th%lapglied el ectrode ;ﬁ4 for generating plasma. The high

fr equency *SFAST LHETRS % €7 GRAPCRAV TP a2 eHticHL 26 98 NEERE L Toll put

sui tabl e r.p . generation. e frequency of the high frequency signal
HS sui taBFlg ?oér‘?%%%s CgeReratt (}yhls PFgﬁr aF%%n%la D KHE Y ERF BURK AT GHz,
and the [ I I ri.cal . r .qutput is fromarqund 0.1 Wto, around
100W |n§PEFgge§%gd%%%ﬁ#?§tjgﬁﬁﬁﬁﬁg¥¥§h€$H§§a§P§th2FE?Psb%§§UH§H*%% be a
hi gh freggegcgigkg@abeggggng a frequency of 450 MHz and a power output of
30 W The radio-frequency power supply 101 is configured by such as an
oscill atoppgkfcuit having an output stage conbining a high frequency power
transi stor and a high frequency transforner.

Further, a matching device 105 is provided between the
plasma ignition system 10 and a plasma chamber 110. Here, the
matching device 105 and the forward wave/reflected wave
detector 102 can be provided as a single device within the plasma
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
ocutput suitable for plasma generation. The frequency of the
high freqguency 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 embodinment,
the high frequency signal HS is assumed to be a high frequency
signal having a freqguency of 450 MHz and a power output of 30
W. The radio-frequency power supply 101 is configured by such
as an oscillator circuit having an output stage combining a high

frequency power transistor and a high frequency transformer.
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In response to a control signal SHs fromthe controller 100, the

radi o- frequency power supply 101 starts or stops generating the high
frequency signal HS. [0027] The mat ching device 105 is provided

al ong a transm ssion path between the plasma ignition system 10 and the
applied el ectrode 114, and functions to match i npedance on a side of the
radi o- frequency power supply 101 and i npedance on a side of the applied

el ectrode 114. The matching device 105 has a filtering circuit structure
confi gur éd Bysegelseascaacoichtand aigarilalhe Tapacitorgomantikedesig@ned such
that a | oad inpedance in a state in which plasma is stably generated is
char act ef1§t 2} orpbdameen 20 (3G 105 uppt v xdnpl ey terrmantoptptneiaie: of t he
radi o-frequency power supply 101. However, a |oad inpedance Z of a plasm
gas drasti'€aPrylichafgesicy tHengroddss that the pl asma gas generat es

pl asna. lgg gaﬁd i npedance Z al so drastically changes depending on such as
a type, g rate, a pressure, and a tenperature of the plasm gas. |If

t he | oad i npedance %} oes not match the characteristic inpedance Zo of the
radio-frequenc@ POVET ' SUPDIAF VEGE, 145 phf PTGV e 8dppRI @ dE TR TS T Teiency
power reégggsbg%wa ret%ect d wave, often resultigﬁbin reduction of an
el ectri caF power "&Ffi EFENEY *8F 9a *daMEge™ 6 YA S8 e bt the B iRA st age
of the radLas u y 101. The matching device 105 perforns
mpedance. Rat CReng Batwah FHECEFda®of CHeL YAt BoT T EdEensy Hondte Supply 101

and the shde-ah; bhe anpbheq lectrode,1idby an | pedance, mching, o

function, and reduces ‘gene ron o ecte e

The forwag dtM\@V%éﬁ@{é&CéFgc%’.\%éégﬁ?g%@d O Q2. d Sh lec}’%% COfHd %}u%%ﬁa to

detect the forward wave of frequency sign roug

transm ssi ppepahlh andotbe sebhecked &\@MP:L@@I:JESC}B;I‘?SS%%QQ%% Qagtcgcgipl' 1.6,

el ectrode 114. To be specific, physical anounts are either

val ues of welrgciylicCakppenes rorampkid r(é’@|sb%§9ﬁ1)hé/@!a”§§a<9fin¥ﬂé%a{rﬂfé’var d
wave and the reflected wave. For the sake of sinplicity, the anplitude

val ues (vold agetvalues) cane usedibereily Speerhiceadl | ¥ crbhe donvwand -
wave/ refl ected wave detector 102 is able to detect an anplitude val ue Vf of

the forwanoedavec ang e ampl {4 udexvmble) Vbn ofntbecpef | ectigdowaygeof the

hi gh frequency signal HS. [0029]
radio~fregquency power supply 101. However, a load impedance
Z of a plasma gas drastically changes in the process that the
plasma gas generates plasma. The load impedance 7 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 % does not match the characteristic impedance Zy 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 efficlency or a
damage to an element of the cutput stage of the radio-frequency
power supply 101. The matching device 105 performs impedance
matching between the side of the radic-freguency power supply

101 and the side of the applied electrode 114 by an impedance

matching function, and reduces generation of a reflected wave

12



Here, when a signal source and the | oad inpedance Z are respectively
connected to both ends of the transm ssion path of the characteristic

i npedance Zo, the voltage standing wave ratio (VSWR Vol tage Standi ng Wave
Ratio) on a load side is expressed by expressions 1 and 2 using the forward
wave anplitude value Vf and the reflected wave anplitude val ue Vr.

[ Expressi on 1] Here, Il (ganm) is a voltage reflection
coefficient. According to the expressions 1 and 2, when the characteristic
i npedancé cZéeamthatile | oad i npedance Z of the transmission path 13 match,

Zo = Z, and the voltage standing wave ratio VSWR = 1. The mat chi ng devi ce
105 contr§p§8to change internal inpedance so as to bring the voltage
reflection coefficient P closer to zero as nuch as possible. [0030]

Here, as the d@fi@c}i‘i”@ﬁﬂ??ﬁ W /Tt asave vanpe T eatler vl e sVk candi ¢die

refl ected nmplitude value Vr is essential in the process of inpedance
mat chi ng©°F égﬁﬁﬁéhFﬁgdéé@Féetf@Sf&ﬁﬁaﬁﬁb“ﬁdﬁmaﬁhtﬂéVé%m%ﬁIﬁﬁﬂquﬁnNaVe
detector 102 d as a single device. However, it is necessary
Lo brovi G690AG TRCaHI I e Hrcbe 105 bap heBrP Al GRCpatict o ki at eatvarte pl asm
ignition_s 0.and nmber 110, as _being a device for matching
t he i npe aﬁg tﬁétﬁéoprgﬁgngggﬁ %pgﬁﬁcﬁéfﬁﬁbﬂlﬁhe gPa§ﬁaspﬁﬁﬂ€#§m system
10 and t e 0 The vol t age gener at or
103 is a VS?F%% %%Oﬁ“llenr a% ftggg%%jrlgt ([tedgﬁ%g%]r%bmf J Sg&ifter g?ee]é” gdstler i ned
hi gh vol F S ntr Si t he controller
100. An %ﬁg%fﬁﬁae éﬁ%@ggf?Y%Qt%?%ﬁ‘&%ff%ag%Hekls séF“thﬁge 2V31%Hge val ue

Wi th “hlﬁéfﬁeétéﬁhQQGQ Suiéfc%ﬁgt Qo EXFI L8y %935@ | n e Cal ?6g38 as is

provided as a | oad. For exanple e hrgh-voltage énera nerates

the hi ghvaphéagethéger%w@w ¥rbr oae0. ﬁe%\éz%fgﬁ?é%/ %ﬁcé‘ﬁ g

circuit, the high-voltfage generator 103 is con y a s
el ement  asriheqhighe vel t Bae: generat Q{et&%cgﬁﬁ%@aagsaélg%'cﬂ@é r{:' gh

vol tage as conpared to the power-supply voltage, and therefore t i gh
vol t age iwplistgenerated \as ox pukseosianal waaglaﬂdaarpra%%ﬂtleada@%ﬁ‘@ tching
Vr of the reflected wave of the high frequency signal HS.
[0029]
Here, when a signal source and the load impedance 7 are
respectively connected to both ends of the transmission path
of the characteristic impedance Zy, 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}

1"’;S’WR--~ ! ; (1}
-

2
- ?n _Lru ~-(2)
74&, FY
Here, T' (gamma) is a voltage reflecticn coefficient.
According to the expressions 1 and 2, when the characteristic

impedance Zy and the load impedance Z of the transmission path
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frequency (1 kHz, for exanple). This pulse signal can be outputted as a
direct voltage snoothed by a capacitor. [0032] . The superinposed coi
104 includes a reactance that gives sufficiently high inpedance to the high
frequency signal HS, and sufficiently |ow inpedance to the high voltage HV.
Accordingly, the superinposed coil 104 functions as an adder for adding the
hi gh frequency signal HS and the high voltage HV. [0033] A coaxi al
cable 106 is a transmission path of the characteristic inpedance Zo through
whi ch t h&3Ki%gh frequencydi gnal vHSt #ge supphiedot eavherappbi edwel ect r ode
114. The coaxi al cable 106 is connected to the matching device 105 and the
gas chanféf T#0CPe8HettY Vel vl W7 £ ¥ dnndct 6oschandechat ¢ hga bf inhedzoaxi al

cable 106 is oynded through at |east one of the nmatching device 105 and
the gas éﬁhﬁﬁg{0¥16?ﬂfdgéaf%ﬂtage CEHd CESRO O PPEE L1006 ¢ng gb¢é0§©rd%@rate as
a general-purpose conputer provided with such as a CPU, a RAM a ROM an
I/% thatzggé %%t%35%i@Fe&?sfﬁg%@bntrolIer 100 is able to performthe
functionﬁohgbﬁting to a plasma ignition nethod according to the present
invention by running a programfor executing the predeterm ned plasnma

ani 1 en et o sLoted bp an daternal ofc piLeLagl, steLage mdum,

Speci fically, e controller transmts

I nstruct ykhenbagho- 1L LAMEDEY ROVETamPPLYad 0dal Qs STAM s Os SLOP; JENErating
t he hi gh frequency
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 Sy, 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
.8 kVto2kv, As an actual circuit, the high-voltage generator
103 is configured by a switching element as the high-voltage
qeneratorZHIBgenerateseaconsiderablgrhigh'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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signal HS. The controller 100 also functions to transmt the control signal
Sliv 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 anplitude value Vi and the reflected wave anplitude val ue Vr
fromthe forward wave/refl ected wave detector 102, and to cal culate the

vol tage standing wave rati o VSWR (hereinafter also referred to as "VSWR

val ue") based on the expressions 1 and 2. The controller 100 can be

conf i gur €d" S ol hekiabl €an wsatut® an Tivst rudtscors itomad. plasmee gas
supply systemthat is not depict, for exanple, to control to supply or stop
suppl yi ng 1R SIS fE gadd i 1ite, va istEadroto et VSR vadpregithe. control | er
100 can 3?13%?t29e vol tage reflection coefficient r cal cul ated based on the
expr essi r the reflected wave anplitude value Vr. [0035] In
this case, as necessarily high electrical power of the high frequency

si gnal HS gene‘r% e Ant Hﬂb&“é?%‘ég“é’fiﬁei 4%%@%5@%@%@ é"%,ati giyes

pr ef er abl_e t-hat. ied.electrical po of .the_hi gh frequency_signal HS
be vari agﬁef%ralgégflgiaﬁ)ghtlghalglpgfj@n&e gpgghﬁ.h%aegﬁ?gu%%ﬁ %h‘én@lle]égri cal
power of e hi-gh f.r i | ,.HS changes, .the ref]l ected wave anplitude
val ue Vr ag:asgr&g%gﬁéggqﬁliﬁpgéﬁ&n%%dgr?ceAgcoo%g]%d]lﬁ% if°1'<¥%i efbrable to use

(e et actboshieansll eokedmiena hheckor end NG L IR S0 o

standi ng wave rati o such as't SO0 as' ' n

change i mct-hggarphi e u t [ for, executing the
pl asma ignition bn%?ﬁogygécgf%‘i{]%glgg% %‘ﬁégﬁ%e@gn%ﬁ?gvgﬁh%%h CAn b€
distributigd in a formstored in a storage medi um N. Exanpl es of the storage
medium Minclude a variety of types of physical storage nedia such as a
ROM a U$Bosenory having a flash nenory, a USB nenory, an SD nenory, a
menory stick, a nmenory card, an FD, a CO-ROM and a DVD-ROVM as well as a

transm ssi on nidtoaxcapabbkelef 106ansmist ti-B8skhesRHRIHAMSYGH +83, t he
Internet. Typically, the programis recorded in a of the controller 100

in advancearwhenrtheipr ogpatuhser pgarndeshdm v ditf frerent gdetachapl.e.§ ype of
the storage medium M the controller 100 includes a storage nmedi um'eading
devi ce thagnis Hiot sdepictied andHesappnf egus esk it oodead 4andr ey ecidg 41he
programrecorded in the external storage nediumMas illustrated in Fig. 1.
[0037] 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)
ThecontrollerJIM)isabletx)operateaseageneralwpurpose
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 controiller 100

transmitsthecontrolsignalSHStoinstructtheradio~frequency

power supply 101 to start or stop generating the high frequency
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In particular, in this enbodinent 1, the controller 100 functions to
superi npose the predeterm ned 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 predeterm ned threshold value Vth. Specifically, when it is
determ ned that the VSWR value is detected to sone extent, the controller
100 operates to generate the high voltage HV and superi npose the high
voltage HV on the high frequency signal HS. Further, the controller 100
functi onsigsiadt 8 - supler i cposi migl ¢ hel (Ml gh swolfhage ik swhent thesknati ohof the
reflected wave to the forward wave (VSWR val ue) becones equal to or snaller
t han t he“pRrédétefatReéd Bhr shéhdtvaktetaétieighheoht ghevobtage: bl 163
superinposed on the high frequency signal HS. Wiile the threshold val ue
for detefRi AFAGL L idR P6Rets tdupek apose: tiead thiagh HYol t Bget Mvrandhd he
threshold v Iu? for ggternining a condition to stop superinposing the high
vol tage FOREARIBE I PFelBntPVEl tiesTeEhbse Ehe cbhiohard afaes awel bssimed to
be the sag&ninv%he gng%dinega 1. éacase in which these threshold val ues are
di fferent “w'Fl YheGEsEFPhEF HECEF “adCIrdiPAE s Uae &t nentf mem [0o388] As
describe? ve, the,lo f i dance of the pL ma gener at i ng. apparat us
drastica Psggﬁgﬁﬁ%%e{ﬁ%f ?%ﬂgngBﬁBBSFFSEOFr ﬁ$a5¥Fh§0a?a%ﬁPéﬁ EHe Pl asma
gas Is n951¥§5e'§%ﬁ$5§%é“”§de ratio VSWR (hereinafter also referred to

as “"WSWR value”) based on the expressions 1 and 2. The

controlier 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 generaticn, 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 amplitude

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,

50 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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the plasma is stably generated. The matching device 105 cannot natch

i npedance in the transition period in which the | oad i npedance conti nuously

changes as an i npedance matchi ng operation takes a few seconds. As the

i npedance is unmatched during this period, generation of the reflected wave

i ncreases and the VSWR val ue exceeds a certain value. According to the

pl asma ignition systemaccording to the enbodinent 1, the threshold val ue

Vth is set to a value with which the VSWR value in a period in which the

pl asma i SeiisCabicecgaritge tdi stiengueshet fnommthenVSYR val dest nilaupesi od in

which the plasma is stable. Therefore, by conparing the detected VSWR val ue

Wi th the ‘th? dsHAt dLoardel Viehs tphegeamdiolt &r. 1BBasphedeteritcnet whagher or

not the ggﬁgha is stably generated. In other words, it is possible to

easily i Sy MahBE hef et e’ il ethe a's theierg oéf phrsivellysgenagateed bz has

di sappeared (unstggﬁg).él 039 Description_of Operation Next, a

process G thadspl § gt PEROREt oW 3¢ Cof dPAY TYeRe enBoBimemerd, will be

describe% mgbhmégference to a flowhart in Fig. 2 and a_waveformchart in

Fig. 3. The"tI'OWehart ¢A"EiyY 2 S5O YafPpPoc8BsBx et UtletRPepeat edl v
nit is ready for igniting

or 11regdbar Ly pap Refdled, L0940k, o tggnvs\gﬁg?s%&rg $tHE)S the pl asma

pl asma (herelnafter al'soreferr

gas i Spabisd:teon Lhe st aas,sueny; Lol 8 R Lhe, gas cherber 110

based ei ther on the cont e contro istfator's

oper ati oBrokPan SYPRIYLAed NG, B RSUR, 8 ee%%%ﬁ@%ﬁigE'gagefﬁll din the gas

chanber 110 fl ows through the ceram c tube at ‘apre er Wﬁﬂf?ﬁessure.

Wien t hewfbaw o ﬁﬂ&ﬁ;ﬁr@%ﬂrgéérééabﬁii%@ff@%}nﬁz&%g%h%;gt ﬂa%?o”fhe

ignition is outputted to the controller 100. e1gnitio

pl asma geBeheterhgei Astikust 80 BYiot BOAGHI NSt MRON . dit, deS: %O%S&Pc:a%et hat the
controller 100 determnes right timng for the ignition of the plasha gas

by its omadi{i@04dkding devReterfiangi s bt teictdie HROLIOILSIF 100 oq
determ nes whether or not a status of the systemis in the plasm standby

state. |toirsapbssibi:eduadehergiaerahetherder Ot Hchex sy sheMdiSddyd he
pl asma standby state, by detecting a flag recorded in a nenory of the

control |eedl1@0 Wrasppetatbonalest ahegief warious switches. If it is not the
pl asma standby state (NO), the process exits this processing loop. If it is
t he pl ash@037]
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 controller 100 functions to stop
superimposing the high voltage HV when the ratio of the
reflected wave to the forward wave (VSWR value) becomes aqual
to or smaller than the predetermined threshold value after the

high voltage HV is superimposed on the high frequency signal
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standby state (YES), the process noves to Step S11. In Step S11, the
controller 100 transmts the control signal SHs to the radio-frequency
power supply 101 to instruct the radio-frequency power supply 101 to supply
t he high frequency signal HS. In response to the control signal SHsr the
radi o-frequency power supply 101 outputs the high frequency signal HS
havi ng a frequency of 450 MHz and an output of 30 Wto the transm ssion
pat h. Upo up of . the high frequency signal HS, a high frequency
el ect rorragﬁi'ti @H Ve i § U Detdnash e dappirinéd iolcect codei tidnand t he
ground el e¢tr 16. .[0042] ~ Subsequently, the process noves to
Step S12, %ﬁ&?:qgﬂpgon% h[htoh RS JGdday ol R thitdie frledqetiolyd signat Hs: t he
forward wavelrefil.ecte ve detector 103 detects the forward wave anplitude
value Vf and the re |%Cét’é%1 l\‘/\1/’21lvoen Pl | o deRAIw /i e foheck édh orp ttveyappl i ed
el ectroden¥lda ol Hhe reontrol ler 100 .cal cul ates the VSWR val ue. The | oad
i npedance on the si de of trﬁe!f‘gg%?%éghe Seec'félh&f’eg?’ffﬁi BedBfEs? ey swed he
charactertstibe kApedanee;Qf (Lhefadiozfreqyency power supply 101 in a state
in which plasnma is generét ed appr ogpggfaél%yg'AtXt ﬁ@sgtéﬁeggi‘%r Lhgsehe
pl asma genrrathoba theukead:inpedance.on the side of the applied el ectrode
114 is largely different fromthe char acfdérl?s iec%f}rﬁfédgﬁgeaé‘(}.e%ccor di ngly,
t he refl estedrabng aophht vdeoMahugtVe detected by the forward
wave/ refl ected wave detector 102 becones |arge. Therefore, the VSWR val ue
cal cul at ed®®y8t he controller 100 becones relatively large. [0043]
Referring to the waveformchart in Fig. 3, tine to-ti correspond to the
process in Stepss SkaGlihedtaitove, the t NeagonhEohL L 199 ’EHéné glg_éahi gh
frequency signal to the ON state, and the high frequency sign Il IS
appl i ed tEEINE EENsPPssEon spatdst hel hy ghahreausne) Sianal ; HS L%i?@l
al ternati ng-current signal having predeterm ned anplitude. As Phe oad
i npedance" T3 t3 11 ddes ot riec b lbbeac basadkenbst 6] ﬁrggg@@geuggilt he
VSWR val ug | argely exceeds the threshold value Vth. [0044]
Ref er ri ng BabkeFBaF G stablyhgepe beess . nolles nha cBtiep &d3icantd hgngant rol | er
100 determ nes whether or not the calculated VSWR value is greater than the
t hr eshol §&T USRI FGT® i derthed Vil Hel g asmmi g@ne ath 0oh the BSaa resul t
of the detmer i nation, the VSWR value is determned to be greater than the
t hr eshol & VAIGE Nt FUNESUOUWHY Sirodesss moves. tionStap Gl dra andi the
controll ).transmts the control signal SHv to the high-voltage

Pogba it Rete

gener at or Get tHE i ghdod t tenerpedrntO3is oustarthed
generatipg. the high veorl tage HV. In response to the control signal SHvf the
hi gh- vol tage gener ator T03 JEREFaftes t fie HigK efdiecdgs Myve Thec genesat ed

hi gh vol t,age i jed to the transm ssion path through the

super i nposedtllg%/i Yéq%zj\?ﬁadn% SUPerTmposEd 6™t HéLhirgh Aeequénny b grtad HS.
Upon supgh kapaesk LHLoRn high voltage HV on the high frequency signal
HS, the high vol aggl% %Q%P}snoggﬁﬁllfjé ettt HE qr@d%el édter ode 114

and the gredBdc-ehest s ischarge. i.s generated within the
ceramc tube 112. Upolﬁgggﬁéggt%ﬁ%gtﬁ%yﬂ?g&%% d’g“cg’l EBEr GPER gereraat ed by

t he grOUDﬂeaperiod;huwhichtjmaplasmais unstable can be distinguished
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).

fC039]
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el ectrode 116 work as pilot light, and this generates plasnma. Once the

pl asma i s generated, the plasma i s maintained by the high frequency signal
HS applied to the applied electrode 114. Wen the plasma is stably
generated, a plasma jet is blown out fromthe front end of the ceram c tube
112, and can be used for necessary processing of sem conductor circuits and
such. Once the plasnma is generated, the | oad i npedance on the side of the
applied elg %&%d%i%%ﬁ gf converged to the characteristic inpedance Zo.

[ 0045] St & &80 9P he determination in Step S13, the VSWR
val ue becones e to or smalle han_the threshold value Vth (NO, the
process noves tggg%épgéﬁfm%ﬁﬁf%%éﬁ%bﬁ%?8WPe%gQ@9lPﬂdﬂ%h¢©@ adreo cdintq ol

signal SHY.t @pthe high- tage .generator 103 to instruct the high-voltage
generator 103 to ?FS%H?§§%|3iﬁégﬁh ehﬁ&ﬁ¢§dﬁ@§b@ﬂ%@ Nef eredpsnded too t he

control skgpaknsSky, itkhe;hi gb- t ag erator 103 stqps supplying the high
vol tage HV. Cnﬁy théhh?é%'f?eégén%yaggéggme§hﬁ§gs&Epﬁgéh Eg tﬁée

transm sskoBwpakhc As rtihe play i enerated at this stage, the
pl asma nay not disappeé?even§§§%%§)th% h?8%0€8ﬁﬁa%%e$ﬂf?§-f- atedly

superinmposedirf8§46kriy as nBefigpring to Fig. 3, tine tl-t3 correspond to

the process in Steps S13 and 315. At tinme tl, the controller 100 turns the
hi gh vol t &ge4®V to the ON state, and the high voltage HV is superinposed on
t he high frequency signal HS. Superinposing the high voltage HV causes the

hi gh frequency Wigmalt HS tedly ran abterNAd RGN L gngl. fhat
i ncreases or decreases in the anplitude ofb;%gahiShq?%g%&g%g§e§i§%§P HS
cent er i ngre¥rer i@ ht v ok s ayel dma Tieaappy i sabion) of «hhe high.v %Eagg HV
generates plasma that works as the pilot light. At tinme t2, g asima is

gener at ed U5 brifl wiroht the lasre yeadippedanceton ¢ he shde;of ckQﬁbégm ied
electrode 114 is rapidly converged to the characteristic inpedance Zo.
Al ong wi tht & Résesheertgenicen ofhe ertoad iofpedancent tBe1&ati ® of, thes
reflected wave reflected on Lhe applied electfede 114 to the formara wave,
that is, e VSWR QU CrPS6 tdenr eapsn Atpplye ft ShewhRishgMSVR,¥al ue
becones eqyal to or smaller than the threshold value Vr, the controller 100
turns th&High F61% dge 4 tid! the o= stratidoe Thiel & upesispoisibigh Ofiet he hi gh
vol tage HY is .stop edj&%nd t he high frequency signal HSis turned to an

S

al t er nat ing=Curr aPtt RaPrBSefEraiasdcprtesumg . zebenot hs. rThe VSR

val ue i s _co rged to a value. Mrmn that is a value when the plasma is
O%'Pﬁgpgasmagynséia 1llzed,emwinstructioncﬁfplasma iggition

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 a 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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stabilized. [0047] Wil e the above process describes the control of
the case of automatically igniting plasma in the plasna standby state, it
is also applied to a case of reigniting plasnma when the plasna di sappears
during the plasma processing. In the process based on the flowhart in Fig.
2, after starting to supply the high voltage HV (Step S14), the cal cul ation
of the VSWR value (Step S12) and the determ nation of the VSWR val ue (Step
S13) are gen&ggically repeated. As the calculation and the determ nation of
the VSWR Yt iR éatt dee r ted i Ressalievesych Sttt THe dizsappear ance
of plaangqpytnot cause. an adverse effect, it is possible to hold the
process foraCér FAFhTaMERt L P Hiansmin & heeprorbssl ofi gt U g £hem St ep
S14 to Ei;gasgg%rgt is possible to enploy a configuration in which the
hol di ng tie Can Chanyge dppropridtety erdi hys thecst bee of the plasma
generat i Yolof 1..10048 t.is assuned that, for exanple, the
state ofq%ﬁg&%ﬁégﬁgﬁﬁg?’%Eﬁﬁﬁ%sﬁﬁgﬂgbﬂgidagSaﬁﬁﬂﬁhéh@4hﬂﬁthgqueagy to a
probl em with, t:he;supply ,of pl.asnma, and.the pl.as has di sappeared at
tinme ts. 'I;P%Je}] prglgsrsam%r égesgéjggﬁom iq%’eFicé).m‘foﬁs Sé)?égﬂt etsr efifarly or

i rregul arday sregard] gss 0f 4 fo4-he plasma. Accordingly, at

pr edet er mi ned ti r;égi e. (f,p atm% ﬁgﬁgﬁﬂaﬁlné%i%&%ft? h%h%ghvw%\‘/agﬁ dpency

det er ni ned or@ 1b@sORgat 8 LhapeLhenthres vt Sé3i YES) d the
hi gh voltage HV is §upe?inpos%%uo% he E?gﬂ re%ﬁ%%@& éF RA* ?%%ﬁ): By
super i npesi nget heahisah skabhaga tHY, %&oﬁ'@@pﬁf Bl ot Lot pf plasma is
generated and plasma i s generated. ce the pfasma I s generated, YHé
reflectedivwawe sitsar s HighdeaepsecyTRadcBlodddBe 48, Jhe VSR is
determned to be equal to or snallé? t han f%egﬁﬁiéghofgﬁia ueléﬁkg%§13:
NO), andbeheecsupené mposiiticonl ot tkbachi gh avel £ 88e fdissLePped.(S15) . Even

if the plasma disappears in the mddle of the process, the plasma ignition
system a¢€6¢édiing to this enbodi nent automatically perforns the reignition

process. [0049] As descri bed above, according to the process by the
pl asma i gni ti oAukysaeANbL Yt hilse embodk semtovdhe ogenepati on ohd pl Asswy 24

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
caiculates the VSWR value. The load impedance on the side of
the applied electrode 114 becomes egual to the characteristic
impedance of the radio-frequency power supply 101 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
caiculated by the controller 100 becomes relatively large.

[0043]
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is determ ned based on whether or not the VSWR value is greater than the
predeterm ned threshold value Vth. If the VSWR value is greater than the
threshold value Vth, it is deternined to be a state before plasma is
ignited or a state in which the plasma that has once been ignited has

di sappeared due to sone reasons, and the high voltage HV is superinposed on
Lhe high frequency signal HS. Therefore, it is possible to easily and
reliably ignite and reignite plasnma w thout a person nonitoring the state
of plasna i gni iS¢ AridMitichddte marssloardi4my.iq 0059] Enbodierent - 21

The enbodi ment 2 according to the present invention is an inprovenent of

t he embodiHEMPERAAP ridIcateacs sa icaséens Wiilcks ltthe Bhr eshoel dOyatue (first

t t supplying a high voltage for igniting plasm and

e thr eSHfUNG palile  {bacoriet L REES RO d Vel )t o Srop Sapy gt heehi g
jfferent. [0051] | Configurations of the plasma

ganer ati A hbBa G TS o CHeS bPBShd g fFioh: Sy e s0-secor dtniono the

enbodi nent, .2 ar . sane_as those according to the enbodiment 1, an

expl anat :E)ga%éf o?h%E}g;s T o U 150 &g IgllS gé i &t e N HoleYer u L F et

; i i i i m process
byt he CORETST BF V100 Ear et PoRHaca THonENLrT - | A HEBS bosfopmadarce”
initially does not match the characteristic impedance Zg, the
VSWR value largely exceeds the threshold value Vth.

[0044]

Referring back to Fig. 2, the process moves to Step $13,
and the controller 100 determines whether or not the calculated
VSWR value is greater than the threshold value Vth for
identifying the plasma generation. If, as a result of the
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 Suy to the
high-voltage generator 103 to instruct the high~voltage
generator 103 to start generating the high voltage HV. 1In
response to the control signal Syy, the high~voltage generator
103 generates the high voltage HV. The generated high voltage
Hij;suppliedt};the'transmissiongxﬂﬁlthroughtﬂxasuperimposed
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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In the enbodi nent 2, the controller 100 operates so as to superinpose the

hi gh voltage HV on the high frequency signal HS when the VSWR val ue is

greater than a first threshold value Vthl, and stop superinposing the high

vol tage HV when the VSWR val ue becones equal to or smaller than a second

t hreshol d value Vth2 after the high voltage HV is superinposed on the high

frequency signal HS. [0053] To be nore specific, while the val ues

for the thrlesQolg v?g e Vth used in the determ nation for applying the high

vol tage HV to tREShi gh 13 dehéy \§itgAarhEs and flois stoppiaigeapplagmg t he

hi gh vol nggel-% re the sane in the embodiment 1, different values are used

in the enbodi nent 2:78pediT CACLY L5 £hE BABSBRNEAtM@inthbndd rst tir eshol d

val ue Vthi i term.ne_that_th |l asma is_in the di sappeared

st at e, an#%ﬁe%%%o%%?%ﬁ%srﬁ&l gsvaa‘?%le”\li?t%% S eydigel t o dete i orée tiat. t he
state to the ignited

fate of d the di
state of whasma s hanged Lyom e, pappear od saic o (N LamLsd

state. It is preferablejt .
o gshol dvahiig Yneraeshy Sela ances shoun. b o [0054] e AE()
Gencrated o has Hreappear o, Cbiaons 1S an T Bd Thy 4 SO St rkige,  Shdep! asma
bzsggggriﬁﬁﬂfﬁ ibngthakhyedn the RIAPTHAANA bR NG 51 32 BL the
applied electrode 114 is converged to the characteristic
impedance 7,.
(0045]
If, as a result of the determination in Step S13, the VSWR
value becomes equal to or smaller than the threshold value Vth
(NC}, the process moves to Step S15, and the controller 100
transmits the control signal Sy, to the high-veltage generator
103toinstructthehighwvoltagegenerator103tostopsupplying
the high voltage HV. 1In response to the control signal Suy, the
high-veoltage generator 103 stops supplying'the]ﬁigh.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 $15. 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 frequency signal HS to be
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unstabl e, and the VSWR val ue does not fall inmediately and possibly remains
around the threshold value Vt h. 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 val ue happened to exceed the threshold value Vth, there is
a case that the plasma di sappears due to an inpact of the application.
Further, when the plasma actually di sappears, there is a possibility that
so-cal led hunting in which a discharge by the high voltage MW and

di sappeardhce- "6 15 T e rep Sdted loddurts 1 nas celve sVBWRAvakaesexceads t he

threshol d value.Vth and the high voltage HV is applied. [0056]
Ther ef or - %2EBFAFHECLY the %ﬁbémﬁﬁﬁnzy P 9 et &t contevsnartdasedhf or the

o Sappear & Skt ¥ and” e RRELRA Lt CehIEF Vel "WE hBOFofdeter nkhing t he
Stat e, TRE e el LR SN G &1 PR aF b ICAT s hOF dt VA B4 ph GaFaBSLS
Chuse thebsarariBn Tooreanst WY ofoorENahier o Tonar) cre stobresr, &
pl asma i gt i-00Method rdi ta the enbodinent 2 will be described with
ELeRE i it S
irregularly as needed. The sane préceSS|ng Steps With {hosd §hofhee

enbodi nenbaly @m9e6@ﬁ66§e@h@drgﬁiéh@fséﬂg_fégpﬁgygﬁeﬁgve %%%g%éte?d@% (EEO)

Fig. 4, the processing steps of determning t asma’ s ¥y

suppl yi ngit:hepii gha nequency: signal ¢HS £S14)»q andecal gyl atd ng, the. VSR
val ue (S12) are the same as those described in the enbodi ment Thﬁﬂ§§59]
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,
it is also applied to a case of reigniting plasma when the plasma
disappears during the plasma processing. In the process based
on the flowchart in Fig. 2, after starting to supply the high
voltage HV (Step $14), the calculation of the VSWR value (Step
512) and the determination of the VSWR value {Step S813) are
periodically repeated. As the calculation and the

determination of the VSWR value can be repeated at intervals
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The process then noves to Step S13b, and the controller 100 determ nes
whet her 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 determnation, the VSWR value is determned to be greater than the
first threshold value Vthl (YES), the di sappearance of the plasma is
confirnmed. Therefore, the process noves to Step S14, and the controller 100
transmits the control signal SHV to the high-voltage generator 103 to
i nstruct spis@ hhgh-vot thige rgereraater o081 denstraay rganesakiengnthey &t gh
voltage HV. As a result of the processing, plasma is generated due to the
hi gh fre&liérey sigyridl PRSssbppl ted beat wbenpthecappided ekbectiodendit# and t he
ground el ectrode, 116. [0060] If, as a result of the determ nation in
Step S13BF PHESVSWR hAaPuecessdef efaf wedinee beorduap €3 dotosiaeperld han t he
first thrgshold value Vthl (NO, the process noves to Step S13c, and the
control | éF 190P?¥Fthe? 'dREHites GRBERELTEE 1RBE 1nheh VSR halhwel disnequal to
or smaller_than the second threshold value Vth2, If, as a result of the
deterninngSﬁ?ﬂfﬁ@aV§WV?9%f%%r?§tﬁ Y &5hsTeti o the eubt afotbe Rimdnar t han
t he secoggn%gggihold valge Vth2 (YES), it possible to determ ne that the
pl asma has been 89388885? d°i "ignited stably. Then, the process noves to
Step S15,,apgd,the controller 100 transmits the control signal SHv to the
hi gh-vol tage generator 103 to instruct the high-voltage generator 103 to
stop suppl yi ngyt he. hi [ Lf, in.Ste 13c, the
VSWR val ue is %%Pgigf%gg%gt Eg@gr%§¥é%g$ﬁ%ﬁaﬁﬁ%“%éé%%& ?E§3§%§1 4 ue Wt h2
(NO), asphkt jhe t ' ' .S naot abky.ignited and.the plasnm
i s weak o?gu%§%§%§e€ﬁ€%%g%%ﬁ%$%l e?ﬁﬁgbkﬁeﬁgrﬁzgfogt%%gg%%éhﬁﬁgggﬁmbf t he
VSWR val yerkhn:- 1St ep; N, i su i i | |t :
[0062] e e b R P TR T Y, S BARAY, e
embodi meat dimétt$s POSS den hldbd e HAgess, fiora cerjtal e%@t} of
time after superinposithg?f% thgg%igh vol t age Hvﬁgfgréijf%fgb 1%%f It is
possi bl exrégueapl pyraieostugui-ati aagd raWhd €l it hee ol Lidg rt i fB [Hanghange
appropriately depending the state of the plasma generating apparatus 1.
Accordingly, at predetermined time, e.qg., 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 (514). 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 tinme 8, the VSWR
value is determined to be equal to or smaller than the threshold
value Vth {S13: NO), and the superimposition of the high voltage
HV is stopped (815). Evenif the plasma disappears in the middle
of the process, the plasma ignition system according te this
embodiment automatically performs the reignition process.
[0049]

As described above, according to the process by the plasma

ignition system of this embodiment, the generation of plasma
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[ 0063] In the waveformchart in Fig. 5, tine tOt2 correspond to the
process in Steps S10-S13b, S13c, and 514. At tinme to, the controller 100
turns the high frequency signal to the ON state, and the high frequency
signal HSis applied to the transm ssion path. At tinme tl, if the VSWR
value is determned to be greater than the first threshold value Vthl, the
29 controller 100 turns the high voltage HV to the ON state, and the high

vol t age i uper i sed on the high frequency signal HS. The application
of the hngﬁ ‘?}%ﬁ? Eé“g@wgﬁe@%?%m@& Rat Wof KESWR veReepi bogrdaight . At

(1o (2. BhasTELLS aenaraled, sgne wn Lo, Lhe load | mhodance on the
"ot oot o onthe Bopl 1e0 Sreclout 1 BT eV Vi ute e et rease. A
{2 13, jplonothee VR abue.hecanes. opual. L 0 o erel ler, than Lhe second
CEF oLl ecnThexeupacemposiLien o, Lo i o vol 20e, [Vc1 . stopped. and the
5 ook abl iaedknd 00641 vo1cago Phestelgnitlan ol pl g IS S WAy
Uhe plasma gas. and (he plabms hes o Samsanred e et shdmg 148y
O eatbr Lhan the T17st heshord way us Vi b ar b1 ne reo [ofeg Stoce” ' ®

of plasma ignition and without manual handling.

[0050]

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

vaiue (second threshold value) to stop supplying the high

voltage are different.

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 ?
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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As descri bed above, according to the process by the plasma ignition system
of the enbodinent 2, the sane effect as the enbodinent 1 is provided, and
the high voltage HV is supplied when the VSWR value is greater than the
first threshold value Vthl. Further, the supply of the high voltage HV is
st opped when the VSWR value is equal to or snaller than the second
threshold value Vth2 that is smaller than the first threshold value Vthl.
Therefore, it is possible to reliably detect that the plasma is in the

di sappearédssparerrand tihatichevei btee dfV thet ipt dsmn fhatjuhasybepmnin t he
ignited state has di sappeared, and to control the plasma ignition in a
stabl e nérnEReN[ OnB6iSENYediureAs @reater than sefboditnehteshatdovalng to the
present invention is an inprovenent of the enbodinent 1, and relates to a
case of G%gut?PﬁgﬁéﬂbF%HEH@ﬁﬁFﬁ@thﬁéﬁnﬁégbﬂaﬂiﬁﬁﬁé§ﬁbybﬁngtéap%$meosing
the high voltage in a case in which the VSWR val ue remains greater than the
predeterﬁ?ﬁ@&ﬁgﬁ?%@%%ﬁ%ﬁqﬁﬂ 48 & Fiersat PRist seicpadpbhreaheldpsekuaft er

t he high. yolta i_S.super.i npos on the high frequency signal. According to
this embd glrzreﬁ?,%eirt “?‘? %étg& 'Oﬁgd‘gteo ela?ngsé’é%‘?&rlr%%s@(dat%m ‘s ma i s

not igni n d period of tinme. [0067] Confi gurations of
t he pIas%ggag%éthﬁgékggpggatus 1 and the plasma ignition system 10

accor di ngphgsthe enbodi nent 3 are the same as those according to the
enbodi ment 1, "and expl anations for these configurations will be omtted.

e o ncasoa TR et LA SR LR SVSRO B i 0
[0068] value Vth used in the determination for applying the high
voltage HV to the high frequency 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. Specificalily,
in the embodiment 2, the first threshold value Vthl 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 Vthil
and the second threshold value Vth? be in relation as shown
below.
[0054]
VEthl>Vth2 (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 is generated. Here, initially in the

plasma generation, the state of the gas and such is often
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In the enbodi nent 3, the controller 100 operates so as to output a
predeterm ned al arm signal, stop supplying the high frequency signal and
the plasna gas, and stop superinposing the high voltage HV in a case in
which the VSWR value is greater than the threshold value Vth even when a
first tinme period Ti elapses after the high voltage HV is superinposed on
the high frequency signal HS. [0069] To be nore specific, in the
enbodi ment 1, the high voltage HV is continued to be superinposed when the
VSWR val d@ﬁt@bglr?eataé}d tiiegn YR thrlesholabvalae fahl Howevertelhesedis a
casein which plasma is not generated indefinitely due to a failure in the
radi o- fréﬁﬁ%ﬁéﬁ*@éﬁﬁ@l§@pﬁF?UP@lt@ﬁ theeshghdv okt age Vener Bborp 1838ma | n
addi ti on, is not generated when the flow rate or the pressure of the
pl asma g&?’Eﬁéﬁgﬁgaaﬁel%opgﬁ?ﬁﬁ%ﬁﬁk(ﬂﬁnﬂﬂﬁtﬁéﬁﬁh alpl aberal Supptyl syst em
Therefor% acco\r}iﬂéﬁg1 0 the nbodinent 3, it is determned to be in an
abnor nal sta%é_i |Ep?1 aﬁH?szﬁé“FbS&é?@c?e%%%%ﬁé*biH§Wﬁ'@%ﬁ@¢at|on

ft d. of pl
ani 11 on AEPRSA BEB g F 8ot e CHBOd Hentea i Ithﬁéedé§@r FBéé 8 Whh
f Ei 6 d f 7. Th
{1 owchar £ T nPE7g "0 o RERE A Br G ai e iD e G e T pEREdY G
i rregul aly 8s megded T SamhapLacessing SLes LY those i Lhe

enbodi nent 1 aré represent e sane step In

Fig. 6, :thesprocessi teps- of (o S ndby te (S10),
supplylng tﬁe h|gh§f?§%€encyé§%5%§%% gl?§£ ? wc %ﬁéﬁa |%ég{ﬁe %%m@alue

(S12), canparidigddenVYIWR ¥a
superlnpog?ng theqﬁfgh vo|ta§§§3ﬁ%EQ?E§Qb g ue |s g%gg%gfﬁgﬁéps%he

t hr eshol dswam@efswmv(a@h@exaaadgt@@@lmgcma %q%éwthhsnalﬁhe@}# ge_when
the VSWR value is equal to or smaller than the threshold val ue S15)
are the sabeags HYiose depstikbed in the enbodiment 1. [0072]

[0056]

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 changed 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
empodiment 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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I'n the enbodinent 3, Step S16 is executed after superinposing the high
voltage in Step S14. In Step S16, the controller 100 determ nes whether or
not a time period T el apsed after superinposition of the high voltage NV
starts is greater than the first time period Tl that is a threshold tine
period for determning abnormty. The first time period Tl is set to be a
period of time in which plasma is expected to be reliably generated after

superinposin% the high voltage if the supply of the plasm gas is in a
normal stl&%e8]1f, as a result of the determnation, the tinme period el apsed

after superinposition _ o

In Fig. 4, the processing steps of determining the plasma
standby state (S10), supplying the high frequency signal HS
(811),andcalculatimgtheVSWRvalue(SlZ)arethesameastﬁmse
described in the embodiment 1.
{0059]

The process then moves to Step $13b, 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
threshoid value Vthl (YES), the disappearance of the piasma is
confirmed. Therefore, the process moves to Step 514, and the
controller 100 transmits the contrel signal Sy 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
frequency signal HS supplied between the applied electrode 114
and the ground electrode 116.
[0060]

If, as a result of the determination in Step §13h, the
VSWR value is determined to be equal to or smaller than the first
thresheld value Vthl (NO), the process moves to Step 513¢, and
the controller 100 further determines whether or not the VSWR
value is equal to or smaller than the second threshold value
Vth2. If, 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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of the high voltage HV starts is determned to have exceeded the first tine
period T1 (YES), it can be determned to be in the abnormal state.
Therefore, the process noves to Step S17, and the controller 100 perforns
processi ng when the abnormty is determ ned, for exanple, outputs an alarm
signal. Next, the process noves to Step S18, and the controller 100 stops
the supply of the high frequency signal HS and the plasma gas. Then, the
process noves to Step S15, and the controller 100 stops the

super i mpdsilticoltbf {HeShi ght yolssagé eHvo derermoonceiaabhe pxasphessof the
output of the alarmsignal include a display in a display device, |ighting
an al ar mPe&ip dipakiceg reésund ébnatedl atabbyzzePheandtsechrocess moves

to Step S15, and the controller 100 transmits the control signal
Swy to the high-voltage generator 103 to instruct the
high-voltage generator 103 to stop supplying the high voltage
HV.

[0061)

If, in Step S513c¢, the VSWR value is determined to be
greater than the second threshold value Vth2 (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 $12 and continue superimposing the
high voltage HV.

(0062]

In the process of the flowchart in Fig. 4, similarly to
theembodimentl,ji;ispossible1x)hohdtheprocessforwacertain
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 S14. 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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[ 0073] Here, in Step S16, if the time period el apsed after
superinposition of the high voltage HV starts is determ ned to have not
exceeded the first tine period Ti (NO, it is determned to be within a
normal waiting time period for plasma ignition, and the process returns to
the cal cul ation of the VSWR val ue (S12). [0074] In the waveform
chart in Fig. 7, time t10-t11 correspond to the process in Steps S10- S13.
At time t10, the controller 100 turns the high frequency signal to the ON
state, asgnthelbieghlPPequensytisegnath H®litsagppli ed taet bR &+ansmi ssdon
path. At time t11, if the VSWR value is determned to be greater than the
t hr eshol &"¢al Ugh VioR t acisel ¢ drst sopéeimpO8etunnshetiel dii ghewokhagesHhhanp the ON
state, and the high voltage HV is superinposed on the high frequency signal
HS. [0075P- The appiieationsefetkendlof abhored thHW hasnecrurs qoll a phasm
t hat mork% as the pilot IL%ht is not generated even when the high voltage
HV i s appPRéd"Oofs picakia HislGot 1ghhbl yAgérerat ed revemavheroather pledma t hat
works as _the pilot light is generated. In such a state, tinme passes in a
state | nAHARERTERe Thoer i%gaﬁéelwgeﬁaﬂcem&@e@1&@0@%}1@%%%
remains e ce giggeahg . thresgﬁld value Vth for detecting stable generation
of plasmi. SFF P e 1pasd8s TPPSMi RETFIEEIEC Wi &ie K& Hiagh Sroltege HV i s
applied t ' 12 at ich the Lir t . time period Tl is elapsed while this
state is ﬁg%ﬁggfﬁeé?'t%e cg%?rﬁ?r ?Cﬁﬁﬁ H%Y@rﬁ@ﬁg%tPﬁﬁtvﬁ E€alffor mal state
has occurred..Thgn t%h t.r.ql | 100 r t he, hi gh % uency sjgnal and
t he supgrinp%git?o%no %%%gg%ﬁ%ﬁ ggﬁggégggoﬁf%éﬁﬁkﬁh%tg @gqﬁﬁgu%dﬁﬁ%fs an
al arm si g8aleak8076d¢ time t3, when the VSWR value becomes equal to or

smaller than the second threshold value Vth2, the controller

106G 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 Vthil at
time t6.

[0065]

As described above, according to the process by the plasma
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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As descri bed above, according to the process by the plasma ignition system
of the enbodinent 3, the sane effect as the enbodinent 1 is provided.
Additionally, it is determned to be in the abnornmal state when the VSWR
value is greater than the threshold value Vth if the first tinme period Ti

el apses after the high voltage HV is superinposed, and an alarmsignal is
outputted. Therefore, it is possible to reliably detect a failure occurring
in the plasnma generating apparatus 1, and informthe adm ni strator that

mai nt enantid!d s Aeedder [ 6Or7puBrBodifentedhigh volAagenbudi pest ogpagcor di ng
to the present invention is an inprovenent of the enbodinment 1, and rel ates
to a casé’ B dHdhgiHPR el Wl tagedwal iee ofr t4ea high Vot agee i seaccase in

whi ch the VSWR val ue _renai ns great_er than the predetermned threshold val ue
Vth when L&%eeséb%%d?l teneepdFnodtef apsesuFllar ttharhitgls Forsagehigshold
superi NPQS! deo ,%tge h@gh f£equenj§?/ .signal _ According to this enbodinment,
t he high voutagé 0 be appt Y i's dRangealkhen pIredmaly Aetergnilbetd within
a certain,pe il%%m of.LSt:iLme; %0@&78 . Configurations of the plasm
gener at i ng a%par atus® 1M And T HE PIRRGAE S taten Syt éketothecafai agefo the
enbodi nent, 4 as those accardi, o,the enbodi nent 1, and

B Apahentne, 22 i e 25 ’
expl anat i onsp?ormt hese ggan ?)g%arna%;l]oth evﬁqln% ShPtelias Kol cax o
enbodi ment, A +ios dirfifenent,f rgm E]ge % i t 1in that the program process
by the controller 100 corresponds a g’\c/\&cﬁr " i%h %a&m%m‘—’[rﬁ(fg@]

[0066]

Embodiment 3

An embodiment 3 according to the present invention is an

improvement of the embodiment 1, and relates to a case of

outputting 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 VEh when

a first time period elapses after the high voltage is

superimposed on the high frequency signal. According to this

embodiment, itjﬁadeterminedixabeewlabnormal,statevﬁuﬂlplasma

is not ignited for an extended period of time.

[0067]

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 enbodi nent 4, the controller 100 operates so as to change the

vol tage value of the high voltage HV in a case in which the VSWR value is
greater than the threshold value Vth even when a second tine period T2

el apses after the high voltage HV is superinposed on the high frequency
signal HS. [U0O8UJ To he nore specific, in the enbodinent 1, the high
vol tage HV superinposed on the high frequency signal HS is not changed.
However, there is a case in which it is possible to easily cause a

di schar ge depeRdi fi§SofitPheiseate3of thhecphhsmalgasl By changiag theawol t age
val ue of the high voltage HV applied to the high frequency signal HS

Ther ef or &° %\EEEgHi%arﬁéeFﬁéméﬁﬁéoﬁWm s4grele vbbpagenaluer ohetiieghi gh

vol t age EV to be syPerigposeq is controlled to change when plasma is not
gener at ed “SAE Phat SRR ofdd F e TR 912 eb BPSELP PHPBARTPEELAD, thdi s
enbodi ment. exenplifies . a.case in which the voltage value of the high

vol t age ﬁ@gisvggéﬁggsgg A 4 g?%ﬁmi%eﬂmhﬁ?eY@e Y%%%lﬂalue 1% Nes@tem plasma
ignition h j to the odinent 4 will be described with
referencéﬁgg ggﬁfgﬁgﬁg$$99hvii%?‘gﬂgﬁaﬁgl &F 6r MERAr EA1R B8 5109, T he

f1 owchar t.;i i.0 : r-am pr Sss executed repeatedly or
irregularﬁﬁgggsngg Sg_ i%éﬂé nggﬁﬁﬁ%gégﬁﬁéssfgﬁgrﬁpPﬁs? oSk g&gkhﬁgh

embodi mept-oLaner eRLEseNLRd by the same step nunmbers. [0082] I n
Fig. 8, the procéssing steps of determ ning the plasma standby state (S10),

suppl yi ngoblkehi gh frequency signal HS (S11), calculating the VSWR val ue
(S12), conparing the VSWR value with the threshold value Vth (S13),

super i nposi ng t8edhghe w@ldags when tihe YEWR;wakyer i $1r rod t he
t hreshol d val ue Vth (Slf?{ andlstoppingesupeﬁingosihgrl?%g9 ?dﬁﬂ3%ﬂ¥%ge when

the VSWRivalsueonsieqealtd e @fupsialdessdchanehhed hsgsholid, v ak kb‘%:e\éﬁéél( S15)
are the sane as those described in the enbodinent 1. [0083] I'n the

enbodi mehbad,tiBt eprS&i8oi 8 exestitved . af tewnesHPErd HAs| B0 he i ghvelit age in
Step S14. In Step S19, the
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, according 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 period of time elapses.
[0070]

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 irreqularly
as needed. The same processing steps with those in the
empodiment 1 are represented by the same step numbers.

[0071]
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controller 100 determ nes whether or not the tinme period T el apsed after
superinposition of the high voltage HV starts is greater than the second
time period T2 that is a threshold for changing the voltage value. The
second tinme period T2 is set to be shorter than a period of tinme in which
plasma is expected to be reliably generated after superinposing the high
voltage if the supply of the plasma gas is in a normal state (the first
time period Ti in the enbodiment 3). The second tine peylod T2 is also set
dependi ng on tR& hiuwber bhegteps: B3i mhistkpshe! vl tteagel nvial e hiesp changed.

standby state (S10), supplying the high freguency signal HS

{(S11), calculating the VSWR value (812}, comparing the VSWR

value with the threshold value Vth (513), superimposing the high

voltage when the VSWR value is greater than the threshold value

Vth (814), and stopping superimposing the high voltage when the

VSWR value is egual 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 S14. In Step S16, the
controllerloGdetermineswhetherorrmﬂ:atimeperiodﬁFelapsed
after superimposition of the high voltage HV starts is greater
than the first time periocd Tl fthat 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. Next, the
process moves to Step 518, and the controller 100 stops the

supply of the high frequency signal HS and the plasma gas. Then,

the process moves to Step 515, and the controller 100 stops the
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[ 00841 If, as a result of the determ nation, the tine period el apsed
after superinposition of the high voltage HV starts is determ ned to have
exceeded the second tinme period T2 (YES), it is determ ned that the voltage
val ue of the high voltage HV to be superinposed shoul d be changed.
Therefore, the process noves to Step S20, and the controller 100 outputs
the control signal SHv to the high-voltage generator 103 to instruct the

hi gh-vol t age generator 103 to increase the voltage value of the high

vol t age MRS B Siigerdhpos ddiehy i tpredetayan Hed mentser cafncstiepsoi(A V, for
exanple). Then, the process noves to Step S14, and the high-voltage

gener at oP*HIP ' Feh &até§ ohéPRitgRTvehEagearw aignhé insindet eddveplage

val ue, and superi TROses the generated hi gh voltage HV on the high frequency
signal HS" P 918818V, BEUICCof ‘EHBTdBPer M RABFBNLcRRe Niakenperpoddebapsed
after superinpaqsition of the high voltage HV starts is determ ned to have
not exce%gle&q}t)aﬁén ijélc,z&?df’t it pgé'%ihod T2 (NO), the process returns to the

cal cul ati[(e@?%f] the VSWR val ue (S12). [0085] Here, in Step S19, while
the el apsed ti'me period T elapsed froma tine point at which
superinpositio th i It a has _started js conpared with the
second time pefr:!ieg%’Tiﬁf glrtg?h\‘eéglﬁi’rgg 'Elz?{ﬁe,%lfnﬁepéﬁlréﬁ) §16 &56F T froma
time poi :Whi : I val ' vol.t age HV has been
changed g?@%&ﬁ@?&%@%ﬁ%f@%% t Utgﬁggg%gg\ﬁ&”t%mr}:es 6&86886?’?1?8? the

second t haweatst bheceabherne SRS Gal by, SUery (ho7® d{i{]gss ectoe”xdr%}d%gfr@ period

T2 el apses, an internal tinmer that couhts the el ap i me” per reset.

[0086] to be dinithe mavehalmehaltg it GerQod sh2L gorrespond to
the process in Steps S10-S13. At tigr[re tZO%et hue’O cogt?r%f{{)seégjfég%t%lronrg’ t he

hi gh frequencyespgnabstoreherN statige and-{ her Nhghof requengy: signal HS is
applied to the transm ssion path. At tinme t21, if the VSWR value 1s

determ nédled.be greater than the threshold value Vth, the controller 100
turns the high voltageRVt ot heONstate, and a high voltage HV1 (initial
val ue) i $08uépéri mposed on the high frequency signal HS. As is clearly seen
fromFig. 9, the first time period Ti is |onger than the second tine period
T2, and is equil te aaviederpechedtfimmity.me, t 2dmé o 10-1EL 1 24 r JQOBHA

to the precess in Steps $10-S13. At time t10, the controller

100 turns the high frequency signal to Lhe ON state, and the

high freguency signal HS is applied to the transmission path.

At time tll, 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 frequency 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. 1In

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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Here, depending on the state of the plasma gas, there is a case in which
pl asma is not stably generated even when the high voltage HV at the
predeterm ned voltage value is applied. In such a state, tinme passes in a
state in which the | oad i npedance is not converged and the VSWR val ue
remai ns exceeding the threshold value Vth for detecting stable generation
of plasma. At tinme t22 at which the second tinme period T2 el apses after
time t21 at which superinposition of the high voltage HV has started

previ ousltyreshe lviov & ge Wal derofiet het hhghe ol tage nkd¥ attd dheosupesémposed on
the high frequency signal HS is changed to a high voltage HV2 that is

hi gher tRantfife REgRevofraget HVE bylazstelpi#h M he fhpdlasmel isgaotv gener at ed
even with the high voltageFIN 2 after the change, the VSWR val ue stil

remai ns abBBvé SAhe” ttHisshok dtvahdehvtine fihesrtetome, paticd Me 123:lapswdd ch t he
second tige period T2 el apses after time t22 at which the voltage val ue of
the hi gh"VolBaber &\ s BeeAodRadge&r 80poaen jrot her vl § atpt araliuesof t he
hi gh vol HV to be superinposed on the high frequency signal HS is
changed %%gg1ﬂF§ﬁ%98FF€3es ngﬁﬁ§ioF§uﬁF@ﬁer ey the apghrosleaged Hv2 by

anot her ste V. At .tinme t24, if,plasma is generated with the high voltage
HV3 afte}s‘-uifﬁéAtc*h%#gleg,h FRE VEWRY 2 " T SR T GRBCARIPBECHHES @GUAIS to or
smal l er tF " esho val.ue Vth, and as result, the superinposition
of the hﬁgﬁﬂv‘ép?ség%ﬂ Istggt @%geé.\t/afﬁeséﬁd_ O_u%p‘l%&s AescriBed ‘ABbVe,
accord|n90?96§he process by the plasma ignition system of the enbodi nent 4,

the sane effect as the enbodinent 1 is provided, and as the vol tage val ue

Cecond ti e pert od 72 banees oF BT Rattt b PP Par e MR e Bt

second time period T2 el apses, 1t 1S pos 0

even Wheﬂgﬁb@iéﬁ?ﬁ?s@émtgﬁ Ehgsgﬁb8@§m¥ﬂEig?'Fh@pggheC%Q%%c¥b%g“€%%

Exanpl es e present invention is not limted to the abdve

enbodi meatsed andnean be @kdefesyas meededwithout; [deparddng fi e spirit
of the present inventioﬁ%}[0090] For e?gnﬁ1e, t he enbo ?%%%?% l1to 4

are not exclmusiive dheaedn oithefs ach tie arswrg 1.IPAdI RERLS Ganr 1§, freely
conbi ned 40
thethresholdvalue\ﬁjzifthefirsttimeperiodTleﬂapsesafter
the high voltage HV is superimposed, and an alarm signal 1is
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

35



and put into application. A flowhart in Fig. 10 shows an application
exanpl e when all of the enbodinents 1 to 4 are incorporated. According to
this application exanple, it is possible to provide a plasnma ignition

met hod providing the sane effect as the enbodinent 1, as well as all of the
effects characteristic of the enbodinents 2 to 4. [0091] Furt her,
according to the enbodinents 1 to 4, as illustrated in Fig. 1, while the

pl asma generating apparatus 1 is provided with one ceranmi c tube 112, the
appar at u9fcanmgenerate plasma using a plurality of ceramc tubes. [0092]
Fig. 11 shows a configuration diagramof a plasnma generating apparatus |b
provi ded lWPt/RJa plurality of ceramc tubes 112. The sanme or |ike conponents
as those in the enbodinent 1 (Fig. 1) are represented by the same or |ike
ref erence nunefral§i9ppeyapns of theripd gsivgs pengensriavi agrappanat Usaid i s
provided with the plasma ignition system 10, a gas chanber 110b, the
reactanc§h809¥%ﬁﬁﬁ(%$W%§H0n1§1?tﬁﬁé“iéﬁ&ﬁﬂé“ﬁﬂbé@1¥¥2?m§@dép@mﬁeéEHMectrode

114b, thﬁ shi el ding cover 115, %round el ectrodes 116b, and the plasma gas
supply i P&t S#18. 2FPntparti eGFar O it He thodie eabeddmsid ils cHaracteristics in

that theeQ%Eé%E%EXngffggr%ggget%g% i%%%a%&%n%r%%&%e%é u%%%ﬂed.

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 Vth
even when a second time period T2 elapses after the high voltage
HV is superimposed on the high frequency signal HS.

V08U ]

To bhe more specific, in the cmbodiment 1, the high voltage
HV superimposed on the high frequency signal HS is not changed.
However, there is @ case in which it is possible to easily cause
a discharyge 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
exemplifieseacasej}lwhichtﬂmavoltage‘valuecyfthelmuﬂlvoltage

HV is increased in a stepwise manner.
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The gas chanber 11010 is a gas filling chanber for supplying a plasm gas
simlarly to the gas chanber 110 in the enbodinment 1, but different in
that a frane 113 having the plurality of ceram c tubes 112 is provided. The
frame 113 is configured by a conductive material, and is a plated body
havi ng hol di ng hol es through which the ceram c tubes 112 are respectively
held . Each holding hole is configured to have a dianeter as |large as an
external dianmeter of the ceramic tubes so as to be able to hold the
correspondiG¥g Jcerami ¢ tube 112. The plurality of ceranic tubes 112 are held
by the frane 113 such that openings of the tubes face a cl eaning surface S
The applied el 8€ftodé PlaBnEs igoAfilgur o¢ thyda acondutitiove ardtier i al  such as
brass, and is a plated body having insertion holes through which the
cerani c CUBSSITESthél Yipy %ﬁedﬁﬁﬁﬁébQQBWaFé retpeenioely nSkowenzrEach
insertion hgle is caonfigured to have a dianeter slightly larger than the
ext er nal di ﬁ%téfaBg ?H%“Eﬂ?ﬁﬁiEh?EEé§3fT2b The Epplliled dlaedt todeial4b is,
sinilarl% %go&he enbodi nent electrically connected to the coaxial cable

1
106 via tha PEactahte? EaFrREYTONS cofFeUaad st hethy o firek@neyr kY gnal  HS
out putted_f e plasmp_ignition system 10 and the matchi ng device 105 is
suppliedg§o%%%§%§ﬁplée% efé t?%%geii¥89 $h8p§a§15haﬁ58ﬁeliﬁbgp§ provi ded
with a shi.gldi over, 11 e e a _part of each ceramc tube 112
and appl i ed gﬂggpgogeaf%4%?§$ﬁ§%§%%gl%&L§§€bﬁgwwﬁf§%gsQﬁﬂ%ﬁ%ﬁned by a
conductiyegopgagerial, and to be able to shield el ectromagnetic waves
generated by the applied el ectrode 114b. Further, the ground el ectrodes

116b are provig§¢gggsggcggg§h¥m%g%qgga§%@%ﬁqgf?%tggmﬁg%m%¢£gg§§_tubes 112.

The configurations and the oOperations e plasma 1 gnit’i on st 10 and
the mat chtagdpevikeatd0%sane, skobhak ithe these  agcordi t iments 1
to 4. [0095] Accor di ng ngtgé glasna 5gﬁeratﬁ%%na p§$§¥§gp?§!of t he

modi fi ed(exappl ealsmhtanbythe vherewhodemerte)l (Rrfha RGN e AsS™ gas
is supplied to the plasma gas supply inlet 118, and the hi'gh voltage HV is

suppl i edvébuthe tapphe eth relseeticode] dd 4 1 (9181 heplasmpdanid £ 98 rs¥3t em 10,
pl asma i s generated due to a discharge. Further, the plasma is stably

mai nt ai nedlbygsupplyichg YHER Maghief 1 equencye sitgrzal +HS £ a5 it deq Rl-asim
ignition system 10. In particular, according to the plasm generating
appar at usth bl S9f4 it.henaodi doeich @ xamelre jupiots jingy tohafliigr ed1sugh that «plasma
jets can be blown out fromthe plurality of ceramc tubes 112 to the

cl eani ng”SWik facle1sS i sTRag 2 Lproces simeg: Jeol éhninnghebyh tdieh el @snsl jetvg can be
performed over a wi de range. Mreover, the plasnma ignition nmethod accordi ng
to the pkesehtaFaventi dsmreans behappl fledcrdbeteipl asmaegbneratinng lappar at us
| b of thF ove exanple. | NDUSTRI AL APPLI CABI LI TY [ 0096] The pl asna
ignition %@§$%n1and the plasnma ignition nmethod according to the present
invention are applicable in an environnent in which it is desired to

aut omati cal |y Igfd\}i@deef%ﬁ?djx}@ﬁl? |t i DFER nShh Ehckvsedtedgibhewi t hout manual

handlirmkuperimposing the high voltage in Step S14. In Step S19, the
controller 100 determines whether or not the time period T
elapsed after superimposition of the high voltage HV starts is
greater than the second time period T2 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 voltage
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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[0097] The present invention can be applied, according to pur poses and
applications, as an enbodi ment appropriately conbined or an application
exanple that is altered or inproved, and not limted to the enbodinents or
the application exanple described through the Mdes For Carrying Qut The

I nvention. An enbodi ment and an application exanple appropriately combined
according to purposes and applications are also included in the technical
scope of the present invention, in so far as not departing fromthe

techni cal'’?s¢epeled the pepsedindnventionnubESCR) PTH N O REFERENGE e
CHARACTERS [ 0098] 1Pl asma Generating Apparatus 10Plasma Ignition System
100Cont r sPl&érgt0YFilgh- EseghengydPower Suppl y

[0084]

i1f, 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 controller 100 outputs the control
signal Syy 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 veltage value, and superimposes
the generated high voltage HV on the high frequency signal HS.
Tf, as & result of the determination, the time period elapsed
after superimposition of the high voltage HV starts is
determined to have not exceeded the second time period T2 (NO),
the preocess returns to the calculation of the VSWR value (512).
[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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El ectrode 115Shi el di ng Cover 116, 116b G ound El ectrode 118Pl asma Gas

Supply Inlet
second time and thereafter. Specifically, every time the
second time period T2 elapses, an internal timer that counts
the elapsed time periocd is reset.
f0086]

In the waveform chart in Fig. 9, time t20-t21 correspond
to the process in Steps S10-513. At time t20, the controller
100 turns the high freguency 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 thresheld 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 T1 is longer than the
seceond time period T2, and is equal to a time period from time
21 to time t24.

[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 HV 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 HV1
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by a step A V. If plasma is not generated even with the high
voltage HV2 after the change, the VSWR value still remains above
the threshold value Vth. Therefore, at time t23 at which the
second time period T2 elapses after time t22 at which the voltage
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 T2 elapses, it is possible to reliably ignite
plasma even when the state of the plasma gas varies.

[0089)
Other Modified Examples

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

[0090]
For example, the embodiments 1 to 4 are not exclusive to

each other, and two or more empodiments can be freely combined
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CLAI M5 1. A plasnma ignition system conpri sing: a _
radi o-frequency power supply configured to supply a predeterm ned high
frequency signal to an applied electrode for generating pl asng; a

mat chi ng devi ce configured to natch i npedance on a side of the

radi o- frequency power supply and i npedance on a side of the applied

el ectrodend put intc 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 igniticn 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
embodiment 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
114k, the shielding cover 115, ground electrodes 116b, and the
plasma gas supply inlet 118. In 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 forward wave/refl ected wave detector configured to detect a forward wave
and a reflected wave of the high frequency signal; a hi gh-voltage
generator configured to generate a predeterm ned high voltage; and a
controll er configured to superinpose the high voltage on the high frequency
signal when a ratio of the reflected wave to the forward wave is greater
than a first threshold val ue. 2. The plasma ignition system
according to claim1, wherein the controller stops superinposing the
hi gh vol tfagéadiangahe iratlico lhetongse egurabhtober shialirer hehanbad seeend
threshold value after the high voltage is superinposed on the high
frequency  sifyradifferent ig thps pl Aspmei §hdt honisystlem pteoatling 60 cl ai m
2, wherein . when the ratio is greater than the second threshold
val ue ev&FTRifelr AUPPEst L€ iife Pperiicedel a%@@sf wimerl ¥heé shighfyghtageby s
superinposedwgn t he high tgﬁﬂuency signal, the controller outputs a
pr edet er i WY AT ar B§ Si7gTd1 Band@RY dis 2 SUsdrachBesy itp e hicgh ivel hales
suppl yi ng.the high, frequency signal, and supplying a plasma gas that has
been sup%ﬁﬁg§%m) %?ﬁﬁ Frig %@%gyhesafaaﬁ?ITﬁ@ﬁﬂQﬁﬁﬁ%H@ﬁﬂ&wnﬁ%@%tem
accordi ng_tq.cl ai .wherei.n the controll er changes a vol tage val ue
RS ERY ’

of the hggh &oﬁtggg% ﬁﬁeﬁoPﬁéng?PotPsgayga?e LPRGheF h2S sk H%™ Fhrdshol d
val ue even.when ays Qg% ti/me, peLi el.apses_after the hi voltage is
superi nposed on t egﬁlg rfrequencégg?bﬁgﬁﬁbes Ud &5 L0000

the corresponding 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 114hb

is configured by a conductive material such as brass, and is

a plated body having insertion holes through which the ceramic

tubesll2heldbytﬁmafrmma113arerespectivelyinserted. 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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5. The plasma ignition systemaccording to claim2, wherein t he
first threshold value and the second threshold value are different. 6. A
pl asma generating apparatus, conprising: the plasma ignition system _
according to claim1l; the applied electrode configured to be supplied wth
t he high frequency signal; a ground el ectrode for generating the

pl asma between the ground el ectrode and the applied electrode, a ceramc

t ube for inducin% a plasma gas around one of the applied electrode and the
ground eléctredelaang ignitioa gastsupplyadevitce manthgugedet ocsuppby the

pl asma gas to the ceram c tube. V. The plasma generating apparatus
accordin@rﬁosépgﬂ@g6pqmﬁﬁqﬁq1according 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, accerding to the plasma generating
apparatus 1b of the modified example, it is configured such that
plasma jets can be blown out from the plurality of ceramic tubes
112 to the cleaning surface S. 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

exanmple.

INDUSTRIAL APPLICABILITY
[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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t he ground el ectrode extends al ong an axial core of the ceramc tube, and
the applied electrode faces a part of the ground el ectrode so as to encl ose

an exterior of the ceram c tube. 8. The plasma generating appar at us
according to claim6, wherein the ground el ectrode extends al ong an
axial core of the ceramc tube, and the applied el ectrode has a

t ubul ar shape encl osing an exterior of the ceram c tube, and extends to a
tip of the ground el ectrode. 9. The plasnma generating apparat us
accor di ngutrpoekai BnG, apberein ibher e ;ar era eplbdicahictyt efphe cera€ tubes,
and t he ground el ectrode extends al ong an axial core of each of the

ceram ¢ tohesned or an ajifl idhel phasmmpgenehati hyg adpparat Us agoaswidg to
claim®6, wherein
and not limited to the embodiments or the application example
described through the Modes For Carrying Out The Inventicn. An
empbodiment 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-Freqguency Power Supply
102 Traveling Wave/Reflected Wave Detector
103 High-Voltage Generator
104 Superimposed Coil
105 Matching Device
106 Coaxial Cable
110, 110b Gas Chamber
111 Reactance Correction Coil
112 Ceramic Tube
114, 114b Applied Electrode
115 Shielding Cover
1le, 1lob Ground Electrode

118 Plasma Gas Supply Inlet
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an i npedance correction coil is provided between the plasma ignition system
and the applied el ectrode. 11. A plasma ignition nmethod conprising the
steps of: supplying a predeterm ned high frequency signal to an applied

el ectrode for generating plasma; matching i npedance on a side of the

radi o-frequency power supply and inpedance on a side of the applied

el ectrode; detecting a forward wave and a refl ected wave of the high
frequency signal; and superinposi ng a predeterm ned high voltage on
t he hi ghhfirequBnecl Ergnaknwhefigrrati o of the reflected wave to the forward
wave is %reaterlthan a first threshold val ue. 12. A program for
control | Mg pl Bse Vghikeden for a plasma ignition system provided with: a
radio-fre%uenCé'pomer supply configured to supply a predetern ned high
frequenc¥Vsdi gnlfgbovahtappl i ed el ectrode for generating plasma; a matching
device configured to match i npedance on a side of the radio-frequency power
suppl y afd<i npBaahcécbhagesi de of the applied el ectrode; a forward
mave/refhg&;ed wayve d%tector configured to detect a forward wave and a
reflecte vel'oft heth#9% frequency signal; and a high-vol tage gener at or
configurﬁd to generate a Eredeternined hi gh vol tage, the program having
commands' descrT b PRel'EFn"End for causing a conputer to execute the

functiong of: sfarsing £9.74RR! Ybhechi g, freayency signal to the
Sus Control Signal
Shv Control Signal

Vi Traveling Wave Amplitude Value

Vr Reflected Wave Amplitude Value

Z Load Impedance

Zg Characteristic Impedance

' (Gamma} Voltage Reflection Coefficient
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appl i ed el ectrode; calculating a ratio of the reflected wave to the
forward wave, and conparing the ratio with a first threshold val ue; and
superinposing the high voltage on the high frequency signal when the ratio
is greater than the first threshold val ue.

CLATMS

1. A plasma ignition system comprising:

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 ftorward wave/reflected wave detector 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 contreller configured te superimpose the high voltage
on the high frequency signal when a ratio of the reflected wave

to the forward wave is greater than a first threshold value.

2. The plasma ignition system according to claim 1,
wherein

the controller stops superimposing the high voltage when
the ratioc becomes equal to or smaller than a second threshold
value after the high voltage is superimposed on the high

frequency signal.

3. The plasma ignition system according to claim 2,

wherein
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when the ratio is greater than the second threshold value
even when a first time period elapses after the high voltage
is superimposed on the high frequency signal, the controller
outputs a predetermined alarm signal and stops superimposing
the high voltage, supplying the high frequency signal, and
supplying a plasma gas that has been supplied for inducing

plasma.

4. The plasma ignition system according to claim 2,
wherein
thecontxollerchangesaxmﬂtagevaluecﬁfthehighvoltage,
when the ratio is greater than the second threshold value even
when a second time period elapses after the high voltage is

superimposed on the high fregquency signal.

2. The plasma ignition system according to claim 2,
wherein
the first threshold value and the second threshold value

are different.

6. A plasma generating apparatus, comprising:

the plasma ignition system according to claim 1;

the applied electrode configured to be supplied with the
high frequency signal;

a ground electrode for generating the plasma between the
ground electrode and the applied electrode,

a ceramic tube for inducing a plasma gas around one of
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the applied electrode and the ground electrode; and
a gas supply device configured to supply the plasma gas

to the ceramic tube,

7. The plasma generating apparatus according to claim
¢, wherein

the ground electrode extends along an axial core of the
ceramic tube, and

the applied electrode faces a part of the ground electrode

$0 as to enclose an exterior of the ceramic tube.

8. The plasma generating apparatus according to claim
b, wherein

the ground electrode extends along an axial core of the
ceramic tube, and

the applied electrode has a tubular shape enclosing an
exterior of the ceramic tube, and extends to a tip of the ground

electrode.

9. The plasma generating apparatus according to claim
©, wherein

there are a plurality of the ceramic tubes, and

the ground electrode extends along an axial core of each

of the ceramic tubes.

10. The plasma generating apparatus according to claim

6, wherein
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an impedance correction coil is provided between the

plasma ignition system and the applied electrode.

11. A plasma ignition method comprising the steps of:

supplying a predetermined high frequency signal to an
applied electrode for generating plasma;

matching impedance on a side of the radio~frequency power
supply and impedance on a side of the applied electrode;

detecting a forward wave and a reflected wave of the high
frequency signal; and

superimposing a predetermined high voltage on the high
frequency signal when a ratio of the reflected wave to the

forward wave is greater than a first threshold value.

1Z2. A program for controlling plasma ignition for a
plasma ignition system provided with: a radio-frequency power
supply configured to supply a predeterminred high frequency
signal to an appliedelectrode for generating plasma; a matching
device configured to match impedance on a side of the
radio-fregquency power supply and impedance on a side of the
applied electrode; a forward wave/reflected wave detector
configured to detect a forward wave and a reflected wave of the
high frequency signal; and a high-voltage generator configured
to generate a predetermined high voltage,
the program having commands described therein and for causing
a computer to execute the functions of:

starting to supply the high freguency signal to the
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applied electrode;
calculating a ratio of the reflected wave to the forward
wave, and comparing the ratio with a first threshold value; andg
superimposing the high voltage on the high frequency

signal when the ratio is greater than the first threshold value.
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