Speci fication ABNORVAL DI SCHARGE SUPPRESSI NG DEVI CE FOR VACUUM APPARATUS 5
Technical Field [0001] The present invention relates to an apparatus for
suppressi ng abnormal el ectrical discharge in vacuum Mre particularly, it
relates to an apparatus for suppressing 10 abnormal el ectrical discharge
used for vacuum equi pnent, which cuts off an output from a high-frequency
power source so as to suppress abnornmal electrical discharge that nmay occur
when plasma is generated by usi ngSpeeifilgatioaguency power source.
According to the suppression of the abnornmal electrical 15 discharge, a

substrate can be prot e *BNFRMAGNPESFHIBGEWSHE PRESSINGh DENESE ous di schar ge,
in filmformation on the substr 0 chi 0 he substrate by using
pl asma. Background Art 20 [ooo@iﬁ‘ﬁ“@“‘ﬁ‘&d{%@g‘%ﬁ“%nuf acturing an item such
as a sem -conductor device, a liquid crystal panel, and a disk, there is a
step for subjecting a substrate of each itemto a treatnment using plasna.
In a syg;en&&?hﬁgcggrfgéﬂa such plasma treatnent 25 step, high-frequency
power is supplie romthe high-frequency power source to change processed
gas into plapggglfnd using this plasma, a surface of the substrate is
subjected to a film formation or an etching treatnent. In such systemin
vacuum 1 a matchrhg gréseht isvenbvoetebetegetot 88 Appardtasuesey powver
source and a |l oad, so as to adjust inpedance reaching the plasna

suppressing abnormal electrical discharge in vacuum. More

particularly, it relates to an apparatus for suppressing

10 abnormal electrical discharge used for vacuum equipment, which
cuts off an output from a high-frequency power source so as to
suppress abnormal electrical discharge that may occur when
plasma is generated by using the high-frequency power source.
According to the suppression of the abnormal electrical

15 discharge, a substrate can be protected from damage owing to
such anomalous discharge, in f£ilm formation on the substrate

or etching of the substrate by using plasma.

Background Art
20 [0002]

In a process of manufacturing an item such as a
semi-conductor device, a liquid crystal panel, and a disk, there
is a step for subjecting a substrate of each item to a treatment
using plasma. In a system which performs such plasma treatment

26 step, high-frequency power is supplied from the high-frequency
power source to change processed gas into plasma, and using this
plasma, a surface of the substrate is subjected to a film

formation or an etching treatment. In such system in vacuum,



fromthe matching circuit and i npedance reaching the high-frequency power
supply fromthe matching circuit, thereby 5 exercising control for
suppressing a reflected power fromthe plasma. [0003] In a treatnment which
enpl oys plasma such as the film formation and etching, an abnornma
el ectrical discharge may take 10 place due to various factors, such as an
arrangenent of magnet part, a state of cathode surface, a nethod for
manuf act ur i agnatohing gliaced tphs proxyided between ttheghighafneguency mawer
met hod, a shape of edge part, erosion, a surface corrosion state, and
honmogenei t i 88uBfesand actoad: iSpaf ot addyss 1mpeRane e reacinyblrhe P asiid
thereof; and a t ge of sgutter as, ressure control theregf, and a way
é €ha

.gas, a :
how to fl owEFRB §he. mpsEBAPIAS EPlFh@ggbﬁﬂpﬁﬁﬁnEFeEﬁﬁFEAPgdF rge,

initially, a, mnpority arc IS generate aqﬂésub equent | ener |.S..2
concent r at et lgﬁéQFSqHXPEXp%?‘&_%PéIPPﬁ' egjé?mt_ e H\aigg‘ilﬂg 3¥E?B%\_§t %e %% hen a
transitipn %ﬁe%ggi}@ éoHPi{}i hfé(r ;@Jsiq{i%hgggﬁﬁc@%dnﬁb%ktf’r&ﬁ Clhe YWEN
this majority arc is”generafed, a Ssitive Teedback occurs In novenent of
hi gh-energypghemhron, a rise of the surface tenperature of the target, and
an abnormal “25 distribution of gas pressure. Accordingly, evaporation of the
target materi@boand rising of local plasma density occur, resulting in
triggering of an enornous arc, referred to as "racetrack arc", for
i nstance. Such m DArat yreatmentj wvhith emploPsapllasmaecsuahkaar theanfilm
physically destroy the target, and in addition to such influence, there is
anot her i nf Eoegmetibnaugheétching, an abnormal electrical discharge may take
10 place due to various factors, such as an arrangement of magnet
part, a state of cathode surface, a method for manufacturing
an insulated part; a quality of target, a manufacturing method,
a shape of edge part, erosion, a surface corrosion state, and
homogeneities of surface activation, and a temperature control
15 method thereof; and a type of sputter gas, a pressure control
thereof, and a way how to flow the gas.
[0004]
As for the abnormal electrical discharge, initially, a
minority arc is generated, and subsequently, energy is
20 concentrated due to a temperature rise at the minority arc part,
and then a transition is made to a majority abnormal discharge
(a majority arc). When this majority arc is generated, a
positive feedback occurs in movement of high-energy electron,
a rise of the surface temperature of the target, and an abnormal
25 distribution of gas pressure. Accordingly, evaporation of the
target material and rising of local plasma density occur,

resulting in triggering of an enormous arc, referred to as

"racetrack arc”, for instance. Suchminority arc, majority arc,



about by broken pieces, such as naking of pinhole on a nenory or on an
optical surface in the course of filmformation. 5 [00051 Wien a snal
oxi di zed portion is generated on the target due to the destruction, an
el ectron density at the portion becones higher, and energy accumul ated in
the plasma itself and additional energy supplied fromthe high-frequency
power source 10 and DC power source are absorbed. Accordingly, inpedance
around t he @RAdIrasgtFacki @¥c fayaphysliopllyndesd royndhend agigetyy angeiifg
absorbed is cqonverted intqQ heat. This heat causes  _evaporation of the
material of 3dfdt QPgE‘P,S‘i‘%évlé’if}uieﬂé’leeaEPﬁﬁe is goather EPQSEGPEeo‘?r%@Eg t he
el ectron densit | gher, 15 Therefore,. if such majqr-scale abnormal
el ectrical (?i%?(l:1 apgeBrSEﬁﬂr%i%Ee%IES%lﬁrb&F é’l?gﬂ}élg P% P%nﬁ8§8583r3 T ease
the heat arqu e roet I t £ o3  t er

P %ﬁ B opt1%ah %&r%%%@ 9n %Bg[%%@%%e ?% %ﬁﬂﬁf altio

di ffusion of "gas (see patent document 1). e electron density
W t hin pﬁasq&obg]one of the factors which exert influence on a substrate
treatment. The state of plasma is changed according to high-frequency

power, pressure Wh&hM am4ddusRiehasdgiortdiond he dékeratdersf ehe, to&vgat
t hough the inpedance is adjusted by the matching circuit, sone plasma 25

conditions dme itocthasdestraidtdoned anaedecwironh densidalyl att athe Ippritienpl asma

and returns to the high-frequency power source. There is suggested a

t echni que whiecomesnhigheri endksergymnmcaamsiatediinhthe iiagpandteelfyand

detecting a reflective coefficient 3 (see patent docunent 2). [0007]
additional energy supplied from the high-freguency power source

10 and DC power source are absorbed. Accordingly, impedance
around the oxidized portion is radically lowered, and the energy
being absorbed is converted into heat. This heat causes
evaporation of the material of the target, thereby increasing
a partial pressure or making the electron density higher.

15 Therefore, if such major-scale abnormal electrical discharge
occurs as described above, it i1s necessary to release the heat
around the target or sample, and apply the power again, after
diffusion of gas (see patent document 1).

[0006]

20 The electron density within plasma is one of the factors
which exert influence on a substrate treatment. The state of
plasma is changed according to high-frequency power, pressure
within a vacuum chamber, or the like. Therefore, even though
the impedance is adjusted by the matching circuit, some plasma

25 conditions may increase a reflected wave, which is reflected
by the plasma and returns to the high-fregquency power source.

There is suggested a technigue which monitors the electron

density within the plasma, by detecting areflective coefficient



Occurrence of abnormal el ectrical discharge such as an arc nmay cause danage
to a glass substrate, silicon wafer, or 5 the like. It is suggested that
when the arc occurs within a plasma generation chanber in a high-frequency
generator, the occurrence of arc is detected by detecting a reflected
power, and a control circuit which receives a detection signal |owers or
suspends tenporarily %for tens of mllisecond) the output 10 fromthe

hi gh- f r equehE§egeateRt oROCHMERELY ) achi eving arc  suppressi on (see patent
docunent 3) &ﬁg 8] In order to suppress instantaneous abnornmal electrical

di schar ge whP ccurs on an electrode for filmformation, a 15 plasma CVD

device is suggested, which is_provided w . raf | e e.referred
to as arc- cutg'.J gf uneTFEht e RCR u%ﬁf%%%orr%]ev%%%%ﬁléﬁ%g %#A%E#o?énaﬁ‘%ﬂ & raﬁ-lcal

di schar ge. 1S C- | det | 0

I nst ant gneo%’ghaﬂn r?ré#geeéée&@%%gg %lﬁiéasf Sse@%%%&c))é%ﬁ ﬁgﬁit%&gﬁﬁée%ﬁrbroﬁ he
l'ike witdine@@ 8RBt Ching HRugFe¥hed Oftfatiildif NP dudlird ReGUSne)a pover

or reduces the applied power, only for a short period of time (see patent
docunment 4) p1b8AA%edbeapabrRNEhaABEIEN 3 HiyH hEreuouestgeddritdhe tharber

25 of arc-cut operation times is counted, so as to record the nunber of
ar c- cut opeoatusorehceest darce nigs iddtadtedrbyi datectihgeatref OO fddeetent
docunent 1] 4 Japanese Patent Application Publication No. 2733454 [ Patent
docunent 2] and a control circuit which receives a detection signal lowers
or suspends temporarily (for tens of millisecond) the output
10 from the high-frequency generator, thereby achieving arc
suppression (see patent document 3).
[oo008]
In order to suppress instantaneous abnormal electrical
discharge which occurs on an electrode for film formation, a
15 plasma CVD device is suggested, which is provided with an
operational feature, referred to as arc-cut function to suppress
the occurrence of abnormal electrical discharge. This arc-cut
function detects a sign of occurrence of instantaneous abnormal
electrical discharge, according to current or the like within
20 a matching box, and stops application of high-frequency power
or reduces the applied power, only for a short period of time
(see patent document 4).
[0009]
The patent document 3 further suggests that the number
25 of arc-cut operation times is counted, so as to record the number
of arc-cut operation times during film formation treatment.

[0010]

[Patent document 1]



Japanese Unexam ned Patent Application Publication No. 2000-299198 5

[ Pat ent docunent 3] Japanese Unexam ned Patent Application Publication No.
06- 119997 [ Patent document 4] Japanese Unexam ned Patent Application
Publication No. 10 2001-102196 Disclosure of the Invention Problemto be
solved by the Invention [0011] 15 In vacuum equi pnent, occurrence of
abnormal electrical discharge is detected, typically when a refl ected power
is rapidl yJapanesecBateptiedpplicationePubdicatponeNonn¢73B484be i ncreased
in the case other than the abnormal electrical discharge occurrence.

Theref ore, {ReEentsdqcBmeBEedlt hat a 20 hi gh-frequency power source may be

cut off, even though there, i 0,abnornal el ectrigcal .di schargg. For
exanpl e, at FH@“FF%EUH8F6W¢HF§iEﬁtﬁﬂgnRPRElﬁP ﬁQPrthéﬁ89%ﬁ8ﬁe§°SOurce is
activated 5808999519Ehe hi gh-frequency power to the | oad side, the
reflected power i'S"increased. Accordingly, even when any 25 abnor nal

el ectricgl gbag ﬁggaoggﬁangogloccur, it is determned that the abnornal
el ectrical discharge has occurred upon detecting the increase of the

reflected pguphneslduaBxamindll pateRt9AphleaHeney Paveichtebnt k6.
hi gh-frequency power source 5 to the load side is controlled to be cut off.

I f the outpos-1ipeprt he hi gh-frequency power source is cut off, power is not
supplied, and therefore plasma is not forned, resulting in a

[Patent document 4]

Japanese Unexamined Patent Application Publication No.

160 2001-102196

Disclosure of the Invention
Problem to be solved by the Invention
[0011]

15 In vacuum equipment, occurrence of abnormal electrical
discharge is detected, typically when a reflected power is
rapidly increased. However, this reflected power may also be
increased in the case other than the abnormal electrical
discharge occurrence. Therefore, there is a problem that a

20 high-frequency power source may be cut off, even though there
is no abnormal electrical discharge. For example, at the time
of ignition when the high-frequency power source is activated
to supply the high-frequency power to the load side, the
reflected power is increased. Accordingly, even when any

25 abnormal electrical discharge does not occur, it is determined
that the abnormal electrical discharge has occurred upon
detecting the increase of the reflected power, and an output

of high-frequency power from the high-frequency power source



trouble in the filmformation treatnent. 5 [0012] In addition to the tine of
the ignition as described above, there is a simlar problemin the case
where the high-frequency power source is restarted, after cutting off the
out put of the high-frequency due to the detection of the abnorm

el ectrical 10 discharge. On this occasion, since the reflected power is

I ncreased ow ng to m smatchi ng of inpedance or the like, the increase of
the refl ectted pbeelopdysidasésacontselledetei bp ehhtoffhe Hhridimutput

el ectrical discharge has occurred, even when such discharge has not
occurred. ThEPEfbRe high- EXRIMENGHRMNGDFOIFGEs I8aFHtefEbut POFRE LHAH and

this may develog,a trou '
it

le i tarting., [0013] 1t jvabl e, that at
the iy of SPBRLAFAN BRA FhePafbFRGELa R btk SEVRtd: ROtk ERtY i the

abnormal 20, elaghLl Gal (HESeR3hOBolRa3ehn! @-BEREARCr, and accordingly such
fal se detection imay be Suppréesséed. wever, typically, the high-frequency
power sqﬁrc?06§§]a protective feature of drooping characteristic which

t

| ower s e output voltage to be protected against over-current. Therefore,

it is necessary t@nRiaiithien’bo deleeein®d s ﬁY@'j.]gﬁli_ftﬁ.bﬁi@élhb)échﬁ.ﬁéaraﬂ@vél-, 208
to 509 than the droop level (e. g. , 15% of the reflected power. If the

detection kheek fi9a demetarngrébemiamothal casdetiereathdilsidtarfyeequeersst to
such a high level, it beconmes difficult to detect the abnormal 6 electrical
di scharge apomeri sotreé it agpstamied.hefterscatpindlenf theabuktputreablthe
detection of the abnormal electrical discharge is disabled.
high-frequency due to the detection of the abnormal electrical
10 discharge. On this occasion, since the reflected power is
increased owing to mismatching of impedance or the like, the
increase of the reflected power may cause a false detection that
the abnormal electrical discharge has occurred, even when such
discharge has not occurred. Therefore, the cutoff operation
15 1is carried out once again, and this may develop a trouble in
restarting.
[0013]
It is conceivable that at the time of ignition or
restarting, a detection level for detecting the abnormal
20 electrical discharge is set to be higher, and accordingly such
false detection may be suppressed. However, typically, the
high-frequency power source has a protective feature of drooping
characteristic which lowers the output voltage to be protected
against over-current. Therefore, it is necessary to set the
25 detection level sufficiently higher (e.g., 20% to 50%) than the
droop level (e.g., 15%) of the reflected power. If the detection

level for detecting the abnormal electrical discharge is set

to such a high level, it becomes difficult to detect the abnormal



[0014] 5 On the other hand, if the detection level is set to be |ow for
detecting the abnormal electrical discharge during a steady plasna
operation, ions are likely to remain. If the remaining ions are

accunul ated, those ions may cause an abnormal arc generation, and the
abnormal electrical discharge nore 10 likely to occur. Therefore, there is a
problemthat it becones difficult to supply power to the plasma stably.
[0015] Accoedpa§ricaifiighardeptiar ipiddadt stagenanshthereds a@nRb ek
conventional problens as described above, apnd to _15 supp| oyer stably to
the pl asma. tha§163verabie Aethsetan Of the ﬁPBQEﬂFli%¥%E£$i%#f) SHRRES a
grow h of arc gnd bg Slininate the accunul ation of ions which cause an
abnor mal ar &5t +888af% 20 [0017] It is another object of the present

i nvention ti hgqyce a false detection of abnormal electrical discharge, in
order to a ﬂlev a stable power supply to the plasma. [0016] 25 It is

still anpther objggttRE bbRePrRERA! L1AVERE | @BtdOL16WPREPSE idesd@l &6 be
detection, without setting a high detection |evel for detecting the

abnormal el gelr E6l ddteebangethat abhiérmal n@loétiOdal i @sctiargstRitimg.,ain
order to achieve a stable 7 power supply to the plasma. Means to Sol ve the
Problem [0t8hdy plasma operation, ions are likely to remain. If the

remaining ions are accumulated, those ions may cause an abnormal

arc generation, and the abnormal electrical discharge more

10 1likely to occur. Therefore, there is a problem that it becomes

difficult to supply power to the plasma stably.

[0015]

Accordingly, an object of the present invention is to
solve the conventional problems as described above, and to

15 supply power stably to the plasma.
[0016]

It 1s an object of the present invention to suppress a
growth of arc and to eliminate the accumulation of ions which
cause an abnormal arc to occur.

20 [0017]

It is another object of the present invention to reduce
a false detection of abnormal electrical discharge, in order
to achieve a stable power supply to the plasma.

[0018]

25 It is still another object of the present invention to
suppress the false detection, without setting a high detection
level for detecting the abnormal electrical discharge, at the

time of ignition or restarting, in order to achieve a stable



5 The apparatus for suppressing abnormal electrical discharge used for
vacuum equi pnment according to the present invention suppresses the abnornal
el ectrical discharge for stably supplying electric power to plasm, and
there are two aspects of the present invention for suppressing occurrence
of 10 the abnormal electrical discharge. [0020] A first aspect of the
present invention for suppressing the abnormal electrical discharge is

di rect ed t oPARRENGUPRPPr Spr theepdigsmat a first handling cutoff control and a
second 15 handling cutoff control: In the first handling cutoff control, a
duration of cutoff time for breaking the output fromthe high-frequency

power sourcg is prepared varioysl thereby enabling a restart in the state
HepRPnth SekkesEher Frphagn,

where ions and in the second handling cutoff
control, the b3 ?rt 20 is performed in the state where abnornmal arc ions
have disappéare . [0021] A second aspect of the present invention is

directeds to0 sSUPPr 8gad Nehy @ iR Ir}ﬁ;lfcgh gﬁﬁgf@m ectid O ffa pbnor mal

25 el ectrical discharge,” by pro ting the cutoff operation during a

section whepgsanhegdbaskaskgpalabsurUbGeiphéft t&ccdtdthyats Ofte dr¥sén@npl e,
at atime of ignition or at a tine of restarting by high speed boot-up

whi ch i s peihoenedoal Babpréskbe thestbhapmhilnelevtefitatodiseharbet oirhe
first aspect and the second aspect of the invention enable the stable power
supply to shebplyasmppliyffig2¢lectric power to plasma, and there are two
aspects of the present invention for suppressing occurrence of
10 the abnormal electrical discharge.
[0020]

A first aspect of the present invention for suppressing
the abnormal electrical discharge is directed to making
appropriate use of a first handling cutoff control and a second

15 handling cutoff control: In the first handling cutoff control,
a duration of cutoff time for breaking the output from the
high-frequency power source is prepared variously, thereby
enabling a restart in the state where ions within plasma still
remain, and in the second handling cutoff control, the restart

20 is performed in the state where abnormal arc ions have
disappeared.

[0021]
A second aspect of the present invention is directed
to suppressing amalfunction due to a false detection of abnormal

25 electrical discharge, by prohibiting the cutoff operation
during a section where a feedback signal is vulnerable to
fluctuations, for example, at a time of ignition or at a time

of restarting by high speed boot-up which is performed after



5 1n the first aspect of the invention, the first handling cutoff control
enables restarting in the state where ions still remain in the plasng,

t her eby suppressing a gromh of arc, and the second handling cutoff control
restarts in the state where abnormal arc ions have di sappeared, thereby
elimnating 10 accunul ati on of ions which may generate the abnormal arc.
[0023] In the second aspect of the invention, in the section at the
ignition tikhe Birshcharndlingientaffincorrtngl + hBothr $he fiRgEi agpect atHd or
the like, the cutoff_operation is prohibited 15 even though an abnornma

el ectrical 8hesngd asract &f the inveprdpnerable dhegtnhte pPWERSYRRSENt

I nvention is diLectid to an apparatus for suppressing abnormal electrical
di scharge U8edPPoP 88BBam equi prent whi ch supplies power froma 20
high-frequengg B?mgr source into a plasma reaction chanber to generate

pl asma and p Ps treatnment such as filmformation and etching by using

plasma, {he apparat s HeQLROr A HdSt DPOUE i igh | @hef PirseHdiIidly the

hi gh-freqguency power source based on a deviation between a power conmand

val ue and acpe¥ef <éntrsHkaap1ed vestartingtit eht seaté dlHele LonsELINg Of
f a power supply fromthe high-frequency power source to the plasm

reacti on chaehainbasethoplasiel,cthe@rbyf stipht€sé g poWowdh ofeitectai wave
vol tage which is generated at | east any one of 9 follow ngs; at a tine of
abnor nal el ¢ber seadbndisaridikigey amtofduconyraltressdets dnocbesstate wheatmor nal
el ectrical discharge wthin the plasm reaction chanmber. [0025]
abnormal arc ions have disappeared, thereby eliminating
10 accumulation of ions which may generate the abnormal arc.
[0023]

In the second aspect of the invention, in the section
at the ignition time, at the restarting time after the first
handling cutoff, or the like, the cutoff operation is prohibited

15 even though an abnormal electrical discharge is detected.
[0024]

The first aspect of the present invention is directed
to an apparatus for suppressing abnormal electrical discharge
used for vacuum equipment which supplies power from a

20 high-frequency power source into a plasma reaction chamber to
generate plasma and performs treatment such as film formation
and etching by using plasma, the apparatus incorporating a power
controller for controlling the high-frequency power source
based on a deviation between a power command value and a power

25 feedback value, and a cutoff controller for cutting off a power
supply from the high-frequency power source to the plasma

reaction chamber based on a detection of reflected power or

reflected wave voltage which is generated at least any one of



5 The cutoff controller perfornms the first handling cutoff control and the
second handling cutoff control, each having a cutoff tine being different.
The first handling cutoff control allows ions to remain within the plasm
reacti on chanber, and exercises control to cut off the high-frequency power
source 10 within a time duration which allows an arcing el enent of a
mnority arc di sappear, bein% a factor of the abnormal _ el ectrical

di scharge. GrlipwlpgEer akanadtimpeofcabrRarmaddrilagtrigrds A1s6hArgR aREr ci ses
control to cut off the mEﬂrfre uenc ower sour

e Tﬁthin até£e duration
whi ch al | owdUFABY; diFanFieyr arosgpssato abpormad ¢leGreifey rchardse
time of abnornal ectrical discharge..[0026] In the first handling cutoff
control, thglgEFBfEhFi as&ﬂrﬁ??&ﬁng ggkmgér%e short, for exanple, from1l s
to 100 }s, [@@,8Rd the cutoff control is termnated in the state where the
ions still Jenal within the plasma reaction chanber. Since the arcing

el ement of the magaidyt € HntFHARLSpBY£bPRs ¥k Firldt Randohh dutBES
cutoff, the abnormal electrical discharge can be elimnated. Since ions

Wi thin the pbas#elr 8Aat tRe sd@dWEhatidlsSilnd lcuteFd Bohtrbls edtRfhaving a
duration by the first handling cutoff control, when restarting is executed

after the cguebff tine bedwer dsfPerentan The Paosethamilimeduabéfycontioh a
short period of time. Accordingly, it is possible to resune nornmal 10
di schar ge i adflawsahensasty.refd@R ZHithin Hhes pdasnahzadcthgncchamberorandl |
the time duration is set to be from1l nms to 100 ns, for exanple, and the
cut of f exercises control to cut off the high-frequency power source
10 within a time duration which allows an arcing element of a
minority arc disappear, being a factor of the abnormal
electrical discharge. On the other hand, the second handling
cutoff control exercises control to cut off the high-frequency
power source within a time duration which allows the ions to
15 disappear, the ions of a majority arc at the time of abnormal
electrical discharge.
[0026]
In the first handling cutoff control, the cutoff time
duration is set to be short, for example, from 1 ps to 100 pns,
20 and the cutoff contrel is terminated in the state where the ions
still remain within the plasma reaction chamber. Since the
arcing element of the minority arc disappears by the end of this
short time cutoff, the abnormal electrical discharge can be
eliminated. Since ions within the plasma reaction chamber
25 still remain in the cutoff time duration by the first handling
cutoff control, when restarting is executed after the cutoff,

the power supply can be booted up immediately within a short

period of time., Accordingly, it is possible to resume normal

10



5 control is termnated in the state where the abnormal arc ions of majority
arc have di sappeared. Accordingly, accunulation of ions which may generate
the abnormal arc is elimnated, thereby cutting off arcing. [0028] 10
Since the second handling cutoff nmakes the abnormal arc ions to disappear,
it is also referred to as an "arc ion refresh operation”. [0029] In the
first aspect of the invention, the power controller 15 perforns restarting
for hi gh spédgcbasgeupngtaptangeusilist handling cutoff control cuts off
outputting fromthe high-frequency power source, and exercises a feedback
control ovéP9%7dorward power value or a traveling wave voltage value, with

h d I h d h b
control1ing an outBUES FORANL BARGALPOTRETES A < dlrceurs BUAHAN (o
th I | 0 ' d
oot Lup af (&F ERS TorUE Poh ¥ at? e dPp REITRE RpELel R el PP o

vol tage {1 0BLAEA1 9 Herpiiibted GHMEREIs YALUSuIErd fthe/ BbhBGRagoaFR ! Ue,

within a duration wt sanme tinme ordering as the cutoff time of the

first handbienpagetelty;, aedt have dhsapbeseedt headdoPathgBy | ccd@mivid€eibn 11
for the high speed boot-up can be determ ned based on the cutoff tine of

the first hafidibng ettichf magnygenkratei thel gbnemmad aleotisupliminadedati on
may be defined as a value from1l ps to 100 ps, for instance.

thereby cutting off arcing.

[0028]

10 Since the second handling cutoff makes the abnormal arc
ions to disappear, it is also referred to as an "arc ion refresh
operation”.

[0029]
In the first aspect of the invention, the power controller

15 performs restarting for high speed boot-up after the first
handling cutoff control cuts off outputting from the
high-frequenéy power source, and exercises a feedback control
over a forward power value or a traveling wave voltage value,
with respect to the power command value or the voltage command

20 value, thereby controlling an output from the high-frequency
power source to be equal to the power command value or the voltage
command value.

[0030]
The high speed boot-up after the first handling cutoff

25 control outputs ramped power or voltage from zero to the power
command value or the voltage command value, within a duration

with the same time ordering as the cutoff time of the first

handling cutoff control. Therefore, the time duration required

11



5 [0031] In addition, the power controller perfornms restarting according to
a soft start function, after the second handling cutoff control cuts off
the output fromthe high-frequency power source, and exercises the feedback
control over the forward 10 power value or the traveling wave voltage val ue,
wWith respect to the power comrmand val ue or the voltage command val ue,
thereby controlling the output fromthe high-frequency power source to be
equal to théopoviee hdgimspeeddiact -a1p the heldedgemdoedobasediarethe[QOBXE 15
The soft start function is perforned after the second handling cutoff
control at &imet ofi Ahespdegtwhrsdlingosytaffngoankicad -ci Tedpthbghaspeedhi ng
box, provided between the high-frequenc ower source and the plasm
reacti on chBRB&rup F3m§uﬁFFEFéHPI?3HaHﬁléeghge?aﬁﬁe@ Yohee bEPut RF YR tage
20 out put; ér§n1zer% to th% Eomer command val ue or the voltage conmand

val ue. Ther &P8r BS -+ 8T 1REAN i on required for the soft start can be

defi ned gepﬁaghqq on a magni tude of the power conmand val ue or the voltage
command val ue, "a 'matchi ng property of the matching circuit of the matching

box, or the like. ¢fhi r atiy@n h r to
10 s, for instancég h?ggg%?HThghgegg%g}hgﬁgﬁgﬁéiggt%??Bﬁgﬁsrgﬁgg?ﬁgiggs

el i m nati ngaceesrdingatbod St Yahirehdbnljeagiaretid s88OhdBamdTingei Ng
12 a majority wave arc, and cutting off the arching. Therefore, it is

effective t eutvEtutentos cutsiddt the dinepst Egemittes Aighe f requenolyi mdwemy
generate the abnormal arc in plasma have already been accunul ated.
source, and exercises the feedback control over the forward

10 power value or the traveling wave voltage value, with respect
to the power command value or the voltage command value, thereby
controlling the output from the high-frequency power source to
be equal to the power command value or the voltage command value.
[0032]

15 The soft start function is performed after the second
handling cutoff control at a matching speed which allows a
matching circuit of a matching box, provided between the
high-frequency power source and the plasma reaction chamber,
to sufficiently handle the ramped power output or voltage

20 output; from zero to the power command value or the voltage
command value. Therefore, the time duration required for the
soft start can be defined depending on a magnitude of the power
command value or the voltage command value, a matching property
of the matching circuit of the matching box, or the like. This

25 duration of the soft start may be set to 1 ms to 10 s, for instance.
[0033]

The second handling cutoff control aims at eliminating

accumulation of icns which may generate an abnormal arc, being

12



5 [0034] The present invention determ nes an accunul ation state of the ions
whi ch may generate the abnormal arc, based on the cumnulative nunber of
executions of the first handling cutoff control, which is perfornmed wthin
a predetermned unit tine 10 (e.g. , 10 ns) . Wen the cunul ative nunber of
executions of the first handling cutoff control reaches a preset nunber of
tinmes, that point of tinme is determ ned as a stage where the ions which
may gener at @ magoabhyrwave aaxc hand lsadit iae ofdl dhedarahphasnelhezgitoree
second handling cutoff control is executed. A cutoff 15 control_ prohibition
part countsithds Ri#RGtHe daexecyts bhisneontreolathbd shgoeurbere ddift r ol
within a first predetermned tine, . and when _the val ue of cgunt t ai ned by
t he counti ng®P&a ggh WWeQSPEEQFenE}h%&%WJT@EF J[rh@iaeeg@ngaﬁg TS tut of f

control is,exec 035] The val ue of count is cleared sinmultaneously
wth execuplgﬁ(Fl Ekggggégﬁ%gﬁandl ing cutoff control, and counting of the
nunber \(,)é] e>f%6§t4i]ons of the first handling cutoff control is resuned.

Agai n, en the val ue of count reaches the preset 25 nunber of tines within

the predeterm nedyRgr hpdseht! LAPent 16n SEEOAAINGHAh N OMh@Idt LN IS@Atd S
executed. By repeating the first handling cutoff control performed for the

preset nunbef thE 16A8SwiIEh ey SRAMGtntle apnouinalll agent bakedubs exhent |y
13 perforned, it is possible to suppress a growh of the arc, and elinmnate

t he abnor makcuandaitdwe, nambect bfcexech®d86s 0fi the Sirstdhasking cfutdet
present invention, the cutoff
control, which is performed within a predetermined unit time
10 (e.g., 10 ms). When the cumulative number of executions of the
first handling cutoff control reaches a preset number of times,
that point of time is determined as a stage where the ions which
may generate the abnormal arc have been accumulated in plasma,
and the second handling cutoff control is executed. A cutoff
15 control prohibition part counts the number of executions of the
first handling cutoff control within a first predetermined time,
and when the value of count obtained by the counting reaches
the preset number of times, the second handling cutoff control
is executed.
20 [0035]

The value of count is cleared simultaneously with
executing the second handling cutoff control, and counting of
the number of executions of the first handling cutoff control
1s resumed. Again, when the value of count reaches the preset

25 number of times within the predetermined period of time, the
second handling cutoff control is executed. By repeating the

first handling cutoff control performed for the preset number

of times and the second handling cutoff control subsequently

13



5 operation is prohibited, even when abnormal electrical discharge is
detected in the ignition node section, the high speed boot-up section after
the first handling cutoff, the re-ignition node section after the second
handling cutoff, or the like. Accordingly, a cutoff operation due to a
false 10 detection of the abnormal electrical discharge is suppressed, and
power supply to the plasma can be stabilized. At the tine of ignition or
restarting BErEprmpd.clt ok§ poassdhleg $onsuppress »ARBED ofec tBEVRFC afiPd he

pl asma | oad, this up ur the re Iected power. |n order
to suppresseigmgQEF9oFgggég8Pr893rEEPr du&gfﬁcgﬁ Bsurge in the

refl ected ﬁ@ﬁﬁ a reflected power drooplng control is exercised. On this
occasi on, si ghe upsurge in the reflected power is caused by nalfunction

in mat chi ng, and poty t@%ﬁ%@nﬁya @{&fpgsgg%p%%t iShenitiioral ks it

IS not necessary to pertormthe cuto ation. Therefore, in t e case

as descrg bedpghg¥eont g p‘fhﬁﬁfoflt@ﬁer@’irbﬂnwhénpéﬁﬁbmnhidel%@t%&ch?. stabilize
the power supply to plasma. [003 7] The second aspect of the present

i nvention i gidichaggedis28etecdedonhi ghéaigoit 0én appae adest {6, Stippriesgh ng
abnormal electrical discharge in vacuum equi pnent which supplies power in
a pl asma r espeednbobirapr sectdencafiterptaendiasd haeditieg cutofmtf,otheti on or
etching treatnment by using the plasma, and 14 this apparatus incorporates a
hi gh- f r equemey igowsdogoupde $ertieup temdhsowecon@ihhandighgf eeteEhcyeponer
source is provided with a power controller for controlling the

hi gh- frequeftbg padker Aecetdipgled ancateEl apebatbenvddd B pdwEa1lE®mand

val ue and . .
10 detection of the abnormal electrical discharge is suppressed,

and power supply to the plasma can be stabilized. At the time
of ignition or restarting after the cutoff, there is no match
between the power and the plasma load, and this may bring an
upsurge in the reflected power. In order to suppress
15 overvoltage or overcurrent due to the upsurge in the reflected
power, areflected power drooping control is exercised. On this
occasion, since the upsurge in the reflected power is caused
by malfunction in matching, and not caused by an arc of abnormal
electrical discharge, it is not necessary to perform the cutoff
20 operation. Therefore, in the case as described above, the
cutoff operation is prohibited, so as to stabilize the power
supply to plasma.
[0037]
The second aspect of the present invention is directed
25 to a configuration of apparatus for suppressing abnormal
electrical discharge in vacuum equipment which supplies power
in a plasma reaction chamber to generate plasma and executes

film formation or etching treatment by using the plasma, and

14



5 a power feedback value, and a cutoff controller for detecting a reflected
power or a reflected wave voltage which is generated in at |east any of the
following timngs; when the abnormal electrical discharge occurs in the

pl asma reaction chanber, and during a transfer process to the abnornma

el ectrical discharge, 10 and cutting off the power supply fromthe

hi gh-frequency power source to the plasma reaction chanber. The cutoff
control | er thispappatetusiincerperater albighbrifsequensyt PpHer $oureRtfQn i ng

t he abnormal electrical discharge, and a cutoff control prohibition part
for prohi bi EPRBLYABINRAEST suis BigbrfTedReREY DOVeR SHESRLlE PIRELAREI ng

det ecti on/ f t. 0038]. Th t of f t hi bi_t i t inth

Second aspclithd BOKEE SRR GR/Ent o treOee tnd RISbat SERUEBAIRIMGR 1 ho
| ' to t t Qf f || er, withi [ whi ch

7o Gerinea BEChAS:pesdg: 8 < Moot Mest = oBybR Snhind b aRRh i N ©

control 181 §0bu8kSed fatubc AHd1ddE NG cutUPP! onthb el p6L FAMUCOInd ¢

prohi bited and power supplying 1s still continue 39] 5 The power

control |l er HsEsffed@EdpoheRO¥Ea ¥F UECHEA WaVRRb1th§EANEN Y8l dbherdited
controls the output power to reduce a deviation between the power conmand

value and tha &erweagtpany’ ofvéheefollolw@A40k imhageyt @hkncaher abhetrmal
exercises the cutoff control in two nodes. The first node is the first
handl i ng cuedkttrdetlodischarge pocass g thenphasmayreaatiothcbhmbere cdrsd
abnormal el ectrical
during a transfer process to the abnormal electrical discharge,
10 and cutting off the power supply from the high-frequency power
source to the plasma reaction chamber. The cutoff controller
is provided with an arcing detection/cutoff part for detecting
the abnormal electrical discharge, and a cutoff control
prohibition part for prohibiting the power supply cutoff control
15 according to the arcing detection/cutoff part.
[0038]

The cutoff control prohibition part in the second aspect
of the present invention prohibits the cutoff control of the
power supply according to the cutoff controller, within the

20 section which is defined as an arc cutoff prohibited section.
Even when the cutoff controller controls to cut off the power
supply, this cutoff control is prohibited and power supplying
is still continued.

[0039]

25 The power controller uses a forward power value as a power
feedback value, and controls the output power to reduce a
deviation between the power command value and the forward power

value.

15



5 di scharge by conparing reflected power or reflected wave voltage wth a
threshold value at a low |l evel, and cuts off power supply according to the
detection of the abnormal electrical discharge. The second node is the
second handling cutoff control for <controlling a majority arc, which
detects an increase of the 10 refl ected power by conparing the reflected
power or reflected wave voltage with a threshold value at a high level, and
cuts of f [HO@EO]supply according to the detection of the increase of the
refl ected power. [0041] 15 The threshold value to be conpared with the

refl ected power The'cutofif cratapller exserisenithecnut bt rGantraadn| T¥R)

cutoff control, and the second handling cutoff c rol. The _first | ing
cutof f cont F‘BpeﬁseSTl&eItheU‘@PevHJ@%?‘Fﬁé h?‘H? [ EPHE, E°n5589d€?rects

v vol { agB PREEG RO A PERPTER Fhe e Getsree ~PREThAL ket bR he
ref | coteg PRYel kbl bhe AT B4 ohbk G -6l SEDALHGavACTHT 506

[ 0042] € secon I Nng cu control uses

high level yakwea tMiddhdia Pailierat ReloyNEedv g éufaldief pUFed slppIve

first handllng cutoff control, to detect and cut o f a mjority wave arc
state, in wacgbraiagiyo ithe@uE 16k 66 tH abflo tal eilleictt iich 1Nd0Sch Org@j ority

abnormal discharge. [0043] The cutoff control prohibition part of the
present i nTaet seconde moidecd st thepselrionid handldmigr e tiodif oattiriolt ifog t he
controlling a majority arc, which detects an increase of the

10 reflected power by comparing the reflected power or reflected
wave voltage with a threshold value at a high level, and cuts
off power supply according to the detection of the increase of
the reflected power.

[0041]

15 The threshold value to be compared with the reflected
power "Pr”" is different in level, between the first handling
cutoff control and the second handling cutoff control. The
first handling cutoff control uses a low level value as the
threshold value, and detects an initlial stage in the increase

20 of the reflected power or the reflected wave voltage.
Accordingly, it i1s possible to detect the increase of the
reflected power aleong with the abnormal electrical discharge
occurrence.

[0042]

25 On the other hand, the second handling cutoff control uses
a high level value, which is higher than the low level value
used in the first handling cutoff control, to detect and cut

off a majority wave arc state, in which energy is concentrated

16



5 cutoff control to be effective in the first handling cutoff control,
whereas this prohibition control is not executed in the second handling
cutoff control. The first handling cutoff control allows plasnma ions to
remai n, and sinultaneously nakes the arcing elenment of the mnority arc
di sappear. The second 10 handling cutoff control ains at elimnating the
majority arc ions at the tinme of abnornmal electrical discharge, thereby
suppr essi nganfe txpasifipneiscmpdealtodmadrzigy. apporapl| Aisghaggehi biti on
control for prohibiting the cutoff 15 control is applied to the second
handl i ng cuﬁBPﬁ3dontrol that is triggered by the abnormal electrical

di scharge, it may_resul ILh _a deterioratjon.

by the second haﬂé?iﬁﬂ%8ﬁ%oF?ng58 rBF?ﬁ*héEéPBrB?r §t PLEghPFol
prohi bition [ | i i.hi t.ian .contr \/ AN

handl i ng cutigl?thgﬁgr%’F?rés%g%gtgg réelélfeﬁr]ljtt%a&# g%g%@gt%éf&gg%@ggﬁh E%h? o]

fal se dejecty,eBs® c3RPRLABL S béckﬁk%hv@izgahme fi[%gQ4ﬁhnEﬁ§.n§r Q:ucEBTf%f f

prohi bited section is a section ere a m smat ch occurs befween the

hi gh-frequegeytPeoler whereas 2Rdst peonPbasiBn! 88ftrdli $5SK6t | OXediEéd RS,
ignition node section at the startup tine of the high-frequency power

to

of an gffgc whi ch is, produced
h8 ctP

a

an

source, a hitpe séperd Hardliny setbifédncahteolt herde Eitrshtahdhdhgngudwid£fipon
17 restarting the high-frequency power source, a re-ignition node section

after the seouwmdolaatlowg wlasnid loasdta femaiar d audneimul tanspualygetitéon
being a section until the traveling wave reaches a predeterm ned |evel.
the arcing element of the minority arc to disappear. The second
10 handling cutoff control aims at eliminating the majority arc
ions at the time of abnormal electrical discharge, thereby
suppressing the abnormal electrical discharge.
[0044]
If the prohibition control for prohibiting the cutoff
15 control is applied to the second handling cutoff contrel that
is triggered by the abnormal electrical discharge, it may result
in a deterioration of an effect which is produced by the second
handling cutoff control. Therefore, the cutoff control
prohibition part applies the prohibition control only to the
20 first handling cutoff control, so as to prevent a false cutoff
control due to a false detection of abnormal electrical
discharge.
[0045]
The arc cutoff prohibited section is a section where a
25 mismatch occurs between the high-frequency power source and the
plasma load. This section includes, an ignition mode section
at the startup time of the high-frequency power source, a high

speed boot-up section after the first handling cutoff upon

17



5 [0046] In the arc cutoff prohibited section as described above, since the
plasma is in unstable state and the matching circuit fails to provide a
sufficient matching to the plasma | oad, there is a possibility that the
refl ected power is increased. The 10 increase of the reflected power on this
occasion is not caused by the abnormal electrical discharge. Since the

hi gh-frequency power source exercises drooping control over the increased

reflected p&fsitagdingpEhe dbigh s KBISRGHROVERSRUTESf T 5Rrignitienpede

R R e ML

that the pl gs sh%nFL%%ikqgn %Qgg%g%hS%%tE%%S %ﬁﬁtE%%SEQ%&%ﬁﬁﬁﬁ?%%v%ﬁea

section from en or war starts outputtin ower ,

power goes %%bhb@eadb&%ﬁdﬁ%%ﬁ%n%ﬁ hlagenefl ected power. 20 [0047] In the
i gnition node section"and in the re-ignition node section, if the forward

power orstheolpazd power to the plasma deviates significantly, with respect
to the power command value of the power outputted fromthe high-frequency
power source, 25 thetkeéens egtodEEt pobhibiesdcsderiom ascdespribédeaisess) ve
refl ected power, and the drooping characteristic gives a protection against
overvol t age sdmdeotbecplasma .isSiimcantsheblposkeate drplithedmatohmingecircuit
hi gh-frequency power source is reduced 18 by the drooping characteristic, it
i s not necedaddg to pnoyideha syfifidaientppaychingho thediasemdogd. theas] |In
the ignition node section, in the re-ignition _node .
is a possibility that the reflected power is increased. The
10 increase of the reflected power on this occasion is not caused
by the abnormal electrical discharge. Since the high-frequency
power source exercises drooping control over the increased
reflected power as a protective operation, the cutoff control
is not necessary in the arc cutoff prohibited section as
15 described above. In the ignition mode section and the
re-ignition mode section, it can be assumed that the plasma is
ignited, and each of these sections corresponds to a section
from when the forward power starts outputting power, until the
power goes over the droop level of the reflected power.
20 [0047]

In the ignition mode section and in the re-ignition mode
section, if the forward power or the load power to the plasma
deviates significantly, with respect to the power command value
of the power outputted from the high-frequency power source,

25 the drooping control is executed in receipt of excessive
reflected power, and the drooping characteristic gives a

protection against overvoltage and overcurrent. Since the

power outputted from the high-frequency power source is reduced

18



5 section, and in the high speed boot-up section, the first handling cutoff
control erroneously detects the increase of the reflected power as abnornal
el ectrical discharge, and according to this false detection, the power
supply is cut off. Therefore, even though there is no occurrence of
abnormal electrical 10 di scharge, supplying of power to the plasma is

di sabl ed. Considering the situation above, those sections are defined as

t he arc cut & the slranning sharasterdsdichel b POSURRFGSFITY dohEitARckhe

wi t hout cut off. [0049 15 In the i%nition node section, in the re-ignition
mode sect i BAVEEnFUPRWhEYhitde SHEeEth&8P ERsection, the droop Ievel can
be defi ned gé h% x Cs 100%, which multiplies a command value of rated
power "Cs 100% By a reflected droop coefficient "L Here, the reflected

dvoop coefficient 1h AR g%g%ﬂeﬂ\o%t QLR:18Q,t B Eﬁ@gﬁgf-g§%?1$nt fofled-

[0050] At the tine o or restarting, the forwar starts

i ncreasi §g, degiti@ndelanded nf tHE HAYHD ¥RledC HHFRGDY &leldd 10nGS ther#d r@tadual |y
approaches the power conmand val ue Cs by 25 the feedback control. If

det ecti on ohaniad indCEGBSEE Forith® 1 eetbhebaI1pAldtedts dhkeintreds@dfathe
abnormal electrical discharge in the section where this forward power is in
transi ent stedflected pdwepascdabsonpal electorti cafllf dbsckarge, andsacededingn, 19
supplying power to the plasnma is disabled even though there is no
occurrence ¢ tbhefaiksedatnction. thegaveyesupphyiideruhgift hi Therefoxre on,
this forward power transient section is also assuned as the arc cutoff

prohi bited §¥emn dhoughd therepdweno occurrence of abnormal electrical

10 discharge, supplying of power to the plasma is disabled.
Considering the situation above, those sections are defined as
the arc cutoff prohibited section, and the power supply is
continued without cut off.

[0049]

15 In the ignition mode section, in the re-ignition mode
section, and in the high speed boot-up section, the droop level
can be defined by "L x Cs 100%", whichmultiplies a command value
of rated power "Cs 100%" by a reflected droop coefficient "L".
Here, the reflected droop coefficient L can be defined within

20 the range from 0.1 to 0.3.

[0050]

At the time of startup or restarting, the forward power
starts increasing, being delayed from the power command value
"Cs", and gradually approaches the power command value Cs by

25 the feedback control. If detection of the increase of the
reflected power is determined as an abnormal electrical
discharge in the section where this forward power is in transient

state and the power supply is cut off based on this detection,
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5 supply is continued wthout cut off. [0051] The forward power transient
section has sufficiently large difference (Cs - Pf) between the forward
power "Pf" and the power command value "Cs". This section can be defined 10
according to a level range setting the power conmand value Cs as an upper
limt, and setting (Cs - Kx Cs 100% as a lower Ilimt, which is a value
obtalned by subtracting "K x Cs 100% which nmultiplies the command val ue of
rated power SUEplydow peyer st rtdfepdagmaedls (,Q)ieqéib J€,¢‘£ verkthopgbnthage pbwer

command value 15 "Cs". Wen the forward power s out of the |evel range,
it is detePHIﬁE&u£§eBGPr8ﬁtPynpﬁmﬁﬁeeéﬁetE&FBFfdﬁFSHFSFFed Cridpringng

coof F1 c1 ent RimLs FEoE3eny ERLR FREVRBAROBFE tbens SERD 3Ecigh s réfs%e set
100,03, TonsLiskanas, 20 Blenh ee! Beohduabion.d:8s2] A% dgscrdied

above, accofding tothe apparatus ppressing a el ect

di schar ge u§§§ E 14ACHUR ndRaC W4 REER! oft b?@opresent I nvention, it is

possible to power to plasma stably. 53] According to the
appar at us fqbogqure53|ng abnormal 20 el ectrical discharge used for vacuum
equi pnent of the present invention, a growh of arc can be suppressed, and
accunul ati on of Thasfobivabdnppweauseaabhentabeatdonahabeseaffachaheédy
t hereby achieving a stable power supply to plasna.
large difference (Cs - Pf) between the forward power "Pf" and
the power command value "Cs”. This section can be defined
10 according to a level range setting the power command value Cs
as an upper limit, and setting (Cs - K x Cs 100%) as a lower
limit, which is a value obtained by subtracting "K x Cs 100%”
which multiplies the command value of rated power "Cs 100%" by
a predetermined coefficient "K", from the power command value
15 "Cs”". When the forward power Pf is out of the level range, it
is determined as currently in the arc cutoff prohibited section,
and the power supply is continued without cut off. For example
here, the coefficient K may be set within the range of 0.01 to
0.2, and it may be set to 0.03, for instance.
20
Effeot of the Invention
[0052]
As described above, according to the apparatus for
suppressing abnormal electrical discharge used for vacuum
25 equipment of the present invention, it is possible to supply
power to plasma stably.

[0053]

According to the apparatus for suppressing abnormal

20



5 [0054] Furthernore, according to the apparatus for suppressing abnormnal
el ectrical discharge used for vacuum equi pnent of the present invention, it
is possible to reduce a false detection of abnormal electrical discharge,

t hereby achieving a stable 10 power supply to plasma. [0055] Furthernore,
according to the apparatus for suppressing abnormal electrical discharge
used for vacuum equi pnent of the present invention, it is possible to
suppress a 1ed49§érdé{aécf3F-§ﬁ’ha£EGV\PFﬁ€uf°§éﬁcF‘+‘r§“ @%’é‘tpéflﬁqtoﬁfl Ehe| present
detecting the abnormal electrical disch e to a hi at t?ﬁtilne of

igniti oP orinr"«?é‘t%oﬂ'na glt"i’i‘éﬂ%l?jf AL €97 as"é’tp&'lﬂslé sﬁ‘ﬁ'f)‘i“i}u Ptasna.

20 B De t Dr 05 .G, 1

confi gur ati ot SP"8 ke e3Lregs %Psrt T gttt raheRe Bes BROERL ot us

for suppres%dﬂi‘@ﬂﬂp ”@téﬂﬁ? éﬂ@&%ﬁﬁg@ %gﬁﬁfn t he vacuum equi prent
entlon a

25 according to the present ock di agram showi ng a
control gyst a power source controller according to the present
i nventi on; & illustrates signal diagrams for explaining a cutoff 21

process and a cut elifrthedfolet,i 28chtatfgstaaln dippriad ush€orpsepppéssing
invention; FIG 4 illustrates signal diagranms for explaining the cutoff

process and domeramalotlleptotichit ddscipinge sseat Cordvagutm ddueprferpr esetthe
nvention present invention, it is possible to reduce a false detection
of abnormal electrical discharge, thereby achieving a stable
10 power supply to plasma.
[0055]

Furthermore, according to the apparatus for suppressing
abnormal electrical discharge used for vacuum equipment of the
present invention, it is possible to suppress a false detection,

15 without setting a detection level for detecting the abnormal
electrical discharge to a high level at the time of ignition

or restarting, thereby achieving a stable power supply to

plasma.

20 Brilef Description of Drawings
[0056]
FIG. 1 illustrates a schematic configuration of a power source
system of vacuum equipment and an apparatus for suppressing
abnormal electrical discharge used for the vacuum equipment
25 according to the present invention;
FIG. 2 i1s a block diagram showing a control system of a power
source controller according to the present invention;

FIG. 3 illustrates signal diagrams for explaining a cutoff

21



FIG 5is a flowhart for explaining the cutoff process and the cutoff
prohi bition process according to the present invention;, FIG 6 is a
flowmchart for explaining the cutoff process and the cutoff prohibition
process according to the present invention; 10 FIG 7 illustrates a
configuration exanple of an enbodi nent of the apparatus for suppressing
abnormal electrical discharge used for vacuum equi pnent according to the
present i nvBPRPCEEAS apdGa guteff Préﬂéﬁéﬁﬂoﬂopr@ﬁ95§iﬁpﬁgrﬂﬂégcﬁpogheprocess
and the cutoff prohibitiogon process in an enbodi nent of the apparatus 15 for
suppressingPQSHSBﬁaFHEFQEPPPéaI di scharge used for vacuum equi prent

di h . ' ' L FLG 9 i fl f | ai ni h
sccording {aokie PLEIERtC R 80y T ChoPend Bl UEPRLL Lo iRl L1
G scher e, YSGlebg! aKBCWHD ERILRICRCoRSSO1.10ptalS BEEBEsplrvET i, 20

uses a C@”p??@E%htC&hQQhEioﬁEG-,11 iIlustrates another configuration exanple
of the cuto control prohibition part according to the present invention;

FIG 12 il pgtr.as ess anfdbhchatoffoPeip1RindfdgSERE | QLGS Piddeseand e sof t
start on a start-up point according to the present invention; FIG 13

i Il ustrat escatoffttcpeohDbitponiprvdess aeebirdingt té lthet present inwdnisieed
boot-up after the first handling cutoff according 22 to the present
i nvention; &A6¢.F6QAs ddflbwobarhtisr axpdiadndmgothe prwtvhHi pavoesst and the t he
time of soft start after the second handling cutoff according to the
present i nvewitiodd peohibition process according to the present invention;
10 FIG. 7 illustrates a configuration example of an embodiment of
the apparatus for suppressing abnormal electrical discharge
used for vacuum equipment according to the present invention;
FIG. B is a flowchart for explaining the cutoff process and the
cutoff prohibition process in an embodiment of the apparatus
15 for suppressing abnormal electrical discharge used for vacuum
equipment according to the present invention;
FIG. 9 is a flowchart for explaining the second handling cutoff
in the apparatus for suppressing abnormal electrical discharge
used for vacuum equipment according to the present invention;
200 FIG. 10 is a diagram showing an output state of the cutoff
controller which uses a comparator circuit;
FIG. 11 illustrates another configuration example of the cutoff
control prohibition part according to the present invention;
FIG. 12 illustrates an arc cutoff prohibited section at the time
25 of soft start on a start-up point according to the present
invention;

FIG. 13 illustrates an arc cutoff prohibited section at the time

of high speed boot-up after the first handling cutoff according
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Denot ati on of Reference Nunerals [0057] 1 ... POAER CONTROLLER Il a ..
PONER SETTING PART 10 Ib ... SOFT START CONTROLLER lc, Id ... TRANSFER
FUNCTION le ... POMNER SETTING PART If, Ig ... POAER SETTING PART 2 ...
CUTOFF I NTERRUPTION CIRCUI T 15 3 ... CUTOFF CONTROLLER 4 ... ARCH NG
DETECTI ON CUTOFF PART 4A ... FIRST HANDLI NG CUTOFF SYSTEM 4Aa ... PO/ER
SETTI NG PART 4Ab ... FIRST COVPARATOR CIRCUI T 20 4Ac ... FIRST CONTROL

S| GNAL GENERATEDR BrrReent ingentioBgcem® HANDLI NG CUTOFF SYSTEM 4Ba . ..

POWAER SETTI NG PART 4Bb ... SECOND COVPARATOR CI.RCUI T. 4Bc. ... SECOND CONTROL
S| GNAL GENERASF G élpugtTates ap arc WW&%W&W@% BRETCHIE

S, S TRV SE A e B ORI S o oo SN AN T
7 ... ODERAEEQQeﬁ‘MDEhEEE%ioﬁ.g ... POWER AMPLI FI ER
5
Denotation of Reference Numerals
[0057]
1 .. POWER CONTROLLER
la .. POWER SETTING PART
10 1b .. SOFT START CONTROLLER
lc, 14 .. TRANSFER FUNCTION
le .. POWER SETTING PART
1f, 1g .. POWER SETTING PART
2 .. CUTOFF INTERRUPTION CIRCUIT
15 3 .. CUTOFF CONTROLLER
4 .. ARCHING DETECTION/CUTOFF PART
4A .. FIRST HANDLING CUTOFF SYSTEM
4Aa .. POWER SETTING PART
4Ab .. FIRST COMPARATOR CIRCUIT
20 4Ac .. FIRST CONTROL SIGNAL GENERATION CIRCUIT
4B .. SECOND HANDLING CUTOFF SYSTEM
4Ba .. POWER SETTING PART
4Bb .. SECOND COMPARATOR CIRCUIT
4Bc .. SECOND CONTROL SIGNAL GENERATION CIRCUIT
25 5 . CUTOFF CONTROL PROHIBITION PART
5a .. FIRST SWITCH CIRCUIT
5b .. THIRD COMPARATOR CIRCUIT

5Cc .. SECOND SWITCH CIRCUIT
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9 ... SENSOR 10 ... H GH FREQUENCY POAER SOURCE 11 ... MATCHING CIRCUI T 12
PLASVMA LOAD 10 Best Mode for Carrying out the Invention [0058] Here,
preferred enbodi nents of the present invention will be explained in detail,
with reference to the acconpanying 15 drawi ngs. [0059] Wth reference to
FIG 1. an explanation will be made regarding a configuration exanple of

t he apparatus for reSS|n% abnormal electrical discharge used for vacuum
20 eqU|pnenﬁdaocBEGﬂﬁéoﬂoCEBG Bfesent invention. [0060] FIG 1 illustrates
a schematic conf|8urat|on of power source system of vacuum equi prent and

an appar at usef or € QUEEBe§§FﬁHIEbnornaI el ectrical discharge used for the
vacuum 25 equip &é Lé@ EIG. 1, the power source systemis provided with a
hi gh-frequeficy gg FL&30Rce 10 i ncorporating a power controller 1. an

osci |l I at or 9 aBgF§é§§ﬂaohM3&£;3ERpomer controller 1 uses a forward power

"Pf" detected” by Sensor as a feedback signal, and controls an
out put meE as8HrRN aAMBL.9FERr €Nce Wi th respect to a power command val ue
"Cs". The i gh-frequency power source 10 supplies power to the plasma | oad
12 via a mapchi Bgngbrcuit 11. Here, the plasma load 12 is an 5 electrical
| oad when the plasma formed within a plasma reaction

10 .. HIGH-FREQUENCY POWER SOURCE

11 .. MATCHING CIRCUIT
12 .. PLASMA LOAD
10
Best Mode for Carrying out the Invention
[0058]

Here, preferred embodiments of the present invention will

be explained in detail, with reference to the accompanying
15 drawings.
[0059]

With reference to FIG. 1, an explanation will be made
regarding a configuration example of the apparatus for
suppressing abnormal electrical discharge used for vacuum

20 equipment according to the present invention.
[0060]

FIG. 1 illustrates a schematic configuration of a power
source system of vacuum equipment and an apparatus for
suppressing abnormal electrical discharge used for the vacuum

25 equipment. In FIG. 1, the power source system is provided with
a high-frequency power source 10 incorporating a power
controller 1, an oscillator 6, and a sensor 9. The power

controller 1 uses a forward power "Pf" detected by the sensor
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chanber provided in the vacuum equi pnent is viewed fromthe power source
side. [0061] In the power source system the power controller 1 inputs 10
fromthe sensor 9, the forward power Pf as the feedback signal, exercises a
f eedback control based on a deviation between the feedback signal being

I nputted and the power command value Cs, and controls the power outputted
fromthe high-frequency power source 10 to becone equal to the power
command val Beagsa frrdbarik @Hignal Hhpnd €0pdKed sc8Rt PBEPRE ROWQHWM ed by

controlling the out power with respect to the power comrapd vy Cs,
or by contr8l FFﬁﬁeFﬁgcﬁu‘t’Hﬁ RIReGe tanPPé”?ﬁeE’PmF‘SnQ VBFPﬁgeCScomﬁ}‘Fd

I I
oL RO P BRSO 355 B S bR
Cs. [0062 f h ted
ot h PRSP S St B TR S TSl 1

reflectegd pewsetrEe bfamw@ﬂenefﬁscbdﬂ‘ez{sgﬁcat ?gﬁﬁ‘g.ag‘ﬁ%?ﬁﬁ? ﬁ@g?lﬁa t&adiifon

hi gh-frequency power source orward power Pf

is made to tRaMbaskrdwiddieiRAMY vaehm @ Emlantaﬂgivae%aeﬁfémhélmr of
the reflected power Pr is transmtted to t arcing detection/cutoff 25

part 4 hel dsburtbesgéaeoff controller 3 which will be described below and
the detection signal of the forward power Pf is transnmtted to the cutoff
control prohi®déeldn part 5. [0063] 5 The sensor 9 detects the forward power
Pt and the In the power source system, the power controller 1 inputs
10 from the sensor 9, the forward power Pf as the feedback signal,
exercises a feedback control based on a deviation between the
feedback signal being inputted and the power command value Cs,
and controls the power outputted from the high-frequency power
source 10 to become equal to the power command value Cs. The
15 control by the power controller 1 is implemented by controlling
the output power with respect to the power command value Cs,
or by controlling the output voltage with respect to a voltage
command value. In the following, an explanation will be made
as to the case where the output power is controlled with respect
20 to the power command value Cs.
[0062]

The sensor 9 detects the forward power Pf which is
transmitted from the high-frequency power source 10 to the
plasma load 12, and a reflected power "Pr” being directed from

256 the plasma load 12 to the high-frequency power source 10. A
detection signal of the forward power Pf is made to feedback

to the power controller 1, and a detection signal of the

reflected power Pr is transmitted to the arcing detection/cutoff

25



reflected power Pr, and transmts a detection signal of the forward power
Pf and a detection signal of the reflected power Pr to the power controller
1. The power controller 1 allows the power outputted fromthe

hi gh-frequency power source 10 to 10 follow a target value, according to the
feedback control using the detection signal of the forward power Pf. [0064]
The feedback control by the power controller 1 generates a difference

si gnal bet weantt Ay thenantofil ceni@obler thahich wilhabe drAeritmd | as
a command signal to control the output power, and inputs the comrand signal
into one of PE&PHi-nand SheaﬁetéﬁéﬂaﬂlﬁggaﬁﬁlPfl§Pe7f°€WaFﬁeP8Wﬁ€rPﬁaﬁ8 a

hi gh- freque nal, serving as a refereni ' utted in . the other

et ol o ERRETGAEPS: Ehg LARCREPEE FORFRE LoBEPRLPRY tApPARECs -7 20
controls the ﬁgg%gtude of the high-frequency signal based on the command

si gnal from f wer controller 1. An oscillator 6 is capable of

generating the hlgfﬁér %Hggfy9S&QP@étsapﬂefﬁo%ﬁgﬂﬁggﬁW?PfPfh§n3i s frequency

signal can be determn accordance w requency Tch is

supplied torbpgeéten! SWﬁrlﬁ%d aﬁﬁrt%éﬁgﬂﬁﬁs bt aER¥ECREoRSSYGREA 1282 the
frequency signal of Mz. [ 0065] Accordingly, an AC output signal

fromthe opegbaivaia paﬁeﬁrmf idndeh detsctooh £ldedl iof thehrafnested pdvadr t he
power which is supplied to the plasma load 12 is made to be equal to the

power commuig tal theCpowélrecontpollerghal Themnpdwer opmitatohber ahdlilows 7 i S
changed to be a predeterm ned power by a power 5 anplifier 8, and
t hereaft er, the pewer anstputteatl tfaromhehel ibgim- frequency power source 10 to
10 follow a target value, according to the feedback control using
the detection signal of the forward power Pf.
[0064]
The feedback control by the power controller 1 generates
a difference signal between the power command value Cs and the
15 forward power Pf, as a command signal to control the output power,
and inputs the command signal into one of terminals of an
operating amplifier 7. On the other hand, a high-frequency
signal serving as a reference is inputted in the other terminal
of the operating amplifier 7. The operating amplifier 7
20 controls the amplitude of the high-frequency signal based on
the command signal from the power controller 1. An oscillator
6 is capable of generating the high-frequency signal, and a
frequency of the high-frequency signal can be determined in
accordance with the high-frequency which is supplied to the
25 plasma load. For example, it may be assumed as a frequency
signal of 13.56 MHz.
[0065]

Accordingly, an AC ocutput signal from the operating
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|l oad 12 via the matching circuit 11. [0066] The operating amplifier 7 is

all owed to exercise the feedback control, but instead of the operating
anplifier 7, an 10 inverter may be enployed for the feedback control.
Therefore, a PWM control signal, which controls a swtching interval of a
switching elenent, may be applicable to control the voltage of the AC
power. [0067] 15 In addition, the power controller 1 detects an increase

of the refl empddfjewe? rsPconyoddiedginrucheredannear sthpfalthef povas whsidlect ed
power Pr, and exercises drooping control when the _increase of the reflected
power Pr |s1§eﬁ§epééedAE€oFBFn§&9smatﬁ@aﬂoﬁérlﬁom%ﬁ%lF%rb%uﬁﬁﬂ%%ég%
overcurrent or overvolt ong th the |ncrea e of tFE%reflected power

Pr, and proP@@P§ CPW@aB gﬁp §§Fpﬁﬁe iR E°@| i Pasating,
source. 10 3BPITETeEN7 #ﬁeﬁgﬁéﬁg? Cb} %3?9‘58“%%35‘%%%‘1 bffer B F et .
condenseg ”%%Rﬁﬁ?ibktﬁte H'§h€§55?£887ciﬁcﬂkttréQQﬁ?ngﬁcioZtﬁ ﬁh§§£§0070]

dlagran1shomn controf system o e power supply contr

In FIG 2, % " u@dbqgtQgeamngg&ngogq§@qifahqe which 1is associated with a
t ar get value of the power outputted from t he hi gh-frequency power source

10, and "Pf"[pbodegates a forward
The operating amplifier 7 is allowed to exercise the
feedback control, but instead of the operating amplifier 7, an

10 inverter may be employed for the feedback control. Therefore,
a PWM control signal, which controls a switching interval of
a switching element, may be applicable to control the voltage
of the AC power.

[0067]

15 In addition, the power controller 1 detects an increase
of the reflected power "Pr" by using the detection signal of
the reflected power Pr, and exercises drooping control when the
increase of the reflected power Pr is detected. Accordingly,
the power controller suppresses the overcurrent or overvoltage

20 along with the increase of the reflected power Pr, and protects
the power supply.

[0068]
The matching circuit 11 is a circuit to perform an
impedance matching between the high-frequency power source 10

25 side and the plasma load 12. For example, an inductance and

a condenser may constitute this matching circuit.
[0069]

FIG. 2 is a block diagram showing a control system of
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power which is directed to the plasma load 12. In this control system the
feedback control is exercised in such a manner that the forward power Pf
bei ng the output power is made to agree wth the target value Cs being the
power command val ue. 10 [00711 In the power controller 1, 'Si" indicates a
summ ng point, where a difference is calcul ated between the power conmand
value Cs and a detection signal "Pfb" of the forward power that is a

f eedback fr &het pewesnsuppdyvicaniroddesfer function B, and this 15 difference
Is outputted as a_power control deviation e. The sign "G' indicates a
transfer funt®PdRlused for generating a current command signal "I"
according to the paower_control, _ deviation e, the transfer funciion _having a

propor'lt:):conal ch?ra?ef'r;%'t i%c ?l’?& aFrnldﬁFééiPél cH‘&Y’ﬁEt%?'f“E?? VE ef"g?jvﬁ? dd20
Peedback tolPnBoshimPREapRrHE & aikasl Vrate, BRcrBp BobRErPaipd e s ER o . 1Y
:‘Zegbggk to%pﬁ %%ﬁ%%%?%ge%l n t éeé ggaﬁr‘%ﬁi E?r%ﬁpd SI gn ﬂg'q’éﬂf

corr eSpondspreE‘hﬁhféhtstaﬁifJ:%EtEH”’Eé'tq{é phakha $688012 9 fxw tHek &Sl tb 1 he
forward power Pf. 72] The power controller 1 includes a soft start

control whi gystéf, ai:ﬂl@\/feeéﬁb’aﬁmi)cbhkeoﬂ.niié%aé‘e&'dﬂsel@mrsﬁ(fl@ra mehfepUEHAE
state to a predeterm ned power value, at the tine of startup or restarting

after cuttimbeofbrwh@d/8pwes P bakngpphe adbutphdrpswepressnade abmagede
electrical with the target value Cs being the power command value.
10 [0071]
In the power controller 1, "S1" indicates a summing point,
where a difference is calculated between the power command value
Cs and a detection signal "Pfb" of the forward power that is
a feedback from the sensor 9 via a transfer function 8, and this
15 difference is outputted as a power control deviation e. The
sign "G" indicates a transfer function used for generating a
current command signal “I" according to the power control
deviation e, the transfer function having a proportional
characteristic and an integral characteristic. The forward
20 power Pf is supplied to the plasma load 12, and simultaneously
subjected to feedback to the summing point "S” via the transfer
function B. The sign "8" is a transfer function used for
subjecting the forward power Pf to the feedback to the summing
point S. In the example here, the sign "B" corresponds to the
25 transfer function of the sensor 9 for detecting the forward power
Pf.
[0072]

The power controller 1 includes a soft start control which
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di scharge used for vacuum equi pnrent according to the present invention, the
hi gh-frequency power source 10 is provided with a nechani sm which
tenporarily cuts off the power outputted towards the plasnma |oad 12, upon
detecting abnormal electrical 10 discharge. This cutoff nmechani smincludes a
cutoff controller 3 which controls a cutoff operation of the outputted
power. The cutoff controller 3 further includes an arcing detection/cutoff
part 4 whi cBldeweca ssammrilikedaceeasecbs piwer finehnf zepeorauitput sbateattss f
control prohibition part 5 for prohibiting the 15 operation of the arcing
det ect i on/ catRFgdgFATMiNeq govas Viadde . at tHae of het ABHER REITet @R Fingl

di scharge, and continues supplying of power, and a cutoff interruption part
2 which pePf&PHsChEIRG: 8FF -operation according to the cutoff controller 3
for the ordiﬁpg ower control. 20 [0074] The cutoff interruption part 2
receives a é PE control by the cutoff controller 3, and halts the

operatiop of the 1foehb! abBhrBrull t0x! DAphALLSOhaORERBLNED 81 cbbEBagL ! ator

6, the power supply requency power source 1 5

pl asma | oadgigcharBeOUdBl EBrovhahim! E4RPpMEAL YacdbPaLH§Ofd tKOPréledBY

i nclude an operation to reduce the power volune to be Supplied, in addition

to halting tRgeR®WBh , Sthe|HAdH- fitRqud s @awbaagoagceaaruﬂ1tsh§r@uiayatmrpower
can be suppressed by 29 the power controller 1, instead of halting the

operati on ot mbehaassm watieh GempOo@aTlilyheuascbiffigtiet poweanbatpaittegart 4
of the cutoff 5 controller 3 inputs a detection signal of the reflected
power towards the plasma load 12, upon detecting abnormal electrical
10 discharge. This cutoff mechanism includes a cutoff controller
3 which controls a cutoff operation of the outputted power. The
cutoff controller 3 further includes an arcing detection/cutoff
part 4 which detects arcing and controls the cutoff operation,
a cutoff control prohibition part 5 for prohibiting the
15 operation of the arcing detection/cutoff part 4, in the case
other than the abnormal electrical discharge, and continues
supplying of power, and a cutoff interruption part 2 which
performs the cutoff operation according to the cutoff controller
3 for the ordinal power control.
20 [0074]
The cutoff interruption part 2 receives a cutoff control
by the cutoff controller 3, and halts the operation of the
oscillator 6. With the halt of cperation of the oscillator 6,
the power supply from the high-frequency power source 10 to the
25 plasma load 12 is brought to a halt temporarily. The cutoff
control may include an operation to reduce the power volume to

be supplied, in additien to halting the power supply to the

plasma load 12, and the outputted power can be suppressed by
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Pr that has been detected by the sensor 9, conpares the detection signal of
the reflected power Pr with a threshold for the cutoff . Wen a nagnitude
of the detection signal of the reflected power Pr exceeds the threshold, it
is determ ned that abnormal 10 el ectrical discharge has occurred in the
plasma | oad 12, and a cutoff command is outputted to the cutoff
interruption_part 2. Upon receipt of the cutoff command fromthe cutoff
control | er tBe pewer garfrqlied Lupinskeddaf hagiing the apeshahian pf the
operation of tgﬁ}% cillator 6, thereby halting the power supply 15

t empor ari |y °fF 8Thi%gh-f requency power source 10 to the plasma |oad 12,
and suppres§bpg5the occurrence of abnornmal electrical discharge. [0076]
Suppr essi on 0 tHe abnormal el ectrical discharge 20 according to the cutoff

controller 3 can b rfied: out f of f o) Lpel udi ng a
glf*}?é %iéﬁ}glrxggﬁ‘ eﬁ%ﬁﬂ‘g?rr}é@@éfﬁ p&it Of fofopé ObytdPE! udi ng

first handling cut ows restarting In the state where

i ons rengi Ngonittoll@rPBasAput 3nd detetdosh karfldinarcehel fefpatted pbush
allows restarting in the state where abnornmal arc ions have di sappeared. 25

One of the tpwotisat blals o dettected e thel St sl Bgseshpares ther @stectisme
durations for cutting off the output fromthe high-frequency power source.
[0077] 30 Tisdghalsef thedtefiibected poweaPr ofi thxe thresbhoflidef eu tthief cutofif 1 ol
while restarting is enabled in the state where ions are kept to remain in
t he pl asma, Whiear @agnigprdss oifnthe dateatiar signel oh theerefhecthdreowene
second handling cutoff control nmakes 5 the abnormal ions to_disappear,
t hereby el i Rn&¥cggds the threshold, it is determined that abnormal
10 electrical discharge has occurred in the plasma load 12, and
a cutoff command is outputted to the cutoff interruption part
2. Uponreceipt of the cutoff command from the cutoff contreller
3, the cutoff interruption part 2 halts the oscillating
operation of the oscillator 6, thereby halting the power supply
15 temporarily from the high-frequency power source 10 to the
plasma load 12, and suppressing the occurrence of abnormal
electrical discharge.
[0076]
Suppression of the abnormal electrical discharge
20 according to the cutoff controller 3 can be carried out by two
types of cutoff control, including a first handling cutoff
control which allows restarting in the state where ions remains
in the plasma, and a second handling cutoff control which allows
restarting in the state where abnormal arc ions have disappeared.
25 One of the two cutoff controls can be selected based on different
time durations for cutting off the output from the

high-frequency power source.

[0077]
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accunul ati on of ions which may generate an abnormal arc. [0078] The arching
detection/cutoff part 4 of the cutoff controller 3 exercises the first
handl i ng cutoff control and 10 the second handling cutoff control, the
cutting off tinme of the controls being different fromeach other. The first
handling cutoff control allows the ions to remain within the plasm
reacti on chanber, and exercises the cutoff control over the high-frequency
power source withThetfirst nkandting oputekd contwel lexerciges rihelanafif t o

di sappear. On the_other hand, the second handllng cutof f control exercises
the cutoff EOREESL Wkle twtarrtgtwsr ig thegitate Whemeniens Et#erm

durati on that %I ows the arc i di sa ear LOO?Q’} ‘Fé'(’)

first handl ﬁﬁg P oFEmath iR P&arsﬂ‘é‘ ngSFPBX SRDPERESLABOR (IXTHP (F be

hort, f I f trol
ihs stu B ehE r@or%esrﬁaéakix%% Pheond il At BEnisba Rl 1o

chamber .5 AtG8’ AbAGiia1! 16nd" & aisgpgga& behagesyfaiaaansiﬁhee abnormal 25

electrlcal |sc arge Is a ppéar according to t cutoff in a

short time peklfdlatheneby Qlohgl AaicAImhbegahBeakBl anehBabimaal agcschar ge.
In addition, during the cutoff duration by the first handling cutoff

control, theooqaq are kept to remain 31 within the plasnma reaction chanber.
Therefore, at the time of restarting after the cutoff, boot-up of the power
supply can be caTheedrohingnietieation/entbffi pashodt ofethedcofoffne,
al l owi ng i nstantaneous resunption of normal discharge. 5 [0080]

controller 3 exercises the first handling cutoff control and

10 the second handling cutoff control, the cutting off time of the
controls being different from each other. The first handling
cutoff control allows the ions to remain within the plasma
reaction chamber, and exercises the cutoff control over the
high-frequency power source within the time quration that allows

15 an arcing element to disappear. On the other hand, the second
handling cutoff control exercises the cutoff control over the
high-frequency power source within the time duration that allows
the abnormal arc ions to disappear.

[0079]

20 The first handling cutoff control sets the duration of
the cutoff time to be short, for example, from 1 ps to 100 ps,
and terminates the cutoff control in the state where the ions
is kept to remain within the plasma reaction chamber.
Accordingly, the arcing element being a factor of the abnormal

25 electrical discharge is allowed to disappear according to this
cutoff in a short time period, thereby eliminating the abnormal

electrical discharge. In addition, during the cutoff duration

by the first handling cutoff control, the ions are kept to remain
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The second handling cutoff control sets the duration tinme to be |Ionger than
that of the first handling cutoff control, whichis in the range of 1 ns to
100 ns, allowing the cutoff <control to termnate in the state where the
abnormal arc ions 10 have di sappeared. Accordingly, it is possible to
elimnate accunulation of ions which nmay cause the abnormal arc, thereby
cutting off arching. [0081] In the present invention, at the tinme when the
reflected W®itpdwnethe quldwma aeaptilogyghambershdlhexefére stathdhel tigelafel ),
the cutoff operation according to the first handling cutoff control stops
suppl yi ng oreﬁﬁﬂéﬁ}nanéf§prn¢g&t§§t9ﬁ§:abﬂetnﬂp of| Ele rPR¥ST (FERIHY (@3N | n
addition, at the tinme when the  refl ected power reaches a hi%h | evel

threshol d (Res&@sgdedoondndmmegipdedy) Withdne gt SPPTELELEL LGN Vdc tdMEiing to

t he second ndl.i ng,cutoff control stops.supplying of power, and all ows

t he abnornaPHZPgipgnénF a&F?EﬁBEﬁrFefHP§%§88055 HQ%HFﬁnglfﬁﬁgfpe‘control i s
al so refgrrggogglas "arc ion refresh operation". [0082] 25 The cutoff
operation according to the first cutoff <control is carried out prior to the

cutoff operation aggreARMhg ﬂ&n&ffn&%‘%‘%‘%%x?ﬁof%{é&rs%he Egl%%%&%hetirﬁé‘e

first cutoff control is referred to as "first handling” and the second
cutof f 32 cest bel 1bageel ehafdthatast " RE O SENKARADY ng | uBSIEE LMk rd e

first handling level is set to be |ower than the second handling |evel.
[0083] 5 Thaipbwes danthel kangd o6t s m&ftéheoouhpyutallowindethe cutoff
control to terminate in the state where the abnormal arc ions
100 have disappeared. Accordingly, it is possible to eliminate
accumulation of ions which may cause the abnormal arc, thereby
cutting off arching.
[0081]
In the present invention, at the time when the reflected
15 power reaches a low level threshold (a first handling level),
the cutoff operation according to the first handling cutoff
control stops supplying of power, and eliminates the abnormal
electrical discharge. In addition, at the time when the
reflected power reaches a high level threshold (a second
20 handling level), the cutoff operation according to the second
handling cutoff control stops supplying of power, and allows
the abnormal arc ions to disappear. This second handling cutoff
control is also referred to as “"arc ion refresh operation”.
[0082]
25 The cutoff operation according to the first cutoff
control is carried out prior to the cutoff operation according
to the second cutoff control. Therefore, the first cutoff

control is referred to as "first handling” and the second cutoff
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hi gh-frequency power source 10 according to the first handling cutoff
control, and thereafter, restarting is executed by a high speed boot-up.
Then, the power controller 1 subjects the forward power value Pf to the
f eedback control with respect to 10 the power comrand val ue Cs, and controls
the output fromthe high-frequency power source to be equal to the power
command val ue Cs. £0084 The hi gh speed boot-up enables the restarting
after the €ontredtls Keferrefhitiors afRICORI Nandlking’| od Ioupdgitianp-thke
power, changin fron1zer§ﬁ9utput state to_the power command V%LUE
ol

but put t ed WEAKSE BARGH 589 JeWEL hS(SRE SarRE doTeTHERRR; T SECPRAE DARALIY (| e

of the firsé handl i ng cutoff control. Therefore, the duration required for
the high sp &4 6ot-up can be 20 determ ned in accordance with the cutoff
time of the[?b%§ﬁ handl i ng cutoff control. This tinme duration may be in the
range from1 ps’to 100 ps, for instance. [0085] Furthernore, the power

controllgr 1 exercipgs péiesesoitroPPehaNdbitg St Offhe COREPEt £PofUEnOff the

output fromthe high-frequency power source 10, and thereafter executes a
soft-start haghafireq@ientiepowthesdqores 100atE0FEehgStbjter! §irBe hdwd gl

power value Pf to the feedback control wth respect to 33 the power comand
val ue Cs, arctitoddftcomhisrdéhe andt thierdabrert haeshiagitihgels exerutedery scutgle t o
be equal to the power command value Cs. [0086] 5 The soft start for
restarting asbeed bleotsapondThendl thg power controller 1 subjects the
forward power value Pf to the feedback control with respect to
10 the power command value Cs, and controls the output from the
high-~frequency power source to be equal to the power command
value Cs.
[0084]
The high speed boot-up enables the restarting after the
15 first cutoff control, and this is carried out by ramp-1like power,
changing from zero output state to the power command value,
outputted within a duration with the same time ordering as the
cutoff time of the first handling cutoff control. Therefore,
the duration required for the high speed boot-up can be
20 determined in accordance with the cutoff time of the first
handling cutoff contrel. This time duration may be in the range
from 1 ps to 100 ps, for instance.
[0085]
Furthermore, the power controller 1 exercises the second
26 handling cutoff control to cut off the output from the
high-frequency power source 10, and thereafter executes a

soft-start restarting. Then, the power controller subjects the

forward power value Pf to the feedback control with respect to
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cutoff control is executed at a matching speed, which allows the matching
circuit 11 to sufficiently handle the ranp-like power output changing from
the zero output state to the power comuand value Cs. Accordingly, it is
possi ble to suppress the 10 increase of the reflected power Pr caused by a
matching fault. [0087] Therefore, the time duration required for the soft
start of restarting after the second handling cutoff control can be

det er ni ned dPFcRAWRE EATMMRBIANYGAMEUEE - oRNEhEOPbTRLS cERfaPRtRAL LEram ERe 5
mat chi ng ch%a% tgristic of the _matching ci&cuit 1i, angh the Iike. The tinme
duration of ~SGPAVSRSY: PRYPTHEONEEe 5O RenBINRL1BO st ROV RE SOIRANE 0088]
The second Q%ﬂﬁgi%% cutoff control ains at elimnating 20 accunul ation of

i ons which may cauS€e an abnornmal arc, thereby cutting off arcing.
Therefore, iffgglggjeffective to exercise the control, at the stage where the
i ons that may cause the abnormal arc have al ready been accumul ated. [0089]

25 Accorgling to thenheusal eidtedthiegkere ot a ek ety td s dhel Becohlirsandeslyi ng
cutof f control which is executed within a predeterm ned period of tine, the

second handlcutgfducentreantisokxedatednanes masEtRiRgOipébe, awliLoh| &1 Bows ons
whi ch may cause the 34 abnormal arc. The second handling cutoff control is
executed byheematwhinggcdrpailmt 1af toi sefihehenhdychanddei viee noare+ 1 Dfe

executions of the first handling cutoff control reaches a preset nunber of
ti mes, as aPoWggeowtiend changdng Hnemhthezera outpyd s5tateotmatherpowerrt he

pl asma have been accunul ated. Therefore, = )
command value Cs. Accordingly, it is possible to suppress the

10 increase of the reflected power Pr caused by a matching fault.
[0087]

Therefore, the time duration required for the soft start
of restarting after the second handling cutoff control can be
determined depending on the magnitude of the power command value

15 Cs, a matching chdracteristic of the matching circuit 11, and
the like. The time duration of the soft start may be set to
1l ms to 10 s, for instance.
[o088]

The second handling cutoff control aims at eliminating

20 accumulation of ions which may cause an abnormal arc, thereby
cutting off arcing. Therefore, it i1s effective to exercise the
control, at the stage where the ions that may cause the abnormal
arc have already been accumulated.
[0089]

25 According to the cumulative number of executions of the
first handling cutoff control which is executed within a
predetermined period of time, the second handling cutoff control

determines a state of the accumulated ions which may cause the
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the arcing detection/cutoff part 4 and the cutoff control prohibition part
5, provided in the cutoff controller 3, count the nunber of executions of
the first handling cutoff control, and execute the second handling cutoff
control at the tinme when 10 a value of count obtained by the counting
reaches a preset nunmber of tinmes. [0090] Sinultaneously with executing the
second handling cutoff control, the value of count is cleared, and counting

i s restartedbnpymad @agent The seEeRG hendbdnd Gudef foropkeoli L5t exapatedg

t of f trol. At t ti when th I f t hes th t
nunber of e SSREEFRR % A BERBEnPhed BEr PBAROERE: FUTSLAELEE CRHEDSRARGI i ng

t of f t ' ' The, i ff t th
reset nunberesiRIECSE RhCREESs BT ChvERF Soneidt EfneBefE RSt
repeat ed, therehy gff Lvel I ' t f . patin
thg abnormatlral arc igfc‘)fng.%%og%i a?%g%g%fgpgggoﬁﬁ?g{% méﬂicgﬁgﬁyg\%gggt%ghg o
exerci sest hqundraldl ate SANERE! pldshahdRI®zen Beclimuibteandl yREresb s |

control and the second handling cutoff control. [0092] For exanple,
abnormal el atle iad@ind SEtWOE ony dlficFH @Aart3a Rnd anmcuted A dtadll e val ue

| evel of the reflected power with a threshold, and each control can be
carried out pamddioditrigpnt parth®, gixrworinidd dinethei catofif swindipd leat 3¢ deuvrtt ed.
[0093] 5 In the case where abnornal electrical discharge is
the number of executions of the first handling cutoff control,
and execute the second handling cutoff control at the time when
10 avalue of count obtained by the counting reaches a preset number
of times.
[0090]
Simultaneously with executing the second handling cutoff
control, the value of count is cleared, and counting is restarted
15 to count the number of executions of the first handling cutoff
control. At the time when the value of count reaches the preset
number of times within a predetermined period of time, the second
handling cutoff control is executed again. The first cutoff
control executed for the preset number of times and the second
20 cutoff control subsequently, are repeated, thereby effectively
suppressing the growth of arc and eliminating the abnormal arc
ions.
[0091]
The cutoff controller 3 is allowed to exercise the cutoff
25 control in two modes; the first handling cutoff control and the
second handling cutoff control.

[0092]

For example, abnormal electrical discharge is detected
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detected by conparing the absolute value |level of the reflected power wth
the threshold, the first handling cutoff control detects the abnornal

el ectrical discharge when the reflected power is conpared with a | ow |evel
t hreshol d, and according to 10 the detection of the abnormal electrical

di scharge, the power supply is cut off . On the other hand, the second
handling cutoff control detects the_increase of the reflected ﬁpmer when

the refl ecP¥LCURRFIRG anoabserateiviaiue heyal of Eheifflaries PONET kit di ng
to the detect] ' f th flected 15 th

Supply 1o ot EBreShobde g FRRT GintsoL ren BRLEEREAR Ryt cATERTaliAIRl or
th d ' t off I i ' ' th i tud
of the & hr edha dongimad S1ectabadl aidoHRLEETHITHC Yo aONERT, TP Tl

power Pr. TW%O@bﬁSt handl ing cutoff control uses a |lower |evel value as the
threshold for the conparison wth the reflected power Pr, and detects an

initial stage of 1hneheasgsef whBeel a8bh8ehad BoBBErilatondsBHhYgel isi S
possible to detect the increase of the reflected power along with the 25
occurrence detekteddby cimpeErimathdi stedelge vadueeleeal lof the e Bhaoted|

el ectrical discharge occurring during plasma film formation and etching can
be cut off powger whdhnither ithyeaholdgortiiet fdmrst3bandddng Cutolid coindéroland,

t he second handling cutoff control uses a higher |evel value than the | ow

| evel val uedgéegtisnthreabppzmalhahartricalt dischangeovhennthecretiacted

I ncrease of the 5 reflected power at a stage subsequent tq the initial
st age. power is compared with a low level threshold, and according to

10 the detection of the abnormal electrical discharge, the power
supply is cut off. On the other hand, the second handling cutoff
control detects the increase of the reflected power when the
reflected power is compared with a high level threshold, and
according to the detection of the increase of the reflected power,

15 the power supply is cut off.

[0094]

Selection of the first handling cutoff control or the
second handling cuteff control is determined by varying the
magnitude of the threshold, which is used for the comparison

20 with the reflected power Pr. The first handling cutoff control
uses a lower level value as the threshold for the comparison
with the reflected power Pr, and detects an initial stage of
increase of the reflected power. Accordingly, it is possible
to detect the increase of the reflected power along with the

25 occurrence of abnormal electrical discharge. Consequently,
the abnormal electrical discharge occurring during plasma £ilm
formation and etching can be cut off under the minority arc

condition.
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Accordingly, a state of majority wave arc is detected, where energy is
concentrated and a transition is nmade to a majority abnormal discharge, and
then, the cutoff is executed. [0096] 10 The cutoff control prohibition part
5 prohibits the cutoff control of the power supply by the arcing
detection/cutoff part 4, in the section defined as the arc cutoff

prohi bited sectiqon. Therefore, even in the case where a control for cutting
of f the poi@Pgéﬁpply i s supposed to be executed, the cutoff control 15

o 1 L S R o S R

supply. The arc cul e on i So as t ev

power supply M?@%Peiﬁgegﬁé’%‘gig@ \F\%gnhﬁﬁé 10‘1}‘3&1%1%%1?"{1%21% Q% itﬁg fPrst

abnornal el ectr n an increase o I'ected power is

caused by anhgaldROhebrr2@ontad 1l handbaeterh sehde! incdleadleseranta | f the
arcing detection/cuatoff part 4 detects the increase of the reflected power

and out psit s rafaecelkld E@m&ndti A hlageakubseigRkhtprehithiet a¢itieq! istaget.hi s
cutoff command is prohibited and the cutoff control is not executed. 25

[ 0097] Her eAcicoldddwiglys amgth¢easfumadorityheawecarot b§fdepected| twtere
section; an ignition node section at the tine of startup of the

hi gh- f r equesogrgywés soncentratadohnd pedurdnsiitign ig7medet tonaataierite
first handling cutoff control, an i%nition mode section after the second
handl i ng cuebnPrEgd: Adischarggnwand theRer theafeitedt d&ceresulisdre t he

f eedback val ue %{ormard power) is allowed to gradually approach the power
command val 489 il 5 entering a predeterm ned fluctuation range.

10 The cutoff control prohibition part 5 prohibits the cutoff
control of the power supply by the arcing detection/cutoff part
4, in the section defined as the arc cutoff prohibited section.
Therefore, even in the case where a control for cutting off the
power supply is supposed to be executed, the cutoff control

15 prohibition part 5 prohibits the cutoff control and continues
the power supply. The arc cutoff prohibited section is defined
so as to prevent the power supply from being brought to halt
due to a false detection as abnormal electrical discharge, when
an increase of the reflected power is caused by a reason other

20 than the abnormal electrical discharge. If the arcing
detection/cutoff part 4 detects the increase of the reflected
power and cutputs a cutoff command in this arc cutoff prohibited
section, this cutoff command is prohibited and the cutoff
control is not executed.

25 [0097]

Here, followings may be assumed as the arc cutoff

prohibited section; an ignition mode section at the time of

startup of the high-frequency power source, a high speed boot-up
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[0098] The ignition node section and the re-ignition node section are
sections in which it is possible to assune that the plasnma has been
ignited, each corresponding to the section froma time 10 point when the
forward power starts outputting power until when the forward power exceeds
the droop level of the reflected power. |If the reflected power has

I ncreased within this section, the high-frequency power source exercises a
reflected pogetiog afgengtbenfisstaBandpingecufoEf openbrebn, amntgnhkied ore
it 15 is not necessary tq exercise the first handling cutoff_control. _It is

to be not edmﬁ&tsﬁﬁ@%éﬁﬁ&rhﬁwFPHQ“@LH%H‘F%FPGP&&&%H%%' PHEO AT f f
operation for protection, regardl ess of ther Qr_not it . is_in the C
cltof T pronPEVEEEERATTH: SSR888B RTY Fhf e itk altr (SRE VPSR RAVE pover
i s detected;hy I St |4i C r Lt NEOLES] Y
detected a%gaaéig?g%{ii%ér\ % %&%&&&%ﬁaﬁﬂ%pééprﬂg%lﬁavlesig%g%néap dg‘d;g)%flgl ng o

power | S5 CUlnbl183S 80 pdelierhined ¢uetbatlondiadlyldl.ng the  power supply
to the plasma, even though there is no occurrence 25 of abnornal electrical
di scharge agbugalglly. Therefore, in the present invention, the power supply
I's continued without cut off in the arc cutoff prohibited section. [0100]
38 I n the ignitioThetitmisteiadn modaersedt iidiean@-thgnté + Hin ivden medet septide arc
cutof f prohi bited section can be defined according to the droop |evel. The
droop | evel acransbetiiehsnin withcH i tx i€spd 99 le atx aasaamd Thhdetbé plasmih power

"Cs 100%" is 5 nultiplied by the reflected droop coefficient "L". Here, the
has been ignited, each corresponding to the section from a time

10 point when the forward power starts outputting power until when
the forward power exceeds the droop level of the reflected power.
If the reflected power has increased within this section, the
high-frequency power source exercises a reflected power
drooping control as a protective operation, and therefore it

15 1s not necessary to exercise the first handling cutoff control.
It is to be noted that the second handling cutoff control
executes the cut off operation for protection, regardless of
whether or not it is in the arc cuteff prohibited section.
[0099]

20 If the increase of the reflected power is detected by the
first handling cutoff control, and it is erroneously detected
as a detection of abnormal electrical discharge, supplying of
power is cut off based on the false detection, disabling the
power supply to the plasma, even though there is no occurrence

26 of abnormal electrical discharge actually. Therefore, in the
present invention, the power supply is continued without cut
off in the arc cutoff prohibited section.

[0100]
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reflected droop coefficient L may be defined to be in the range of 0.1 to
0.3. [0101] At the tinme of starting or restarting, the forward power 10 is
i ncreased, being delayed fromthe increase of the power comuand val ue Cs,
and the forward power approaches gradually the power conmand val ue Cs
according to the feedback control. In the section where the forward power
Is in atransient state, if a detection of the increase of the reflected
pover is 15 det er Fnthie abgniibleibmudealses tdomy oraindtbe hoe gbgahtieupmde ng
of power is cut off based on the detection, supplying of power to the
plasma i s dP&S§HLER etBR ﬁﬁ@u@ﬁtpﬁgrBrpglﬁét8§c§PFéﬁeé CGP QSnéﬁﬁ&Ped

ascumod s SRCAFALNG 61 ChE o BPR PSR Sclieo Az BaRLEKE paaB o8 A e
Cecti on cantHo et i nea o’ » Liqmmstd Sankie g, Ratet eﬁ%‘é‘f'r &éf‘ﬁ@bfforwd

section can on where a power ack Vv

power) ggesy glitti 138 bg PhEUSL AT dR el J:ld%%te'f‘ﬂc&%@&e "Wt h fé[éf@ecﬁlféo the

power conman s an sectio ere there I1s a suffrcrent

large di ffel’r@ﬁf‘l@cﬁ:@& dr&b é&ﬂﬁ%éﬂwﬁa?aiéi de@Wled B "b&nd theeraog@r
command value "Cs". This section can be defined as 39 a |evel range

assum ng t hefpower teogmand val ue "Cs' as an upper Ilimt, and a value (Cs -
Kx Cs 1009 as a lower limt, obtained by subtracting "K x Cs 100% from
t he power c@om@dd value "Cs"; where "Cs' represents the power conmmand
value, "Cs 100% 5 represents a conmand val ue of rated power, and "K"
represents At the time of starting or restarting, the forward power
10 1is increased, being delayed from the increase of the power
command value Cs, and the forward power approaches gradually
the power command value Cs according to the feedback control.
In the section where the forward power is in a transient state,
if a detection of the increase of the reflected power is
15 determined as the abnormal electrical discharge and supplying
of power is cut off based on the detection, supplying of power
to the plasma is disabled even though there is no occurrence
of abnormal electrical discharge. Therefore, this forward
power transient period is assumed as an arc cutoff prohibited
20 section, and the power supply is continued without being cut
off.
[0102]
This forward power transient section can be defined as
a section where a power feedback value (forward power) goes out
25 of a predetermined fluctuation range with respect to the power
command value, and it is an section where there is a sufficiently

large difference (Cs - Pf) between the forward power "Pf" and

the power command value "Cs”". This section can be defined as
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a predeterm ned coefficient. Wien the forward power Pf is out of the |evel
range, it is assunmed as the arc cutoff prohibited section, and the power
supply is continued without cut off. Here, the coefficient 'K' may be set
to be a value within a range of 10 from0.01 to 0.2, for instance. [0103]
By way of exanple, when the coefficient "K' is set to 0.03, the arc cutoff
prohi bited section can be defined by the power range having the power
comand val @el€¥ehranga @ssuming the ppyers compandovaiug ss 1 @ANARPRET over

pr o bi t od, LAt { ARS oNBLUEEERy Rs” doma0Rtdans % HoeTa kAL E: oiadedex:

ith ref to.th ' dj - in FlG 0 3 and FlG.4, .and
the 11 ovehaPio>SREHRCEEhE & ~cCEH A RN chd Sovke commisd fathfy oo™
cut of f prohbﬂ%&%omcgmogg %e@%@% b‘?:hee Bb%&”%% Lihd $aifebe -0Ql §@olhat there
wi |l be explalined a f|r§t catofs pro?ess whigﬁ I'S carri ed out “upon

detecting a&eg%@@%h@%'aeéSﬁhéﬁ&a¢a£ﬁéQﬂ?&%&ed@@@w@&,OHﬁ&afk@"kéﬁﬁesents
prohibiting 25 the first handling cutoff proceSs in the arc cutoff

prohi bited asgpé@etérmihedi @rétf i dEe @@ ehe foEwaed igbwdr OF TNt
section, and the forward power transient section. It is to be noted that
FIG 4 and blfGthé lévebtrarigs, titeisuaodimed e the atrc4bupert £ opiroinib 1 thed
second handling cutoff, when the first handling cutoff occurs nore than
once. [0105ekit@Gon3 arxd dheippwdr supplymsstent tgued ati thowtrcwnoffup HéEre 5 t he
hi gh-frequency power source 10 is perfornmed by the soft start

the coefficient "K" may be set to be a value within a range of

10 from 0.01 to 0.2, for instance.

[0103]

By way of example, when the coefficient "K" is set to 0.03,
the arc cutoff prohibited section can be defined by the power
range having the power command value Cs as an upper limit, and

15 (Cs - 0.03 x Cs 100%) as a lower limit. When the forward power
goes out of the range, the cutoff control is prohibited, and
the power supply is continued without a halt.

[0104]

Next, with reference to the signal diagrams shown in FIG.

20 3 and FIG. 4, and the flowcharts shown in FIG. 5 and FIG. 6,
the cutoff process and the cutoff prohibition process will be
explained. It is to be noted that there will be explained a
first cutoff process which is carried out upon detecting an
abnormal electrical discharge, and an operation for prohibiting

25 the first handling cutoff process in the arc cutoff prohibited
sections; the ignition mode section, the re-ignition mode

section, and the forward power transient section. It is to be

noted that FIG. 4 and FIG. 6 illustrates the cutoff process for
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control, and high speed boot-up of power is perforned, after the first
handling cutoff. FIG 4 illustrates the high speed power boot-up after the
first handling cutoff, and also illustrates the soft start after the second
handl i ng cutoff. 10 [0106] Broken lines shown in FIG 3 and FIG 4
represent a power command value Cs", the thick solid line represents the
forward power "Pf", and the thin SO|Id line represents the reflected power

"Pr". In eaPRréPrming Bhenipqand handliag gRRoEEeiEhen ithesfirsteardbingt he
pomer | evel defining the arc cutoff prohibited section, and these |lines

i ncl ude a dF R Fé?gpuﬁﬁ &S @8%€-pover, and a | evel range that
fluctuates ?%ﬁﬁ jlng to the power comand value Cs. The ignition node
section and P -ignition node section, which are defined by the droop

|evel . and the 20g3Rct ol WighEnbicat SELGR! AbPAHE T :S: bARE bBBR- bho# ove

range are assuned as %he arc cutof ction, |cat|ng

the arc gut gife 1DGK 2k éﬁc%%%@é&sﬂrééllbhisspée%rﬁaab PhO Hoshtnitant |y,

according to the soft start ‘control, the power is made to increase
gradual | y widohtaol3manil h@ghnepeaaebabepapt ¥ pbﬁBrnﬂs apPrecehed N aetet i Me

| ength, fromzero power to a target power. [0108] 41 The ignition node
section is ddlk fiedsti hAndlihg coftofSt arRIG. Bhdlilgsitivadesmbtie kighi speed
corresponds to an initial period from the start of applying power to the
pl asma | oad poaed boothiup adteapithehdiestt hiandddag eutiof fasamdedl®o starting
fromthe point 5 where the forward power starts increasing, then matching is
jllustrates the soft start after the second handling cutoff.
10 [0l06]

Broken lines shown in FIG. 3 and FIG. 4 represent a power
command value "Cs”, the thick solid line represents the forward
power "Pf", and the thin so0lid line represents the reflected
power "Pr”. 1In each of FIG. 3 and FIG. 4, the thin broken lines

15 represent the power level defining the arc cutoff prohibited
section, and these lines include a droop level of the reflected
power, and a level range that fluctuates according to the power
command value Cs. The ignition mode secticn and the re~ignition
mode section, which are defined by the droop level, and the

20 section where the reflected power is lower than the level range
are assumed as the arc cutoff prohibited section, indicating
that the arc cutoff operation is prohibited in this section.
[0107]

Initially, according to the soft start control, the power

25 is made to increase gradually with a ramp-1like increase property,
taking a predetermined time length, from zero power to a target

power,

[0108]
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perfornmed, until the state reaching the ignition point. The state where the
forward power is equal to or less than the droop |evel is defined as the
ignition node section. [0109] 10 Subsequent to the ignition node section, a
section where the forward power is belowthe level range is set as the arc
cutoff prohibited section. This forward power transient section corresponds
to a transitional period, in which, in association with a difference

bet ween t he forwihe Istvidiion made sestinn psdatinafhuhthia the eof tyehastat ed by

2pproathes TSR TYOR Hﬁ%aepté‘émf R asRdLe o it SUcBerand ran

di fference %ﬁ%& a&% sufficien arge &St g hi arwahg Pf and
t he power i Iﬁg geP-¥ihd P8¥ 3 p3 6 angFentasecg ﬁ%Can be
def db 1 Nayi

e any PREmpRE et el i o 8l Plor U, aROMREA GAITHRAL : (B ¥ orf Bhedio Al LPPC!

Cs 1009@5“hwﬁﬁre'%h@bE%bQ%deboWB&tbﬁh¥t§91hE%e%§Eﬂ§ndthéhuﬁaQEhﬁﬁberpomer
"Cs 100% by a predeterm ned coefficient "K", fromthe power conmand 25

val ue "Cs". pb@tblhel) Uheilgrhei sRakedecacrthgntasdignithent povatd pryver
transient section, there is a possibility that the reflected 42 power Pr is

I ncreased dstate wherd fthecfooward powehiisgeanah tder péssthdroste dimsoef or e,
i f an abnormal electrical discharge is detected using the increase of the
refl ect ed pdeselPdsadefinednadsx thehdagnitdeasmode skeetdenl.ect ed power Pr
during this section 5 may be erroneously detected as the abnormal el ectrical
di scharge. [0109]

10 Subsequent to the ignition mode section, a section where
the forward power is below the level range is set as the arc
cutoff prohibited section. This forward power transient
section corresponds to a transitional period, in which, in
assoclation with a difference between the forward power Pf and

15 the power command value Cs, generated by a delay of the forward
power, the forward power Pf is increased and approaches
gradually the power command value Cs. In this section, the
difference (Cs - Pf) is sufficiently large between the forward
power Pf and the power command value Cs. This forward power

20 transient section can be defined by the level range, having the
power command value "Cs” as an upper limit, and the value (Cs
- Kx Cs 100%) as a lower limit; subtracting K x Cs 100%, which
is obtained by multiplying the command value of rated power "Cs
100%" by a predetermined coefficient "K", from the power command

25 value "Cs".

[0110]
In the ignition mode section and in the forward power

transient section, there is a possibility that the reflected
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Accordingly, in the present invention, supplying of power is continued

W t hout being cut off, even when it is detected that the reflected power Pr
has increased in the ignition node section and in the forward power

transi ent section. 10 [0111] Therefore, in the case of the ignition node
section where the reflected power is equal to or less than the droop |evel,

and in the case where the forward power Pf_exists the |l evel range . of the
forward powBPWEF K iidhdncEeassa, d%lt@nal Baliunghiey thmfﬁcpﬁegpﬁm R mand
val ue, these sectlgns are assuped as, t he ar.c cutoff ction, and

suppl yi ng oP1p8HAr PgdCo R T6 tHoA" BRI ?ﬁ ﬁé! ﬁﬁéhQﬁ
the range Oﬁsttﬁﬁt {:ue ifosg pc%%h&Fch:ﬁgﬂ%eSE'% r%(}le%ttaeq g’&%%r"‘@?rg terhe

forward power st'gnitican respec OowWer command

value Cs. | Enhﬁksoﬁf‘ec%heﬁgﬁ&% ’éﬂ& r%fffleG%%dpgS’éWér %%Fliﬂﬁ’mq"ﬁhig déxtidpger ed

by the increase reflected power Pr is suppressed e’ I ncrease not

caused Py hA9 HDEPFERECRS BFdd et ed &6 RAInAHifth BERBLY rAGadfad WWITD. | S
continued. The increase of the reflected power Pr not caused by the

abnor nal el aetbraahgdiySchar grei present eiindent ben drooppging hef gedwer sig ¢ f or
protecting the power source. [0113] 43 The matching section in the figure
correspondscbotanuedcwitimofit drestqrcutngffheepemerheapplti dat deheched Ithidie ti ne

when a followup control of the forward power Pf toward the power conmand
val ue Cs betbgsefsketiad pewps #jubas incregisedsitre tthenlgml §ien medesakt knt r ol

controls the forward power Pf, so that it .
and in the forward power transient section.

10 [0111]

Therefore, in the case of the ignition mode section where
the reflected power is equal to or less than the droop level,
and in the case where the forward power Pf exists the level range
of the forward power transient section, which is set based on

15 the power command value, these sections are assumed as the arc
cutoff prohibited section, and supplying of power is continued
without being cut off.

[0112]

Therefore, the range of the arc cutoff prohibited section

20 1is a range where the forward power Pf fluctuates significantly
with respect to the power command value Cs. In this section,
cutting off the power supply, which is triggered by the increase
of the reflected power Pr is suppressed, the increase not caused
by the abnormal electrical discharge, and supplying of power

25 is continued. The increase of the reflected power Pr not caused
by the abnormal electrical discharge is reduced by the drooping
characteristic for protecting the power source.

[0113]

43



foll ows the power command value Cs. [0114] After the end of the soft start
section, a constant value is designated as the power comrand val ue Cs, so
that the power 10 is supplied stably to the plasma | oad, and the forward
power Pf follows the power conmand val ue Cs by the feedback control. Then,
the forward power is stabilized at the conmand val ue of rated power Cs
100% [0115] 15 In this state, when the reflected power Pr is increased
and goes over theTherBatehing aectLiensin| Ehe| figpen| AGrresPgRAS APel and it

|t orrupt | ORSPE AR HEPE AL Lg 5% P4 APBIAEAL08 WADHE T FERECTRD of
hi g1 r cqueoy Baadr "BotipBE-H) 5 HhE FPhRhea it P T Mol Y R, "

of f. The cut.gffah@ $ho8e! @ge%rhé@tgtoam@. t aabseaﬁ;u.hltaw;tﬁi@ysé@@i&rw of f

interruption circuit med at a tine interval of 1 p sec to 3 p

sec, forsinghanfeeddAek Zon BFEIE Hntidta sCehel fobwaBafpbwd et egBotRAY Lyt Of f
is set to be the shortest tine range within which ions in the plasm

chanber ar g€oallb@getheo poeeri eommaddt kalaecicag el ement is allowed to

di sappear. By way of exanple, the shortest tine range nmay be 44 1 p sec to
100 p sec. %$onadlthe ions are allowed to remain, it is possible to achieve
a normal discharge imediately, during the reboot-up after the tenporary
cutoff. In the fistiter the end efipthespfdustartsiectioon @ depstahtdvakie he

first handling_(1st 5 handling) cutoff.
is " deslignated as the power command value Cs, so that the power

10 is supplied stably to the plasma load, and the forward power
Pf follows the power command value Cs by the feedback control.
Then, the forward power is stabilized at the command value of
rated power Cs 100%.

[0115]

15 In this state, when the reflected power Pr is increased
and goes over the first handling cutoff level, arching is
generated and it is determined that an abnormal electrical
discharge has occurred. Then, an interruption from the cutoff
interruption circuit 2 stops oscillation of the oscillator 6

20 to stop supplying power, and the power supply from the
high-frequency power source 10 to the plasma load 12 is
temporarily cut off. The cutoff to stop the oscillation of the
oscillator 6 by the cutoff interruption circuit 2 is performed
at a time interval of 1 p sec to 3 n sec, for instance. The

26 range of the cutoff time for the temporary cutoff is set to be
the shortest time range within which ions in the plasma chamber
are allowed to remain, and the arcing element is allowed to

disappear. By way of example, the shortest time range may be
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[0116] Even in the course of the tenporary cutoff, the plasma control state
Is retained. Therefore, the control operation can be resuned pronptly

wi thout this retained state being released 10 at the tine of restarting
control after the tenporary cutoff, and performng an initial process for
the plasma control. [0117] After a |l apse of the tenporary cutoff section of
the first handling cutoff, the cutoff process is term nated, and a boot-up
15 control isMp&RFoFRed080kt REE- tkﬁ%ﬂ%ﬂv&h%ikﬁﬂﬁna#ﬁ Qk%ﬁﬁﬂﬁs?ﬁuﬁﬂmﬁkﬁihe

speed boot - 5 {5RPRsB1eif ARp LBHES ROGRAL IRt LomeBAtrSY, THEI® war
poveer PI' | ngpeasesoot! 98144 SANhY LLRRLAD-0I OReLc£eT oS kALUR (3P0 Abang

t her ewi t h power O I hCrease roma Zero

status. | 014aholpargW otdeANRAICLs helkhaticn bhand 2ipatndilaliify (1=

refl ected powe and 1t is supposed to performa control cut off

the powes suBRAYiRY) BuebEERti on according to the cutoff |nterrupt|on
circuit 2. However, when the cutoff control by this cutoff controller 3 is

execut ed, tmelpeqer supply is cut off, disabling the high speed boot-up
control. Therefore, this 45 section is assuned as the arc cutoff prohibited
section, prohibiEveg fhetbhetocdirsentf othéytempsoranpfdutoiif ;r otherplagna
avoi d stopping of the power supply. The arc cutoff prohibited section can
be confi gur egnirodestatedds nobatnedy Themefone .nghe adniralhepesakied gver Pf

Is within the range |l ess than or equal
be resumed promptly without this retained state being released

10 at the time of restarting control after the temporary cutoff,
and performing an initial process for the plasma control.
[0117]

After a lapse of the temporary cutoff section of the first
handling cutoff, the cutoff process is terminated, and a boot-up

15 control is performed so that the forward power Pf becomes equal
to the power command value Cs. Here, this boot-up control is
referred to as "high speed boot-up control”. During this high
speed boot-up control, the forward power Pf increases
significantly from an almost zero status, and along therewith,

20 the reflected power Pr is also lncreased from an almost zero
status.

[0l18]
The cutoff controller 3 detects the increase of the
reflected power Pr, and it is supposed to perform a control to

25 cut off the power supply by interruption according to the cutoff
interruption circuit 2. However, when the cutoff control by
this cutoff controller 3 is executed, the power supply is cut

off, disabling the high speed boot-up contrecl. Therefore, this

45



to the droop level of the reflected power, and whether or not the forward
power Pf is within the range having the power command value "Cs" as an
upper limt and a value (Cs - KCs 100% as a lower limt, which is a result
of subtracting a value obtained 10 by nultiplying the conmand val ue of rated
power "Cs 100% by a predeterm ned coefficient "K', fromthe power command
value "Cs". [0119] The ignition node section, the re-ignition node section,

15 and the FEFHAPR B8WAESEMSHsPENEREcBELORVAPEEARERRER1EEG: FECEAON  cut of f

hi bi t ed ' d.in thi tof f hi bited ti th t of f
Control | proBFBRPAN-BH, 8 FRERED CoRFRel uht O Cafors Coptenbler o P °
det ecti on/ ' | d
Fr ap 11| epis, B8hefaa Y crEOBbpRE Suppty POdHe SUBPLULARE rdhunhi e
illustrate gphe;idat eahl %8 i%ﬁ;f??ﬁféﬁrgé NgeilribéafaBste N ddie iR dg

control; FIG 3D and FI ustrate the cutoff state "according to the
first handl ithg tcth@ffora@d pbwedner klsGriBliiRthe Fhrgedfesd [ty staadiel
detection and the cutoff state according 25 to the second handling cutoff
control. [ @b2€hel ardbp Iéwer haf ttimhawtlevtieldCpowert, hanfowkethentoolder 1
initially starts the soft start control (Si). After starting 46 the soft
start, whentheeforward poyewaRie lsswithiméhegrangehavidg thyepowenr ¢@@iand he
arcing detection/cutoff part 4 conpares the reflected power Pr with the
second handvieAgecl(€sff aseanl upRAY limijnandcaivalee ecEod K Ghel @R%bms

handling (S3), the second 5 handling cutoff process is perfornmed (S10). On
t he ot her h&ntewer limit, which is a result of subtracting a value obtainéd

10 by multiplying the command value of rated power "Cs 100%" by
a predetermined coefficient "K", from the power command value
"Cs".

[0119]
The ignition mode section, the re-ignition mode section,

15 and the forward power transient section are assumed as the arc
cutoff prohibited section, and in this arc cutoff prohibited
section, the cutoff control prohibition part 5 prohibits the
cutoff control by the arcing detection/cutoff part 4, and
continues the power supplying. FIG. 3B and FIG. 4B illustrate

20 the arc cutoff prohibited section; FIG. 3C and FIG. 4Cillustrate
thé detection state according to the first handling cutoff
control; FIG. 3D and FIG. 4D illustrate the cutoff state
according to the first handling cutoff control; and FIG. 3E and
FIG. 4E illustrate the detection and the cutoff state according

256 to the second handling cutoff control.

[0120]
In the flowchart shown in FIG. 5, the power controller

1 initially starts the soft start control (S1). After starting
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if an arc is not detected by the second handling within the ignition node
section, but an arc is detected by the first handling (S4), the power
supply is continued, not performng the cutoff process, because this
section is the arc cutoff 10 prohibited section (S5). [0121] After the
forward power exceeds the droop level of the reflected power, and goes out
of the ignition node section (S2), the arcing detection/cutoff part 4

conpar es t h&hee$oft it fowwhenstipe tHaveliing vayends iahdhenggritden madee| . | f
an arc is detected t he second handlingoﬁggék t he second handlingicutoff

process i SSSEF#SPnﬁgngﬂl}e ansinsdedEerd Gft RATAr & FATRRYeF it ed
2 1 SR b R0 o SELIBLCRRRUNS ok LEVEL! T
process 11 ABEahoLHer s NURLC LA Wl sSESRLORaYNgS1ET L DNg SECHLE" 1
nandl i ng’ cul PP TaraCoTiot S st B Bhididsieq SR R A PR, oo

described abgvananecappl ned Hetedteliny #het seBoRBdBanAlingNwakdihhenkor war d
power transient section as shown in FIG 3B, which correspond to the arc

cutof f prolighitédnsmoeosect@dr4] but dheasteps HearchHedt byStheafersppl i ed
to the high speed
handling (S4), the power supply is continued, not performing
the cutoff process, because this section is the arc cutoff
10 prohibited section (S5).
[0121]

After the forward power exceeds the droop level of the
reflected power, and goes out of the ignition mode section (S2),
the arcing detection/cutoff part 4 compares the reflected power

15 Pr with the second handling cutoff level. If an arc is detected
by the second handling (S6), the second handling cutoff process
is performed (S11). On the other hand, if an arc is not detected
by the second handling, but an arc is detected by the first
handling (S7), the power supply control is continued without

20 performing the cutoff process in the forward power transient
section (S8), since this section is assumed as the arc cutoff
prohibited section(S9).

[0122]

On the other hand, if it is not the arc cutoff prohibited

25 section (S8), the first handling cutoff process is performed
(s12).

[0123]

The steps from S1 to S12 described above are applied to
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boot-up after the first handling cutoff or at the tinme of soft start after
the second handling cutoff, in the arc cutoff prohibited section in FIG 3B
and in FIG 4B (S13). [0125] 10 FIG 3C and FIG 4C illustrate arcing
detection signals according to the first handling, detected by conparing
the reflected power with the first handling level. FIG 3D and FIG 4D
illustrate cutoff signals according to the first handling after the cutoff
cont r ol proﬁh@iﬂgbﬁtgpbc@§§ei§e@%é@Bté§¢ the[ forwprArPRyerhdr@asdeniton
signals as shown in FIG 3C and_in g. 4C, arcing detection signals within

F
the arc cut SPFTiBRORT HRMP 48cHT6n - MhaChsRoTResPrRY B theeapfdittited

from being sughsc%eﬁtto %Be cutoff process, and only the cutoff 20 signals
not in the BGPOFPLESMt PECTAPBNi bited section are extracted, which are the

cut of f signqbﬁ §gomn in FIG 3D and FIG 4D. and accordingly the first
handl i ng cuto F ontrol is executed based on these cutoff signals. [0127]

25 FIG 9E and FighodBrgBhebbhUsh! fbegy &4 Ohhp2id@ato WhEmids By ned

by conparing the re power W e secon I ng cuto The

cutof f si gngbothiupl Aetebythd & ixapOndndlang titdoeet 6F fat @Rl tRfef 6f Eotthe
cutoff control w thout 48 conditions, regardl ess of whether or not it is in

the cutoff statttralfteiolthel sedondchatdlindl2djtolf,t ha dikecaricorutefEarri ed
out both in the first handling 5 and in the second handling simultaneously,
a high prioprohibited section in FIG. 3B and in FIG. 4B (S13).

[0125]

10 FIG. 3C and FIG. 4C illustrate arcing detection signals
according to the first handling, detected by comparing the
reflected power with the first handling level. FIG. 3D and FIG.
4D jillustrate cutoff signals according to the first handling
after the cutoff control prohibition process is executed.

15 [0126]

Among the detection signals as shown in FIG. 3C and in
FIG. 4C, arcing detection signals within the arc cutoff
prohibited section of FIG. 3B and FIG. 4B are prohibited from
being subjected to the cutoff process, and only the cutoff

20 signals not in the cutoff control prohibited section are
extracted, which are the cutoff signals shown in FIG. 3D and
FIG. 4D, and accordingly the first handling cutoff control is
executed based on these cutoff signals.

[0127]

25 FIG. 3E and FIG. 4E each illustrates a cutoff signal which

1s obtained by comparing the reflected power with the second

handling cutoff level. The cutoff signal obtained by the second

handling cutoff level performs the cutoff control withcecut
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put on the second handling. For exanple, the second handling cutoff as
shown in each of FIG 3E and in FIG 4E is perforned in priority to the
first handling cutoff at the same point of time as shown in FIG 3D and in
FIG 4D. 10 [0129] Next, with reference to the signal diagramas shown in
FIG 4 and the flowhart shown in FIG 6, an explanation will be nade as to
the cutoff process and the cutoff prohibition process which are executed
when mul ti pFendifdeng: regsrdpgfgl Phgwhethert erfnatelbxdeuivdtne (BMEG n t he
cutof f process, %Ee firs%_hagqlin cutoff in a short duration within a
predet er ni nEQPEFRE PEOibitednSEETF1PR -executed for a preset nunber of

ti mes, and &BE gifter, a tenporary cutoff 20 is executed according to the
second handli 3 utoff in a relatively long duration (e.g., 1 nmsec to 100

meec). [0131] | nIE%eS%ig@@EtQBﬁg:[@@aﬁiﬁﬁo HOtH & the @EE??: rpirgéiﬁisﬁﬁ ng

the first handling cuto nore than once, the tenporary cuto

execut ed; by ahae § £RE ts Kl IHEh QWY fs 1o tah@ okdsT8 ddr Ri AL foBity ils MBEC
to 100 msec) which is longer than the cutoff tine ~duration accordinhg to the

first handl pag 6Ht ehé. sétdmd HaRIligRFONFoRaasthnpleUtRéf sedédied madalimguency
power source 10 is 49 controlled by the soft start to boot up the power. In
this soft suaoEfcastsiwbwn sinmdah bd FDE. s3E tarsd dmt FAGNt Bl istpeifornmpd ti on
time as described above, the power is made to increase gradually according
to a ranp-| ikeprhorttgetoroperfirdt damnddring cudafdr g&t thepsame , po bkt mf a
predeterm ned tine. The broken line in FIG
time as shown in FIG. 3D and in FIG. 4D.
10 [0129]
Next, with reference to the signal diagram as shown in
FIG. 4 and the flowchart shown in FIG. 6, an explanation will
be made as to the cutoff process and the cutoff prohibition
process which are executed when multiple times of first handling
15 cutoff are executed.
[0130]
In the cutoff process, the first handling cutoff in a short
duration within a predetermined time (e.g., 10 msec) is executed
for a preset number of times, and thereafter, a temporary cutoff
20 is executed according to the second handling cutoff in a
relatively long duration (e.g., 1 msec to 100 msec).
[0131]
In the signal diagram as shown in FIG. 4, after performing
the first handling cutoff more than once, the temporary cutoff
25 1s executed by the second handling cutoff for the time duration
(e.g., 1 msec to 100 msec) which is longer than the cutoff time

duration according to the first handling cutoff. After the

second handling cutoff, the high frequency power source 10 is
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4 represents a power conmmand value "Cs", a thick solid line represents a
forward power "Pf" |, and a thin solid |line represents a reflected power
"Pr". [0132] 10 It is to be noted here that the process for prohibiting
the cutoff and the process for rebooting up after the cut off are the sane
as those processes descri bed above. [0133] FIG 6 is a flowhart to explain
a procedure for executing 15 the tengorary cutoff according to the second
handl i ng cuP@ﬂftrOlF-@ﬂ?My the gsofdustartcie difiat up thehwrewallgethes seft

assuned as zero % and ever time when the first handling cutoff is

execut ed (SSFprt on‘F%O d&éﬂ‘itlért @ theuReEr f\fér’ifec"’@trt’éatéhéoigrmﬁi“rhe
t of .th t f d di t

Sl gnal 1 omtis 3F AERCRARAY ABote, gre BPeos T paqdfo HRetlard Sradi ity o

I's conpared W élil_-dﬁ_n r‘?é%tr }fqbf{'kezﬁl(%farger ?ﬂg&{:%%@m Zg M ntéltfe% mes

counter val ue becones equa 0 or e prese

N, the t@”p%b%@(: takahly bsp§bﬁett%§mﬁ§%@ tifed (Hge p@f@ﬁeﬁoﬂﬁé is Pieught

to halt is to be'noted that if the counter value C does not 50

reach the pme&ebre%@hee af poweRs cimmaha $aqeed “tarnd! anghdekolshb1iids 19ak
perfornmed, and only the first handling cutoff is repeated. [0136] After a

| apse of predpresented fotwar8bgwer hEfSeandla thimosdlidg it épresdobs S up
t he power source by the soft start

a reflected power "Pr”.

[0132]

10 It is to be noted here that the process for prohibiting
the cutoff and the process for rebooting up after the cut off
are the same as those processes described above.

[0133]

FIG. 6 is a flowchart to explain a procedure for executing

15 the temporary cutoff according to the second handling cutoff.
[0134]

In a counter circuit, a counter value "C" is assumed as
zero (C = 1) and every time when the first handling cutoff is
executed (S22), "1" is added to the counter value "C" (C = C

20 + 1). The increment of the counter value "C" 1s performed
according to a control signal from the first handling cutoff
(823).

[0135]

The counter value "C" is compared with a preset number

25 of times "N" (S24), and when the counter value C becomes equal
to or larger than the preset number of times N, the temporary

cutoff is started (S25), and the power source is brought to halt

(S26). It is to be noted that i1f the counter value C does not
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(S18). The steps from S21 to 528 are repeated until the film formation
process by plasma is conpleted (529). [0137] FIG 4B illustrates the
re-ignition node section and the 10 forward power transient section, which

are the arc cutoff prohibited section; FIG 4C illustrates arcing detection
signals, which are detected by conparing the reflected power wth the first
handling level; and FIG 4D illustrates cutoff signals of the first

handl i ng. THeaghctheg pEeset immbag 4 simes i ¢ tihe sgeoadchanddingpeweht t ed

section are prohibited from bei ng (é_g}t off, and only the cutoff signhals not

in the cut ofi NRHREFSPTPLENi M4 enlY QShrﬁF@aéM’é‘éHW IS eR et e

cutoff si g:@llsjsgs showmn in FIG 4D, and accordingly, the first handling
1=

cutof f cont exercised. 20 [01381 FIG 4E illustrates a cutoff signal
bt ai ned b ' h I ' h i ff
obtained by Co”pagkgg b ?a@?fgi ﬁggﬁgeﬁg‘(ﬁ%&m%hﬁ Eﬁﬁes?g%q éutiggf 'sf%&oﬁ to

| evel . The cut of |§nal 0 at the second handl'i'ng evel is

subj ect el t ¢ hi8 jnf Q{tho‘f?n}:éﬁbo%%tﬁi? h& YPiidr %'%rdeeﬂiE gﬁlgs%gé Stapbet her

or not it is 1n thé cutoff control prohibited section. 9] Hereinafter,

with refereqeas)e Frke dtépsHtfeomlfhi alb sppatieneBpeatetin@ndppatné usiimr
suppressi ng abnormal electrical 51 discharge used for vacuum equi pnent

accordi ng t ¢ormatiions piioceissy @yt iplaswa lisbeomplletiededS2B)G. 7 illustrates a
configuration exanple of the enbodi nent of the present invention. FIG 8
and FIG 9 d0d3fllowcharts for explaining operation 5 exanples, and FIG 10
il lustrates an output state fromthe cutoff

FIG. 4B illustrates the re-ignition mode section and the

10 forward power transient section, which are the arc cutoff
prohibited section; FIG. 4C illustrates arcing detection
signals, which are detected by comparing the reflected power
with the first handling level; and FIG. 4D illustrates cutoff
signals of the first handling. The arcing detection signals

15 within the arc cutoff prohibited section are prohibited from
being cut off, and only the cutoff signals not in the cutoff
control prohibited section are extracted, which are the cutoff
signals as shown in FIG. 4D, and accordingly, the £first handling
cutoff control is exercised.

20 [o0138]

FIG. 4E illustrates a cutoff signal obtained by comparing
the reflected power with the second handling cutoff level. The
cutoff signal obtained at the second handling cutoff level is
subjected to the cutoff control without conditions, regardless

25 of whether or not it is in the cutoff control prohibited section.
[0139]

Hereinafter, with reference to FIG. 7 to FIG. 10, an

embodiment of the apparatus for suppressing abnormal electrical
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controller using a conparator circuit. [0140] In the enbodinent, it is
determ ned whether or not the cutoff is possible, according to a power

| evel of a reflected 10 power, and the ignition node section, the
re-ignition node section, and the forward power transient section are each
assunmed as an arc suppressive section. [0141] FIG 7 illustrates a
configuration exanple of the cutoff 15 controller 3 incorgoratin t he power

control | er $ischergecnsgd Gerc¥arBHMCEEBLPMEREagcotdingnko tRSIRTRERRY of
hi bi ti t . .5. 21 A I, ti ill b di th [
D0 det ect | OAPVERESPP WAL Be FHEIRIBRR GEFie: ! oRCIORTERFeRaPt 4. 1o o o
i ded wi f ' ' ' I
Cyat em 4A s 1ouEdtd on GEfhLs oR3l Uinaf nbhe s BRE pradent hitntll °
this embodi gapl. g BRa" PGSCLedROWILYRETr S £62TRALIA1 iinl g altsoh!
handl i ng cutoff l'evel, and mntﬁ the second handling cutoff l'evel, thereby

detecting aekdmpllesOPai@rion 10 Mkis8ratebAPodt phit Rt BehWhechhwt£ut of f
operation caused 52 by the abnornal electrical discharge and the cutoff

operati on centedlhwraukiaigon comparaar ichecabnar mal el ectrical di scharge,
and a control signal for performng any of the cutoff operations is
out putted. THW&40dntrol signal suspends the oscillating 5 operation by the
oscillator 6 via the cutoff interruption
In the embodiment, it is determined whether or not the
cutoff is possible, according to a power level of a reflected
10 power, and the ignition mode section, the re-ignition mode
section, and the forward power transient section are each
assumed as an arc suppressive section.
[0141]
FIG. 7 illustrates a configuration example of the cutoff
15 controller 3 incorporating the power controller 1, the arcing
detection/cutoff part 4, and the cutoff control prohibition part
5.
[0142]
An explanation will be made regarding the arcing
20 detection/cutoff part 4. The arcing detection/cutoff part 4
is provided with two cutoff control systems; a first handling
cutoff control system 4A and a second handling cutoff control
system 4B.
[0143]
25 In this embodiment, the reflected power "Pr” is compared
with the first handling cutoff level, and with the second
handling cutoff level, thereby detecting a cutoff operation,

making a sharp distinction between the cutoff operation caused
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circuit 2. [0144] The first handling cutoff control system 4A conpares the
reflected power with a threshold at a low |l evel (first handling 10 |evel),
t hereby detecting an abnormal electrical discharge, and based on the
detection of the abnormal electrical discharge, power supplying is cut off.
On the other hand, the second handling cutoff control system 4B conpares
the reflected Eomer with a threshold at a high | evel (second handling

level ) , th&¥e 931$b%¥'é%%|wcéw3r% é’é%béﬂ'%énﬂef:;néc?‘éﬁo%v%?er%wrbased
the detect | ect d fact
other than ERUSEAS ea%‘a@f K piPes that the o eletEr AT At et or
0145 l f d th
[seconL hand?ﬁnggtgluﬁqfr% con n; rf%tr {}gpgégqgngtgngf Bgcﬁ%ggkfﬁésré 41‘[&1 ©

the threshokd, oy ﬁt&tba Caméreén%&f éf&naieéﬁgﬁéﬁéspﬁi\@rogélli_g@llflérSt

handl i ng cut of f contro system 4A uses a first handling |evel value as the

threshol gl bepegtatticAS by kB be¢ahiakbed detqat $hancuttbififalinteagepfionncr ease
of the reflected power. Accordingly, a mnority arc state is detected and

cut off. [Ot4fkuit® @1 the other hand, the second handling cutoff control
system 4B uses as a threshold being at a high level, a value |I|arger than
the | ow | evélolddllue used in the first handling cutoff control, and detects
the increase of the reflected power at the 5 stage subsequent to the initial
stage. Accor di ngl fheaf £xs diandling cutoff control system 4A compares the
reflected power with a threshold at a low level (first handling

10 level), thereby detecting an abnormal electrical discharge, and
based on the detection of the abnormal electrical discharge,
power supplying is cut off. On the other hand, the second
handling cutoff control system 4B compares the reflected power
with a threshold at a high level (second handling level), thereby

15 detecting an increase of the reflected power, and based on the
detection of the increase of the reflected power due to a factor
other than the abnormal electrical discharge, power supplying
is cut off.

[0145]

20 Selection of the first handling cutoff control system 4A
and the second handling cutoff control system 4B is made by
varying magnitude of the threshold, which is compared with the
reflected power Pr. The first handling cutoff control system
4A uses a first handling level value as the threshold being at

25 a low level, and detects an initial stage of increase of the
reflected power. Accordingly, aminority arc state is detected

and cut off.

[0146]
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of majority wave arc is detected where energy is concentrated and a
transition is nade to a majority abnornmal discharge, and then cutting off
is perfornmed. [0147] 10 The first handling cutoff control system 4A
conpares the reflected power Pr at the first handling cutoff |evel "PA",

t hereby detecting the abnormal electrical discharge and outputting a
control signal. In receipt of the control signal the cutoff interruption
circuit 2 suspend@ns@bﬂl9¢h9rohaﬂﬁe IBeo§@PPP§théﬁdéﬂnﬂhéuégéﬁlFQP&FOS
Accordi ngly, sup | yi_n power outgutted fromthe hij freq ency ower

Source 10 1 SYSHE .&Pi%ﬁa% Bha%1 ShFESEEloPar PRy 2Eut ?% 1ouak) F1vaMS i ¢ st
t t.4 t t 4

compar gsoé Garger yiag tpel foy neiied Vfue e 3&%3\%&%’&&3@?&@&&5&‘%@

sensor 9, wofly 09 | hhslae WL I8 HEPLLSL RO LnIoPEEALELA TS, RVEK

setting part etec I on SiI gna

reflected RQUWRe BupReeRedt the thier ihﬂ&%@l Ls@a?eut oiécJ;faﬂlglﬁ canéfa#;e 25

signal is outputted. In receipt of this control signal, the ‘cutof

i nterrupti onfCmagyirity wHGREALS ié@mﬁédatwm&eofenbhgy szsccbﬂx@é@tr&te@nd
perfornms the cutoff operation. [0149] 54 On the other hand, the second

handl i ng cutamid aconaneiticysiemadie tonpanaeioritey abhloaniadddpecharfe , vand t he
second handling cutoff level, thereby detecting the increase of the
refl ected pdhen Rutdiaa off fiscrerformed.t han the abnormal 5 el ectrical
di scharge, and forns a control signal which is
[0147]

10 The first handling cutoff control system 4A compares the
reflected power Pr at the first handling cutoff level "PA",
thereby detecting the abnormal electrical discharge and
outputting a control signal. In receipt of the control signal,
the cutoff interruption circuit 2 suspends supplying of the

15 oscillation of the oscillator 6. Accordingly, supplying of
power outputted from the high-frequency power source 10 to the
plasma load 12 is temporarily cut off.

[0148]
In the first comparator circuit 4Ab, the first handling

20 cutoff control system 4A compares a detection signal of the
reflected power Pr detected by the sensor ¢, with the first
handling cutoff level generated in the power setting part 4Aa.
Then, at the time when the detection signal of the reflected
power Pr exceeds the first handling cutoff level, a control

25 signal is outputted. In receipt of this control signal, the
cutoff interruption circuit 2 suspends the oscillation of the

oscillator 6, and performs the cutoff operation.

[0149]
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transmtted to the cutoff interruption circuit 2. In receipt of the control
signal, the cutoff interruption circuit 2 suspends the oscillation of the
oscillator 6, and perfornms the cutoff operation, then supplying of the
power outputted from 10 the high-frequency power source 10 to the plasma
load 12 is tenporarily cut off. [0150] In the second conparator circuit
4Bb, the second handllng cutoff control gsten14B conpares a_detection

signal of the 15 PeFF%c?EﬁeﬁoﬂéPdPrtB%tEE ehd;i Rapdling cyrost WFPRE AL

d handli t | t t. t 4Ba, d
2t the {1 meSHACRT A GENBEERG CBPqhar 6P PR PPURTCE ZﬁlﬁibvéP%ar PoEi8ceds the
second handhbﬂﬁliﬁbo%ﬁto§¥e%F¥g%COgﬁégébg'?Q@éctiﬁ% H@Qulﬁ asd 6?%ﬁh9t of

t he control "Sigha cut err Oon C1r ornB

interrupti nggggee%hoBowekoiélhg‘éh%of Lr %tacteaedptﬁarc whah th@v‘é'bnk&mﬁll ow

| evel thres and“the second handling cuto l evel 1s a high |evel

thresholsl. elketefien?, aveehatrge,r ahieebefspaeoniti-olls sigaagawddcnt A 25
reflected power Pr initially exceeds the first handling cutoff |evel, and

subsequentltranemﬁdteﬂhEOSen@nﬂrhmfﬁﬂﬂﬂtpﬂnﬁpﬁﬁonIdﬂﬂdu;t[@lSZInEEbdélpB to
be noted that the control signal obtained in the first handling cutoff
control sysbéEmtha centraidssigned., taheheutoﬁfoﬁhtbmrapmdpmigarcud¢u2t 2 via

the cutoff control prohibition part 5. On this occasion, if the cutoff
control probsuspends theaschllation ofathe, ostblbate¥r . §D§nﬁ¢rf§rﬁ16tthe

transmtted to . )
cutoff operation, then supplying of the power outputted from

10 the high-frequency power source 10 to the plasma load 12 is
temporarily cut off.
[0150]

In the second comparator circuit 4Bb, the second handling

cutoff control system 4B compares a detection signal of the

15 reflected power Pr detected in the sensor 9 with the second
handling cutoff level generated in the power setting part 4Ba,
and at the time when the detection signal of the reflected power
Pr exceeds the second handling cutoff level, a control signal
is outputted. In receipt of the control signal, the cutoff

20 interruption circuit 2 performs the interrupting operation.
[0151]

The first handling cutoff level is a low level threshold,
and the second handiing cutoff level is a high level threshold.
Therefore, when the reflected power Pr is increased, the

26 reflected power Pr initially exceeds the first handling cutoff
level, and subsequently exceeds the second handling cutoff
level.

[0152]
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the cutoff interruption circuit 2. Therefore, the oscillating operation of
the oscillator 6 is continued, and the operation for cutting off the output
power supply is not carried out, thereby keeping the power supply to the

pl asma | oad. 10 [0153] On the other hand, the control signal obtained in the
second handling céht¥®ltoshstroted that theseontrel sianal ebtatned; ihtleth%pt i on

circuit 2 wi_thout passing thrgagh the cutoff control prohibitiogn part
Theref ore, HiEASUR2BEHERE] Fidt JEPQ?RP%uﬁﬁ%%ﬁ“b#AOPStﬁEaEﬁP$FFeéoﬁ?r§ﬂe

3%&“: ati ng UEBEE AR TAE R fs%'a”:ﬁ?é@o? Becuifont cretedlromifiiian o
bover . 20 g%?i‘-"'pf’@"f T Esaton "ot e Ritq il B Rrpr i 0
controllg § aph §h s&Std é;&mﬁf’}{@t&{nt%cﬂmé'ﬂgnalhgsrﬁgkeﬂ‘g smPOVEd £ 1S

|ncreased contro signal SA (FIG 10B outputted at the point of tlne

TA when t hethef bgeses AR r Pt ion exeeads 3 he MhHerdrdiandthadoset Pidtimyel
PA, and a control signal SB (FIG 10B) is outputted at the point of tinme TB

when the repkeatednpofethérosxTERLSott e isecontihaed!,i agdcthefdpéraiel orPB.

[ 0155] 56 The cutoff control prohibition part 5 prohibits transm ssion of
t he contr ol £srgealttingmoififie thec ondgpude pewerostppilyf fispaott 4arrdettheudase
where predeterm ned conditions are satisfied, such as in the ignition
state, in thkbeSeby- kgeptingn theapoweangupplyhdostiee plasma tieadf.or ward power
has 10 [0153]

On the other hand, the control signal obtained in the
second handling control system 4B is transmitted to the cutoff
interruption circuit 2 without passing through the cutoff
control prohibition part 5. Therefore, without depending on

15 the operation of the cutoff control prohibition part 5, the
cutoff interruption circuit 2 suspends the oscillating
operation of the oscillator 6 based on the control signal of
the arcing detection/cutoff part 4, and cuts off supplying of
the output power.

20 [0154]

FIG. 10 illustrates an output state of the cutoff
controller 3 which uses the comparator circuit. The reflected
power Pr is increased, a control signal SA (FIG. 10B) is
outputted at the point of time TA when the reflected power Pr

25 exceeds the first handling cutoff level PA, and a control signal
SB (FIG. 10B) 1s outputted at the point of time TB when the

reflected power Pr exceeds the second handling cutoff level PB.

[0155]
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fluctuated beyond a predeterm ned range (Cs - (Cs - K- Cs 100%9 ) wth
respect to the power command value Cs. If the predeterm ned conditions are
not satisfied, the control signal fromthe arcing detection/cutoff part 4
is transmtted to the cutoff 10 interruption circuit 2. This control signal
operates as an arc interruption signal for stopping the power supply and
cutting off the arc, and it is transferred fromthe cutoff interruption
circuit 2 to the Bbei fhtoff eontooduppehiibihéonspartaboprehibibsse] 15 In
FIG 7, the cutoff control prohibition part 5is provided with a first
switch circlrensaigsdon PﬁlFBecgﬁﬂéFﬁﬂoﬁlgeﬁﬂcﬁFPm55h3a§r5186nf|guratlon f or

hi b | | h I
P ther progehegt Whﬁio%scgaa% G eh . brsesulaks prdekefiitet cui t 5o
20 f | |
ohen t me PoseRdiyeld 400 AN NebhAS Bed Theh it 16 SRS NS
Wi th fewecrﬁi— elQghlie 18 wsfag& ddlgiéa{}ﬁ@-s&:a[t%léﬁbrghﬁx&@gfvﬁ‘frda bRBrHa he

first swtc cuit a an conpar at or circuit 5b contro

whet her or &thttnat@ansépbnasa prlactialideddrhfighhecarcieg gqmrﬁom)cut of f
part 4 is transmtted to the Cutoff interruption circuit 2. Wen the

hi gh- f r equeRdYhpfy¥FeSOU6 athelPowér icdmnatdst@l we 0k .1 ONf tthepredatdmitsed ssi on

of the control signal to the cutoff interruption circuit 2 is stopped and

prohi bi t ed, cohdi¢deonshere hiod¢ st DdE fedqibeogorpovel sigoadefddin theraxtcing t he
ignition state, transm ssion of the control signal to the cutoff

i nterrupti ode3egitioni/cutofs perti #t 48, trendmitigd: ke tbet cytofifgnal

effeCtlYSL interruption circuit 2. This control signal operates as an arc

interruption signal for stopping the power supply and cutting
off the arc, and it is transferred from the cutoff interruption

circuit 2 to the oscillator 6, to suspend the oscillator 6.

[0156]

15 In FIG. 7, the cutoff control prohibition part 5 is
provided with a first switch circuit 5a and a third comparator
circuit 5b, as a configuration for prohibiting transmission of
the control signal in the ignition state. It is further provided
with a second switch circuit 5c and a decision circuit 54 as

20 a configuration for prohibiting transmission of the control
signal, when the forward power Pf has fluctuated beyond the
predetermined range with respect to the power setting value.
[0157]

The configuration of the first switch circuit 5a and the

256 third comparator circuit 5b controls whether or not the control
signal generated in the arcing generation/cutoff part 4 is

transmitted to the cutoff interruption circuit 2. When the

high-frequency power source 10 is in the state of ignitiocn,
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[0158] The third conmparator circuit 5b conpares the forward power Pf with
the droop level of the reflected power, thereby deciding the ignition node
section. The third conparator circuit 5b 10 turns the first switch circuit
5a to the ON state, when the forward power Pf exceeds the droop |evel. The
droop level can be defined by "L » Cs 100% ; the command val ue of rated
power "Cs 100% is nmultiplied by the reflected droop coefficient "L". The

refl ected dEEepsBbesien|ehtthg controdesignay tathe rytofifgd ntesTaPtdon 1o
0.3. [0159] If a.ti .int | f the i it ti i k ,

count or ot rebreathy 2oLe [ EEPeArend cBr ARl LE ST CREFLREE MEP R Erg e ©

i iti , Lt the i it 2] f. i |

Ot on AR RIEL SRl 90k RSl oo ML RnP A Wdle. |
I'b, the couplLghemh ESYbA éf?trﬁétédnr&o kgeBhas €6 the dutidd %ttértf%pfta% af ter

a !apse of a preset ignition time, the Counter circuit turns the I rst
switch g£irgytbude 4 st edd! fendariB46@e TR tidonss i gnal &F fAidtatiel. S5a

i nputs a detection signal of abnornmal electrical discharge, which has been
detected in[bhss]ifirst handling cutoff control system 4A of the arcing 58
detection/ cutoff part 4. The first switch circuit 5a stops transm ssion of
t he i nputted det ethe adhisidgremparatde ciecond Skwpmphresrihe fofear@mohie ti ng
the control signal within the ignition tinme section, whereas the first
switch circBEtwigzh Shpelrdap leNe ltohitdei sef bected powernptherebydesdding
signal to the ignition mode section. The third comparator circuit 5b
10 turns the first switch circuit 5a to the ON state, when the
forward power Pf exceeds the droop level. The droop level can
be defined by "L x Cs 100%"; the command value of rated power
"Cs 100%" is multiplied by the reflected droop coefficient "L".
The reflected droop coefficient "L” can be set within the range
15 of 0.1 to 0.3.
[0159]
If a time interval of the ignition mode section is known,
a counter circuit may perform time keeping for the elapsed time
of the ignition and monitor the ignition state. Upon receipt
20 of a signal notifying that power supplying has started, from
the soft start controller 1b, the counter circuit starts time
keeping of the ignition time, and after a lapse of a preset
ignition time, the counter circuit turns the first switch
circuit 5a to the ON state.
25 [0160]
The first switch circuit 5a inputs a detection signal of

abnormal electrical discharge, which has been detected in the

first handling cutoff control system 4A of the arcing

o8



t he second switch circuit 5c, when being out of the ignition tine section,

t hereby rendering the control signal effective. [0161] In the configuration

of the second switch circuit 5¢c and 10 the decision circuit 5d, when the

forward power fluctuates beyond the predeterm ned range (Cs - (Cs -

KCs100%) with respect to the power command value Cs, it is determ ned

whet her or _not the control naI generﬁ%ed in the arc det ctlon/cutoff
%ﬁéh 1% Sy

part 4 is t?ﬁﬁ%ﬁF%?EécPB°FﬁepE Foft 18§ firFupiiiFRis

f d f Luct b h d , f

the cont Fol EEangiErEEbRTRe BB oL pblIErBR ASHEERLOR o 1804 Fér@{*%;%%%b%ﬁd% he
| f

Fluct vat os kel PREGLEL 50, cRol s CLAGTL{E Hop el Siial Y3 RO

control SIgmahlieoﬁhelﬁatséétiaﬁerﬁuefeaa tRél e¥bbt 2sk$tORr BikEREL sgNndering

the control Signal effective. Mre specifically, the second swtch circuit

5¢c contrpl spebmitsr ehe M B&hOMLO§idheop Ut eIti i pinedd fdestradtieor igiggnagwiticch
circuit 5a to the cutoff interruption circuit 2. 25 [0162] The deci sion
circuit 5d thpusscohé switchi chrcuijhabc pfwhemedimgvarut pofiverhePfidgnddmarhe
sensor 9, and conpares the detection signal of the forward power Pf with a
t hreshol d, tigets$ecebyn dcihgraby rgndesting thpecontyal imwak efifaaidve.

f1 uct uat ed be%ond the predeterm ned range, or the forward power Pf has
fluctuated WPLRLA the predeterm ned range. [0163] 5 Here, the fluctuation

range for deC|d|n9 ghe133#¥££ﬂ¥£¥lon of the second switch circuit 5c and

10 the decision circuit 5d, when the forward power fluctuates
beyond the predetermined range (Cs ~ (Cs - K-Csl00%)) with
respect to the power command value Cs, it is determined whether
or not the control signal generated in the arcing
detection/cutoff part 4 is transmitted to the cutoff

15 interruption circuit 2. When the forward power fluctuates
beyond the predetermined range, transmission of the control
signal to the cutoff interruption circuit 2 is stopped and the
control signal is prohibited. On the other hand, when the
forward power fluctuates within the predetermined range, the

20 transmission of the control signal to the cutoff interruption
circuit 2 is permitted, rendering the control signal effective.
More specifically, the second switch circuit 5¢ controls the
transmission of the output signal from the first switch circuit
5a to the cutoff interruption circuit 2.

25 [0162]

The decision circuit 54 inputs the detection signal of
the forward power Pf from the sensor 9, and compares the

detection signal of the forward power Pf with a threshold,
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state of the forward power Pf, is a |level range having the power commuand
value "Cs" as an upper |imt, and a value "(Cs - Kx Cs 100%9" as a | ower
limt, which is obtained by subtracting K x Cs 100% nmultiplying the
command val ue of rated power "Cs 10 100% by a predeterm ned coefficient
"K', fromthe power command value "Cs". The predeterm ned coefficient "K"

may be defined in the range of 0.01 to 0.2.&51(‘):164 Wien the detection
signal of tkeeFebP¥at Youdiing whgthercthe foryardpeesoid hag fﬂl"’é‘&é‘?&ﬁﬂ ned
range, the ﬂeci Si og circuit, 5d.t r?n%m t(sa thg ﬁ,ég 'tnt er]r:apt i onrpf,fgh' lgi tion
signal to tRBYOBACHRE BLEAGReLMiBaH T8RICANDAT B COPEF AL nPRYFEpt T oR8i r cui t
2 hi bi t h f t] ' ' by st [ th

supply. ConSRGEHRrST ¥rRRil th8 PhetHskPmRBkacERde™) % PP orard pover

Pf has fl ucwghgﬁi significantly, it is possible to prevent the cutoff
operation which is caused by a false recognition as an abnormal el ectrical

di scharge, accorgepg, tithd Fauetaaripg £&M§é dorcaeeiadnguthé @lddwmayi@ect i on
agai nst an excessive reflected power Pr, overvoltage, and 25 overcurrent.

The second swvhatelofitheufbrdardgiwert Pf,tigarshessl aramde hheiagnthelpaiegnal to
the cutoff interruption circuit 2, the control signal being inputted from
the first eonmmehdcivatuet "ga, dasan wppehelirelt siamd sa graalué roles he Kdeci di ng
60 circuit 5d. It is to be noted that the configuration of the cutoff
control proRBblPPéh” pastaslewerelbiml bedwhibelyels Lhtained b @iizactdmy t he
configuration is not restricted to this exanple._The signal state in the

present enbBdrnehtl Y AGF I HOT thescPRmaRd Kagpe, o8 tate¢ Rower "Cs

10 100%" by a predetermined coefficient "K", from the power command
value "Cs”". The predetermined coefficient "K" may be defined
in the range of 0.01 to 0.2.
[0164]
When the detection signal of the forward power Pf has
15 fluctuated beyond the predetermined range, the decision circuit
5d transmits the arc interruption prohibition signal to the
second switch circuit 5¢, and the cutoff interruption circuit
2 prohibits the cutoff operation which is performed by stopping
the power supply. Consequently, similar to the ignition state,
20 1if the forward power Pf has fluctuated significantly, it is
possible to prevent the cutoff operation which is caused by a
false recognition as an abnormal electrical discharge,
according to the drooping control carried out for the protection
against an excessive reflected power Pr, overvoltage, and
25 overcurrent. The second switch circuit 5c controls
transmission of the control signal to the cutoff interruption
circuit 2, the control signal being inputted from the first

switch circuit 4a, based on the decision signal from the deciding
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[0165] In the flowhart as shown in FIG 8, initially the soft start
controller |Ib starts the soft start control (S31). After the soft starting,
the forward power Pf is conpared with the 10 droop level (e.g., L x Cs
100%, and it is nonitored whether or not the section is in the ignition
node (S32) . In the ignition node section, only the second handling cutoff
process is perforned, and the first handling cutoff process is prohibited

(S33). 15 [0iB6Pithéd -t hEt rig e thel pvRd thateddha eenfiguraicnn edhdiheng

toff | | i h d ' | t_4Bp ( S3: d handl
arcis dot CEPEREENHOREEOLCRERRLALAUPR HB=ER bi9° (TR TRbed BBRHA ol AiSs0)
In th d hand| i 20, L LI ati Il 6 i
topped.  andlaPearedBapAiiG thehEORgTapranuPicis, Rk PeRhrtaef el HEEL o 2
pped, and aFtEPPsToppr : PrGTC
beci 1ot o EoTRLPE. B RIFRT Tate R ehIRrSEnEoEIRL AN, dad a0,

25 Afters gopbagiQuhiseratBa iANFIEON3MRHA PE6Li @n (S35), the fluctuation
state of the forward power Pf is determined by conparing the forward power

Pt with (Csyo1ksy Cs 100% . If the forward power Pf is out of the range
between "Cs" and "(Cs - 61 K x Cs 10099 " (S36), the arc cutoff prohibited
section is set and the fldwiHapt ceeshown dnoRIGL.t 8d {1SB7}allP188d daftt he
arc cutoff prohibited section, even when the 5 refl ected power Pf exceeds
the first hatdriteprireiier dbestants the soft start control (S31). After

the soft starting, the forward power Pf is compared with the
10 droop level (e.g., L x Cs 100%), and it is monitored whether
or not the section is in the ignitionmode (S32). Inthe ignition
mode section, only the second handling cutoff process is
performed, and the first handling cutoff process is prohibited
(s33).
15 [0l66]

When the reflected power Pr exceeds the second handling
cutoff level in the second comparator circuit 4Bb (S34), a second
handling arc is detected and the second handling cutoff process
is performed (S50). In the second handling cutoff process,

20 oscillation of the oscillator 6 is stopped, and after stopping
the power source outputting (S51), a lapse of a predetermined
time is waited (S52), and then the oscillation of the oscillator
6 is restarted to resume the power source output (S53).
[0167]

25 After going out of the ignition mode section (S35), the
fluctuation state of the forward power Pf is determined by
comparing the forward power Pf with (Cs - K x Cs 100%). If the

forward power Pf is out of the range between "Cs” and "(Cs -
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the first conparator circuit 4Ab (S38), the power supplying is continued
since the cutoff processing is prohibited (539). [0169] Then, when the
forward power Pf is increased and the 10 forward power Pf enters the range
from"Cs" to "(Cs - Kx Cs 100%" (S40), the arc cutoff prohibited section
is released (541). Wien the reflected power Pr exceeds the second handl i ng
| evel , the second handllnagvytoff process is_perfor In the step

of 536, if Knt $rifdy )pr the grenFntehRe Pla?u'efebil%eﬁs tiQn i setcs - K
x Cs 100%"

t he reflectglﬂ‘t:l arcgf %gcgﬁ ég?%ﬁ g?ﬂ??ﬁfﬁékﬁaiL%BEEEO?EtieIQFrFLO{ﬁé }rrst

conpar at or gb lt 4Ab (S43), the first handling cutoff control (544) stops
the power source output (545). After a |lapse of a predeterm ned 20 tine

period (from1l p pRCth® PO PubsER HrOMbIEed! SPcPioh NeeveRWResOliEe OUt pUL
(546), it is resuned at high speed (S47). The processes in the steps from

S34 to 2 peeleebbanyelerntf lexdderisentie( 8425t hOAdDing28ut\ers . 1eMdln in
reference to FIG 11, another configuration of the cutoff control

pr ohi bi ti ontharfifstddmparabay eiredit 488 7(1938Nhe thenpogerasupml ying Hes

cutoff control prohibition part 62 5 as shown in FIG 11 is an exanple
whi ch i npl egent$nuadi shncef thehcutofift boacessingonsabnohibitadc (F3R3-t o
di sappear, those ions being accumulated in plasma. [0172] 5 The cutoff
control (fif8L6Aandling cutoff) by the cutoff

Then, when the forward power Pf is increased and the
10 forward power Pf enters the range from "Cs” to "(Cs - K x Cs
100%)" (S40), the arc cutoff prohibited section is released
(S41). When the reflected power Pr exceeds the second handling
level, the second handling cutoff process is performed (S42).
In the step of S36, 1f the forward power Pf is within the range
15 from "Cs" to "(Cs - K x Cs 100%)", the arc cutoff prohibited
section is not set. Therefore, if the reflected power Pf exceeds
the first handling cutoff level in the first comparator circuit
4Ab (S43), the first handling cutoff control (S44) stops the
power source output (S45). After a lapse of a predetermined
20 time period (from 1 p sec to 100 p sec) from the stop of the
power source output (S46), it is resumed at high speed (S47).
The processes in the steps from S34 to $S42 are continued until
the end (S48).
[0170]
25 Next, with reference to FIG. 11, another configuration
of the cutoff control prohibition part 5 will be explained.
[0171]

The configuration of the cutoff control prohibition part
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control prohibition part as descri bed above enables the ions wthin the
pl asma reaction chanber to remain, and perforns cutoff control over the
hi gh-frequency power source within a tine duration in which the arcing
elenment is allowed to disappear. 10 On the other hand, the cutoff control of
the configuration as shown in FIG 11 extends the cutoff time, thereby

allowing the abnormal arc ions to disappearuH£0173% In this cutoff control,
for exanpl ed ASHEhYRANFIGy L4 ls 3B exampde y ipplepents aeigr refpe 100

: dth f [ ] dJ . wh h I
are ons nasehciiencflas Blov SenFaD $C Ahnd o R TR R o,
generate thge€Q$05ggh?gi$tga Eth%ggﬁgg, thereby cutting off arcing. 20

0 proni

[0174] The cu fcontro ron part 5 determ nes the accunul ation
state of iopgiypyjch may generate the abnormal arc, based on the cunulative
nunber of executions of the first cutoff <control. In other words, the

cutof f gpntrol proke diidEF panttrdd Bf deserHaiEsidd eultiofE )pby nthavirert dfife
cunmul ati ve nunmber of executions of the first cutoff control reaches a

pr edet er m nedntpalibprohabitishapar thes ede sarsivéd cdbony eeateled ehebriamsal arc
in plasma have been accunul ated, and then, executes the cutoff 63 control.
It is to bewhbhadu thetplhemii reactionf chawheroto remaiBponand perfarmaut of f

control performed by the first swwtch circuit 5a, the third conparator
circuit 5b, cuk@ffheonbEphdoveri the kighufregiency [ppwey] source within a

time duration in which the arcing element is allowed to disappear.
10 On the other hand, the cutoff control of the configuration as
shown in FIG. 11 extends the cutoff time, thereby allowing the
abnormal arc ions to disappear.
[0173]
In this cutoff control, for example, the time duration
15 1is set to be in the range of 1 ms to 100 ms, and the cutoff control
is terminated in the state where the abnormal arc ions have
disappeared. Accordingly, accumulation of ions which may
generate the abnormal arc is eliminated, thereby cutting off
arcing.
20 [0174]

The cutoff control prohibition part 5 determines the
accumulation state of ions which may generate the abnormal arc,
based on the cumulative number of executions of the first cutoff
control. In other words, the cutoff control prohibition part

25 5 determines the time point when the cumulative number of
executions of the first cutoff control reaches a predetermined
number, as a stage where ions which may generate abnormal arc

in plasma have been accumulated, and then, executes the cutoff
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The cutoff control prohibition part 5 is provided with a counter circuit 5e
for counting the nunber of executions of the first cutoff control. The
counter circuit 5e counts the nunber of the control signals fromthe second
switch circuit 10 5c. Wien the value of count obtained by the counting
reaches a preset nunber of times, the counter circuit 5e transmts to the
cutoff interruption circuit 2, a control signal for executing the cutoff

control . [0¢9BErols THe kukR e A1ked tthat g siirst (Frtebht¢RtEynal of
the cutoff control, and sipultaneously clears the vglue of count, re-counts
the nunber GPTERERARASAL (’J'Pet‘ﬁ‘ét?ffﬁg per ﬂﬁ“ﬁa,by ﬁg‘& gbﬁ? WIFGh es
the second cuytoff, contr at,.the tine_when the valug, of cqu reach t he
pr esent nunﬁgfcg%ttgﬁEs?L?hghiﬁgfFP@PaEGESch&SHF%%Ing ?ﬂg gbgsgﬁ?oﬁanber
of times angd.the, égggggtc§goff control perforned subsequently are repeated,
and thereby Suppréssing theé growth of arc and elimnating the abnormal arc

ions effgectipgehyy [0177] 25 The soft start controller I'b restarts by the
soft start after the second cutoff control cuts off the output fromthe

hi gh-frequency powge S@6EE- cditerol lpeolsDbit SémIpareors rad Ipfovisady edlith a
forward power value to feedback control, with respect 64 to a power command
val ue or a wotbageter ocimpeali ¥ a8 elef orc @oundlinignghet oumbéovwo f hexesutpiong rafin t he
hi gh-frequency power source to be equal to the voltage command val ue.

[0178] 5 Thbes&firsst antofft eonthelsecthel canmwfer cwmawlt g maunts the

number of the control signals from the second switch circuit

10 5c. When the value of count obtained by the counting reaches
a preset number of times, the counter circuit 5e transmits to
the cutoff interruption circuit 2, a control signal for
executing the cutoff control.

[0176]

15 The counter circuit 5e transmits the control signal of
the cutoff contrel, and simultaneously clears the value of count,
re-counts the number of executions of the first cutoff control,
and again executes the second cutoff control at the time when
the value of count reaches the present number of times. The

20 first cutoff control of the present number of times and the
second cutoff control performed subsequently are repeated, and
thereby suppressing the growth of arc and eliminating the
abnormal arc jions effectively.

[0177]

25 The soft start controller 1b restarts by the soft start
after the second cutoff control cuts off the output from the
high-frequency power source. Then, the soft start controller

subjects a forward power value to feedback control, with respect
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ranp-1i ke power changing fromzero to the power command value at a matching
speed which allows the matching circuit of the matching box to sufficiently
handl e the out putted power, and the output is perforned within a tine
duration which enables 10 i npedance nmatching w thout detecting the reflected
power as abnormal electrical discharge by the cutoff controller.

Therefore, the tine duration required for the soft start can be determ ned

dependi ng ohOthPOWEEEVRRNG Valpe OB RV oL bAde RPMMANRd ¥alye mGAH Tt iither t y
provi ded in_the tchin ircuiit of 15 th t ching box, and the |jke. The
Pl oo darat | 5 SHLPHCS But e Fofspied Lah Thedten dourert SRPTCRsEY o0 s,
for instance. 0179] . HereiLnafter it erence to FIG 12 to FIG 14, the
arc cutoff Sﬂgﬁhb%Pe%hge ?Fgﬁﬂﬁ FPm@éngxgggPﬁéd. FIG 12 20 illustrates the
arc cutoff 5q9b9ited section when the soft start is executed on the
initial stage; I'G 13 illustrates the arc cutoff prohibited section at the

time of Aigh speeghBogbriPstatteartdf thé Séedordl cwto ettt ranbdtgatd4
illustrates the arc cutoff prohibited section at the tinme of soft start

after 25 thampeaanre pawdri dRakging ffrdW o td Ehe pdderatormend ivalud soft
start on the initial stage, the arc cutoff prohibited section includes the
ignition noa¢ abmasehtingnspaddt Whi&hrahldwpotire matcksimgtciectibmf e
ignition node section corresponds to a range where the forward power Pf is
equal to or magshingaboxhtodevbfitéentlyfhahdlecthecowtppbivd poweie. dsbp

| evel can be defined as "L x Cs 100% ; nultiglyiqg 5 the conmand val ue of
rated power thesoutpgt By PRELpEMpdcYLEhiRoaptime duration which enables

10 impedance matching without detecting the reflected power as
abnormal electrical discharge by the cutoff controller.
Therefore, the time duration required for the soft start can
be determined depending on the magnitude of the power command
value, a matching property provided in the matching circuit of

15 the matching box, and the like. The time duration of the soft
start may be set in the range from 1 ms to 10 s, for instance.
[0179]

Hereinafter, with reference to FIG. 12 to FIG. 14, the
arc cutoff prohibited section will be explained. FIG. 12

20 illustrates the arc cutoff prohibited section when the soft
start is executed on the initial stage; FIG. 13 illustrates the
arc cutoff prohibited section at the time of high speed boot-up
after the first handling cutoff; and FIG. 14 illustrates the
arc cutoff prohibited section at the time of soft start after

25 the second handling cutoff.

[0180]
In FIG. 12, at the time of soft start on the initial stage,

the arc cutoff prohibited section includes the ignition mode
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coefficient "L". [0181] In addition, the forward power transient section
corresponds to a section where the forward power Pf exceeds the 10 droop

| evel up to the point entering a predeterm ned | evel range defined with
respect to the power comrand value Cs. The predeterm ned |evel range can be
defined by a level range having the power conmmand val ue "Cs" as an upper

limt, and a value (CS - K x Cs 100% as a lower limt; subtracting from
t he commndSESti!‘QPl@‘bfﬂ"teaFQHWES%?OW%"tra“@jé@nésSTG@%”“HUI The I hgndd 9%
command val u 1 ower "Cs, 1008" ed%h ned_coefficignt
TR Fl cnode SeREl Sl SAFFARNS tho2HANES WHBRE ERE FRFTEEALPVHOME pr

d ' h
of i gh spost BUAFE s 6r e KSrEi dtoon POVEL of pe ot featda slugme 11T
prohi bi ted sggt aeaog'mebaﬂeéaﬁ ﬁgcaéﬁfnéi&t@é mﬁle,d@ 1R dr GROLH 81 Rd the

forward power transient section. [0183] 25 I'n FIG 14, at the tine sof t

start afg er thBeonefetiflvalaadis patedifder 08 1009 "gnytﬁwraﬁmecﬁeatdmp s set
as the arc cutoff prohibited section. The second handling cutoff is a

cutof f processfE@eiahkonw.ng the abnormal arc ions to di sappear. 66
Therefore, after the |apse of the re-ignition node section, the forward
power gradu@bllgldpproaches the power command value w thout passing through
the forward power transient section. [0184] 5 According to the enbodi nent
of the present in¥enaddihtipn, the forward power transient section
corresponds to a section where the forward power Pf exceeds the

10 droop level up to the point entering a predetermined level range
defined with respect to the power command value Cs. The
predetermined level range can be defined by a level range having
the power command value "Cs” as an upper limit, and a value (CS
- K x Cs 100%) as a lower limit; subtracting from the command

15 value of rated power "Cs”, "K x Cs 100%" multiplying the command
value of rated power "Cs 100%" by the predetermined coefficient
"K". InFIG. 12, the section up to the point where the reflected
power Pr drops is assumed as the matching section.

[0182]

20 In FIG. 13, at the time of high speed boot-up after the
first handling cutoff, the arc cutoff prohibited section
includes a section determined by the droop level and the forward
power transient section.

[0183]

25 In FIG. 14, at the time of soft start after the second

handling cutoff, the re-ignition mode section is set as the arc

cutoff prohibited section. The second handling cutoff is a

cutoff process for allowing the abnormal arc ions to disappear.
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IS possible to performthe first handling cutoff for allowing the ions
within the plasma chanber to remain, and cutting off the power supply
within the shortest tine range (1 p sec to 100 p sec) which is required for
elimnating the arcing elenent, 10 and the tenporary cutoff for cutting off
the power supply within the tinme range (1 nsec to 100 nsec) which is
required for allowng the abnormal arc ions to disappear. [0185] According
to the enboBR®EREOBe. afd o Ebentarsr oft thad ramenitipn pede; yastithdtisy
cutoff is perfornmed, ions a%ﬁ aiLomed to renata and therefor& a gornal

i schar g CERFRRTGHRPar catafipRHiy SPPEOREREE OBt - BRveT neomeld YRR (of 1.
In additio t Y. ' Qf f. t N

rel ativel ynw?‘%ﬁ‘g?ttﬁ%?%%@éeﬂ?%%kgiénrge Fﬁ%:thg{)lrr%&’r?a aﬁ%aﬁ)gﬁ%ngn eclgﬁ:tlto |§'rig of f
20 the arcipgl @pd it is possible to stably supply power to plasma. [0186]
According to t%e enbodi nent of the present invention, the section for

prohi bity ng the cat@dfaOPe thB émbodLHeEE G RhehfresBAE N MgeMELdd ont and
therefore it is possible to prevent a false 25 cutoff of the power supply,
due to the iscpeestbDé tdperdidractthe fpoverhaidwimg hcusofbtf xnadddwingt he
abnormal electrical discharge. [0187] 67 According to the enbodi nent of the
present inveheiibonsiwithin pdesipllasmaocbambgroto rématimi cirid apdrtEiingmes £
depending on a purpose of the cutoff; the cutoff operation for suppressing
t he abnor ntheenwer isewply wikhigethie istorteatdting caree f( 5 ropeeate 490 and

the cutoff operation for suppressing the increase .
B sec) which is regquired for eliminating the arcing element,

10 and the temporary cutoff for cutting off the power supply within
the time range (1 msec to 100 msec) which is required for allowing
the abnormal arc ions to disappear.

[0185]

According to the embodiment of the present invention, when

15 the first handling cutoff is performed, ions are allowed to
remain, and therefore a normal discharge can be generated within
a reduced boot-up time after the cutoff. In addition, the
temporary cutoff is performed, whose cutoff time is relatively
long, thereby eliminating the abnormal arc ions and cutting off

20 the arcing, and it is possible to stably supply power to plasma.
[0186]

According to the embodiment of the present invention, the
section for prohibiting the cutoff operation is provided in the
matching section, and therefore it is possible to prevent a false

25 cutoff of the power supply, due to the increase of the reflected
power Pr which is not caused by the abnormal electrical
discharge.

[0187]
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of the reflected power, which is not caused by the abnormal electrical

di scharge (second handling cutoff operation). [0188] It is to be noted that
the present invention is not limted 10 to each of the enbodinents as
descri bed above. It should be understood that disclosed enbodi ments are
suscepti bl e of changes and nodifications wthout departing fromthe scope
of the invention, and_such changes and nodification are intended to fal
within the anbit B¢cer@imgpehdde emapﬁ%mems % sy PrgpepspineemtiPRy it 0189]

The apparatuys for suppressi abnor ctrical glscha e uaed for vacuum

Eoptagd 58 me%r?ré& BE| BReFet PP aaprRdtes o
??Fh??ﬁp;aﬁlog a tus fleldlo t ﬁ??gﬁbﬁ gLay §ﬂ£z|iﬁ :
uses pl asmaP? tg’ sﬁﬂ??gfi’ﬁ%’aﬁﬂgf’) u%p%]ﬂ Jé\% in p g g?% %8
What is cl ahgﬁ@f:hﬁl t1e08 r3RA3" aEHEh\%l\EIE;eS‘(EEEE%ShQﬂdﬁ.‘*QH?r ?ﬁ'to%kec”' cal

di scharge us or vacuum equi pnent h suppli es powe

hi gh-freguegpyra@Weh ) SHH ERel IO PhESHRIER FO MpFFesPaig the IR
pl asma, the apparatus conprising, a power controller for controlllng t he

hi gh- f r equesgy thpoweflseteacpbaee] @Riahdgy AbtoBalekdeby @&hpowbhoemamand
value and a power feedback value, and 10 a cutoff controller for detecting
refl ected pedectaicaleflischatgeaysecohtiabandiiioh ceatgéficopeedtdonl)east any
one of following timng; at a tinme of abnormal electrical discharge
[0188]
It is to be noted that the present invention is not limited
10 to each of the embodiments as described above. It should be
understood that disclosed embodiments are susceptible of
changes and modifications without departing from the scope of
the invention, and such changes and modification are intended
to fall within the ambit of the appended claims.
15
Industrial Applicability
[0189]
The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to the present
20 invention is applicable not only to a film formation apparatus,

but also to a field of treatment apparatus which uses plasma,

such as a sputtering apparatus and an ashing apparatus.
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and during a transfer process to the abnormal electrical discharge within
the plasnma reaction chanber, and for cutting 15 off a power supply fromthe
hi gh-frequency power source to the plasma reaction chanber, wherein, the
cutoff controller conmprises a first handling cutoff control and a second
handl i ng cutoff control, each having different time duration as a cutoff
tinme, 20 the_ first hg%gli g,cutoff control exercises a control to cut off

t he high-frgaﬂﬁniﬁ B Peao&Fée within a tinme duration which allows ions in
the plasnma reaction chanber to remain and an arcing elenment of mnority arc
to di sappear, and the second handling cutoff exercises a control to cut of f

25 the Nl gh 11 equgnCyPaRBhraPHECEol! &H#grésgigg Hphathal ¥hbeRrighions the

i ons to di sappear, a mj ori arc I me o nor mal

electrical @gigeharge ub8aZeod REaARRRRfiriedt GHBRhCSEDPY1BENG6WE from
el ectrical discharge used for vacuum'equi pnent according to claiml,

wher ei n,5tha high-#degheadyapowbe sohpEé ihte dHypléemd iredctidmwidhantbemnt rol
is in arange of froml ps to 100 ps, and the tine duration as the cutoff

time by thetsegendrateopilasmat r dhei apparatesr gogprisfing.ns to 100 ns. 3. The
apparatus for suppressing abnormal electrical 10 discharge used for vacuum
equi pment accor di agpewer| apptrollenefernconkopding that hdghefregdedey¥s by a

soft start, after the first cutoff control cuts of f an output fromthe
hi gh- f r equeROYEIpSABFCR RAed opng deviation between a power command value

and a power feedback value, and

10 a cutoff controller for detecting reflected power or
reflected wave voltage which is generated at least any one of
following timing; at a time of abnormal electrical discharge
and during a transfer process to the abnormal electrical
discharge within the plasma reaction chamber, and for cutting

15 off a power supply from the high-frequency power source to the
plasma reaction chamber, wherein,

the cutoff controller comprises a first handling cutoff
control and a second handling cutoff control, each having
different time duration as a cutoff time,

20 the first handling cutoff control exercises a control to
cut off the high-frequency power source within a time duration
which allows ions in the plasma reaction chamber to remain and
an arcing element of minority arc to disappear, and

the second handling cutoff exercises a control to cut off

25 the high-frequency power source within a time duration which

allows the ions to disappear, the ions of a majority arc at the

time of abnormal electrical discharge.
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15 the soft start outputs a ranp output fromzero to the power conmand
value, in a duration with the sane tinme ordering as the cutoff tinme of the
first cutoff control. 4. The apparatus for suppressing abnormal el ectrical
20 di scharge used for vacuum equi pnent according to claim3, wherein, the
time duration of the soft start is in the range of 1 ps to 100 ps. 25 5.

The apparatus for_suppressi ng abnornal el ectri cal i scharge.used,for vacuum
equipﬁgnt accor di g EgecFBPﬂgiFusmﬁgFeFH?pFﬁﬁsbBﬂe?gEBF??gPFé?°££§F§its by a

S0t start, (GLLRLrbiCusld $8EOULUROLLUIBALRY! BbaATRG 20 BYLRYC,(rom he

hi gh-freque ur ce, e out pu a ranp ou%put from
zero to thewngwgnn command value, in a duration in association with a
mat chi ng spee % o0f a matching circuit provided between the high-frequency

power source and the WinfS WRra®dch 28 KAEkeLLotin8PRbR’ 1St Qitoff
suppressi ng abnormal electrical discharge used for vacuum equi prment

accordi ng t eogltaion b5 inld rafgecdh fromel hsnko doDais pandfthidieimefdurdtaidni s in
the range of 1 nms to 10 s. 7. The apparatus for suppressing abnormal

el ectrical as5thesnnoife tismedbfyothe smnond guitpiEtntomtral disngnt bhamargge of
claims 1 to 6, wherein, the cutoff controller counts the nunber of
executions of 1t me ftior d00cmsoff control, and at a time when a value of the
count

3. The apparatus for suppressing abnormal electrical
10 discharge used for vacuum equipment according to claim 1,
wherein,
the power controller restarts by a soft start, after the
first cutoff control cuts off an output from the high-frequency
power source, and
15 the soft start outputs a ramp output from zero to the power
command value, in a duration with the same time ordering as the

cutoff time of the first cutoff control.

4. The apparatus for suppressing abnormal electrical
20 discharge used for vacuum equipment according to claim 3,
wherein,
the time duration of the soft start is in the range of

1 ps to 100 ps.

25 5. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 1,
wherein,

the power controller restarts by a soft start, after the
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reaches a preset nunber of tinmes, the second cutoff control is 20 executed.
B. The apparatus for suppressing abnormal electrical discharge used for
vacuum equi pnent according to claim?7, wherein, 25 the value of the count
is cleared sinmultaneously with executing the second cut off control, and

t he nunber of executions of the first cutoff control is re-counted. 71 9.
An apparatus for suppressing abnormal electrical _discharge used for vacuum
equi pment  f SECORFTYIHEE FORETOLFWES 9F 5 A RREPUAR TN tRRIMER - R iGN AL e

pl asma for executing.a filmformation process, the apparatus conprising a 5
high-frequeﬁeyeﬁoﬁggrggurégg}or suppl yi ng the power, wherein, the

he power boi ng. - SOERH o8 L epani A 2 R Bl RAE At Fezoito TAB e 00

t he power being ween a power nman

val ue and gormdsld JEAI2GK & 8hPatisRdn8sSoEvAP1bn (AR #a®ning slsd&st | ng
reflected power or reflected wave voltage which is generated at | east any

one of §ol beva e tidhingde 1 8éudt tyreyr ide baewadh eehl ghe@reduenbarmgvend
during a transfer process to the abnornal electrical discharge within the
pl asma r eacisionrcehanidetheapdakma cenicitigonl ghafibea.power supply fromthe
hi gh-frequency power source to the plasma reaction chanber, wherein, the
cutoff controller conprises an arcing detection/cutoff part for detecting
t he abnormal electrical discharge, and 20 a cutoff control Erohibition part
for prohibiting abeculbpf apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 5,
10 wherein,
the time duration of the soft start is in the range of

1l ms to 10 s.

7. The apparatus for suppressing abnormal electrical
15 discharge used for vacuum equipment according to any one of
claims 1 to 6, wherein,
the cutoff controller counts the number of executions of
the first cutoff control, and at a time when a value of the count
reaches a preset number of times, the second cutoff control is

20 executed.

8. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 7,
wherein,
25 the value of the count is cleared simultaneously with
executing the second cut off control, and the number of

executions of the first cutoff control is re-counted.
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control of the power supply perforned by the arcing detection/cutoff part,
and the cutoff control prohibition part prohibits, in an arc cutoff

prohi bited section, the cutoff control of the power 25 supply perforned by
the arcing detection/cutoff part, and continues the power supply, 10. The

apparatus for suppressing abnormal electrical 72 discharge used for vacuum

equi pnent according to any one of clains 1 to 8, conp r|S|nE a cutoff
control prohibiti8n ﬁ&rFPPBFatHFoﬁPﬁlFPHBrPﬁﬁlﬁHtBPP°EBﬁ9rS egtrifelpover

| f b h ff h ff
R b Dr o B Rar gt biBaS Yo, vafali Sanfpient pf‘aﬁi sroely g s (RO of
cont 1ol of thg)0aHe" - SUBREK BERHRERCHoPehOEsPU! B1cRETE!LBlcullll o

contl nues t power para Suppressi ng a

el ectri cal fﬁhﬁp?%&&ﬁtﬂ%ﬁdﬁE%Eeﬁ%CU%KbeQBPQEEthaQQQthQanOae'ther of claim

9 and claim10, wherein e power controller uses a forward power val ue as

the powsr hegihaslquanes, péﬂQrCQ@&f@é S SUpRPISindeitRe Sowes! ttbrdin SO as

to reduce a devi ati on between the power command val ue and the forward power
val ue, the cutoffthenhighl€érefjaenaycpbwét sounkcel compklideng; a first
handl i ng cutoff control for detecting the abnormal electrical discharge by
conparing the ref heppweérpomstreiliprafe® chnexhdldngt thel paweevbeingnd for
cutting of f the power supply based on detecting the abnormal el ectrical

di scharge s@uiputdeds ppredson aidmriation betytegn a power command value

and a power feedback value, and
10 a cutoff controller for detecting reflected power or
reflected wave voltage which is generated at least any one of
following timing; at a time of abnormal electrical discharge
and during a transfer process to the abnormal electrical
discharge within the plasma reaction chamber, and for cutting
15 off a power supply from the high-frequency power source to the
plasma reaction chamber, wherein,
the cutoff controller comprises an arcing
detection/cutoff part for detecting the abnormal electrical
discharge, and
20 a cutoff control prohibition part for prohibiting a cutoff
control of the power supply performed by the arcing
detection/cutoff part, and
the cutoff control prohibition part prohibits, in an arc
cutoff prohibited section, the cutoff control of the power
25 supply performed by the arcing detection/cutoff part, and

continues the power supply.

10. The apparatus for suppressing abnormal electrical
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a second handling cutoff control for detecting the abnormal electrical

di scharge by conparing the reflected power 25 with a threshold at a high

| evel, and for cutting off the power supply based on detecting the abnornal
el ectrical discharge so as to suppress a mgjority arc, and the cutoff
control prohibition part prohibits the cutoff 73 control by the first

hand! i ff |, dnth £f hi_bi t ed iogn. 12. T
appar af us. | O SCHRRPESSPRG ReFovRgrom BubiPRaRt 8ofoaBoto, 88y PBP GECLum

equi pment a%tg_?ltriﬂigng 40 Bango,%][ejug ng & 8h¥B£2 déhtdol @%&ibiiﬂ% #Igft tafncgr

cut of f prohi ed sectroni esan rgnition node section un

| asna 1s igni : o] r apsient [ r war d
P g&}bh&%atgg%ﬂ?gte ERD £PQYREroll GRSEROtpSREE éffgb;y!%}ﬁ fetf¥ridd

power is inCrease e power conmmand val ue. e apparatus for

suppr essi ngpgbrakemeutelr¢c tont2b11drschegeinsed for vacuum equi pment
according to claim12, wherein, 15 the ignition node section is a section

froma p®i nt wher ehetdietdHf wnt edWprohlibitionupant tprohivs, hef anearde
forward power exceeds a droop level of the reflected power. 14. The
appar at us f entedifppeebiibd tednsegiiionl. ethei cattofZ0cdnsrhdr g& dbedpP¥ervacuum
equi pment according to claim 13, wherein, the droop |evel corresponds to L
x Cs 100% AuPPilyl pes§ormedabgdtheventebfmaprtyel Ler csandomaniinuesfihet ed

droop <coefficient L. 25
power supply.

10 11. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to either of claim
9 and claim 10, wherein,
the power controller uses a forward power value as the
power feedback value, and controls the power being outputted
15 so as to reduce a deviation between the power command value and
the forward power value,
the cutoff controller has a cutoff control including;
a first handling cutoff control for detecting the abnormal
electrical discharge by comparing the reflected power with a
20 threshold at a low level, and for cutting off the power supply
based on detecting the abnormal electrical discharge so as to
suppress a minority arc, and
a second handling cutoff control for detecting the
abnormal electrical discharge by comparing the reflected power
25 with a threshold at a high level, and for cutting off the power
supply based on detecting the abnormal electrical discharge so
as to suppress a majority arc, and

the cutoff control prohibition part prohibits the cutoff
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15. The apparatus for suppressing abnormal electrical discharge used for
vacuum equi pnment according to claim 12, wherein, 74 the forward power
transi ent section corresponds to a section where the forward power is out
of a predetermned |level range that is defined by the power conmmand val ue.
5 16. The apparatus for suppressing abnormal electrical discharge used for

t d th t I
ange corr cERBRBELIRY 4 Renk§ES tRARdl NG S AEECDORER L c ARG SEF JOHHaEE 000

as an upper value (Cs - Kx Cs 1009 as a lower limt;
subtract|ngpﬁoghbstféoagogég ned by multiplying the rated power conmand

value Cs 100% by a predeterm ned coefficient K, fromthe power comrand
value Cs. 75

12. The apparatus for suppressing abnormal electrical

5 discharge used for vacuum equipment according to any one of
claims 9 to 11, comprising,

the arc cutoff prohibited section includes an ignition

mode section until the plasma is ignited, and a forward power

transient section where the forward power is increased toward

10 the power command value.

13. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 12,
wherein,
15 the ignition mode section is a section from a point where
the forward power starts outputting power before the forward

power exceeds a droop level of the reflected power.

14. The apparatus for suppressing abnormal electrical
20 discharge used for vacuum equipment according to claim 13,
wherein,
the droop level corresponds to L x Cs 100%, multiplying
a rated power command value Cs 100% by a reflected droop
coefficient L.
25
15. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 12,

wherein,
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10

the forward power transient section corresponds to a
section where the forward power is out of a predetermined level

range that is defined by the power command value.

l6. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 15,
wherein,

the predetermined level range corresponds to a range
having the rated power command value Cs 100% as an upper limit,
and a value (Cs - K x Cs 100%) as a lower limit; subtracting
K x Cs 100% obtained by multiplying the rated power command value
Cs 100% by a predetermined coefficient K, from the power command

value Cs.
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