1 Etching nethod The presentinvention relates to an etching net fioaLidtnd.
plasma for the manufacture of electronic devices such as sem - 5 condw&tqy;
or mcro-machines, and to a cleaning nmethod for the inner wall of a vacuum
chanber constituting a plasna processing apparatus, and further to a plasna
processi ng apparatus and a matching circuig for matching high-frequency

| npedance of |oad. 10 One exanple of a conventional high-frequency

i nduction type plasma processing apgﬂgﬂkiﬁsiﬁééﬂgamwi n Fig. 7 and Fig. 8.

In Fig. 7, a gas feeding apparatus prescribed gas into a
vacuum chanber 1 while the vacuum chanber 1 is evacuated by a punp 3 as an
evacuation apparatus so as tq 15 naintaint%EPredeterninQd ressure within

' the vacuum chanbd&he] Pras§RY fOFE P &R A etching fethed aging
donme-1ike $Riddila G the BPRATAGUT S I Bh ¥ M ced TR 46 Iemi -

frequency power source 4 thereby to generate plasma in the vacuum chanber
1, w t h5whicomduictoms e odsgioaqasdvings 2@nddrd & rekparuing methodt fog the

pl aced on a_suhstrat.e ctr 7, ) J . deposit and surface
al terati on ™A% H’@T;Lar?ﬁ 1% &T’@%%%ﬁ%}u@fﬁ?{%%%% ﬁofée];a{éﬁga supplied to
t he substr girec¥iseding dpparadvuyglami Mirtliery 1 ra plashd rmrodessing

hi gh- frequency power source 10, so as,to control ion energy 25 beaned on

the substr @PPaFatpge andy §iatChddss G Whidafan Majicheich Righr f2eqRRRFY ped
in detail Gﬂqiﬁgﬁﬁﬁﬁ%iLQH%ane” Patent Applications 8-83696 and 9-82692.

Fig. 8 showsa detailed diagramof the substrate electrode 7 and matching
circuit09. The sObst exampdiecofr édeonvantionadr ihgh-£fnegwency irducipion

LTS 20039805 bl Sl Y SpnRBP S5 Mol S0 S SHpo- o
term nal 1@nofFiighe 7ratac lyasy feledimg adppabfatusliPStimimdhdes el giresct tised
substrate eglaesCtirn?:%e a7 vg%uilme% raO te%:t i1C w%hilicek tlp/e %Papclt}luimn%hrgxg]er 1 is
evacuated.by a pump 3 as an evacuation apparatus so as to
15 maintain a predetermined pressure within the vacuum chamber 1.
High-frequenéy electric current is supplied to a dome-like
spiral coil 6 disposed on an induction window 5 from a high-~
frequency power source 4 thereby to génerate plasma in the
vacuum chamber 1, with which plasma processing can be
20 - performed to a substrate 8 placed on a substrate electrode 7,
such as etching, deposition, and surface alteration. At the
same time, high-fréquency electric power is supplied to the
substrate electrode 7 through a matching circuit 9 from a
high-frequency power source 10, so as to control ion energy
25 beamed on the substrate 8. The plasma processing apparatus of
such type is described in detail in Japanese Laid-open Patent
Applications 8-83696 and 9-82692.
Fig. 8 shows a detailed diagram of the substrate
electrode 7 and matching circuit 9. The substrate electrode 7
30 comprises a pedestal 12, an insulating member 13, a first
chuck electrode 14, and a second chuck electrode 15. The
pedestal 12 is connected to a high-frequency output terminal
16 of the matching circuit 9. The\substrate 8 is held on the
substiate electrode 7 by electrostatic chuck by applying high
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-: 2 voltage DC voltage (hundreds to thousénds V) of different polarities to

the first and second chuck el ectrodes 14, 15 froma DC power source 17. The
matching circuit 9 conprises two variable capacitors 18, 19, a coil 20, a
hi gh-frequency 5 input term nal 21, and the high-frequency output term nal
16. The hi gh-frequency input termnal 21 2s connected to the hi gh-
frequency power source 10. Electrostatic chuck hel ps enhance the
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differences in transferring anount of electrons and ions. is DC potentlal

" is cal |l ed greasing the heat conductive effects.

15 . Fig. 9 shows a mechanical clamp type apparatus, in which
the substrate 8 is held on the substrate electrode without
using electrostatic chuck. As shown in Fig. 9, the substrate
8 is pressed down on the substrate electrode 7 with a clamp
ring 29 by means of a tension force of a spring 28. The

20 surface of substrate electrode 7 is normally covered with an
insulating material. Similarly to the electrostatic chuck type
apparatus, it is possible to conduct temperature control of
the substrate 8 by enhancing the heat conductive effects
between the substrate 8 and substrate electrode 7, by

25 reserving helium gas therebetween.

The prior art methods shown in Fig. 7 through Fig. 9 had
a problem that the self-biasing potential generated in the
substrate cannot be monitored. Specific explanation of this
problem is given below. '

30 When high-frequency electric power is supplied to a
solid material in contact with plasma, negative DC potentials
are generated in the solid material due to the matching
effects which are caused by differences in transferring amount

of electrons and ions. This DC potential is called self-



- 3 biasing potential. The self-biasing potential reflects the
. vol tage-current characteristics of plasma and thus reacts sensitively to
the change in conposition and density of particles in plasma. During the
etching process, a substance 5 generated by etching reaction is present in
" a gaseous state within the vacuum chanber” Once the etching reaction has
been conpl eted and the ground surface is exposed, the density of the

subst ance hjaming cppotsntihal et e Feldadiaging petentialametfhects the
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the case where plasma is used to clean the inner wall of
vacuum chamber 1 contaminated as a result of etching or CVD
processing. It is a normal practice to perform such cleaning
using a dummy substrate placed on the substrate electrode, in

20 order to prevent wear of the sﬁbstrate electrode 7.

Despite these benefits of obtaining useful information

by mdnitoring the self-biasing potential, it is not possible
in the conventional apparatuses shown in Fig. 7 through Fig. 9
to monitor the self-biasing potential generated in the

25 substrate. In the ‘electrostatic chuck type apparatus, the DC
potential of the substrate 8 cannot possibly measured since
the substrate 8 is placed on the insulating member 13
constituting the substrate electrode 7. In the mechanical
clamp type apparatus, too, the surface of the substrate

30 electrode 7 is covered with an insulating material and thus
the DC potential of the substrate 8 is not measurable. It
would be possible to measure the DC potential of. the substrate
8 if the insulating material on the surface of the substrate

electrode 7 were removed thus allowing conduction between the



4 substrate 8 and the electrode 7, but such construction would be

probl ematic for the follow ng reason. The substrate 8 and the substrate
electrode 7 are in contact with each other in an extrenely small_area since
the surfaces thereof are not 5 conpletely,even, and if an electric current
I's concentrated on the contact areas, it & destroy the device on the
substrate such as a.transistor or the |like (so-called charge-up damage).
Japanese LanubstpshepP8t and bbpl edectsnde- 748batdisscho sonst nusttiamn srould
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15 etching process can be detected without the occurrence of
charge-up damage, a cleaning method with which the end of
cleaning process can be detected, implemented in a plasma
proceésing apparatus having a matching circuit appropriate for
the above purposes. ' '

20 The present invention provides an etching method wherein
an etching operation is performed to a substrate placed on a
substrate electrode in a vacuum chamber in which plasma is
generated while control is exercised such as to adjust the
interior of the vacuum chamber at a prescribed pressure by

25 supplying a gas into the vacuum chamber and evacuating the
vacuum chamber, characterized in that high-frequency power is
supplied to a voltage monitoring conductor proVided on or in
the vicinity of the substrate electrode through a matching
circuit, and a self-biasing potential generated in the voltage

30 monitoring conductor is monitored during the etching operation.

With the above etching method, completion of the etching
operation can be detected based on changes in the self-biasing
potential generated in the voltage monitoring conductor.

Preferably, the substrate electrode and the voltage



5 nonitoring conductor should be coupled through a capacitor. In the above
: method, the substrate may be held on the substrate el ectrode by neans of
I either a electrostatic chuck systemor a nechanical clanmp. 5 The
present invention also provides a. cleanin§ nethod wherein a cleaning
operation is performed to inner walls of a vacuum chanber in which plasma
s gener al gentbbl ngOBbAGUCESr CERbELACHeS LERpTE! enRdUYR! of RAgdditid, 0l Of
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% 15 monitored during the etching operation.

| Wwith the above method, completion of the cleaning
operation can be detected based on changes in the self-biasing
potential generated in the voltage monitoring conductor.

It is preferable that the substrate electrode and the

20 voltage monitoring conductor are coupled through a capacitor.

Also, it is preferable that the cleaning operation is
performed under a condition that a dummy substrate is placed
on the substrate electrode. '

In the above cleaning method, the dummy substrate may be

25 held on the substrate electrode by means of a electrostatic
chuck system, or of a mechanical clamp.

The plasma processing apparatus according to the present
invention comprises: a vacuum chamber; a gas supply equipment
for feeding a gas into the vacuum chamber; an evacuation

30 equipment for evacuating the vacuum chamber; a source of
plasma for generating.plasma in the vacuum chamber; a matching
circuit; a substrate electrode on which a substrate is placed;
a high-frequency power source for supplying high-frequency

power to the substrate electrode through the matching circuit;



power to the substrate el ectrode through the matching circuit; 6-a

vol tage nonitoring conductor provided in the vicinity of the substrate

el ectrode, said voltage nonitoring conductar being coupled to the substrate
el ectrode such as to allow high- frequency power supply; and a nonitoring
circuit for 5 nonitoring a direct currenﬂypotential of the voltage

nmoni toring conductor. It is preferable that the substrate el ectrode and the

vol tage Maniidtiabe aoRd¥eirdngliconduidtiond prvviksd drcapreiviarinitye ofibshe at e
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and second hi,gh-frequency output termngls; .a.montqrin i .t for
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term nal ; nnd tdrdingt Condict®it. potential nonitoring output 20 connected to
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romt. ow ng detail ed
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embodi menie1@fmgl.he present invention; Fig. 2 is a detailed diagram of the

substrate el eCtrode and matching circuit in the first enbodi nent of the
pr esent The matching circuit in the plasma processing apparatus

according to the present invention comprises: a first high-
frequency output terminal for providing high-frequency power;

15 a second high-frequency output terminal; a capacitor for
coupling said first and second high-frequency output
terminals; a monitoring circuit for monitoring a direct
current potential of the second high-frequency output
terminal; and a direct current potential monitoring output

20 connected to a control system of the plaéma processing
apparatus.

While novel features of the invention are set forth in
the preceding, the invention, both as to organization and
content, can be further understood and appreciated, along with

25 other objects and features thereof, from the following
detailed description and examples when taken in conjunction
with the attached drawings, in whichs:

Fig. 1 is a cross sectional view showing the
construction 6f a plasma processing apparatus according to a

30 first embodiment of the present invention;
Fig. 2 is a detailed diagram of the substrate electrode
~and matching circuit in the first embodiment of the present
invention;

Fig. 3 is a diagram showing the change in self-biasing



'-invéntion; Fig. 3.is a diagramshow ng the change in self-biasing 7

potential of a voltage nonitoring conductor in t-he first enbodi nent of the

;. present invention; Fig. 4 is a diagramshow ng the change in self-biasing
~potential of a voltage nonitoring conductor in a second 5 enbodi nent of the
_present invention; Fig. 5 is a cross sectilonal view show ng the
~construction of a plasnma processing apparatus accordi ng to anot her

enbodinentpotehh&apreieatvbntaqbimbnlEbgnn@ iconalucrtess isedtheonGirst ew

. showi ng the 10 constructlgg of a asna prqceSS|ng apparatus according to a

- yet anot heFTERAdEERENOTE
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~ sectional .view speyi ng &Beacamagkuﬁt sﬁaw%gatﬁ@n\sﬂahg@% RleAF I DGR ST NY
~apparatus; Fig. 8 i's a detailed”diagram of "the substrate el ectrode 15 "and

. mat chi ng cpetentiad oife apvodtaget moaridoEiipg gondugctorodn se@saamd vi ew
+ show ng. t-h onstructi gn, of b nal plasma processing
é apparaghs.%ﬂgPaf@annﬁngﬁgnﬁgg%gﬁ %reggﬁt%inventlon w |l be 20 descri bed

. with reference tpigi.gs ist hr ongbsFegctionkilgviewsBhowiagcthes secti onal
‘ view of the plasma p FOCESSIH% ggﬁagatus accordi ng to one enbodjnent of the
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evacuated by a punp 3 as an evacuatiOn apparatus so as to maintain a
pr edet er m ned prEsguré Wbt &i aroge sechionafanNiew §homﬂgh-th@quency el ectric
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in the vacyeﬁlahaﬁhet émbodtihenti olf mhesm&epemmeimw@@td@m;be perforned to a

substrate 8 placsgg?n7ais a cross sectional view showing the
construction of a conventional plasma processing apparatus;

Fig. 8 is a detailed diagram of the substrate electrode

15 and matching circuit in the prior art; and

Fig. 9 is a cross sectional view showing the
construction of another conventional plasma processing
apparatus.

A first embodiment of the present invention will be

20 described with reference to Fig. 1 through Fig. 3.

Fig. 1 shows a cross sectional view of the piasma
processing épparatus according to one embodiment of the
present invention. 1In Fig. 1, a gas feeding apparatus 2
introduces a prescribed gas into a vacuum chamber 1 while the

25 vacuum chamber 1 is evacuated by a pump 3 as an evacuation
apparatus so as to maintain a predetermined pressure within
the vacuum chamber 1. High-frequency electric power is
supplied to a dome-like spiral coil 6 disposed on an induction

~window 5 from a high-frequency power source 4 thereby to

30 generate plasma in the vacuum chamber 1, with which plasma
processing can be performed to a substrate 8 placed on a
substrate electrode 7, such as etching, deposition, and
surface alteration,‘ At the same time, high-frequency electric

power is supplied to the substrate electrode 7 through a



substrate el ectrode 7, such as etching, deposition, and surface alteration.
At the sane tine, high-frequency electric power is supplied to the
substrate el ectrode 7 through a 8 matching circuit 9 froma

hi gh-frequency power source 10, so as to control ion energy beamed on the
substrate 8. A ring- form.voltage nonitor8ng conductor 11 is provided on

t he periphery of the substrate electrode 7. 5 Fig. 2 shows a

det ai | ed di-pHRIAP o ittt Bt e a@'l?fcjlﬁ-oﬂﬁecg Siely NBowdl Ngoar&€ULD, 9soThe
substrate electrode 7 conprises a pedestal 12, an |nsulat|ng menber 13, a
first chu@é diecadwol Jommnerdgekraned Rk hectibifrate She hagdal 12

I S connect | ah- ﬁ]!bqnﬁy ) tching
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conpri ses et i F Al MmAPod Birddit 19, FTHDidubstrardidiiedt ety
i nput termnal 21, the high-frequency output termnal 16, a second

hi gh- f r eqROmBL iRasH & Resef bl an cingilalgingpeenher 3, a FbBstoring
circuit 2 t al [ tOri ' 25 T
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11 are the sane, by dividing and rectifying the voltage output fromt
second hi giektagq e wadhags (hundrrds Z@H&W%ka Hef bk ESFen circuit

2t RO, P AU lg b Toldf Mgt Gagy ved o3 11t
vol t age nifiidnord M qapex tsmuride 17The The matching circuit 9 comprises

15 two variable capacitors 18, 19, a coil 20, a high-frequency
input terminal 21, the high-frequency output terminal 16, a
second high-frequency output terminal 22, a coupling capacitor
23, a monitoring circuit 24, and a DC potential monitoring
output terminal 25.. The high-frequency input terminal 21 is

20 connected to the high-frequency power source 10. High-
frequency power is supplied to the voltage monitoring
conductor 11 through the coupling capacitor 23 and the second
high-frequency output terminal 22. Since thé potential of the
second high-frequency output terminal 22 and the voltége

25 monitoring conductor 11 are the same, by dividing and
rectifying the voltage output from the second high-frequency
output terminal 22 by means of the monitoring circuit 24, the
DC potential monitoring output terminal 25 outputs a voltage
that is proportional to a DC potential (self-biasing

30 potential) of the voltage monitoring capacitor 11. The
~coupling capacitor 23 functions to break a direct current
across the voltage monitoring conductor 11 and the pedestal 12.
That is, in case the coupling capacitor 23 is not provided, a

large negative DC voltage will be generated in the pedestal 12,



coupling capacitor 23 functions to break a direct current across the

vol tage nonitoring conductor 11 and the pedestal 12. That is, in case the
coupling capacitor 23 is not provided, a |large negative DC voltage will be -
generated in the pedestal 12, 9 whi chj nduces deterioration of the

I nsul ating nenber 13. A lowpass filter ?6 I's provided across the second

hi gh- frequency output termnal 22 and the monitoring circuit 24, for

prevent i nghdehr dndaces Hegeriozgqidesy ofokde lﬂﬁﬂiﬂﬁaﬂg1mﬂmhﬁnxl%xnéht|a
oni L or | ngogubBUE (47810 625! SrEQNORE Sl R Al SIR2 O the

pl asma. processing appar at us -Cr |con ayer t he
substrate f&evanneyc badphy ltatrmddadl rzg almldo rtihiee n@mudmmg lod rgasiLtc per 1

fromthe gas sup paratus 2 whil spectlvel ap Iylng hi
frequency BSmBFeg?%gégﬂ/?BtFﬁ€°§pP;a% GQﬁﬁ¥€% FHFSBGFG the
subst rqat epel geteadsal ﬁBQﬂ:B?lY@' bi’t u@%‘e&‘ﬂﬁ'd&ﬂ %”Q@Wnnjébt@%& hgnge

in self-biasing potential of thé voltage nonitoring conductor 11 i s shown
in Fig. 3contgphlf sygtency7pofetheupdiapnaaprocessdfg@ppanatiisy. 3, 15 and

aftera transi eghooh816 bR eBEYCLa 138R0MTe,t U5 RAY oubILAle o g0

| ayer was etche entral-raises ich's
the poi nt etbhedebghiingrotiutliagpehiogiinet gass IJJnltﬁ)OItHeaWs whanfbent SIhm:komeon

whi ch there was a change in co osi ti and density of particles._.in asna.
20 That }:ge 8RE §HPRLYnBRRAFGE §a?u@’?‘d‘ﬂ-esélels ¥’t‘?g‘rYpG‘tli’é’Hﬁ”leﬂg *ﬁ'g

et chijg rQib&ﬁéﬁcboﬂoﬁhﬁcb@ﬂb@WdQBS ithe %guﬁa@;s ®idue bad F Heeenre of
etching prodicts in plasma nmainly conposed of silicon tetrachloride. Wen

etching i !;Otaﬂn thethet Rubstratenelectxodieo aad the yoddadies Mepeitioring t he
o oot o SofductBRoLlY Ind! G3dWl N4 °93FF. bt 0 EAIPRORENE P2 iNbENLhBE S€| -

bi asi ng. po | NCreases 10 a’sSmaller Ivesv € end poi nt of
et ching caoltbge hendﬁbg¢hgdcbpdunnbroﬂﬂngstBhowalﬁmbwaq ng@ .pot enti al .
Transistors on 4he SyRe Sy 8Bt SaoptYy B35 34Tk a at A in Fig. 3,
15 and after a transient state for several seconds, the poly-
crystal silicon layer was etched (B). The potential raises
drastically at C, which shows the point when etching of the
poly-crystal silicon layer was finished, upon which there -was
a change in ddmposition and density of particles in plasma.
20 That is, the great negative value of self-biasing potential
during etching reflects low electronic density of plasma due
to the presence of etching products in plasma mainly composed
of silicon tetrachloride. When etching is finished, the '
silicon tetrachloride in plasma disappears and the electronic
25 density of plasma increasés, in response to which the self-
biasing potential increases to a smaller negative value. The
end point of etching-can thus be detected by monitoring the
self-biasing potential.
Transistors on the substrate 8 produced by performing
30 etching as described above were evaluated. No device
destruction caused by charge-up damage was detected. It is
assumed that this was because electric current was not

concentrated to particular areas of contact surface between

the substrate 8 and substrate electrode 7, since, unlike the



30 etching as described above were evaluated. No device destruction
caused by charge-up damage was detected. It is assuned that this was

. because electric current was not concentrated to particul ar areas of

. contact surface between the substrate 8 and substrate el ectrode 7, since,
“unlike the 10 prior art apparatus, thel®ubstrate 8 and substrate

~electrode 7 are insulated in this enbodi nent. Next, another enbodi nent of

. the presen rhaéfea&ctoapbar%ﬁsrl Rad shbatraRY & lasldofsuwc&a%@%iémodé 7
i substantially 5 simlar to that of the first enbodi nent, and the

. descri pti oArehéngpilated ipetbist embodimentubstrate 8 was placed on the

i-substrate el ectr Xy ge a a
P introduced into @%e Va%ﬁﬁgyéﬁ %ﬂg?g%EFP§n¥?hgh%agregggﬁy1%%%§&§$ﬁ¥€5§whlIe
' 10 respectegerybefipl YT &pmétequeﬂcyhﬂsmemboaméﬁﬂws0st1bstamtliaI1190| |

6 and of 50QW.in total to the substrate electrode 7 and.the voltage .
moni t orl ngSABALAE: 5P thaty ﬁgrEB? ddgsti empgdiment, andythe Qqch@%"ﬂ‘r%i de

on the subghepbsrBwifit B bRBEREWNY t he above operation several tines, a
filmof silicon 15 dioxide was thickly deposited on the inner wall of the

vacuum chanber 1The swbstrahes8 was phecgdrpas§h@fsub§§ﬁaﬁg ﬁ&@qhﬂQde\mﬂl
of the vac : r a st rate Ia 0

el ectrode ggggggigggrg%ﬁﬂo?%&ﬁ?ﬁoﬁggésagﬁdao ﬁ%gag%%grgnﬁﬁs}ogﬁa |n o]
t he vacuunthbavbeﬁuﬁ Ehambebel2frogatheupgply samayah?@a&a\lﬂwd Q g&ﬂ?m:t ively
appl yi frequenc wer OQW<to the spiral coil 6 and of 100Win
t ot al ]tr}g gsgﬁﬁgﬁgﬁig éPEgYF-BHeL?-g réreANePsy: RQWekoRtt 0008 tonddh@ or 11.
The changespmrﬁfl Eomaal BAaPeEcBboAl 1Al tbita1veb! e Fbskatdd AL 11
i's shown in g H gh-frequency power supply was started at D

in Fig. 4,7aa8 ath@rvaltaaﬁsmen@tgmng rondyeteorall 13etbrgebn idepasitiang
di oxi de flgmcﬂg 1i§000Ns3 09cbANGT oL Bh LHE KABULTLERAROC aPRE, MOV

(E). The potentl rai Ses ras |ca y at
repeatlng the above operation several times, a film of silicon

15 dioxide was thickly deposited on the inner wall of the vacuum
chamber 1 as well. Thus, for the purpose of cleaning the inner
wall of the vacuum chamber 1, a dummy substrate 8 was placed
on the substrate electrode 7, and tetrafluorocarbon gas and
oxygen gas were introduced into the vacuum chamber 1 from the

20 gas supply apparatus .2 while respectively applying high-
frequency power of 1000W to the spiral coil 6 and of 100W in
total to the substrate electrode 7 and the voltage monitoring
conductor 11. The change in self-biasing potential of the
voltage monitoring conductor 11 is shown in Fig. 4.

25 High-frequency power supply was started at D in Fig. 4,
and after a transient state for several seconds, the silicon
dioxide film deposited on the inner wall of the vacuum chamber
was removed (E). The botential raises drastically at F, which
shows the point when cleaning of the silicon dioxide film was

30 finished, upon which there was a change in composition and
density of particles in plasma. That is, the great negative
value of self-biasihg potential during cleaning reflects low
electronic density of plasma due to the presence of etching

products in plasma mainly compbsed of silicon tetrachloride -



- shows the point when cleaning of the silicon dioxide filmwas 30 finished,

~upon which there was a change in conposition and density of particles in

. plasma. That is, the great negative value of self-biasing potential during
. cleaning reflects low electronic density of plasna due to the presence of

"~ etching products in plasma mainly conposdd of silicon tetrachloride and

. carbon dioxide. When cleaning is finished, the silicon tetrachloridé and

- carbon di oy fl&dfhdih AR Bk HS2P MR Abddinme! B IF Bl shdlgNShy £11pesMR

~increases, I1n response to which the self-biasing potential increases to a

- smal | er netpttachorkdeandzaren pdiexide inhcphasgacdibsappeabeandt 8beed by
nonitorin f - bl asi pot ent i the, p. oges

 apparat us SRS AT Y oo fhonenits  f HRSEBhRECEE ey

- enbodi nenttld ddef4bEfRiig ippeaital ifereassentoi avemalderi aegatikien t ed

. 10 to_this type and may be .applied _to of her Eypes ofeglasnaagrocessing
appar aPuse@dlugch The gadapodint iof Gleaning san e 96ttt ed P¥B- wave

type, heligos MaVeEnd Wife SUI0E-BHdSERg\ @éﬁnglyAlso, the configuration of

! the voltage nonitoring 15 conductor®is not limted to the ring-form as
| described in t héldiwughe tihwlipissna [process beg vappaxatys defilyhgh- Al so, not

only int el ectrostatic chuck system.but a | case_wher ¢hani cal
ol aps " as CHEMEISY A £ eld 4T meta Mg eh b8 8 rate GibpRIneRL
substrat e ¢t afie qsifes ent? Oinvéret {oIes ettie | pvesénONinvEht Lol £s ndbd Shmited
case, _the voltage nonitoring conductor, 11l may Eﬁﬁgrovided around the cl anp

ring 29 fdwo glesSitipeARe Y KB APRIEed thtQ tYPes (Af cPLAEMA! 0de 7 by

nmeans of t ' e c ' 2 shown in
mo e Tikiecdis fity Hppd¥a el SRS poFal el (LAY pafel PorB8, o

exanpl es dagpetic Mield micrwawe type, helicon wave type, and surface
| wave type. |
Also, the configuration of the voltage monitoring
15 conductor is not limited to the ring—forﬁ as described in the
above embodiments but may be variously designed.

" Also, not only in the electrostatic chuck system but
also in a case where mechanical élamps as shown in Fig. 9 are
used for holding the substrate on the substrate electrode is

20 the present invention applicable. In such a case, the voltage
monitoring conductor 11 may be provided around the clamp ring
29 for pressing down the substrate 8 onto the substrate
electrode 7 by means of the spring 28, or may be arranged on
the clamp ring 29 as shown in Fig. 6. There are of course many
25 other variations other than the examples shown in Fig. 5 or

Fig. 6.



12 CLAIMS 1. An etching nethod wherein an etching operation is perforned
to a substrate (8) placed on a substrate electrode 5 (7) in a vacuum
chanber (1) in which plasna is generated while control is exercised such as
to adjust the interior of the vacuum chanber (1) at a prescribed pressure
by supplying a gas into the vacuum chanbB? (1) and evacuating the vacuum
chanber, characterized in that high-frequency power is supplied to a 10

vol tage nonitoring conductor (11) prowgetmM®n or in the vicinity of the
substrate electrode (7) through a matching circuit (9), and a sel f-biasing
potential generated in the voltage nonitoring conductor (11) is nonitored

during the etching opgratj 5 . T l .accaqrdi ng
to claim1l, mhe%éin c%%p%%€ﬁ%%&o?eFﬂgdeY§ﬁFﬁéno%§rg#ﬁg%ﬂgsggégggfgﬁ'gﬁ%ed
on changeperfiorinedsebf absabstgapet ¢8t)i plagedebal @ad substhateoldlagtrode

noni t i ng_conductor (11).. 3. The etching,method agcording to claiml,
wher eith 267)t hB @ Baf BFQCEP@P?Fo&é)(?P &h& hgaﬁﬁmﬁadé FERerRhssy while

conduct or coatrodl €sCakBredskl 8HeR asCeBaalhast( 28k iAteriol@EUH NY
met hod according to claim 1, wherein the substrate (8) is held on the

subst r at evaraurr ghambey b})netng pregcslibed: pressuzechychuppdydmg 26 gas
et on' ¢ HEBLE08, TRLAGR 26smageT 915 sRhkPabuntifel e DR RN kRS |5

hel d on the su ( by nmeans o ani A
¢l eani ng chdbhadtebirednia thatnhighefizegueanyi powerf dsnedppd ilednao sl | s of

a vagyum ch er (1).in which 3 | asmg _i ener.ated while control is
exergﬁ%edvgﬁgagﬁs&?élﬁﬂfﬁgg ?ﬂESPEFgFié}lingﬁg Ul CFadBetbel) at a
prescri begiiR$EYr 8£b¥heUBRbYLPELE BR&ctibae! 19)VRArEBIYRNAMRA chihpnd
evacuati ng the vacuum chanber il), characterized in that high- freduency -

power is SippRibd(?d,aand| 2agelfivhiasinggpebentiadr generated in the
voltage monitoring conductor (11) is monitored during the

_ ‘etching operation.

15 ' 2. The etching.method according'to claim 1, wherein
completion of the etching operation is detected based on
changes in the self-biasing potential generated in the voltage
monitoring conductor (11). .

3. The etching method according to claim 1, wherein

20 the substrate electrode (7) and the voltage'monitoring
conductor (11) are coupled through a capacitor (23).

4. The etching method according to claim 1, wherein
the substrate (8) is held on the substrate electrode (7) by
means of a electrostatic chuck system.

25 5. The etching method according to claim 1, wherein
the substrate (8) is held on the substrate electrode (7) by
means of a mechanical clamp..

6. A cleaning method wherein a cleaning'operation is
performed to inner walls of a vacuum chamber (1) in which

30 plasma is generated while control is exercised such as to
adjust_the interior of the vacuum chamber (1) at a prescribed
pressure by supplying a gas into the vacuum chamber (1) and

" evacuating the vacuum chamber (1), characterized in that high-

frequency power is supplied to a voltage monitoring conductor

L




13 (11) provided on or in the vicinity of the substrate el ectrode (7)
through a matching circuit (9), and a self-biasing potential generated in
the voltage nonitoring conductor (11) is nonitored during the etching
operation. 5 7. The cl eaning nmethod according to claim6, wherein
conpl etion of the cleaning operation is dgtected based on changes in the
sel f-biasing potential generated in the voltage nonitoring conductor (11).
8. The cl eaning nethod according to claim®6, wherein 10 the substrate
el ectrode &hd)t REOVaRedgenneki isr ithe Vded®dityr ofL bhessabsduatal elpakinde

capact tor (#3) endough IRAECAIHGNG IR BRCOLHAS LRIt Himdiggihereln the

cl eani ng operation rs perforne i‘tion that a bstrate is
pl aced on prenuMalrgéaeehtedradethé)volﬁage monlﬁmringTb@ndunnunuxItﬁhod

according to claim6, erein substrate s held on the substrate

el ectrode @§)mgplﬁggﬁgmgpr5ng|%Bﬁrgggﬁﬁp@ OREER YYD em 11.  The cl eani ng

met hod saccor di ngz{ o C|@hé1§le&ﬁ£ﬁglﬂetﬁéddH&&braih?ttatélbimh6|dwwéﬁérh

substrate el ectrode % 20 neans of a nmechanical cl anp. A plasm
=

proceSS|ng°9pB&¢§@9§ @Snﬁ sPhganing; opexratifnhds @EFeC§q§m§QﬁﬂﬂM%P
- equi pnent Ll %;8%9 %ﬁe%?g?éﬁaﬁlhgiﬁ& S»%tt%é?l‘i:‘i‘é'f ?&%’é%%rteﬁl)l 1)2t-§1e volta

evacuati on equ evacuat 'n e vacuum chanber a sour of
pl asma formgnmtoamhggcphduanorn(ﬂhe.vacuuntchanber (1; a natchlng circuit
(9); 30 a substr@ ectrode ubs ate

pl aced: a hi gh-fPequenty® n%Bﬂrﬂﬁégée)aFSPréﬁBEI?Pnﬁ %@ﬁﬂ@ﬂﬁy

power g tﬁEeSQQEE{:EEEeeétéE:thae( &ndt Iﬁh@u%ﬂtbgerrmbﬁhtaql@g @addd&aor
(11) are coupled through a capacitor (23).
9. The cleaning method accordlng to claim 6, whereln
the cleaning operation is performed under a condition that a
dummy substrate is placed on the substrate electrode (7).

15 10. The cleaning method according to claim 6, wherein
the dummy Substrate is held on the substrate electrode (7) by
means of a electrostatic chuck system.

11. The cleaning'method according to claim 6, wherein
the dummy substrate is held on the substrate electrode (7) by

20 means of a mechanical clamp.

12. A plasma processing apparatus comprising:

a vacuum chamber (1);

a gas supply equipment (2) for feeding a gas into the
vacuum chamber (1);

25 an evacuation equipment (3) for evacuating the wacuum
chamber (1);

a source of plasma for generating plasma in the vacuum
chamber (1);
a matching circuit (9);

30 a substrate electrode (7) on which a substrate (8) is
placed;

a high-frequency power source (10) for supplying high-

frequency power to the substrate electrode (7) through the

* ¢ L M S5 x

matching circuit (9);



14 a voltage nonitoring conductor (11) provided in the vicinity of the
substrate electrode (7), said voltage nonitoring conductor (11) being

" coupled to the substrate el ectrode (7) such as to all ow high-frequency
power supply; 5 and a nonitoring circuit (24) for nonitoring a direct
current potential of the voltage nonitori 34 conductor (11). 13. The

pl asma processing apparatus according to claim12, wherein the substrate

el ectrode (7) and, tﬁﬂﬁéﬂi m%rfmlé&idwaﬁnmn Prddildedr £ncenel ed

through a capacitor (23)" 14. . pl asma processi ng gﬁparatus accordi ng
to clai m lyicirity of Hdl%mﬁ?faxét? sleatrede 6Oh) ¢ RALAHEPIERESe| ect r ode

(7) by neans_of, a ec I eSS|ng
appar at us d‘&oébjrta‘?%ﬂlq oéé:l?%llh‘ran&ié H;gfkbv\ﬁél%rﬁé:l ?élge%u %m%)eg?i;?tgée eld on
the substrairectfsde oge) (shclbyasreemsablow hWighafireghentynpowés. supply;
natchlng CIrCUIt adapted for use in a plasma processi ng apparatus

ng

conpris ndfirst hi gh-frequency output termnal (16) for 20 providing
hi gh- frequency PWGon A YAGR) & I @i € I EPIENEST Qb Pk Bigl Haditedt; a

capacitor (23) for coupling said first and second hi gh-frequency out put
terminals (QLﬁ:r@ﬁ) pcateltirn-abr¢flgt1¢¢ reel tage MongEorbRg t ePRARCHOE| (429 - 25

current potenti 2l 81 i SR L B0 Pl il FSBARInI 283 o ot
control systemyidleid the pilstwape oebsestnodeppa) asnd. tBe® voltage
| 10 monitoring conductor (11) are coupled through a capacitor (23).
14. The plasma processing apparatus according to claim
12, wherein the substrate (8) is held on the substrate
electrode (7) by means of a electrostatic chuck system.
15. The plasma processing apparatus according to claim
15 12, wherein the substrate (8) is held on the substrate
electrode (7) by means of a mechanical clamp.
lé6. A matching circuit adapted for use in a plasma
processing apparatus comprising:
a first high-frequency output terminal (16) for
20 providing high-frequency power;
a second high-frequency output terminal (22);
a capacitor (23) for coupling said first and second
high-frequency output terminals (16, 22);
a monitoring circuit (24) for monitoring a direct
25 current potential of the second high-frequency output te:minal
(22); and .
a direct current pbtenfial monitoring output terminal
(25) connected to a control system (27) of the plasma
processing apﬁaratus;
30
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