A CLEANI NG METHOD AND A VACUUM PROCESSI NG APPARATUS TECHNI CAL FI ELD The
present invention generally relates to a technique 5 for cleaning a
mechani sm for electrostatically attracting an object to be processed and
perform ng a tenperature control in a vacuum processing apparatus to be
used in a sem conductor-producing process (such as, e.g. sputtering,

chem cal vapor deposition (CVD) , etching or ion plantation) 10 BACKGROUND
ART Recently, problenms which had been avoi ded, have conspi cuously appeared

i n design ruéﬁ %?@ 1 C deyi %ggiﬁ%- j he J ssue
concerning p ?’F‘ §§§g}4ﬁ%rﬁ%¥5%a&&m 5%62: irﬂfééﬁ‘d@éa waf er. Main
i ssues concern the contam nation of a washing tank by the particles peeled
when the wafers are washed and nutual contam nation of wafers, and
contam nati on caused through defocusing in a lithography step. 20 In order
to reduceTBGENICARNETEEPed particles, it is inportant to keep the
tenperature of wafers constant during processing in a processing chanber
under a reducedlpe gzsegent (leregitiait geneebeldyedetiotas tpraodesdimigiUe so t hat
an acceptance percentage of chips obtained froma single wafer 25 having a
| ow cdnt atbrrateamiyg ke memhathdismedorle Ascbnes bét ieahdytat wradt snguch a
processi ng, a heating

object to be processed and performing a temperature control

in a wvacuum processing apparatus to be wused 1in a
semiconductor-producing process (such as, e.g. sputtering,
chemical vapor deposition (CVD), etching or ion plantation).

10 BACKGROUND ART

Recently, problems which had been avoided, have
conspicuously appeared in design rules the semiconductor
devices.

One example 1is the issue concerning particles being

15 transferred onto a rear face of a wafer.

Main issues concern the contamination of a washing tank
by the particles peeled when the wafers are washed and mutual
contamination of wafers, and contamination caused through
defocusing in a lithography step.

20 In order to reduce such transferred particles, it 1is
important to keep the temperature of wafers constant during
processing in a processing chamber under a reduced pressure
(hereinafter referred to as "processing”) so that an
acceptance percentage of chips obtained from a single wafer

25 having a low contact rate may be maintained.



pl ate having an electrostatically attracting function (hereinafter referred
to as "hot plate") has been heretofore wused. 5 The sputtering apparatus as
one of the sem conductor- produci ng apparatuses has a vacuum processi ng
chanber reduced to a predeterm ned pressure; and a nechanism for heating
and cooling a sem conductor wafer disposed in the vacuum processing
chanber. 10 The tenperature control at the tinme of the filmformng
processing is very inportant fromthe standpoint of stabilizing the quality
of the filns; and consideration nust _be made for the quantity of heat

i nputted from giasiPE ©F PRENSWAPeRRARHE t HECR réamifaie 57 the AqiSAFATY of heat
supplied from 15 the hot plate to the wafer (heat transfer). In order to
satisfy theatabovasiage, akhecheatrophnsiepllijet abEnachénAot TPN&LAC8Nd t he
waf er needs to be maximzed. As a neans to acconplish such heat transfer,

it is effdmtiegbnadbteseteiderabritcaes ahehspbiitehe Har sleat degrd otfbegewaf er at
1:1. 20 In the actual processing, problens, such as, "a warp" and "a shape
(notch orussdentation flat)" of a substrate which have been processed

t hrough plural steps, worked accuracy of parts which constituting the

appar at us, and Bheogdtdtanalng KRG SOk ofs ard afster sehdioanaorest- be

considered. It is 25 feared that a netallic filmis adhered to an attracting
face 2 shdeqefitdedirlr A Al nhhes WM easgrbheBenpadd &S rRehReq
to a predetermined pressure; and a mechanism for heating and
cooling a semiconductor wafer disposed in the vacuum
processing chamber.

10 The temperature control at the time of the film-forming
processing 1is very important from the standpoint of
stabilizing the quality of the films; and consideration must
be made for the quantity of heat inputted from plasma to the
wafer and the transfer of the quantity of heat supplied from

15 the hot plate to the wafer (heat transfer).

In order to satisfy the above state, the heat transfer
between the hot plate and the wafer needs to be maximized. As
a means to accomplish such heat transfer, it is effective to
set the contact areas of the hot plate and the wafer at 1:1.

20 In the actual processing, problems, such as, “a warp"
and "a shape (notch or orientation flat)" of a substrate which
have been processed through plural steps, worked accuracy of
parts which-constituting the apparatus, and a positional
precision of a transfer robot are must be considered. It is

25 feared that a metallic film is adhered to an attracting face



transferred, and abnormal discharging occurs, which hinders the delivery of
the wafers in the worst case. Under these circunstances, it isS a compn

practice in

hot plate. Further, in order to control the tenperature of the wafer
the processing, the quantity of heat inputted fromthe 10 plasma to the
waf er must be considered, and the heat transfer between the wafer and the

hot plate n
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5 such an apparatus that the maxi mum di aneter of the wafer is
made greater than the maxi num outer dianeter of the attracting
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s to be optimzed. . In,order to.i ove the heat  transfer
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contacting face between the wafer and the hot plate. A nechanical 15
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ordinary neans; and usually, the electrostatically attracting system has
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However ,

i ncreasing the contact areas and the attracting 20 power to
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transferred onto the rear face of the wafer

as a face for attraction,
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face of the hot plate.

Further, in order to control the temperature of the wafer
during the processing, the quantity of heat inputted from the
plasma to the wafer must be considered, and the heat transfer
between the wafer and the hot plate needs to be optimized.

In order to improve the heat transfer between the wafer
and the hot plate, it is important to increase the contacting
face between the wafer and the hot plate. A mechanical
clamping, electrostatic attraction or the 1like can be
considered as an ordinary means; and usually, the
electrostatically attracting system has been conventionally
used from the standpoint of produced particles.

However, increasing the contact areas and the attracting
power to enhance the heat transfer leads to the increase in
particles being transferred onto the rear face of the wafer
as a face for attraction, and it is clear that this problem
leads to an adverse effect in the yield of semiconductor devices
which will become more miniaturized in the future.

Therefore, design considerations are such that

face of the

ng

25



However, such design reduce the attracting areas to the mnimum which is
contrary to the concept of increasing the heat transfer. 5 Under such

ci rcunst ances, for the purpose of naking up for the decreased contact areas
(heat transfer) , it has been the practice recently for a gas to be

i ntroduced between a wafer and a hot plate; and heat transfer is carried
out therebetween themvia the gas. 10 In this case, the processing is
carried out through plural process nodules in a single apparatus due to the

attributes of, the sput rocess; and the process mper tures

Fr equent ISR FF 655 AT A RSBt Ve TS TRsneeaubht B TERECEgmper at ur o
of the wafer imediately after 15 transferred into the nDduIe differs from
the set tHOHRFHE uBECh(GRDEFS S OURFETRE aréyast 1PAA FRAS pratlee ndaifkay
frictional electrification occurs at the tinme of electrostatic attraction,
and a transfer épr gorityragaused Byet eorport r efiovdicrsising walter heat
Accordingly, the insulating resistance value of the attracting 20 face
needs to twarsefern a Johnson- Rahbeck range. In addition, because the
tenperature of the wafer needs to be raised to the processing tenperature
unt il 5t he sput tierddrg,sudhheielaaltastcalsi, cablrytht tpach sy Sy stakrizasapt o be of

a bipolar specific. 25 The sem conductor wafer is repeatedly processed by
4 varioustst afife (RUGRABA ¥PeSUearbhkM AL FBE tONs f &t CNiNGhas been

the practice recently for a gas to be introduced between a wafer

and a hot plate; and heat transfer is carried out therebetween

them via the gas.

10 In this case, the processing is carried out through
plural process modules in a single apparatus due to the
attributes of the sputtering process; and the process
temperatures frequently differ in the respective modules.
Consequently, the temperature of the wafer immediately after

15 transferred into the module differs from the set temperature
(process temperature) of the hot plate, so that frictional
electrification occurs at the time of electrostatic attraction,
and a transfer error is caused by the poor removal of the wafer.
Accordingly, the insulating resistance value of the attracting

20 face needs to be set in a Johnson-Rahbeck range.

In addition, because the temperature of the wafer needs
to be raised to the processing temperature until the sputtering,
the electrostatically attracting system has to be of a bipolar
specific.

25 The semiconductor wafer is repeatedly processed by



washing, etc.). During the processings, attachnent of an electroconductive
material on the rear face of the wafer cannot be avoided. 5 Furthernore,
organic materials (such as, Lowk materials) have been recently used as
sem conductor constituting materials. In the case of such a material, when
the wafer is to be processed wwth the hot plate placed in an apparatus
nodul e, the electrostatic attracting force between 10 the wafer and the hot
plate is intentionally increased. Thus, it is easily presuned that an

el ectroconductive materjal at the rear face of the wafer is easi

transf er MFEd 108 St &SPt t rSHAN i F P VT Gre hbt™ pfr%\]f%at%%nv\?ﬁ?]%m%en t he
chanber is baked on startlng up the 15 nodul e after maintenance in the open
at nospheM@shifeg, etteetlr oc MUY vEheraPEPrar siigdeontaditmedmenta dat 2t al
peeled fromconstituting parts (adhesion-preventing plate, chanber wall).
In this widgctresagidecttriosondterige amtlee irglan fans fodr tled waZ@ropaonohe hot
plate fornms a | owresistance |ayer on the outernost face of the hot plate.
Because suclxvaildawt.resi stance | ayer exhibits a resistance |ower than a
resistance of an insulating layer (hereinafter referred to as dielectric
| ayer} of the Zarahkraetdeng faegarofc t heabetipl at e,(sudht hea,aser.ofi-khe
attracting 5 force due to the Jonson-Rahbeck force utilizing inducing
materials) have been recently used as semiconductor
constituting materials. 1In the case of such a material, when
the wafer is to be processed with the hot plate placed in an
apparatus module, the electrostatic attracting force between
10 the wafer and the hot plate is intentionally increased. Thus,
it is easily presumed that an electroconductive material at
the rear face of the wafer is easily transferred to the
attracting face of the hot plate.
Meanwhile, when the chamber is baked on starting up the
15 module after maintenance 1in the open atmosphere, the
electroconductive material is contained in a material peeled
from constituting parts (adhesion-preventing plate, chamber
wall).
In this way, the electroconductive material transferred
20 onto the hot plate forms a low-resistance layer on the outermost
face of the hot plate.
Because such a low-resistance layer exhibits a
resistance lower than a resistance of an insulating layer

(hereinafter referred to as dielectric layer) of the

25 attracting face of the hot plate, in the case of the attracting



charges onto the outernost face of the dielectric layer by controlling the
resi stance value in order to flow mnute electric currents between ESC

el ectrodes and between the wafer 5 and the ESC el ectrodes depend on the
resistance of dielectric Ilayer, the electroconductive material shortcuts
bet ween ESC el ectrodes, and a condenser circuit is not fornmed between the
ESC el ectrodes. Therefore, lines of electric force between the wafer and 10
the ESC el ectrodes term nate at the ESC el ectrodes; and consequently, no
attracting force appears because no char%i@g pol arj zatj on takes,glace at
the surf Gt tHE W&f e MEGRRANTB2DRAER e SectFohbf 139 r dEEHFENEF the
attracting face of the hot plate to be used in this kind of 15 apparatus is
obser ved,chargses fmnienrbors eeuserestur baee af nthezeilehecpaici dR¥STt Pinsf er
onto the rear face of the wafer. The directly contacting face to the wafer
conpri sescarmpro fhiges bheprejsésttioows, wluthi th awdiempltenmeht pmgminute

el ectrostatically attracting force operationally needed is 20 obtained. On
t he ot here hamd; i @akulaegh stihete¢én &S agef broees andgeaewatedlevenfatr bottom
portions of depressions of the attracting face of the hot plate, it is very
weak 6ancand the Egenerétt yogas lRthend spathalrdoiseincdesadseleherfierce is 25

i nversely proportional to the distance up to the wafer (and 6 a potenti al
bet ween the,saf erheannot: ResRatddi®dhaterial shortcuts between ESC
electrodes, and a condenser circuit is not formed between the
ESC electrodes.
Therefore, lines of electric force between the wafer and
10 the ESC electrodes terminate at the ESC electrodes; and
consequently, no attracting force appears because no charging
polarization takes place at the surface of the wafer.
Meanwhile, when the sectional structure of the
attracting face of the hot plate to be used in this kind of
15 apparatus is observed, it is an embossed structure to minimize
the particles transfer onto the rear face of the wafer.
The directly contacting face to the wafer comprises top
faces of projections, at which an implementing
electrostatically attracting force operationally needed is
20 obtained.
On the other hand, although the attracting force is
generated even at bottom portions of depressions of the
attracting face of the hot plate, it is very weak (and it is

generally called a “spatial force”) because the force is

25 inversely proportional to the distance up to the wafer (and



When a | owresistance layer is attached to this enbossed attracting face of
the hot plate, it is difficult to renove the |ayer even by using WET
washi ng at ex-situ, because the 5 sectional shape is very conplicated. As a
result, the electrostatically attracting force is not generated or | owered
so that inconveniences occur such that the tenperature of the wafer not
rising wwthin a predetermned tine period, and the tenperature of the wafer
not being able 10 to be controlled to a constant |evel during a plasna
processing, etc. Because the |lowresistance |layer fornmed on the attracting
| ayer depepdsephithebaseres phecessiemgcasnolt de, spaaddrikidgd anount, the
tenperature of the hot plate, the 15 processing tine periods, etc.), and

there are | argrhyard abvenssiamanget heyappar at usebedred bniposhb@sSsedt is
difficult to confirm the attached state. As nenti oned above, the

el ectrocopdugktYRgMBLBEI 8F tRArRbEUp1AES, t e VACHHTE DEOLESSH NEeRPPAr at us
with the wafer 20 needs to be renpbved in order to maintain a stable

attracti . I . Aa.C . et i of ore
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hi gh-fre eciri r.to Lr ing el ectrode of 25 an
e|ecﬁ%os?§§?§¥8§%c§538§aggﬁge§§sS%@F?%%8%§§'this 7 electrostatic chuck and

carrying out the SYbSAe BaVLIE P88 0tatically attracting force is

not generated or lowered so that inconveniences occur such that
the temperature of the wafer not rising within a predetermined
time period, and the temperature of the wafer not being able
10 tobecontrolledtoaconstant level during a plasma processing,
etc.
Because the low-resistance layer formed on the
attracting layer depends on the user's processing (such as,
a carried amount, the temperature of the hot plate, the
15 processing time periods, etc.), and there are large variations
among the apparatuses or the modules, it isdifficult toconfirm
the attached state.
As mentioned above, the electroconductive material
carried into the vacuum processing apparatus with the wafer
20 needs to be removed in order to maintain a stable attracting
force.
Due to such problems, a cleaning method is heretofore
proposed, which performs steps of plasma etching by applying
a high-frequency electriczpower to an attracting electrode of

25 an electrostatic chuck, placing a substrate on this



pl aced on the electrostatic chuck at the substrate-placing step (For
exanpl e, see Patent Docunent 1). Patent Docunent 1: JP-A 2002-280365 5

DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON The
present invention, which has been made to solve these problens of the prior
art, is ained at providing a technique 10 which cleans an attracting face
of a nmechani sm which electrostatically attracts an object to be processed

i nside a vacuum processing apparatus and keeps its attracting force
constant. MEASURES TO SOLVES THE PROBLEMS 15 The present invention, which
has beeneheconpttshed draick eali zer then@boavet e ruibened tebh&eingiteeti rected to
a cleaning nethod for cleaning an attracting face of an electrostatically

attractipgapedt banthuhecbchebdsadncobheek be kRepPrRerssede-iplside@a vacuum
processi ng chanber by electrostatic attraction. 20 The cl eani ng net hod of

this |nvggéboangcgggﬁgl@rrggglpgt@ntcbgéghggtehgctrode made of a netal near
t he electrostatlca y ~attracting portion, applying a high-frequency

electric power {gb{h§0§% @g£ng.ebgggr9g§2L986Eg5state such that a cl eaning

gas is |ntroduced into e vacuum processing chanber, and 25 thereby
cIeaQ§ng the attracting face of the electrostatically 8 attracting portion.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
The present invention, which has been made to solve these
problems of the prior art, is aimed at providing a technique
10 which <c¢leans an attracting face of a mechanism which
electrostatically attracts an object to be processed inside
a vacuum processing apparatus and keeps its attracting force
constant.
MEASURES TO SOLVES THE PROBLEMS
15 The present invention, which has been accomplished to
realize the above-mentioned object, is directed to a cleaning
method for cleaning an attracting face of an electrostatically
attracting portion, which holds an object to be processed
inside a vacuum processing chamber by electrostatic attraction.
20 The cleaning method of this invention includes arranging a
cleaning electrode made of a metal near the electrostatically
attracting portion, applying a high-frequency electric power
to the cleaning electrode in the state such that a cleaning
gas is introduced into the wvacuum processing chamber, and

25 thereby cleaning the attracting face of the electrostatically



In the above invention, according to the present invention, a gas which
does not chemcally react with constituting parts of the vacuum processing
chanber when being 5 ionized is used as the cleaning gas. In the above

i nvention, according to the present invention, an electrostatically
attracting portion having a heater is used as the above electrostatically
attracting portion. 10 Further, the present invention is directed to a
vacuum processi ng apparatus conprising a vacuum processi ng chanber into
whi ch a cl eaning gas can be introduced, an electrostatically attracting
porti on whitchcitsngr peirdédni.nsi de the vacuum processi ng chanber and the

el ectrostatically 15 attracting portion holds an object to be processed

t hrough el ect rasttieé ¢ atdvieact hoBntaoal eantagrelegt tedethedepodsent metal lic
materi al and di sposed adjacent to the electrostatically attracting portion,

and a hi ghvkhequencya elfet iihg POVWBHe SO EE \Wheel capnly eseachi ghi f1 equency
electric 20 power to the cleaning electrode. In the above invention,

accor di ngoha ihe cAReseRt s IdVent vl dier sLestt a8t atdmald unahlsagts ng

portion can includé a heater. In the above Invention, according to the

present 1%%12%%3&%‘%%edtg% %%%a%u%%nglgtbr%de IS conflgured as a base for 9

supporting the electrostatically attracti’ng ‘portion.

In the above invention, according to the present
invention, an electrostatically attracting portion having a
heater is used as the above electrostatically attracting
portion.

10 Further, the present invention is directed to a vacuum
processing apparatus comprising a vacuum processing chamber
into which a <cleaning gas can be introduced, an
electrostatically attracting portion which is provided inside
the wvacuum processing chamber and the electrostatically

15 attracting portion holds an object to be processed through
electrostatic attraction, a cleaning electrode made of a
metallic material and disposed adjacent to the
electrostatically attracting portion, and a high-frequency
electric power source which applies a high frequency electric

20 power to the cleaning electrode.

In the above invention, according to the present
invention, the electrostatically attracting portion can
include a heater.

In the above invention, according to the present

25 invention, the cleaning electrode is configured as a base for



In the above invention, according to the present invention, a protecting
portion for protecting the cleaning electrode fromions of the cleaning gas
can be provi ded between 5 the cleaning el ectrode and the electrostatically
attracting portion. In the present invention, the nmetallic cleaning

el ectrode is disposed near the electrostatically attracting portion inside
t he vacuum processi ng chanber, and the 10 hi gh-frequency electric power is
applied to the cleaning electrode in such a state that the cleaning gas is
i ntroduced inside the vacuum processi ng chanber. Accordingly, plasma is

gener at eduppeveihbetatt easttngsthaceaof yt herebheeti hgspatkgeahl.y attracting
portion; an ion 15 conponent of the discharge gas kind generated by an

ioni zi ng acti ofip ofr e apbasn ghaghesn W tarddiiald rast i peef o Qintthe
el ectrostatically attracting portion as a cathode face; the pulled-in ion

component 6ol s 1§ bo28c{ IRUTALY(an e5L sslsononductine Tmigrial)

attached to the aftracting t he el'ectrost i ng

portion hi.gh eed: _an his impurity is_hit and ically flies off
Ceneral b5 REarHad PiRoRrsa e st S0 Shectramntr o P pivishe

por t o T8 FReF B6n? Hel GA6URS pTBRCcer 1R TR Ie- G e T BHIAD (he. 107
resistanggrgﬁgg? of the attracting face can be al ways kept
In the present invention, the metallic cleaning
electrode is disposed near the electrostatically attracting
portion inside the vacuum processing chamber, and the
10 high-frequency electric power 1is applied to the cleaning
electrode in such a state that the cleaning gas is introduced
inside the vacuum processing chamber.
Accordingly, plasma is generated above the attracting
face of the electrostatically attracting portion; an ion
15 component of the discharge gas kind generated by an ionizing
action of the plasma clashes with the attracting face of the
electrostatically attracting portion as a cathode face; the
pulled-in ion component collides with an impurity (an
electroconductive material) attached to the attracting face
20 of the electrostatically attracting portion at a high speed;
and this impurity is hit and physically flies off (generally
called "inverse sputtering”).
According to the present invention, because the

attracting face of the electrostatically attracting portion

25 inside the vacuum processing apparatus can be cleaned, the

10



constant; that is, an electric current flow ng between the attracting

el ectrodes inside the electrostatically attracting portion and between the
attracting el ectrodes and the object 5 to be processed can be al ways kept
constant. Therefore, the object to be processed can be stably held through
the attraction in the processing, thereby enhancing the reliability of the
processing. Particularly, according to the present invention, 10 before and
after various processings, the attracting face of the electronically
attracting portion can be assuredly and rapidly cleaned in the vacuum

at nospheresibiiahite pizasentof Mrentdtairactieny the-eleat nastalvLpd | yeptt tracting
portion has a heater, the tenperature of the object 15 to be processed,

such as aowaf@ht ;Camale ikeptart Qusdtant: duni N dier PG Bdve SO Ehat
particles transferred to the object to be processed can be reduced.

Fur t her m%g%’r alc? 11ee L 8?&9& L ny.entiof e Wher 53@% t%lt%@il'lgt afl ﬁét{ I's

configured as the base for supporting the electrostatically attracting

portion, cleanin n_pbe caryr,ied . qut hy unifaormy perfarmn tching on the
et ract} G racs apaPabTer Rl S dtaa iy o Btet By BBATHER SR Rer

Bppl i 2 TpHFi BEPFBRSOR {18 D25 HAT T8 aRCAFracr | ol SFBECFBUcbr, ed i n
the 11 electrostatically attracting portion is conceivable.
object to be procéssed can be Stably held through the attractiocn
in the processing, thereby enhancing the reliability of the
processing.
Particularly, according to the present invention,
10 Dbefore and after various processings, the attracting face of
the electronically attracting portion can be assuredly and
rapidly cleaned in the wvacuum atmosphere.
In the present invention, when the electrostatically
attracting portion has a heater, the temperature of the object
15 to be processed, such as a wafer, can be kept constant during
the processing, so that particles transferred to the object
to be processed can be reduced.
Furthermore, in the present invention, when the cleaning
electrode is configured as the base for supporting the
20 electrostatically attracting portion, cleaning can be carried
out by uniformly performing etching on the attracting face of
the electrostatically attracting portion.
In other words, as to the electrode to which the

high-frequency electric power is applied, application of the

25 power to an attraction electrode buried in the

11



However, when this technique is enployed with increase in the size of the
substrates, variations occur in the ions clashing wthin the attracting
face of the electrostatically attracting 5 portion, so that there are
differences in the degree of renmoving the electroconductive material on the
attracting face as the etching substance and the etching effect cannot be
sufficiently exhibited. Mreover, if the etching is excessively perforned,
the 10 plasnma cones to be concentrated at a non-uniform shape portion of
the attracting face of the electrostatically attracting portion.

Consequealikyt roke sttempanat urgct aptelygri seSstisth t hat  atohdd £Fgseanul ar
fracture and grain dropping are induced in the constituting substrate nade

of, e.9. HoAtNe WL BANMBY: §3USAnitRid RSULAbL SPreakdawr r_Rd PaRtdles. In a
case where the cleaning electrode is configured as the base for supporting

the el ectios! 3t Loal oA LASI NG DRELAT BSch LNEyRr eshBlei e on, the

hi gh-frequency waves are applied to the entire electrostatic ttracting

Porti on. 20 il el g the fy ghed Leduenay YRYes B L L, el edt fostatical Iy

attracting portion due to a’skin effec e _ quency maﬁ%s.

el et oUBOFEITY P FORE QI AhE BI DA TERES 18 Peuinrbur 0dc BEWGEh {he

cl eaning el ectrode and the, 12 electrostatically attracting portion in the

present ¢H@eﬁgpgﬁFoconductlve material on the attracting facCe as the
etching substance and the etching effect cannot be
sufficiently exhibited.

Moreover, if the etching is excessively performed, the

10 plasma comes to be concentrated at a non-uniform shape portion
of the attracting face of the electrostatically attracting
portion. Consequently, the temperature rapidly rises, so that
an intergranular fracture and grain dropping are induced in
the constituting substrate made of, e.g., ALN, which may cause

15 insulation breakdown and particles.

In a case where the cleaning electrode is configured as
the base for supporting the electrostatically attracting
portion as in the present invention, the high-frequency waves
are applied to the entire electrostatically attracting portion

20 by inducing the high~frequency waves up to the
electrostatically attracting portion due to a skin effect of
the high-frequency waves.

Furthermore, when the protecting portion for protecting

the cleaning electrode from the ions of the cleaning gas is

25 provided between the cleaning electrode and the

12



the ionized ion conponent does not directly enter the cleaning electrode,
and its netallic portions are not abraded. EFFECTS OF THE | NVENTI ON 5
According to the present invention, because the attracting face of the
mechani smfor electrostatically attracting the object to be processed in

t he vacuum processing chanber is cleaned, its attracting force can be kept
constant. 10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic figure
of the construction of an enbodi nent of the vacuum processi ng apparat us
accordlng to the present invention. Fig. 2 is a flowhart show ng one
exanpl e 6f QQF§QﬂQ%%%Qﬂ&1&1§tﬁéﬁﬁ66n§dEhWH¥Hblpdjﬁh@r§ﬁ§§én%nY%%%h@mon Fig.
3 is a graph showing results of an Exanple. EXPLANATI ON OF REFERENCE
NUMVERALS the ionyzedureiprosessicny apparattugdirgotdy-entemédent peaeessi ng

chanber 3 --- hot plate (electrostatic attracting heating portion) 3a ---
attracti rg ddoede - ands usceptadra lg i-¢ pddasieonscleeanimy: ellectdagtle) 25 7 ---
protecting nenber 13 8, 9 --- attracting electrode 10 --- control unit 11

--- heat ®FFECTS OF THE INVENTION
5 According to the present invention, because the
attracting face of the mechanism for electrostatically
attracting the object to be processed in the vacuum processing

chamber is cleaned, its attracting force can be kept constant.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic figure of the construction of an
embodiment of the vacuum processing apparatus according to the
present invention.
Fig. 2 is a flowchart showing one example of the cleaning
15 method according to the present invention.

Fig. 3 is a graph showing results of an Example.

EXPLANATION OF REFERENCE NUMERALS

1 --- vacuum processing apparatus
20 2 —-~- vacuum processing chamber
3 --- hot plate (electrostatic attracting heating portion)
3a --- attracting face
4 --- susceptor
6 —-—- base (cleaning electrode)
25 7 --- protecting member

13



5 BEST MODE FOR CARRYI NG QUT THE I NVENTION In the foll ow ng detailed
description, a preferred enbodinent of the present invention will be
explained in detail wth reference to the drawi ngs. The present invention
can be applied to various vacuum 10 processi ng apparatuses, such as (a
sputtering apparatus, a CVD apparatus, an etching apparatus, an

i onpl antation apparatus or the like, for exanple). Fig. 1 is a schematic
figure of the construction of an enbodi ment of the vacuum processing
apparatus according to the 15 present invention; and Fig. 2 is a flowhart
show ng an exanpl-e--ofatithes e Banidigedetdwe according to the present
invention. As shown in Fig. 1, the vacuum processing apparatus 1 of the
present enbodj nent dshicnegted to a vacuum evacuation system (not shown)
and includes a vacuum processing chanber 20 2 into which a cleaning gas G
can be introduced. A_susceptor 4 is disposed in a lower portion in the
vacuum processing chanmber 2. This susceptor 4 has a hot plate

(el ectrostatically attracting/ heating portion) 3 for attracting and hol di ng
an object to be processed (not shown) 25 on an attracting face 3a. 14 In

ol ccts oaBRsg Mobe” HORCGRRRYnE OB Ak WRer ol D70\ Phed’ on an | nsul ating.
Phate o et ("cd B OB, BOrthon of, e yaguum processina chaber 2. and
thin discoid g p ’ p

embodiment of the present invention will be explained in detail

with reference to the drawings.

The present invention can be applied to various vacuum

10 processing apparatuses, such as (a sputtering apparatus, a CVD
apparatus, an etching apparatus, an ionplantation apparatus
or the like, for example).

Fig. 1 is a schematic figure of the construction of an
embodiment of the vacuum processing apparatus according to the

15 present invention; and Fig. 2 is a flowchart showing an example
of the cleaning method according to the present invention.

As shown in Fig. 1, the vacuum processing apparatus 1
of the present embodiment is connected to a vacuum evacuation
system (not shown), and includes a vacuum processing chamber

20 2 into which a cleaning gas G can be introduced.

A susceptor 4 is disposed in a lower portion in the vacuum
processing chamber 2. This susceptor 4 has a hot plate
(electrostatically attracting/heating portion) 3 for
attracting and holding an object to be processed (not shown)

25 on an attracting face 3a.

14



5 protecting nenber 7 is disposed entirely on this base 6. 1In the present
invention, the material of the protecting nenber 7 is not particularly
limted, but one nmade of quartz is preferably used fromthe standpoint of
preventing nmetallic contam nation through being exposed to the plasma. 10
Further, the hot plate 3 is fixed on the protecting nmenber 7, so that the
base 6 as the cleaning electrode is arranged under, near and adjacent to
the hot plate 3 via the protecting menber 7. The hot plate 3 to be used in
this enbodinment is 15 constituted by a ceram c material conposed mainly of,
for exanple, ahunimwmcGAlk).oBi poliay EMpedahéhnact ingreteictid odes ti® 9 are
provided inside this hot plate 3. In this enbodi nent, each of the attracting

el ectrod%%sc%pt%M copaeet @d14on fngAMI Al -dH t 610, ar@%@e&u@pre and a 20
pr edet er mi ned vol tage is to be supplied through this control wunit 10. A

heater 1 fo r I r t he hot
pl ate 3. %?hlésxé{gﬁ)gra%%ﬁe%\p%&;%%gbtérpgn%[g?tg%ﬁgﬁ)lvazcerrgﬁ%ﬁoﬁg% control wunit
10, and is %orcl)tro%l %;t’g 1%53 ap Credseterrrh ﬁtur% dectialls crl]Ot

shown) . ﬂ?r 5H%|t|on THe™ Pase 6 “ald Tha p?Stéc?l g Tender T @ e made to
be | er than hot e 3 for stance al nos nme size as the hot
T at o 35 protad % Bkl g b i e P a1 HRE e e 6 and

fixed by Iocatlng menber s
Inthe present invention, the material of the protecting

member 7 is not particularly limited, but one made of quartz
is preferably used from the standpoint of preventing metallic
contamination through being exposed to the plasma.

10 Further, the hot plate 3 is fixed on the protecting member
7, so that the base 6 as the cleaning electrode is arranged
under, near and adjacent to the hot plate 3 via the protecting
member 7.

The hot plate 3 to be used in this embodiment is

15 constituted by a ceramic material composed mainly of, for
example, aluminum (Al). Bipolar type attracting electrodes
8, 9 are provided inside this hot plate 3.

In this embodiment, each of the attracting electrodes
8, 9 is connected to a control unit 10, respectively, and a

20 predetermined voltage is to be supplied through this control
unit 10.

A heater 11 for temperature controlling (heating) is
provided inside the hot plate 3. This heater 11 is connected
to the above mentioned control unit 10, and is controlled to

25 a predetermined temperature (details not shown).

15



5 12 and 13 provided around them The base 6 of this enbodinent is nade of a
nmetallic material such as stainless or the like, for exanple. This base 6
is held in an electrically floating state, and connected to a

hi gh-frequency el ectric power source 14. 10 This high-frequency electric
power source 14 has a high-frequency swtching el enent portion 15, for
exanple, a relay system and the high-frequency electric power source 14

is connected to the above control unit 10. Then, the high-frequency

el ectric power of, e.g., 13.56MHz is applied 15 to the base 6 according to a

si gnal fromth@ncé’@&{@ioﬂf‘i@hé—qyase’:@r&H@r’@f%gjrc?cerdtrigfgs%ﬁl%@r_7are o
attachnment-preventing plate (platen ring) 16 nade of a netallic material is

arr anged qarjaupd 4 ggjég%tr rehahehét Tﬂﬂgﬁ at R?S?%tfgtﬁ{e@é’,e”ctd pg PlRLE 16 is

grounded to have earth potenti SO pl asma i s prevented

from enterlng al, the {j0e,of %llt%ﬁ:%i |t dye pg%g;aggsgrﬂ%o | ent, havi ng

such a structudra ar r angemnent , € cl’‘eani ng ‘gas rntroduced into the

vacuum processi,ng chapber_2 as_sho in Step 1 of Fig.,2. 25 In the present
erbod e CCERE LEHSBPCEI b Aiing CORECA “18 4 S b ER O AL SR EHI T Sul b 1y
limted, but a gas which does not chemcally react wwth the parts that nake
up the vacuddd pro®essiinecramed Ihffen being ionized is preferably used

from the standgoint of mnimzing the occurrence of the particles.
The base 6 of this embodiment is made of a metallic

material such as stainless or the like, for example. This base
6 is held in an electrically floating state, and connected to
a high-frequency electric power source 14.

10 This high-frequency electric power source 14 has a
high~frequency switching element portion 15, for example, a
relay system; and the high-frequency electric power source 14
is connected to the above control unit 10. Then, the
high-frequency electric power of, e.g., 13.56MHz is applied

15 to the base 6 according to a signal from the control unit 10.

Furthermore, a ring-shaped attachment-preventing plate
(platen ring) 16 made of ametallicmaterial is arranged around
the hot plate 3.

This attachment-preventing plate 16 is grounded to have

20 an earth potential, so that the plasma is prevented from
entering at the time of cleaning.

In the present embodiment having such a structural
arrangement, the cleaning gas G is introduced into the vacuum
processing chamber 2 as shown in Step 1 of Fig. 2.

25 In the present embodiment, the kind of cleaning gas G

16



5 As such a gas, inert gases (such as, argon (Ar) , nitrogen (N2) or the

| i ke) are used, for exanple. Then, in Step 2, the pressure inside the vacuum
processi ng chanber 2 is adjusted to a predeterm ned pressure. Here, the
pressure inside the vacuum processing chanber 10 2 is preferably adjusted to
1 to 20Pa for ease of generating discharges and suppressing the reduction
in tenperature of the hot plate 3 when the cleaning gas Gis introduced.
Next, in Step 3, the high-frequency electric power having 13.56MHz is
applied to the base 6 fromthe high-frequency 15 electric power source 14.

In the prgseRbubBMENti OB Mord 1dULALI PN iinS RARY L ekl arbys posed.qdud it is
preferable to adjust the applied high-frequency electric power of 50 to

150W andnblecnbh@Ral 1GAUEREY FLEGIERE POVEL ERBL NG Lide:Reri £dyal 60 to 20

90 seconas fromthe andpoi nt of attaining a practica sufficlent

etchin ad o e her n ppressi ng .the ticl rated
wnen ¢ nePEEFFaRRar Aty el BOSn BRI P8 PO il e B 0 BBl
Pl asna i ener at ed, apbove the attracting face 3a of the 25 hot. plate 3 by
pTy gl he eSS ey et Hot BRI S FF Dfce BRdr A - ¢ he
above-descri bed condition. As a result, the ion conponent of the discharged
gas yenBFated By Iefe BRFEI FRELTLSHToR St R EIPE e hPES FORET &t)r acti ng

face 3a of the hot plate 3 as the cathode face; the
or the like) are used, for example.

Then, in Step 2, the pressure inside the vacuum
processing chamber 2 is adjusted to a predetermined pressure.
Here, the pressure inside the vacuum processing chamber
10 2 is preferably adjusted to 1 to 20Pa for ease of generating
discharges and suppressing the reduction in temperature of the

hot plate 3 when the cleaning gas G is introduced.

Next, in Step 3, the high-frequencyelectric power having
13.56MHz is applied to the base ¢ from the high-frequency

15 electric power source 14.

In the present invention, no limitation is particularly
posed, but it is preferable to adjust the applied
high-frequency electric power of 50 to 150W and the
high-frequency electric power applying time period of 60 to

20 90 seconds from the standpoint of attaining a practically
sufficient etching grade and on the other hand suppressing the
particles generated when the surface of the hot plate 3 is hit
by the inverse sputtering.

Plasma is generated above the attracting face 3a of the

25 hot plate 3 by applying the high-frequency electric power to

17



5 ion conponent taken in is inpinged on the inpurity (electroconductive
material) attached to the attracting face 3a of the hot plate 3; and this
impurity is physically hit and flies off. According to the present

enbodi nent, because the 10 attracting face 3a of the hot plate 3 inside the
vacuum processi ng apparatus can be cleaned in this manner, the resistance
val ue of the attracting face 3a can always be kept constant. In other
words, since the electric currents flowing between the attracting

el ectrodes 8, 9 inside the hot plate 15 3 and between the attracting

el ectrodese8baSeamd it roljrectabdve 2R fyraerss edbridiati shown) can al ways be
kept constant, the object to be processed can be stably attracted and held

when being pr@ee%se@s@m t hed aldrabidiidonaft the Hocessingrgan gihereby be
enhanced. 20 Partlcularly, according to the present enbodi ment, "the

attracti %neq_“%%e%laek%g:eE € hahiph gﬁge %G bee a%ﬁ%e ¥ <3 P! %%ed eaned

in the v um anbi ef ore and after varlous cessings. Furt

t he vacuum, pr.ocessi ap 1 th nbodi t nce the
obj ect tétgeragft&ngs%’%ae? et Sl 3RS For e Agar g he

heatlgg heater 11 tenperature of the ob e t to bﬁygrocessed can be
kept tonst®ant € he" E’g?edbeslsri nglssolr?w e PhrtFefestPPahsFerred onto

the object to be processed can be reduced.
(electroconductive material) attached to the attracting face

3a of the hot plate 3; and this impurity is physically hit and
flies off.
According to the present embodiment, because the

10 attracting face 3a of the hot plate 3 inside the vacuum
processing apparatus can be cleaned in this manner, the
resistance value of the attracting face 3a can always be kept
constant. 1Inother words, since the electric currents flowing
between the attracting electrodes 8, 9 inside the hot plate

15 3 and between the attracting electrodes 8, 9 and the object
to be processed (not shown) can always be kept constant, the
object to be processed can be stably attracted and held when
being processed and the reliability of the processing can
thereby be enhanced.

20 Particularly, according to the present embodiment,
the attracting face 3a of the hot plate 3 can be assuredly and
rapidly cleaned in the vacuum ambience before and after various
processings.

Further, in the vacuum processing apparatus 1 of the

25 present embodiment, since the object to be processed is

18



5 Furthernore, in this enbodi nent, since the base 6 which is larger than
the hot plate 3 and supports this fromthe |Iower portion on a side opposite
to the attracting face 3a is constituted as the cl eaning el ectrode, the

hi gh-frequency waves can be applied to the entire hot plate 3, so that it
is 10 possible to nake the uniformcleaning on the attracting face 3a of
the hot plate 3 by etching. In addition, in the present enbodi nent, because
the protecting nmenmber 7 which protects the base 6 fromthe ions of the
cleaning gas is provided between the base 6 and the 15 hot plate 3, the

i oni zed ¥R 2EHPOIBNEDPGRSE Fka R PebbVyREntes hqaﬁéngaggaéera},a it metallic

portions are not abraded. Meanwhile, the present invention is not limted
to the aboVRehehLromdd LERbORI Aehit,o RRdEVeseosed msdl bECkePbiP R He made.
20 For exanple, in the above enbodi ment, the high-frequency electric power
is appli@mkimgtﬂhfrbaseeesasthSOdH&ﬂnkm@ pekéctiledet whesnt ef eadhiong,o but t he
present invention is not Ilimted thereto. Wile the high-frequency electric
power isthappbiedttootbe preassngdetant bedeedtibedhi gh-frequency el ectric 25
power can be also applied to the attracting electrode. 19 It is preferable

to apply the highci&aasency rekagkr fbofOMBA L, W it HeABaEBJG afhexcessi ve
etching, to the extent that no variation occurs in the ions hit within the
attracting ifacRr hahhen&h@tt po8tata Grdf SLAE5LPE HIAd iF9®m the lower

portion on a side opposite to the attracting face 3a is

constituted as the cleaning electrode, the high-frequency

waves can be applied to the entire hot plate 3, so that it is

10 possible to make the uniform cleaning on the attracting face
3a of the hot plate 3 by etching.

In addition, in the present embodiment, because the
protecting member 7 which protects the base 6 from the ions
of the cleaning gas is provided between the base 6 and the

15 hot plate 3, the ionized ion component does not directly enter
the base 6, and its metallic portions are not abraded.

Meanwhile, the present invention is not limited to the
above-mentioned embodiment, and various modifications can be
made.

20 For example, in the above embodiment, the high-frequency
electric power is applied to the base 6 as the cleaning
electrode when cleaning, but the present invention is not
limited thereto. While the high-frequency electric power is

applied to the cleaning electrode, the high-frequency electric

25 power can be also applied to the attracting electrode.
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5 Furthernore, the cleaning by the present invention can be perforned

ei t her

before or after the processing (such as,
EXAMPLE Fig. 3 is a graph showing results of an exanple of the

invention. In this case, a vacuum processi ng apparatus having the

construction shown in Fig.

the high-frequency electric power to the base under the follow ng

condition: pressurel OPa, frequency 13.56MHz and 15 power 0.1kW When the
el ectroconductive material is attached to the surface of the hot plate,

resi stance val ue het weeFhelaatlr agbilpgtakest gadeéschnenegseseteonct he
initial

resistance is returned to the initial val ue

sputtering or the like).

value as shown in Fig. 3. The current between the attracting

el ectrodes, 20 idaeheasad vy hheahoye wd @@Bhfﬂﬁgt reat e xtandthhe

CO”f'V"EquiQ%El%Qﬁona&&ééféHﬂgtkécﬁoﬂérhh?WQkﬁehr@ﬁééﬁhﬁﬁééaﬁn face

attractlng/heatlng portion can be assuredly cleaned accordlng to t

pr esent
cl eani ng an a racting

by

10

15

20

25

ace of an

ore, eaning ion ca
be performed either before or after the processing (such as,
sputtering or the like).

EXAMPLE

Fig. 3 is a graph showing results of an example of the
present invention.

In this case, a vacuum processing apparatus having the
construction shown in Fig. 1 is used, and cleaning is performed
by applying the high-frequency electric power to the base under
the following condition: pressure 10Pa, frequency 13.56MHz and
power 0.1kW.

When the electroconductive material is attached to the
surface of the hot plate, the resistance value between the
attracting electrodes increases from the initial value as
shown in Fig. 3. The current between the attracting electrodes
is decreased by the above cleaning treatment, and the
resistance is returned to the initial value.

As described above, it can be confirmed that the
attracting face of the electrostatically attracting/heating

portion can be assuredly cleaned according to the present

invention.

20

he

02§ e&t O@ro%aw aétra%fi%r OSl[§:an A cl eani ng net hod for

ically attracting portion,
whi ch hoI ds an Eobﬂt%erm 5 totl%((ae ocesse y tshéj%raesveahctugrgv%n%cesm ng chanber

10 present

1 is used, and cleaning is perfornmed by applying

t he

escri bed above, it can be



el ectrostatic attraction, conprising the steps of: arranging cl eaning

el ectrode nade of a netal near the electrostatically attracting portion;
applying a high-frequency electric power to the cleaning 10 electrode in a
state such that a cleaning gas is introduced into the vacuum processing
chanber; and thereby cleaning the attracting face of the electrostatically
attracting portion. 15 2. The cleaning nethod according to claim1l, wherein
a gas which does not chenmically react with parts that make up the vacuum
processi ng chanber when being ionized is used as the cleaning gas. 20 3.
The cl eaRjmxgr ed hach BeEPreeNg to claim 1, wherein an electrostatically
attracting portion having a heater is used as the electrostatically
attracting portion. 4. A vacuum processing apparatus, conprising: 25 a
vacuum processi ng chanber into which a cleaning gas 21 can be introduced;

P ocessi g chalbor BRA PraC b Ba 0 CAerEaTT ot B2 PEe pofy O Al ds an

prpcessing cha n he él' ectrost . I'ng”portion
ol et 1 odd TG BTk TR Y (A A AL Aivs JOOEE L 4BeRE POIEHE
electgosﬂigi%%lIgrggégggéir%%sfggttfngagggm_ processing chamber by
electrostatic attraction, comprising the steps of:
arranging cleaning electrode made of a metal near the
electrostatically attracting portion;
applying a high-frequency electric power to the cleaning
10  electrode in a state such that a cleaning gas is introduced
into the vacuum processing chamber; and

thereby <cleaning the attracting face of the

electrostatically attracting portion.

15 2. The cleaning method according to claim 1, wherein a gas
which does not chemically react with parts that make up the
vacuum processing chamber when being ionized is used as the

cleaning gas.

20 3. The cleaning method according to claim 1, wherein an
electrostatically attracting portion having a heater is used

as the electrostatically attracting portion.

4. A vacuum processing apparatus, comprising:

25 a vacuum processing chamber into which a cleaning gas

21



- - 4
a high-frequency electric power source which applies a 10 high frequency
electric power to the cleaning electrode. 5. The vacuum processi ng
apparatus according to claim4, wherein the electrostatically attracting
portion has a heater. 15 6. The vacuum processi ng apparatus according to
claim4, wherein the cleaning electrode is configured as a base for
supporting the electrostatically attracting portion. 7. The vacuum
processi ng apparatus according to claim4, 20 wherein a protecting portion
for protecting the cleaning electrode fromions of the cleaning gas is
provi ded et ween n+theclee@ni ng el ectrode and the el ectrostatically
attracting portion.

an electrostatically attracting portion provided inside
the vacuum processing chamber and the electrostatically
attracting portion holds an object to be processed through

5 electrostatic attraction;

a cleaning electrode made of a metallic material and
disposed adjacent to the -electrostatically attracting
portion; and

a high-frequency electric power source which applies a

10 high frequency electric power to the cleaning electrode.

5. The vacuum processing apparatus according to claim 4,

wherein the electrostatically attracting portion has a heater.

15 6. The vacuum processing apparatus according to claim 4,
wherein the cleaning electrode is configured as a base for

supporting the electrostatically attracting portion.

7. The vacuum processing apparatus according to claim 4,
20 wherein a protecting portion for protecting the cleaning
electrode from ions of the cleaning gas is provided between
the cleaning electrode and the electrostatically attracting

portion.
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