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

in design rul es %Eé@ ' t gev' %? #e ' Egﬁ Lssue
concer ni ng pagt? f@g}ﬁ€¥ﬂ§§ 8&8n fX#ﬁﬁﬁno §c§§§g§ ?gg U§ 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 reduce HEWNEGAInFIEFLR:d particles, it is inportant to keep the
tenmperature of wafers constant during processing in a processing chanber
under a reduced Thregsaesent( hevenhabnegenefel tedrelbatass "gr ecésshngtyeso t hat
an acceptance percentage of chips obtained froma single wafer 25 having a
| ow cohft acior atleamdygbe machiai sedfod A cmne ofatnearisl ¢ @ tenalltd ngueh a
processi ng, a heating
object to be processed and performing a temperature control
in a vacuum processing apparatus to be used in 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 is 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 is
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 filnms; and conS|gerat|on must for the uant i té %
i nputted from pPSsRRSt 8 t%%an§%ﬁ%ﬁeQﬁﬁf%tﬁ¥q: gnQFQFeSP Pﬁe guant 9gof heat
supplied from 15 the hot plate to the wafer (heat transfer). In order to

satisfy t e adifovdaStidie, %Wma?&%&tt?%ﬁ%ﬁ%ﬁal%%tM%Eﬁr%ﬁEl%%t EPBFElaﬂd t he
waf er needs to be maxim zed. As a neans to acqpnpllsh such heat transfer,
it is effddenpdned tederefRaregntaces arleels fatthe hets b?ﬁﬂehaﬁﬁtf’ﬁ@r%f er at
1:1. 20 In the actual processing, problens, such as, "a warp" and "a shape
(notch or wdedentation flat) " of a substrate which have been processed
t hrough plural steps, worked accuracy of parts which constituting the
apparabus, and ghposiplitaralingprepasiatmsotsachransf eher sbni canduntst-be
considered. It is 25 feared that a netallic filmis adhered to an attracting
face 2 sigeiciheapphrakakes hde d pereangpidscddiei Pardhelrs bebnged
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
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face of the hot plate.

Further, in order to contrcl 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 sputter ss;, .and the process erat.ure
frequent | Y% g@ % f%ﬁ%ﬁ%% r&ﬁ’ﬁ&ﬁuF§§r féﬁﬁséﬁﬁeﬁ?l FREUCEHper at ure
of the wafer |nned|atelﬁ after 15 transferred into the nDduIe differs from

t he set t&ﬁﬂﬁ%ﬁﬁnéucb r?@Hﬁ@ﬂﬁq@E}réFtﬁH%Qﬁﬁ&%F%ﬁ?e@bn%H@Wf
frictional electrification occurs at the time of electrostatic attraction,

and a trandfigh ek ocons regiys el byhehePomrtr epbv ancarashagnefles . heat
Accordingly, the insulating resistance value of the attracting 20 face
needs to beasetfdm a Johnson- Rahbeck range. In addition, because the
tenperature of the wafer needs to be raised to the processing tenperature
until the sputt emndag, suthecekeahseshatscatoy ttid ractgore sstemihagsupo be of
a bipolar specific. 25 The sem conductor wafer is repeatedly processed by
4 various dephe( S4eheasedexpAsSHEE, afbh e {simtd hsRION NG has 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 1is 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 material at the rear face of the wafer is easily

transf err edni®ushestens r stus¢ngE $ acexpdsthe, hbi 1pl dpemapbanwhetehifben t he
chanber is baked on starting up the 15 nodule after nmaintenance in the open
at nospher evadthieng,el €ttt r bconduct ny e tirat @rioale siss ngent & tstchmerat naf ernal
peeled fromconstituting parts (adhesion-preventing plate, chanber wall).
In this waledthe®irettdoconducbirvalmt eheatedr daskbesft etdle W @ntanhbe hot
plate fornms a | owresistance |ayer on the outernost face of the hot plate.
Because s adiwed esi stance | ayer exhibits a resistance | ower than a
resistance of an insulating layer (hereinafter referred to as dielectric

layer) sof the 2% atdyactdng fageyohithephet phate, oghéhhe gase obythe

attracting 5 force due to the Jonson-Rahbeck force util |Z|ng i nduci ng

materials) have been recently wused as semiconductor
constituting materials. In 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 in 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 formed 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 caﬁr in ol arization takes place at
the sur f ad@™o1® (AR iPer- M MEAAUAPT e UHBh <t HE SEc 1 ot > StF UGLAPE 8P ¢ he
attracting face of the hot plate to be used in this kind of _15 apgaratus IS
observed, Gt35E R IR StFIReE ef 20 nPhi Figedt ReCHEFEFcl8YSEr BsT er
onto the rear face of the wafer. The directly contacting face to the wafer
conpri ses QWP rIldeierd ot hpr seedtitense éﬁiﬂﬁichnaﬁrﬁﬁﬁléﬁénfl%@ minute
el ectrostatically attracting force operationally needed is 20 obtained. On
t he ot her ehlaawhriat thoughtshectiteemdiSiCngléot tedes argbherueed Wvenagerbot t om
portions of depressions of the attracting face of the hot plate, it is very
weak (and drd itsie BROesbddtyrodd$ etberis pat the festet'gndecduseetibetracce is 25
i nversely proportional to the distance up to the wafer (and 6 a potenti al
bet ween t hes ywaf ert aeic the apeiiddiet material 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

proceSSin%’ o%%%ti%%c%% %e%@?t%%”d§¥gfnéygﬁ$é éﬂsfégf%¥g n the attracting
| ayer depené% on the dser' s processing (such as, carried anmount, the

t enper at ure of e hot plate, the 15 processing ti eriads tc.),, and
there are Iargehgﬁpﬁé P&ﬁ§eSdﬁﬁﬁﬁ“?%ég¥ﬁ5£féﬁﬁg§§hg5'$%53H6H6W§8§S%9 i's
difficult to confirm_ the attached state. As nentioned above, the

el ect r ocoRdtcicrd natfeceart ther Ped Phederhétvasutmt preéssFRgraPpYErat us
with the wafer 20 needs to be renpbved in order to naintain a stable

attractinghef dayer puent bysushngr UBFewsshangl adnprgsitthobderguker &hef ore
proposed, which perforns steps of plasnma etching by applying a
hi gh- 5 equerty oaléc tshiapepowerveny ammgtltiradtdadig el ectrode of 25 an
el ectrostatic chuck, placing a substrate on this 7 electrostatic chuck and
carrying out thassabsésale, e rg deaavstatically 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 duringa plasmaprocessing,
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 electric power to an attracting electrode of

25 an electrostatic chuck, placing a substrate on this



pl aced on the electrostatic chuck at the substrate-placing
exanpl e, see Patent Docunent 1). Patent Docunent 1: JP-A 2
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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 technigue
which cleans an attracting face of a mechanism which
electrostatically attracts an object to be processed inside
a vacuum processing apparatus and keeps 1ts attracting force
constant.
MEASURES TO SOLVES THE PROBLEMS

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

5 R P E§ TR vacuum

od of

inside a vacuum processing chamber by electrostatic attraction.

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 1s introduced into the vacuum processing chamber, and

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
portion mﬁFEﬁaFglgﬁoPpﬁ§dopnside t he vacuum processi ng charmber and the

el ectrostatically 15 attracting portion holds an object to be processed

through el ectré8tathe 2QVEct LBNCNhleReand FePENEEE r Jfe HBBe RFEF et al lic
materi al and di sposed adjacent to the electrostatically attracting portion,
and a hi ghnveagdeney ael&t r wdisbwerossureet wehehigsgllivesrgartgh"iflequency
electric 20 power to the cleaning electrode. In the above invention,
accor di ngcbosthéupriegeparts mifehbe o cudrepebeessostathiadbe y waketriaeingg
portion can include a heater. In the above invention, according to the
preseni 2bniineentisonsecdhesclté@niclgaeliect gade i s configured as a base for 9
supporting the electrostatically attracting 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 chanber. Accordingly, plasma is
gener at edS4BBYEtERE ﬁgﬁrﬁ FFﬁéosﬁégéC@ﬂ yh§t§F§€FFS§t£FFEd%¥V attracting
portion; an ion_ 15 conponent of the discharge gas kind generated by an

i oni zi ng actionIBf &hRe FPLYPa ENHSRESOW t PEHRT @ga6¥1ngh?ac%r%§e@%e

el ectrostatically attracting portion as a cathode face; the ulled-in ion
conponent iegkehitdes  wet hraherpogi P9rtaan EpecProtontiRdi Ve natexnany
attached to the attracting face 20 of the electrostatically attracting
portion atlachirghesfpresd;ionandf tdhesclapningygdschntbapdophyeddadtwedhi es of f
(generally called "inverse sputtering”). According to the present

i nvent3 onthbeeadsaihbeclattradati agdf aice ofettheoet €t coBl atdcatdytaddgracti ng
portion 25 inside the vacuum processi ng apparatus can be cleaned, the 10
resi stancgovalivg.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 is 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 nospher éeSLAtERECpVELERt OtnFdift IS Famtdm d HE @ &t §3& & 1wa T y*eRit tracti ng
portion has a heater, the tenperature of the object 15 to be processed,
such as aceapéant¢afhbé Rept agomsitesitr idurduiy ae HProterdivrt ven tHe
particles transferred to the object to be processed can be reduced.

Furt her norétrinttiihg prestmdéeniestiden;hakérctiiostbhtarniaddy &t ecactodegi s
configured as the base for supporting the 20 electrostatically attracting
portion, ebeanbagandrbdeweart rited aairdayt ity derity opersf andi tige etlehdarg on t he
attracting face of the electrostatically attracting portion. In other

wor ds, 5 as tbopkher 66 £Q0U€at LW G & et @BnkEaAUENCYhELEELFEE fOMer 1S
applied, application of the 25 power to an attraction electrode buried in
the 11 ebegktest@bbGldde Mdd BGhiHIsPObE | PR 1St 6PNGEH YaR Setraction
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 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 1is 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 attract.ing ortion.
ConsequethfF%Fﬁgqﬁﬁhﬁﬁikmreagéﬁﬁﬁ%ingisé%;r%%PThaﬁs anPREet 47 ’hGI ar
fracture and grain dropping are induced in _the copstituting substrate nade
of , e.g., BRIRVShi FheRay tadsehisIis i STPORYBreskdd Wl S Sfarti EM8s. In a
case where the cleaning electrode is configured as the base for supporting
t he el ect Eos€apifcllrd pURITERES Hy VagdrtilomsasCrrrt e theedene fhoehinen, the
hi gh-frequency waves are applied to the entire electrostatically attracting
portion 20 ikhiimdoeiartg nave imgyha e eduehe e lwares s tticaHey atteettoggatical |y
attracting portion due to a skin effect of the high-frequency waves.

Fur t hed nope,r tifeen) sbe hpitotleet ¢ ag epdt £ fored s photlectieggectdfereheanngg
el ectrode fromthe ions of the cleaning gas is 25 provided between the

cl eani ng ellectnede randnthetive pheetrast ahi€@éd |t witddtaiald Faqeokki @Rei n the
present | nventi on,
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., A1N, 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 ment of the vacuun1processing appar at us
according to the present, | ny ntipn, Fig. 2 is fl owchart show one
xanp! € oF R LS AT e L Lk ﬁﬁfﬁsﬁlaacpo%oﬁlnodl 15 e B Fachin ST ReBherSh. Fig.
3 is a graph show n results of an Exanpl e. , EXPLANATI ON g;l FERENCE
NUVERALS F1€ 10G3g6dm Pt 88@?@%&%%%%&%“?60513’ eNtRk dim prBe_EsPng
chanber 3 --- hot plate (electrostatic attracting heating portion) 3a ---
attracti nglieadaodle,. angiddepmsites Lic goade qQE edrft ipleladtiadnfd) 25 7 ---

protecting nenber 13 8, 9 --- attracting electrode 10 --- control unit 11
--- heat e EFFECTS 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
showi ng an edand ¢ of atieadtea Myl 9 according to the present
invention. As shown in Fig. 1, the vacuum processing apparatus 1 of the
present enbodiOrent- icrdommlectreidt t o a vacuum evacuation system (not shown),
and includes a vacuum processing chanber 20 2 into which a cleaning gas G
can be introduced-- Asatsceptor 4 is disposed in a lower portion in the
vacuum processing chanber 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

the case grshhimepeTRof FRRRYING OUT HGUE TNVERITIONSCEPtOr 4, a base (cleaning
el ectrode) 6 in a discoid shape, for exanple, is provided on an insulating

plate 5 set on §,DQ{0MPOELEAD Aferhd HACHUL:PISESSS] NG GhASREF: 2y and a

embodiment of the present inventionwill 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.
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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 enbodiment _is .15 constit tegpg¥ a ceramc materjal sed mainly of,

conp
for exanple, aflnitifin CASF OB EPRRIEPE et | %ﬁ%&RQOEQS the 9 are
provided inside this hot plate 3. In this enbodi nent, each of the attracting
el ect r odesusgeprgorsd conhRaseetict ittt uafds) Poin cedpecPide’fePand a 20
predeterm ned voltage is to be supplied through this control unit 10. A
heat er 11fpgrexampes afgrr @oriadbhiargighedetagy dlateb @dtded ailpeidemt he hot
plate 3. This heater 11 is connected to the above nentioned control unit
10, and i poctonbtnodf ethet vac2om o rpredetienthedbe erfperntiura thdet &i $ so bt
shown). 15 In addition, the base 6 and the protecting nenber 7 are nade to
be | arger prhaechiohgphaim®e? (f A idispasee, dna e lal mestthisamasy ze as t he hot
plate 3) . Then, the base 6 and the protecting nenber 7 are |ocated and
fixed by |ocating tmiBeESent 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).
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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
electric power of, e.g., 13.56Mdz is applied 15 to the base 6 according to a
si gnal fron1theQBOﬁgqui%%iﬁgfbbasﬁU§t%ﬁ?ﬁgFﬁpﬁfggqﬁﬁg%gfgger(;are
attachnent - preventing pl ate éplaten rkgg)é%G made of a netallic material is
t

arranged BREENEC Rhd RGEpFAER BOT RBjad ARehts RsRentiongept HEeS 46 i s

grounded to have 20 an earth potential, so that the glasna is prevented
from ent 68MAg sdze s tFhe bPtcPdatieng) || n TR preBenPasrbédidicht tiavi ng
such a structural arrangenent, the cleaning gas Gis introduced into the
vacuum ppeesssitigachamber 2 axs shoatiednaSl dpixedyFlgeaingsnembehne present
enbodi nent, the kind of cleaning gas G 16 introduced is not particularly
limted, hat aadgds whioslidddesrouwod chem.cally react with the parts that nake
up the vacuum processing chanber 2 when being ionized is preferably used
from the standpBenbagk B rdfm ghng &MBoacasnt enee naliet hef parhécdEbic
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
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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, inStep3, the high-frequency electric power having 13.56MHz is applied
to the base 6 fromthe high-frequency 15 electric power source 14. In the
present i AVERPHBRSAnbS INH PRGOS ar thileditad yPuboded? s Bt 1§ daes
preferable to adjust the applied high-frequency electric power of 50 to
150W and Rde chemhcatbyuesryt ef Bk rilee polels dgpl itk e iUk @ iVGEWIM 60 to 20
90 seconds fromthe standpoint of attaining a practically sufficient

et chi ng gradecantngrrhardat Aethemmhdisappressichys tire fqrattlichesdderar at ed
when the surface of the hot plate 3 is hit by the inverse sputtering.

Pl asma i stigenaratdgbabowe hheiat tiagtting dcave r3maef of hehe 2 dtc@dsat e 3 by
appl ying the high-frequency electric power to 17 the base 6 under the

above-slesgsidgsh copdit i plerAyasdLgdubh §8¢ 4 &b amonent tebgkhe (dj)schar ged
gas generated by the ionizing action of this plasma hits the attracting
face 3a ofrtpgehotypl ahge3udsqt heocathafgikace; the

Then, 1in Step 2, the pressure inside the wvacuum
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~-frequency electric power having
13.56MHz is applied to the base 6 from the high-frequency

15 electric power source 14.

In the present invention, no limitation is particularly
posed, but it 1is ©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
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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 bet n the attracting
electrode§h§,b§S§n HRESbIE 8ta%Pgeb365563 §§e§cPﬁgﬁlsn

own) can al ways be
kept constant, the obj gt tohbe,processed canﬁgg ﬁ%%Qi%? ttracted and held
when being prot&s&ed€gHd tr hé NfeliPdhiqaMBPE % 1 Jritce éhf?%ﬁl {Hereby be
enhanced. 20 Particularly, according to the present enbodi ment, the
attractingengeatss 4ty tHee hdpnprang a2ddwbeaskitedPyagid hidi dffe cl eaned
in the vacuum anbi ence before and after various processings. Further, in
t he vacuumtprecéssiongaappia atfushe odt et 8 psddentcadhiosd fene; Slhace the
object to be processed is 18 attracted by the hot plate 3 having the
heati ng heaher cbhponkat t emyemat ume adfs t hisnpolbjeeot tan bethpr ocagsedi tan be
kept constant during the processing, so that the particles transferred onto
t he obj ect(etllecheopocessedecantbeibefugethached 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. In other 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
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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 nmenber 7 which protects the base 6 fromthe ions of the

cl eani ng S 1S, provided between the base 6 .and the 15.h | at e t he

i oni zed i%ﬁ%%%%% %eﬁfgﬁgego%mﬁigf?gc??ylgﬁt%geqfﬁ%:rgkgeg%egngiiﬁgkﬁetallic
portions are not, abraded anwhile the present invention is not limted
Do the AV TAT BRI LRBON TNt oahE REPPOURS IS PEaFTEhe TATARE  mde.

20 For exanple, in the above enbodinment, the high-frequency electric power

i s appl i XY A HRIECES§INTMeSR It e BREELFSAE WS EPBERH IR tDut t he
present inventionis not Ilimted thereto. Wile the high-frequency electric

power is th@pbhpect otehee chrapengedl eanrbderedhecti-gh- f requency el ectric 25
power can be also applied to the attracting electrode. 19 It is preferable
to apply the hifgh-fthequency iel ebtisi embpdiwent wititore td@ubiarg @mwhekxdessi ve
etching, to the extent that no variation occurs in the ions hit within the
attracti ngs flagererothhhetled eoltr psasei T adld sappbAgs s drom 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 1is 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
i nvention.
construction shown in Fig.

In this case, a vacuum processing apparatus having the

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

condi ti on:

initial

val ue as . shown i The current. between_the ttr ng
ol ect 1 0doROTE TS < Hatr EagBl Syt Ho 46098 LUFCa A dr St Nt aad Fhet

sputtering or the like).

pressure | OPa, frequency 13.56MHzand 15 power 0. 1kW When the
el ectroconducti material is.attached.to th ace of the hot _pl ate,
resi st ance valuigbéFmﬁﬁﬁ??ﬁagl %?aﬁ??%ﬁ 2 e?r%%es TRATAGY et ?%ﬂ£§he

10 present

1 is used, and cleaning is perfornmed by applying

t he

resistance is returned to the initial value. As described above, it can be
conf i r medPh%R L+ Hlel ORIAGAERS ﬁ@ e d Brs PhRE witein @%FFE&F‘FF“Q face

attracting/ heating portion can be assuredly cleaned according to the
2% theegrtliegnr o030 aWHAT alts rgicALREDPSE 1PN -A ¢l eani ng met hod f or

pr esent

cleaning an attracting face of an

el ectrostatically attracting portion,

whi ch %ol ds an Bbfpebermbree bee prbeassed dngihde paegactuimpentessi agn chanber

by

10

15

20

25

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 attractingelectrodes
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.
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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

processin tﬁg)irq%giﬂg ionized is used as the cleaning gas. 20 3.
The cIeanSﬁé‘ 0 g toclaiml, wherein an electrostatically
attracting portion having a heater is used as the electrostatically
attracting portion. 4. A vacuum processi ng apparatus, conprising: 25 a
vacuum processi ng chanber into which a cleaning gas 21 can_be introduced,
an el ect rost at i Farlyaaingaeethgdper idiearicd dédathspraeingh2cacfumn
processing chanber and the electrostatically attracting portion holds an
obj ect t o dleegrorEsseid-a hry it r& el eg tpastia ¢ wtitatadolels, aa ebsaritng
el ectrode nade of a nmetallic material and disposed adjacent to the
el ectr 6st ata calel ypadbteastdngingpndd i @n; vandum 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
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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 clgani g electrode fromions of the cleaning gas is
provi ded HREWEBN'MHHBAEFELNi ng el ectrode and the el ectrostatically

attracting portion. 22 , _ . . o
an electrostatically attracting portion provided inside

the wvacuum 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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