Description Title of Invention: ELECTROSTATI C CHUCK Techni cal
[ 0001] The present invention relates to an electrostatic chuck
I ncl udi ng an internal power supply. Background Art

Field

Description

Title of Invention: ELECTROSTATIC CHUCK

Technical Field

[C001] Thepfesentinventionrelatestoen1electrostaticchuck

including an internal power supply.

Background Art

[0002] In a semiconductor manufacturing process, an
electrostatic chuck is used for attracting and holding a
semiconductor substrate in various apparatuses such as an ion
implantation apparatus, an ion doping apparatus, a plasma immersion
apparatus, an lithographic apparatus using, for'example, an
electron beam or extreme ultraviolet (EUV) lithography, and a wafer
inspection apparatus for silicon wafers or the like. In addition,
in the field of liquid crystal manufacturing, the electrostatic
chuck is used for attracting and holding an insulating substrate
in a substrate laminating apparatus, which is used for injecting
liquid crystal between glass substrates, or in an ion doping
apparatus.

[0003] The electrostatic chuck is generally formed by
laminating, on an upper surface side of a metal base, an electrode
sheet for attracting a substrate such as a semiconductor substrate
or aglass substrate. Then, when ;:-1 predetermined voltage is applied

to an attraction electrode included in the electrode sheet, an



[0002] kn a sem conductor manufacturing process, an electrostatic
chuck is used for attracting and holding a sem conductor substrate in
vari ous apparatuses such as an ion inplantation apparatus, an ion
dopi ng apparatus, a plasma i mrersion apparatus, an |ithographic
apparatus using, for exanple, an electron beam or extreme ultraviolet
(EWV) lithography, and a wafer inspection apparatus for silicon
wafers or the like. In addition, in the field of liquid crystal

manuf act §1&8gxid RlgRChhasiatd Lo GK Fiis1uS8fe ffrnpld LACLI BErAAEe of
hol ding an insul ating substrate in a substrate |am nating apparatus,
whi ch i stiused dfrddl] SBEEDT dridiwidhCElsd alurFabuesd: ¢l ds 2 sSHLSEB & Bfe
or in an ion doping apparatus. [0003] The el ectrostatic chuck is
gener al | y¢ £ pxa@chd s dramiceat LRE, s@PsBfs tiels Stfaceeai decRfcPedBt flal
base, an el ectrode sheet for attracting a substrate such as a

sem condestes. subsdicletafican@kassasybst kahecodd@dboMethd® a material
predeterm ned voltage is applied to an attraction el ectrode included
in the et@stdiotigheritalalre lppQliths16Na g8e b a0keEd beCaf il iy e
formed on a surface of the electrode sheet, and with this surface
serving pswaraybabrdreadt td@etdgosdefacee ddie ro4bal raf 8Scdse in which
attracted with electrical force. A dielectric material, a

sem condited Gubsaidta atEY iatk reenkai 1¥ RO nanPBbANLGE & ARRIH 6304 B &S or
the substrate to be attracted. However, as for attraction force to be
gener at efdpoll piAigay@siin , W odi d Bgeéﬂb_ﬁéi? ecklrBf balct 4 BRdSdnbSoidrrent
non- conductor such as glass or a polyimde resin, static electricity
occurs, fbdwalimathose adteenhilf| owhusy) thesatiRheridh SfoddWSselliR® on
attraction force relies on gradient force obtained through spati al
deri vat igiadiferithec et @ elotiaG need ko gh bPet PNl rh9andive b BRe GASR 1611 ca
sem conductor substrate such as a silicon wafer or a conductor such
as a netfila1d.heoatiHeast hen Hasidachn eredchye idrea JensenaRabbeks fiytcate
whi ch has even higher attraction force. The attraction force varies
dependi ngicdnas Aes i Viperoha fet akGetosdbsStsbech bk Akt &L the tmchanicsm
by which the attraction force is generated, and such other factor.
However ,id mdgreral byt hteallbhaethoRahibEkefbscsaihidh mangeddroMigher
several g/cn? to several hundred g/cnR2, which are relatively high

val ues. attraction force. Theattraction force varies dependingon the type

of a target substrate, the attraction mechanism by which the
attraction force is generated, and such other factor. However, in
general, the attraction force is said to range from several g/cm?
to several hundred g/cm?, which are relatively high values.

[0004] By the way, when the electrostatic chuck is used in such
a substrate processing apparatus as a semiconductor manufacturing
apparatus or a liquid crystal manufacturing apparatus, a
high-voltage power supply is installed remotely outside the
electrostatic chuck, and power is supplied to the attraction
electrode from this external power supply via a wire, a connector,

and the like, to thereby acquire a predetermined attraction force.



[ 0004] By the way, when the electrostatic chuck is used in such a
substrate processing apparatus as a sem conductor manufacturing
apparatus or a liquid crystal manufacturing apparatus, a high-voltage
power supply is installed renotely outside the electrostatic chuck,
and power is supplied to the attraction electrode fromthis external
power supply via a wre, a connector, and the like, to thereby
acquire a predeterm ned attraction force. Specifically, the

el ect r osgpéd £f Lduicly ,Si €ige | BCLEEESss Bdk ipEhuder Binal ihefusdBplan Nthput
power to the attraction electrode, and attracts/holds the substrate

whi | e reg@invinel ther ssppdyy g therpowes fKOMtbLaedi® NdleOMNe, and
supply. For this reason, the physical range of use of the

el ect r ositd itk dsstied bepkedat®who1s FRick idegyaddyugdey bashaldfdr
| ocation of the external power supply. To address this, for exanple,

there arerdi 0pe:ed cehadtpdsd Ak sp THUC S rithalUgegom, BALERRY 18811 ge
i nternal power supply (see Patent Literature 1 and Patent Literature

2) . Accef digtg otfothBosEe 6t fsdt AsitcAlchtc&hug kst fdhedRioNnBosHa Pf ddif-ee
el ectrostatic chuck includes a power supply, andhence, for exanple,

during asy ahterndha 1poTesst ivh of tHeesubshs BtRwelrt siSpIROSSTB Ridr@ ss

nove/transport the substrate in a state in which the substrate is

hel d. Cidraitd ,0ffot bsbmPaé plihekblaeeditbi®sed electrostatic chucks including
a battery as the internal power supply (see Patent Literature 1
and Patent Literature 2). According to those electrostatic chucks,
the main body of the electrostatic chuck includes a power supply,
andhence, forexample, duringoraftertheprocessingof the substrate,

it is possible to move/transport the substrate in a state in which

the substrate is held.

Citation List
Patent Literature
{0005] Patent Literature 1: JP 2007-12942 A

Patent Literature 2: JP 2007-53348 &

Summary of Invention

Technical Problems

[0006] However, even if a battery, a storage battery, or the
like is provided as the internal power supply for the electrostatic
chuck, all the steps of the substrate processing performed in the

substrate processing apparatus cannot be covered with such a power



[ 0005] Patent Literature 1. JP 2007-12942 A Patent Literature 2: JP
2007-53348 A Summary of Invention Technical Problens [0006] However,

even if
i nt er nal

a battery, a storage battery, or the like is provided as the
power supply for the electrostatic

supply alone. Accordingly, there occurs a case in which recharging
is required or the battery needs to be replaced in the course of
the processing. Further, there isa problemthat the internal power
supply is made larger in ordef to secure sufficient power. In
addition, there are possibilities of, for example, contamination
of peripheral equipment including the electrostatic chuck due to
the reagents leakage from a rechargeable battery, and influences
exerted by a leakage current.

[0007] In view of the above, the inventors of the present
invention and others have conducted intensive studies on those
problems, and have found that, withtheelectrostaticchuckincluding
a solar cell as the internal power supply, it is possible to process
the substrate while converting optical energy, which is generated
from the substrate processing apparatus during the processing of
the substrate, into power tobe supplied to the attractionelectrode,
and that such an electrostatic chuck is thus immune to battery
exhaustion, enables suppressing the upsizing of the internal power
supply, and can be used without any possibility of contamination
orihelikeforalpngperiodoftime. This has lead to the completion
of the present invention.

[0008] Therefore, thepresent inventionhasanobject toprovide
an electrostatic chuck of self power supply type, which is capable
of supplying power while generating power to be used by an attraction

electrode during processing of a substrate.



chuck, rall the steps of the substrate processing perforned in the
substrate processing apparatus cannot be covered with such a power
supply alone. Accordingly, there occurs a case in which recharging is
required or the battery needs to be replaced in the course of the
processing. Further, there is a problemthat the internal power

suppl y i Sohmeitord afgarrdpleaisder to secure sufficient power. In
addition, there are possibilities of, for exanple, contam nation of

peripherammBMUipﬁentthQ%u@HEbﬁéE%ﬁﬂf%#éﬂ%%&ﬁﬂfbd%ﬁ%%%d%&%éé&é%ﬁ%ﬁﬁg

reagents | eakage froma rechargeabl e battery, "and 1 nfl uences ex
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resent invention and others have conducted | ntensive studl es on

those probleembbsapndr8ayodiiithd Babar b d Hha %I.t%lgérsgétga{}jlé; sq.lr%lél(\tiélag.e

including a solar cell as the internal power sdpply, It 1's poss

t o processi lgeseRst 1ef Spd LeROPYES EEQ%l%%ttirggltagggrcg:}ﬁc%c#g'jcﬁrﬁc:liiig:

generated fromthe substrate proceSsing apparatus during

processidrgebct BEAS WIslehal R 1 hdiRy QHV@EtflaQ:ﬁ%nsH@Qiﬁfg%é;o tl@@talhgsase

attraction el ectrode, and that such an electrostatic chuck 1s 1

i mune tiaviaid le/e BXb@ksdd %e@ﬂ@f@irﬁaﬁ:Méﬁﬁ?bggﬁhggaeggjﬁg%gxeg okhe

i nternal power supply, and can be used w thou ossi bilrt

contam naf tABedhal RWdK8ubpI R 4AN8LPLLH Oy Youldr™Eo b-gﬂ'lsﬁpgf§eéiecaodt£8
the conpletion of the present invention.
attraction electrode; and a voltage boost circuit for boosting
voltage of the power obtained by the internal power supply, in which
the internal power .supply includes a solar cell, and receives the
J optical energy to convert the optical energy into the power during
the processing of the substrate, to thereby cause the electrode
sheet to attract and hold the substrate.
{0010] The electrostatic chuck of the present invention
includes the solar cell as the internal power supply, and the solar
cell generates the power to be supplied to the attraction electrode.
A voltage necessary for the attraction of the substrate varies

depending on the type of the substrate tobe attracted, the attraction

mechanism, and the like. For example, assuming a case in which two

attraction electrodes in a semicircular shape (semilunar shape)
having a diameter of slightly less than 300 mm are used to configure
a bipolar type, and a silicon wafer having a diameter of 300 mm
is attracted and held, a necessary voltage is generally about +1
kV. Meanwhile, a necessary current is determined by an insulating

resistance between the attraction electrodes and a leakage current



[ 0008] Theref ore, thepresent inventionhas an object toprovide an
el ectrostatic chuck of self power supply type, which is capabl e of

suppl yi

ng power while generating power to be used by an attraction

el ectrode during processing of a substrate. Solution to Problens
[ 0009] That is, the present invention provides an electrostatic chuck

of self

power supply type for attracting and holding a substrate in a

substrate processing apparatus that processes the substrate while

gener at

el ectrode sheet including an attraction el ectrode;

NG Rt Leaknenel@itvahepeheghs oOftatd1e ehuckat DEl Ui NG AR i res
I a netal base

havi ng thereketthgde shealnd amsnatedngn. &8 MRk B4 ERECLSEdGhateria

t hef eof :

to the

vol t age of the power obtained by the’internal power supp

t he int
opti cal

an |npernaf power supply for “obtaining power to be supplie
ald eagkbaBl §l1edH Q%eina8ng Asv/ @l1kree PROSIa Gid G EPL %y t 580
y, | |

Al RAWBLaSURR! ¥t ipskudes acsakak16e! tne decpiMes dde ror
energy to convert the optical enefgy into the power during

the procassidg yoh+he-subpbhat Ro1dfnd hekebY: SaYSGaldhe ghect 1 19de phest
to attract and hold the substrate.

is estimated at about 2 x 2 (pA) x 1 (kVv) = 4 (mW) in total for
the attraction electrodes being opposite to each other. In other
words, the necessary voltage is high, being on the order of kV,
but the power may be relatively small.

[0011] On top of that, as for the solar cell employed in the
present invention, there is no particular limitation thereon as
long as the solar cell can convert, into electric energy, optical
energy existing in the visible and ultraviolet light ranges in a
natural environment as well as artificially-created optical energy
{including optical energy generated by the substrate processing
apparatus as described below). Further, the solar cell may be a
so~called silicon solar cell or may be a so-called dye-sensitized
solar cell. For example, the power conversion efficiency of the
sunlight can be estimated to be at least 10% or larger over the
whole spectrum, and even in the case of the ultravioclet light range
alone, the power conversion efficiency can be estimated to be about
2%. 1In the case of the sunlight, the total sum of energy of the
whole spectrum of the light is 0.1 W/cm® at a maximum on the ground,
and hence the energy per unit area of the whole spectrum of the

sunlight is 0.01 W/cm? (10 mW/cm®) . In the case of the ultraviolet



[ 0010] The el ectrostatic chuck of the present invention includes the
solar cell as the internal power supply, and the solar cell generates
the power to be supplied to the attraction el ectrode. A voltage
necessary for the attraction of the substrate varies depending on the
type of the substrate to be attracted, the attraction nmechanism and
the Iike. For exanple, assuming a case in which two attraction

el ectrodes in a semcircular shape (sem | unar shape) having a

di aret ef ) gin ! dyd,y chesenkhap 300 FRQARSTY bOoSONT) G Q28mh) BRHA!

type, and a silicon wafer having a dianmeter of 300 mmis attracted

and hel drp &-HEHRSSARY 101,298 kS gaREL ald Yo RRQUERL K¥uwe Meptii &y By
necessary current is determned by an insulating resistance between

the attréﬁ%'éﬁtf@d%%bhogﬁécéﬂwh@whﬁékﬁgﬁeﬁyiréﬂEctﬂd%t%Q@ceéﬁﬁ@k (about
However, because the electrostatic chuck requires high voltage, an

the insul abd)ngs ERSIR BBQ@rOJccHiG:édiS?gomkf‘er 58hal St O mohfn@hcm
t he flrst place, the value of the current is about several pA at

most. Acgpddiingly, hBeoPOYRE 1°GeISBKsERE Siwadilon athragtifig#dice
holdlng the S|I|con waf er déscribed above is estimated at about 2 X 2

(PA) X lohdMssirh M rdtud ehat Ji¥cdhesattd aebioRaed Ghli 'l%dtf‘éiéﬁﬂglg

opposite to each other. In other words, the necessary voltage iIs

hi gh, beddﬂgl QN theQdere i b1 dait érk@rg%ovfénéﬁ)ﬁege irel@ld Velystrate

smal | . 011)On top of that, as for the solar cell enployed in the
processing apparatus is converted into electric energy. Here,
specific examples of the substrate processing apparatus that
processes the substrate while generating optical energy include,
for example, an ion implantation apparatus, an ion doping apparatus,
a plasma etching apparatus, a plasma immersion apparatus, a plasma
doping apparatus, an ashing apparatus, a CVD apparatus, an
lithographic apparatus using an electron beam or extreme
ultravieclet light (EUV) lithography, a wafer inspection apparatus
for a semiconductor substrate, a sputtering apparatus, a light
cleaning apparatus, a lamp annealing, an oxidation treatment
apparatus, and a thermal diffusion apparatus, which are used in
a semiconductor manufacturing process. In addition, the specific
examples include a substrate laminating apparatus used for filling
liguid crystal between glass substrates, an ion doping apparatus,
an etching apparatus, an ashing apparatus, a sputtering apparatus,
a CVD apparatus, and a thermal diffusion apparatus, which are used
in the field of liquid crystal manufacturing. Further, cleaning

or surface treatment apparatuses other than those apparatuses are



present invention, there is no particular |imtation thereon as |ong
as the solar cell can convert, into electric energy, optical energy
existing in the visible and ultraviolet |ight ranges in a natural
environment as well as artificially-created optical energy (including
optical energy generated by the substrate processing apparatus as
descri bed below). Further, the solar cell may be a so-called silicon
solar cell or may be a so-called dye-sensitized solar cell. For
exanpl e, iddi&deenen conryeian@n el bifCikaaCyudktthte SpnbéeddirgAdiR ratus
estimated to be at |east 10% or |arger over the whole spectrum and
even i n gdengaserohtébesidinviroh eduddighic o nage & ,0fer tRemPDWEmetal
conversion efficiency can be estimated to be about 2% In the case of
the sunldghtasiiiei § atakasten 06 tepe@-tebsthei whalek s peaihatabgipdrieorm
light is 0.1 WcnR at a nmaxi mum on the ground, and hence the energy
per uni tpxRasahgt Be pihane: specds UMrefdikie osUsd icer Subh Blr IV=G3E ngl0
mMVcn2). In the case of the ultraviolet |[|ight range, the energy per
unit are@013]0. 002 YWenodtl dal cefprgFheseddrted t ihs &uil e figasirhke
to cover the power required for the attraction el ectrode of a general
el ect r ogralde@ s@ hyckppabatlis<s 4 menthohBe 41wy adCgher edadf B h€ers
solar cell (2 to 10 mWcnR). [0012] According to the present
i nventi ad enBrifhed Sudst Iate pr daessédg: apRiaiat ysbbhaktorPeassas dgher
substrate while generating optical energy, the optical energy
gener at ethergyt 119d Stsilnagenr Ocas Tieb AP aheSgy Sseantethedubidt@ate
electric energy. Here, specific exanples of the substrate processing
appar at widckasipgoc eBaesxsMel SuUbs thatexpasiihg appaetatsnghepilitalviolet
energy include, for exanple, an ion inplantation apparatus, an ion
dopi ng apparatiuneludipbashe eUThiBggappasaéds, Inh phasnbord MRN8 Lion
apparatus, a plasnma dopi ng apparatus, an ashing apparatus, a CVD
appar at uppazathst Rogi apbbarappalat fior UBe BRYb3Nretepicer sbeafg@herates
extrene ultraviolet light (EUV) |ithography, a wafer inspection
appar at whef 9 s o lse i ghodiiet ehe stlistavdbe gtal st .t erhritheappasad gEchang
| i ght cl eani ng apparatus, a |anp annealing, an oxidation treatnent
appar at éppazndua dheheal ik f fihel ohsdppardiohs, andittle al erasbslldth laght
sem conduct or manufacturing process. In addition, the specific
exanpl earienenede tadyhsiasaize | anthatlang sappalangappsedthsr thelklistgle
liquid crystal between gl ass substrates, an ion doping apparatus, an
et chi ng ldphar ahdsthanuastawnip lappdriathits axra §pnétetedof appar adetdn dafyD
apparatus, and a thernmal diffusion apparatus, which are used in the
field obraqundstenshal ogenibagt uriiage, Ebet'harx" ckesddigoosxmtgdaeRe
treat nent - appar at uses ot her than those apparatuses are included in
t he exanplteasotytde ISighat watk s HoesRiaNgoapiparsainss thedayser mHanhaslan
wWiring or a substrate nade of, for exanple, netal or plastic is
attract egret olihe iel enymbst arhcgetawk],, boatther ehyperdrar is patomas SORQoof
pl asma or ion irradiation or other such processing. [0013] The
opti'cal remeranyd gadevatfididreseeal Bidist databqurtol 2860 NgxappbsAkusnplas
menti oned above as the exanples refers to energy directly used in
pr edet eciengdusubsteate lpghtcesshagion evergy, i addr edel plgener ateding
fromother energy used in the substrate processing. For exanple, in
t he expagppagaappaand usgalrdeduhs rigve alagie hhgthat neleudbngsdiecEUekdsin
generated. In the ion inplantation apparatus, anion source used for
t he subsheat enpi@cesst g gempmiresushandi shél gldsghtetadrd ich@pparatus
ultraviolet light. In the plasma etching apparatus or the |ike, the
vi si bl egkhgbktanthd he dildlieavighet ahd gitie ale rgetiel at etibyipt asngenckatbe
| anp anneal i ngapparatus, thevisible light and the ultraviolet |ight
are genenatad. fronua, xenonsl agpceivadt thgst enchalsopen rkaap proeeesihse
"l'ux" is used to express the intensity of light wwth reference to the
apparatuses as the ion implantation apparatus using the ion source



and the plasnma etching apparatus using plasnma have a | um nance of
about 10,000 lux at the |lowest estimate, that is, about 1/3 of the

| um nance of the sunlight. Note that, as given above as an
exanple, the electrostatic chuck of the present invention is
preferably used in the substrate processing apparatus that generates
optical energy directly used in the substrate processing or the
substrate processi ng apparatus that generates optical energy

i ndi rectdyd fdempohbra SNeligyy Uppdrhtus NS isiPst Bahe HIRCASShATnahid of
for exanple, the electrostatic chuck may also be used in a substrate

processi smappar, abusihhal: greeraias eptipate £reay ikl s huaresaent
| ight used as illum nation. However, fromthe perspective of power

obt ai nedidniiaiarddee cxokae eghlight.is preferred that the electrostatic
chuck be used in the fornmer substrate processing apparatuses.

[ 0014] The sol atoteekhatsess asivdie abBier 83l ad QUEMPIYHPEYe BYediostatic
installed in any portion of the electrostatic chuck. However, in

consi derahidodf thd@rbaehtt hateridiRnOPE i 108 £2R@IGYuESA QN URé |hbstrate
supplied froman upper side of the substrate in the substrate

processigipaipdhat Eeparhths tHAf genedatBatogtinS0kabrggl difeetly used
installed in such a portion that the solar cell does not bl ock the

recepti oih @het Highoptd Al reaeEgYng SHERhASs @t psuEEasen§idpachtllae
nmetal base and a substrate attracting surface side of the el ectrode

sheet . RiHdthgfeneirhtes optycaBcassafy ikBlrewlo Eosmesthan L mpdeskar
the power to be supplied fromthe solar cell to the attraction

el ectrod@ theesabstpsté Proleestingdepanyd tdie sxehah e¢ethe ML Jsebred
in an integrated nmanner or may be di sposed at the same |ocation.

Besi des,cHuts: aklr atkbobe eheed rude angsthetsobabcesslingmplie cerneghed
by a wire, such as a cable, and disposed such that the attraction

el ectrodermadieBe st bfarekhedtg spanedaapaliofssrmachighberusNot gs
that, a light receiving surface side of the solar cell my be

provi ded 1Muiinatp6at e HowvdrayEronrale pefr spbet 1 0¥ aMbEve KIUBf & Zndd &$5m

with the aimof protecting the solar cell against exposure to plasna

or the ldheéesolar cell, it is preferred that the electrostatic chuck be
used in the former substrate processing apparatuses.
[0014] The solar cell used as the internal power supply may
be installed in any portion of the electrostatic chuck. However,
in consideration of the fact that the optical energy is normally
supplied from an upper side of the substrate in the substrate
processingapparatus, it ispreferredthat the solarcellbeinstalled
in such a portion that the solar cell does not block the reception
cf the optical energy, such as an upp-er surface side of the metal
base and a substrate attracting surface side of the electrode sheet.
Further, it is only necessary that wire connection be made for the

power to be supplied from the solar cell to the attraction electrode.

The attraction electrode and the solar cell may be formed in an



[ 0015] Further, the electrostatic chuck of the present invention
i ncludes a voltage boost circuit, and uses the voltage boost circuit
to boost the voltage of the power obtained fromthe solar cell. The
vol tage obtained fromthe solar cell is several volts at nost. In
order to convert light into voltage, a silicon solar cell utilizes a
band gap between different types of sem conductors, which is called
the photovoltaic effect, and hence the voltage thus obtained is
smal | . Asdayraddeel iyenees8intayZos dsebaseg ekl thd ESmaRGRARE SHL USRS 1des,
chem cal reaction as in a normal battery, and hence the voltage is
smal | . AQeoOrditiglotiohne0edefod® @id aiHe SddAraceoltage bdatoriEHRE by
the electrostatic chuck to obtain a sufficient attraction force to
attract 4 helrsbstucat es QuUicals, f am thepsebar seeh | shamycie paeaties
in series. However, taking into account the footprint and the |ike,
there i sly@vicdetaideheddiagechoDstreCigddid apSHE Fasmamt 8g8=PO0Hote
swtching circuit. Thevoltage boost circuit and the solar cell may be
fornmed ithaan 4 ntet atediFRAYSurEFs cRedRIo PENERH 1BE ¢HISPRSEBedirdhiged
sane | ocation. Besides, the voltage boost circuit and the sol ar cel
may be Gammect patobycaivhr Bapenl mHEPestd raucBxbhple heuyol aged0Qsth
circuit and the solar cell are spaced apart fromeach other. Further,
charge e agen BEapgotedEin@stie |A5lge- capackhbYif8paskpesud & plasma
rechargeabl e battery, may be provided so that the el ectrostatic chuck
can store sheplldakepower. It is desired that such charge storage neans
be thin and light. Here, the |large-capacity capacitor normally refers
to a cagagilsqgr havi pgrithegpachty @fledtfostatliar gefiuck n ofecemd yeaksnta
wi de variety of such |arge-capacity capacitors have been avail abl e
and usedrn@enstibat i hdlesed or viatkgel BSosans Adid thownl cepaciHey vichergef
can be estimated at 10 mM/ g at the least in terns of per weight of
t he capaoicsar cilkoliexanpbestadisentdlgagrabrt tiee Pase robbtheneapatint Qhe
is 10 g, if a calculation is carried out for a case in which the
power cerdafptiedd. ofTHcheodlagkr ostaihed cinsek the 4ob¥Y aseTiesier iskedral
above, a result thereof shows that the electrostatic chuck can be
used wi tvbatis beingstsupphi efhded tho ephiveat Bhghigyinkter vaboade 2% BaUison
It is needless to say that the stored power may be used for the
el ect r osbattc edlickptslcheas debagdsuyyy | pdtiveeit helidtferaati ypes of
el ectrode. In addition, the stored power nmay be supplied to other
ext er nalseappandtuosess | kavichhes ela@dktosiapbhotehutkai¢ @FFeLEYrdtehence
simlarly to the publicly-known electrostatic chuck, the
el ect r oshatval teheckheé obheipe@sensma Ivenkhsivd shé dyaedehyit asedabiag,
on an upper surface side of the netal base, the el ectrode sheet
i ncl udi rgllheitat heakinbem ekeeta etdemidhbreacting pathiLnbanal baictati pn
on the shape, the structure, the size,

and hence the voltage is small. Accordingly, in order to attain

such a voltage that enables the electrostatic chuck to obtain a
sufficient attraction force to attract the substrate, outputs from
the solar cells may be connected in series. However, taking into
account the footprint and the like, there is provided the voltage
boost circuit, suchasavoltageboost switchingcircuit. Thevoltage
boost circuit and the solar cell may be formed in an integrated

manner as needed or may be disposed at the same location. Besides,

i0



materials, etc. of the netal base or the el ectrode sheet. However, to
gi ve an exanple, for exanple, the netal base is nmade of alum num
copper, stainless steel, or the |like, and generally has, on the upper
surface side thereof, a nount surface that varies depending on the
type and the size of the substrate to be attracted/ held, such as a
sem conductor substrate or a glass substrate. As for the el ectrode
sheet, a general electrode sheet includes insulating |ayers on both
upper anghd awarts¢ baeststdesund e tabt §8rit aeial eely Bdecodh®oted by
attraction el ectrode may be divided into two, that is, upper and

| ower | ayefise aHb A sbbkerekaeh M oger i Msdvallitigel BY8EL NBYrHEit and the
i nter posed between those attraction el ectrodes. For the insulating

| ayer, asdmiretéhl aPavipaged fyedet imédetloshepe angtaep! RISLGLHHEGge
filmthi ckness maybe used, including an insulating filmmade of, for
exanpl e mfily,i Fide asanta BgSed HE G 1Y @dgacithe: bPSUlIHANG BN ebamL e
formed by spraying ceram c powder, such as alum na (Al 203) powder,

al um nunmiy HedproMhd pBVEERL Bfie Z21C@R0athZE02hRAMWIahH. sFoFd ReIrp1as
for the attraction electrode, apart fromnetal foil, anetal film

f or medbyswaput t €€ g dedihed thati olcpl ad g Ridiede AEahbend itha maylbe
subjected to etching into a predeterm ned shape, to thereby formthe
attractioyrel.echeode. tié t BAN-oeg)anitiheaphti 86t | frRd BIG) rederaykhe a
obt ai nedby, for exanple, the spraying of a conductive netal or the
printingapfacd tRashevengicidpae ittt af .1 Rubkheargéhe Ihapecohtthers, a
attraction electrode may be set as appropriate dependi ng on the type,
the sizeyice! earOéty e subistizae-tapheiay idapetedorEQtawrXBEPh @valingble
attraction electrode may constitute a so-called bipolar

el ect r osindl h Sed A Gobsith twhk € Forddtage:iies, il tRdpbReb Wapatt @& he@Bor
el ectrodes, or may constitute a unipolar electrostatic chuck. Note
that, | ratnpef aetihited tde 160 aehygshatie duisit oh thempresgidr weight
i nvention, the el ectrode sheet nay be bonded to the upper surface

si de of dfheHetadpdiasert.hr gugh examplter BediAlhgnthRhtathenfdbsg bayehe
or the lower insulating |layer, the attraction electrode, and the
upper i reghaticeg Layer gmye tantodielbond kerippear ottrf@ce gade oh
the netal base. Advantageous Effects of Invention [0017] According to
the el estviest ahecp@iuickonbuinpeiphastnihe electrostatic chuck is 4 mW as

described above, a result thereof shows that the electrostatic chuck
can be used without being supplied with optical energy for about
25 hours. It is needless to say that the stored power may be used
for the electrostatic chuck, such as being supplied to the attraction
electrode. In addition, the stored power may be supplied to other
external apparatuses than the electrostatic chuck.

[0016] Further, similarly to the publicly—~known electrostatic
chuck, the electrostatic chuck of the present invention is formed
by laminating, on an upper surface side of the metal base, the
electrode sheet including the attracticon electrode. There is no

particular limitation on the shape, the structure, the size,
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I avention, the optical energy generated while the substrate
processi ng apparatus is processing the substrate is converted into
power by the solar cell, and the power is supplied to the attraction
el ectrode, to thereby hold the substrate. Thus, the electrostatic
chuck of the present invention is of self generating type, which does
not require the external power supply, and is al so capable of noving
and transporting the substrate in the state in which the substrate is

attract ega Ml £0VEErcl lod hRARHA! BaLO FUPRL 838 cEPSH %ﬂe@tng REwdNg,
i nternal power supply, and also, there is no possibility of

cont am naL i QR e0kn Rembh K& rduELBRE1e ) tth'esmé)&?lsbggg ltsomé'ﬁg l#VE€1 uminum,

si mplification, i ncl udi ng the peri pheral eqU|pnent of

el ect rosgather Cuchin1@3ULt Ry, i 8y M eguicedd aidiy genandrihenki ke and

also resulting in excellent reliability for Iong uration use. Brief

Descri pti9he PfsuPravengsad ARBLE, G ddudd Qurtaké @ %%E?EE'a@b?%gﬁ%g

schemati ¢ cross section |IIustrat|ng how, in a parallel-plate p

et chi ng apPpPaiatilise anslUsLr at 8ei §ratid aghad and hel E!ebé(t{:'%égige@/held,

el ectrostatic chuck of the present invention to process t
substrat g, ch bl Ssefl cBhucfol S ¥tk &t %Cg'iéséj'sﬁ%@%% th& for the

el ectrostatic chuck of the present invention for supplying power to

2te lt lr Zwt | O @ RS QRS DY Aigdnediang ket thQBPLLYE: f PR ERu P s SAl@l1ating

layers on both upper and lower surface sides of the attraction
electrode. The attraction electrode may be divided into two, that
is, upper and lower layers, and an interelectrode insulating layer
may be interposed between those attraction electrodes. For the
insulating layer, a material having a predetermined shape and a
predetermined film thickness may be used, including an insulating
film made of, for example, polyimide, and a ceramic plate. The
insulating layer may be formed by spraying ceramic powder, such
as alumina (Al,03) powder, aluminumnitride (A1N) powder, or zirconia
(2r02) powder. Further, as for the attractionelectrode, apart from
metal foil, ametal film formed by a sputteringmethod, an ionplating
method, or the like may be subjected to etching into a predetermined
shape, to thereby form the attraction electrode. Alternatively,
theattractionelectrodemaybe obtainedby, forexample, the spraying
of a conductive metal or the printing of a paste conductive metal.
Further, the shape of the attraction electrode may be set as
appropriate depending on the type, the size, etc. of the substrate

to be attracted. For example, the attraction electrode may

la



Description of Enmbodi nent [0019] Herei nbelow, with reference to the
attached drawi ngs, a preferred enbodi nent of the present invention is
specifically described. Note that, the present invention is not
limted to the description below. [0020]FIG 1 is a schematic cross
section illustrating how, in a parallel-plate plasm etching
apparatus 11, a silicon wafer wis attracted and held by using an

el ectrostatic chuck 8 of the present invention to perform etching

processi fghHn dufte $kbl-6801¥@beHoVar b cbR@o8L8E1 ¢ BBLAL] GGG Boltage
according to this enbodi nent, an el ectrode sheet 5 is bonded to an

upper sufd apg1sédeotfncia i adt RASEldot MU bSmapdenet iabugianum @nd

has a thickness of 12 nmmand a di aneter of 340 mm The el ectrode

sheet 5 dsedid@Gthy dramdnat Noge tOA L] GWeha@dkh dRREhgHHd at&c st slas 1afc
attraction electrodes 3, a |lower insulating |ayer 2 and an upper

i nsul at i dghdi@ver the FaSNOAE ENObNLi¥R] Ghhadk@eborsRE HHet RANYHEKIded
filmhaving a thickness of 100 m
to the upper surface side of the metal base through an intermediation
of a bonding layer, or the lower insulating layer, the attraction

electrode, and the upper insulating layer may be laminated on the

upper surface side of the metal base.

Advantageous Effects of Invention

[0017] According to the electrostatic chuck of the present
invention, the optical energy generated while the substrate
processing apparatus is processing the substrate is converted into
power by the sclar cell, and the power is supplied to the attraction
electrode, to thereby hold the substrate. Thus, the electrostatic
chuck of the present invention is of self generating type, which
does not require the external power supply, and is also capable
of moving and transporting the substrate in the state in which the
substrate is attracted. Moreover, it is possible to suppress the
upsizing of the internal power supply, and also, the?e is no
possibility of contamination or the like. Further, it is possible
to achieve simplification, including the peripheral eguipment of
the electrostatic chuck, resulting in reduced failures and the like,

and also resulting in excellent reliability for long duration use.
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and a diameter of 298 mnm In the electrode sheet 5, the attraction

el ectrodes 3 are made of copper having a thickness of 12 pm and two
el ectrodes in a semcircular shape (sem | unar shape) having a

di aneter of 294 mm are di sposed such that dianeter sides thereof are
opposed to each other. Further, on the el ectrode sheet 5, eight solar
cells 6 (AM 5815, manufactured by SANYO El ectric Co., Ltd., having a
total light receiving area of approximately 3 cnR), which are nade of

anor phougy S # ifeQitxape iBaverapdipingd on of 10.8 mmx 31.8 mMmmx 1.1 nm
(thickness), are nmounted in parallel in a portion that is |ocated on

a peripheggorgf a substtatq @idr aGld N@esdpbacevdachemubi €l rbhB8 section
substrate wis to be attracted later, and that does not attract the
subst r at £ (i HdHeAd¥oS WBleCt Rda t 92 POE ZidIG e pRHEhBCEL ch ey MBI rtase
1l is integrated with a voltage boost portion 7 including a voltage

boost swi tGiHsREaGkl £8lidtt MRRd BA hdRE blyi BBind BGLEYERrS8FiBLe Fhd&k
of the solar cell 6 is provided with a quartz layer (not shown)

havi ng a# hikpasseat 100t Yo hed He-cddBOfHRr aliBstkaget he sol ar cel |
6 against direct exposure to plasma. (0021] As described above, the

el ectr Osf@id C ghyglks, 822605 dh et G itdHs terbedirBRNb £ i Pigd Ustesc A teirglt
solar cells 6 having a total light receiving area of 3 cn2. A voltage

gener at ech\usl RE BALUSAdsdiONhviehitdoR FoAlswbpBXindUBbwandeé he emuAbn
of current per unit area is 0.3 mAicnR. Therefore, the eight solar

cel | s 6 OdasRRRALL0uA1E 0F 8hg ROMERIL AJH 19 2¥4cBXOL 3XSF32 .- 1My,
Then, with a plasna apparatus, as described above, about 1/3 of this
total power can be expected to be generated, and hence power to be
generated by the solar cells 6 included in the electrostatic chuck 8

IS appr oxddmtioty ohl ofVEmbBdhaye of the above, in the electrostatic
chuck 8 according to this enbodinent, it is assunedthat two

attracti@pigliect r odesr3i G8Idu ! Wt b AGr & D ePRIAt o 1L 28EBCHHE IcBlRd ndls,
voltages of 1,000 V. As in a block circuit of the electrostatic chuc

(el ect r asttdrereBUCkmBYai REM L ASE UHH RE-clsenthii sverbosh Mentsdddiusidzated
in FIG 2, power obtained fromthe solar cells 6 is boosted by the

vol t age drenstipeert gt d thategeed ettesBnt henvertilorbasendt UAhited to the
potential difference between the el ectrodes becones 1 , 000 V. The

vol t age dxaestigaiby bBeowol t age boost circuit is supplied to the two
attraction electrodes 3, but a switch for renotely turning OV OFF t he

chuck opgreatdjon of fhe. el g6t s ashrinat ichdess SsLAIR@CL BUustrating how,
t ot hevol t ageboost portion 7. Further, apotentioneter (not shown) is

ext er naliy acpapgtiet-pi dte g saameothCoftadd ddiqist he, vl 4 Aigie-dro wB€er
supplied to the attraction electrodes 3. Note that, the potentioneter

may be iytiegeatedctaatded meild bhageidg Ak lfddiddderati Bechuck 8 of the
above-nentioned OV OFF switch may be omtted, thereby exerting

at t r act igye Je@itConvdhtSYHCES pBrE8th @A cWihf pgrivecgenabalin Oife 8f 1pLos wa fieh

the pl asnma apparatus. [0022] Then, while causing the above-nenti oned

el ectrosf.at g the electrostatic chuck 8 according to this embodiment, an
electrode sheet 5 is bonded to an upper surface side of a metal
base 1, which is made of aluminum and has a thickness of 12 mm and
a diameter of 340 mm. The electrode sheet 5 is formed by laminating,
on lower and upper surface sides of attraction electrodes 3, a lower

insulating layer 2 and an upper insulating layer 4, respectively,

which are formed of a polyimide film having a thickness of 100 pm
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chuck 8 to attract and hold the silicon wafer w having a dianeter of
300 nm an oxide filmof the substrate was subjected to the etching
processing in the plasma etching apparatus 11. First, in order to
efficiently utilize generated plasna, while evacuating a processing
chanber of the plasma etching apparatus 11, a reactive gas (in this
case, CF4) was introduced froman upper side of the processing
chanber, and a high-frequency power supply 13 was used to excite RF

bet ween Ay WPRLsimE! &€ Liroes ke anth the &l sctFrasd @hb&@uehe%tﬁmdﬁ%
generating plasma. Then, the etching processing was performed on the

silicon yedf@iradeat 3aaretﬁ£uélg>ﬂ dloppek ﬁgvf&[xéne[‘ fHalckpeFsnyEes; ynderang
conditions that the frequency of tﬁe RF was .56 MHz, the supplled

pover Wasy QO Mk rihirsgas &l ounmiad @snfr tﬁepeeq%iny@ugaeeahaﬁé)e Rl ng
scornand50 sccm for argon and CF4, respectively, the degree of vacuum

in the pf agamstoy shamenwase QidpBlaeq it BBat AMGIALY 8i8Es iR reot
substrate was 30C. As a result, it has been confirned that

hi gh- f r eguesgyo POIRL &h Benst ablmx&u@m | &6 £ e th it r3end QS 5 Neatynkg
of the substrate, an abnormality in degree of vacuum or p03|t|onal

di spl aceymntr. cEULEher (aM-B@ 1Bl O£ASSALLSIAd LY YRS EVWRS 1 8Xad neﬁtdf or
the depths of etched grooves with an el ectron m croscope, and t he

dept hs WRFAnd3K o1l a&eheg@célmla@de&earbf Ta‘ib?:r@%ﬂnéﬁépg PEmdy O%Eich
wi dt hs was exam ned and fell favorably within +2% As can

under st gad hize® bReaAboyBouSCEOr I J4nd %B@eebeﬁirﬁ&&éf&rﬁ Co@fltocle %mof
this enbodi nent which includes the solar cells as the internal power

supply, 31N sthe LUChi fE PINCESRISRY , PEFE QidiRH QN1 H N8 & 11100 AN Wa iRyr th%n
using a plasm processing apparatus it is possible to obtain all the

necessaihaRowsr 168ated Sorl @0pekegdhbyyide Aldubacthel &t €L4F04RP f¥¥ace

attracting the substrate to the electrostatic chuck, fromthe optical

energy genesaiadH ehéhalasmR RtkBhaRRANALYSd later, and that does
not attract the substrate {already subjectedtoanodizing). Further,
themetalbaselisintegratedwithavoltageboost portion7 including
a voltage boost switching circuit. Note that, the light receiving
surface side of the solar cell 6 is provided with a quartz layer
(not shown) having a thickness of 100 pm with the aim of protecting
the solar cell 6 against direct exposure to plasma.
[0021] As described above, the electrostatic chuck 8 according
to this embodiment includes the eight solar cells 6 having a total
light receiving area of 3 cm?. A voltage generated using natural
light is 4.5 V at a maximum,.and the amount of current per unit
area is 0.3 mA/cm®. Therefore, the eight solar cells 6 correspond
to a total power (mW) of 3x4,5x0.3x8=32.4 mW. Then, with a plasma

apparatus, as described above, about 1/3 of this total power can

be expected to be generated, and hence power to be generated by
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| ndustrial Applicability [0024] The el ectrostatic chuck of the present
I nvention may be enployed in various substrate processi ng apparatuses
that are used in a sem conductor manufacturing process, a liquid
crystal manufacturingprocess, andt hel i keasl ongast heappar at usgener at es
optical energy in perform ng predeterm ned processing on a substrate.
In particular, the electrostatic chuck of the present invention is
capabl e of attracting and hol ding the substrate w thout using an

ext er naltHeowes1 stippkY1sarg hesateied Ofnexalpl@ledtdrdstapassidliRK 08 is
nove/transport the substrate with the substrate being attracted.

Ther ef Orp ARG REeIONY 11 AWENINORiks OBttHd BEoed,t Ont fige COMMAIHIsRRRL ¢
application of the electrostatic chuck in the substrate processing

appar at Whucdk¥abesrPRESt Hthis bRBod Ofiewt ot i BAsBaWeaRBhi &bt EREesn

Ref erence Signs List [0025]1: metal base 2: |ower insulating |ayer
electrodes 3 constituting & bipolar type are operated at voltages
of #1,000 V. As in a block circuit of the electrostatic chuck
{electrostatic chuck system) according to this embodiment
illustrated in FIG. 2, power obtained from the solar cells 6 is
boosted by the voltage boost portion 7 integrated in the metal base
1 until a potential difference between the electrodes becomes £1,000
V. The voltage boosted by the voltage boost circuit is supplied
to the two attraction electrodes 3, but a switch for remotely turning
ON/OFF the chuck operation of the electrostatic chuck is connected
to the voltageboost portion7. Further, apotentiometer (not shown)
is externally connected with the aim of ceontrolling the voltage
to be supplied to the attraction electrodes 3. Note that, the
potentiometer may be integrated in the metal base 1, and further,
the above-mentioned ON/OFF switch may be omitted, thereby exerting
attraction force in synchronization with the generation of plasma
in the plasma apparatus.
[0022] Then, while causing the above-mentioned electrostatic
chuck 8 to attract and hold the silicon wafer w having a diameter
of 300 mm, an oxide filmof the substrate was subjected to the etching
processing in the plasma etching apparatus 11. First, in order to
efficientlyutilize generatedplasma, while evacuating a processing

chamber of the plasma etching apparatus 11, a reactive gas {(in this
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3 attraction electrode 4: upper insulating |layer 5. electrode sheet

ba:

substrate attracting surface 6: solar cell 7: voltage boost

portion (voltage boost switching circuit)

case, CFy) was introduced froman upper sideof the processing chamber,
and a high-frequency power supply 13 was used to excite RF between
an upper electrode 12 and the electrostatic chuck 8, thereby
generating plasma. Then, the etching processing was performed on
the sil;con wafer w at an etching rate of 8K A/min for 3 minutes
under conditions that the frequency of the RF was 13.56 MHz, the
supplied power was 500 W, the gas flow rates of the reactive gases
were 200 sccm and 50 scem for argon and CF,, respectively, the degree
of vacuum in the processing chamber was 0.1 Pa, and the temperature
of the substrate was 30°C. As a result, it has been confirmed that
high-frequency power can be stably supplied without anomalous
heating of the substrate, an abnormality in degree of vacuum, or
positional displacement. Further, the processed silicon wafer w
was examined for the depths of etched grooves with an electiron
microscope, and the depths were 23K A on average. In addition, the
deviation of groove widths was examined and fell favorably within

+2

od

*

[0023] As can be understood from the above, according to the
electrostatic chuck 8 of this embodiment which includes the solar
cells as the internal power supply, in the etching processing
performedonthe siliconwaferbyusingaplasmaprocessingapparatus,
it is possible to obtain all the necessary power that is required
by the attraction electrodes for attracting the substrate to the
electrostatic chuck, from the optical energy generated in the plasma

etching apparatus.
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8::

el ectrostatic chuck 11: plasma etching apparatus 12: upper

el ectrode 13: high-frequency power supply w substrate

Industrial Applicability

[0024] The electrostatic chuck of the present invention may
be employed in various substrate processing apparatuses that are
used in a semiconductor manufacturing process, a ligquid crystal
manufacturingprocess, and the likeas longas the apparatus generates
optical energy in performing predetermined processing on a substrate.
In particular, the electrostatic chuck of the present invention
is capable of attracting and holding the substrate without using
an external power supply, and hence, for example, it is possible
tomove/transport the substrate with the substrate being attracted.
Therefore, the present invention is not limited to the conventional
application of the electrostatic chuck in the substrate processing

apparatus, and has possibilities for creatingnewapplicationmodes.

Reference Signs List
[0025] 1: metal base
2: lower insulating layer
3: attraction electrode
4: upper insulating layer
5: electrode sheet
5a: substrate attracting surface
6: solar cell
7: voltage boost portion (voltage boost switching circuit)

8: electrostatic chuck

18



Cl-ainms: [Claim 1] An el ectrostatic chuck of self power supply type for
attracting and holding a substrate in a substrate processing
apparatus that processes the substrate while generating optical
energy, the electrostatic chuck conprising: an el ectrode sheet
including an attraction el ectrode; a nmetal base having the

el ectrode sheet |am nated on an upper surface side thereof;

11: plasma etching apparatus
12: upper electrode
13: high-frequency power supply

w: substrate

19



an i'nternal power supply for obtaining power to be supplied to the

attraction el ectrode; and a voltage boost circuit for boosting
vol tage of the power obtained by the internal power supply,
wherein the internal power supply conprises a solar cell, and

receives the optical energy to convert the optical energy into the
power during the processing of the substrate, to thereby cause the
el ectrode sheet to attract and hold the substrate. [Claim2] An
el ectrostatic chuck according to clais&inds wherein the optical energy
i's obtained by ion inplantation, plasna irradiation, exposure,
sputterifmaial @3ni ng, anneakn ngledticdakitar, chcli £ Usd 1o podirCRubply
performed when the substrate is processed. [Claim3] An electrostatic
chuck aegpredidiatbrated iy An@hoddihyrd hesstoemy ishrabehange proekageng
nmeans.
apparatus that processes the substrate while generating optical
enerqgy,
the electrostatic chuck comprising:
an electrode sheet including an attraction electrode:
} a metal base having the electrode sheet laminated on an upper
surface side thereof;
an internal power supply for obtaining power to be supplied
to the attraction electrode; and
a voltage boost circuit for boosting voltage of the power
obtained by the internal power supply,
wherein the internal power supply comprises a solar cell, and
receives the optical energy to convert the cptical energy into the

power during the processing of the substrate, to thereby cause the

electrede sheet to attract and hold the substrate.

[Claim 2] An electrostatic chuck according to claim 1, wherein the
optical energy is obtained by ion implantation, plasma irradiation,
exposure, sputtering, cleaning, annealing, oxidation, ordiffusion,

which is performed when the substrate is processed.

[Claim 3] An electrostatic chuck according to claim 1 or 2, further

comprising charge storagse means.
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[Cdaim4] An electrostatic chuck according to claim3, wherein the
charge storage neans conprises a | arge-capacity capacitor or a
rechargeabl e battery. [Claimb5] An electrostatic chuck according to
any one of claims 1 to 4, wherein the solar cell includes, on a |ight
receiving surface side, a protection |ayer made of quartz gl ass.
(claim®6]An el ectrostatic chuck according to any one of clains 1 to
5, wherein the solar cell is disposed on the upper surface side of
the netal base or on a substrate attracting surface side of the
el ectrode sheet for attracting and hol ding the substrate.
[Claim 4] An electrostatic chuck according to claim 3, wherein the
charge storage means comprises a large-capacity capacitor or a

rechargeable battery.

{Claim 5] An electrostatic chuck according to any one of claims
1 to 4, wherein the solar cell includes, on a light receiving surface

'w side, a protection layer made of quartz glass.

[Claim 6] An electrostatic chuck according to any one of claims
1 to 5, wherein the solar cell is disposed on the upper surface
side of the metal base or on a substrate attracting surface side

of the electrode sheet for attracting and holding the substrate.
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