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Description

Title of Invention: ELECTROSTATIC CHUCK

Technical Field
[0001] Thepfesentinventionrelatestx;anelectrostaticchuck

including an internal power supply.

Background Art

[0002] In a semiconductor manufacturing process, an
electrostatic chuck is wused for attracting and holding a
semiconductor substrate in wvarious apparatuses such as an ion
implantation apparatus, an ion doping apparatus, a plasma immersion
apparatus, an lithographic apparatus using, fof 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 ligquid crystal manufacturing, the electrostatic
chuck is used for attracting and holding an insulating substrate
in a substrate laminating apparatus, which is used for injecting
liguid 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 a glass substrate. Then, when -a predetermined voltage is applied

to an attraction electrode included in the electrode sheet, an



[0002] I n 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
(EW) lithography, and a wafer inspection apparatus for silicon
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manuf acturing, the €l ectrostatic chuck is used for attracting and
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formed on a surface of the electrode sheet and with this surface
servi nd' AL Eupst + At @%FFF&&H%G%G%%E@ FHE AR r dfed Gage 1n which
attracted with electrical force. A dielectric material, a
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the substrate to be attracted. However, as for attraction force to be
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non- conductor such as glass or a polyimde resin, static electricity
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attraction force relies on gradient force obtained through spatial
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sem conduct or substrate such as a silicon wafer or a conductor such
as a netisdld.t hénathe agtHeonhhadacin evedchyetde alsbnseonatbek forcerate
whi ch has even higher attraction force. The attraction force varies
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by which the attraction force is generated, and such other factor.
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several g/cn? to several hundred g/cnR2, which are relatively high

val ues.attraction force. The attraction force varies depending on 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 liguid crystal manufacturing apparatus, a
high-voltage power supply 1s 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,.
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[ 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

acqui r sgedredel eryi nedeatdraati gt f1olCechusResildecal hy1udd® an input
el ectrostatic chuck side includes an input term nal for supplying
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whil e receiving the supply of the power fromthe external power
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2) . According to those erecCtrostatic C

el ectrostatic, chuck, i ncl udes a r suppl and hence, .for exa e,
Gur i no 25t Chprufetabtod Seneich BF e 2EBREY nailve s Sobbayas; TP ey ess
nnve/tr$$§$o t the substrate in a state jn_which the, substrate is _,
hel d. & i BT EFemP gt,e‘rrﬁe{e? fERPALAResed electrostatic chucks including

a battery as the internal power supply (see Patent Literature 1
and Patent Literature 2). Accordingto those electrostatic chucks,
the main body of the electrostatic chuck includes a power supply,
andhence, forexample, duringorafter theprocessingof thesubstrate,
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 A

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 cof the substrate processing performed in the

substrate processing apparatus cannot be covered with such a power



[OOOE;] Patent Literature 1. JP 2007-12942 A Patent Literature 2: JP

2007-53348 A Summary of Invention Technical Problens [0006] However,

even if a battery, a storage battery, or the like is provided as the

i nternal 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 is a problem that the internal power
supply 1is made larger in order 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, withthe electrostatic chuck including
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, intopower tobe supplied to the attraction electrode,
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
or the like for a long periodof time. This has lead tothe 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.
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chuck, all 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
supply is made larger in order to secure sufficient power. In

additi gp1dtese ©f oSS | i ties of, for exanple, contam nation of
peri pheral equi pnent including the electrostatic chuck due to the
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by a | eakage current. [0007]1n view of the above, the inventors of
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the conpl etion of the present invention. . ,
supply for obtainingpower tobe suppliedtotheattractionelectrode;
and a voltage boost circuit forboostingvoltage of the power obtained
by the internal power supply, in which.the internal pcwer supply
includes a solar cell, and converts 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 1s generally about *1

kV. Meanwhile, a necessary current is determined by an insulating

resistance between the attraction electrodes and a leakage current



[ 0008] Therefore, the present invention has an obj ect to provide 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
for attracting and holding a substrate in a substrate processing

appar atést h dalh cpReG a3 eréited SURSIAE ,\bé L Su S8 RIAE 1 88t PPEE £8) ¢ chuck
energy, the electrostatic chuck including: an el ectrode sheet
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sheet | am nated on an uppér surface side thereof; an internal power
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; and a vol tage boost circ or boostin ol e of t
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above is estimated at about 2 x 2 (pA) x 1 (kV) = 4 (mW) in total
for theattractionelecitrodes beingopposite toeachother. Inother
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 sclar 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 gspectrum, and even in the case of the ultraviclet 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 ectrodeshi N REMGd WHalgshane (Ssemdanan shapeh kWP (8 min/cm?) .
di aneter of slightly less than 300 mm are used to configure a bipolar
type, ildc havi . ohi i ;
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extrene jgh in the first place, the value of the current is about
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attracting and_holdin% the silicon wafer described above.is estinmated
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el ectrodes, bei ng opposite to each _other . In other words, the
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may be relatively small. [0011]On top of that, as for the solar cel
enpl oy ¥ 4GP H prazefiatwwehdi 6ANVERERLE 18 teo PHALEG HANGLIIY + atHore,
thereon as long as the solar cell can convert, into electric energy,
opt i calspatErfgyc exkamphgsi wi hehei siublsg rane WreeRsvind bpghratasgashat
in a natural environnment as well as artificially-created optical

ener gy frowcd e angheptivpait reer ghigengeneedtbygt det scbbteradrgy include,
processi ng apparatus as descri bed below). Further, the solar cell may
be a sdtaxakkedpdé) iaconos dimgl agelalt i@mn apya betas senciadd ddping apparatus,
dye-sensitized solar cell. For exanple, the power conversion
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| ar ger over the whole spectrum and even in the case of the
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of the ultravio
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
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| i ght range, the energy per unit area is 0.002 Wcn2 (2 miWcnR).
Therefore, it is quite feasible to cover the power required for the
attraction electrode of a general electrostatic chuck (about 4 mN
with the power acquired fromthe solar cell (2 to 10 mMNWcnR2). [0012]
According to the present invention, in the substrate processing
apparatus that processes the substrate while generating optical

ener gy i i@ dept iiGal crenes gymgesaer aEedhienstibe tsubst HabeeRi0eQSSipthratus
apparatus is converted into electric energy. Here, specific exanples

of thepahsisabeipregessnggapPay aluss thale Rheeessescbha slstd A tal
whi | e generating optical enérgy include, for exanple, an ion
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apparatus, a plasna i mersion apparatus, a plasna dopi ng appar at us,
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sputtering apparatus, a fi g cl éani apparat us, a T anp annealing,
an oxi dation t.reatnent paratus, and a thermal diffusion apparatus,
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t he specific exanpl es includg a substrate |a 'natiqgfaﬁgaratus used
for filto RYSEPYuPATEFY<YalSBEt WRET GHEESTRHEST rites *&rf P o My °F
apparatus, an, etching_ apparatus, an ashing agparatus, as utterin%
appar ati§r 9y %R/@)l’é%‘bg%ﬁt{)%}e%daqﬁ@r%e%? FHIY I SHpar B e S UREEHe
are used in the field of liquid crystal manufacturing. Further,
cleani@§0§@5§&PﬁaceFPFéﬁFW§a@r&Hbﬁ SRS IBGRRPR R hghg ultraviolet
apparatuses are included in the exanples of the substrate processing
appar atldghife dayslaidamintdte WEVY ngs opcaesabser at énnhie don figilavdmslion
nmetal or plastic is attracted to the electrostatic chuck, to thereby
per f or mppecesssi, g dbnps asnee osedoird thadivdsStoretor poohesssnglyenerates
processing. [0013] The optical energy generated in such substrate

pr ocesshegvappat atluisgs: asdnend iudrigd valoded asghhe ekampkeslashzresdhdng
energy directly used in predeterm ned substrate processing or energy

i ndi r eaphyrgener atechd rlamegt hae enetigye usiesht anbhehsubbtratfolet light
processi ng. For exanple, in the exposing apparatus, the ultraviolet

i ght  ianeldehdig tdio FVakmagenes ahed.ampe e 1101y 4Pl patas| @Re visible
apparatus, an ion source used for the substrate processing generates
the vigiibhe linghtranditthe wldireaviialett ld@htgendt kel Hrg edetlirnd amp
apparatus or the like, the visible 1ight and the ultraviolet |ight
are geper atgdyd! a5 10ddh 1hRpl aMpe ADNGRld NYLAPPAL AN ol DoV S4 R
| i ght and the ul traviol et IlghP are generated froma xenon lanp or a
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is conceived that such sulbstrate processing apEaratuses as the ion
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apparatus using plasma have a | um nance of about 10,000 |ux at the
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generate the visible light and the ultraviolet light to generate

plasma. Thus, it is conceived that such substrate processing

apparatuses as the ion implantation apparatus using the iZon source



Not e 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 processing apparatus that
generates optical energy indirectly fromother energy used in the
substrate processing, but, for exanple, the electrostatic chuck may

al so beyisedd ﬁl@sﬁlﬂbé{:&ﬁiﬁgpéﬁﬁz?ﬁﬁlﬂg AR diusrahabveesel @hLSance of
optical energy froma fluorescent |ight used as illum nation.

Hoveverab fultomot, 0@ oPegPeeting 18tcROVWBE t oREBENEch I £ 0Ny t g ose! @/36@% lbhe
it is preferred that the el ectrostatic chuck be used'in the fornmer

substr af & QeSS MY APRANALyaes. [0014] The sol ar cell used as the
i nternal power supply may be i1nstalled in any portion of the

el ectrostati g Ghugk, Ho p@vas_vehnasgegmgrgy%rggléh Hech dhato g o

optical energy is nor e suppl e m an upp
substrate. | %h ubst roc SSIn err t
t he sol%elllﬁlc}p ghgll%g <t & Vr?nsuc pEP |%rna t t e Eoﬁ =t %traat
does not_ bl ock the rece tion, of the o %lcal energy, such
Sur f ac@"SIHE G REPRSEL D08 FaRENG 8 Bst?awa?ﬁ%%mﬁiﬁﬁ%“fakﬁ iged
si de of th% el ectrode sheet. Further IS onI necessary that wre
connectilofiPFeSHRAET#bF RHRCHRAERT (4 Géesabbﬁréa P iR EPe5 K PRSIt S
to the attraction electrode. The attraction el ectrode and the sol ar
cel | msﬁbad'e FeSEFEF S Bt LGt édredided ihgh&c oy P h € t[diedp SS€F Bt usred
same | ocation. Besides, the attraction el ectrode and the solar cell
may be idbihecEBRSEY akewPrecesaindastat cabPe, examb bk s e ¢ lagdhr asiat ic
the attraction electrode and the solar cell are spaced apart from
each otdierck Natve allsgt bea Usaghtiny ecaudsiy ahd frrseesisdadofaptse adolsarthat
cell may be provided with a protection |ayer nmade of, for exanple,
guar t z ggireg twist hophiécailm ehepgpt ettdmg & hé lsolrasceet] Agghnhstused as
exposure to plasma or the like. [0015] Further, the electrostatic
chuck dflltume nprrésent However, from the perspective of power obtained from
the solar cell, it is preferred that the electrostatic chuck be
used in the former substrate processing apparatuses.
[G014] 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
processing apparatus, it ispreferredthat thesolarcellbeinstalled
in such a portion that the solar cell does not block the reception
of the optical energy, such as an upper 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 soclar cell to the attraction electrode.

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



i nvention includes a voltage boost circuit, and uses the voltage
boost circuit to boost the voltage of the power obtained fromthe
solar cell. The voltage obtained fromthe solar cell is several volts
at nost. In order to convert light into voltage, a silicon solar cel
utilizes a band gap between different types of sem conductors, which
is called the photovoltaic effect, and hence the voltage thus

obt ai naeh te3y rHRd maMSe b UJr hhe 1Y/ 81 5898k bIACEhS Qe COLLEidAS Besides,
mechani sm uses a chem cal reaction as in a nornal battery, and hence

the voltage dis- 3MBldn AAHNIdhd 1O A8 QA Ay PER AR08y
that enables the electrostatic chuck to obtain a sufficient

attract) %brfé),r c&, 4P AltLactpife éHEﬁh&@%‘éseB‘JEB%S.tfh%%mtth%e asc@f’zi:{:lction
cells may be ‘connected in series. wever, taking into account the

f oot print h i.ke e.l vj.de vol S ircu
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and the.sol ar ;cell may be formed in an,in rat ed manner as, needed or
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circuit .and the solar, cell nmay be connected by a wire and di sposed .
Such t HAER e RF6l a0d Fodey s AT S 1Te SR Srel U hts SHAced #ith
apart from each other. Further, charge staqrage neans, such as a

| ar ge- CAFaGHY CapFATEST 109 e aidfediild FHAESE SHRP DE ricvikdeFma
so that the electrostatic chuck can store surplus power. It is

desi re®1t f&e duddt®-charge storage means be thin and |ight. Here, the

| ar ge- capacity capacitor normally refers to a capacitor having a
capaci thy03511 F or Fnakger. | aheeceincleadtsat o wichelakar pét ytid fussent
| ar ge- capacity capacitors have been avail abl e and used as substitutes
f or batingneings crandctliglegonerodapaei byoshecenfuthn ded astd srethed vatl th@e
mM/g at the least in terns of per weight of the capacitor. For

exanpl éecasseniregithad bHbesnadse ofolitegecagachtopowsr 1fbigainéd afrom the
calculation is carried out for a case in which the power consunption
of t he sellaat redtlat i Thehuckt & §e dolot¥ Asedescom btk adover;, @ Irlesid tseveral
t hereof shows that the electrostatic chuck can be used w thout being
suppl i e@d1wist Atopbseal ehnef@led alo abewier251hguesintd vS1teed) es8$illd con
say that the stored power may be used for the electrostatic chuck,

such agdheirngceupplied i 94 hey abhhactdsh elacidLedediFrcaddit i Opped hef
stored power nmay be supplied to other external apparatuses than the

el ect r qatdldon deliek s, [ QR16HRW thenesStRL I ald todd die RYBLLE], YaknoWhce
el ectrostatic chuck, the electrostatic chuck of the present invention

is for j i, fl rf oSi Lbe, ,
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the el ectrode s tion el ectrode. ere 1s no
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and hence the voltage is small. Accordingly, in order to attain
such a voltage that enables the electrostatic chuck tc 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
boostcircuit, 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,
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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, @ denardlgeReliode rehaet ahackHdesol asubal 1 Nha ) ayerS iU by
upper and | ower surface sides of the attraction el ectrode. The

attractd qn &l egld ofesdpude dist dafhd N e ddidtddbe L&%ulaaﬂdadcpwe

| ayers, and an interelectrode insulating |ayer  may be interposed

bet Wee% Sefitaﬁ:%‘%eédée){becfﬁﬁ E%@%?n ef&{ ther!, ndﬁ%@é}‘lé‘ﬂ gﬂ%?f;e forage

mat eri al aV|ng shape and a pr edet erni ne

thi Ckn?r%sa ysggg%%eg’lgrg%l—%g '3%1%”@%}?&‘&%&9855 l'l:g]a ng gf)le b%ttebré/

exanple nsu a er

forned ram er

i un iR £ BECTAIRR SOvdMC o BBCoeR i goT ARG lider” %ﬁh%%esrufpgsus
for the attraction electrode art fromnetal foil, a net film
fornedPEW?i'sngtéﬁu ﬁsﬁﬁ?ﬂ Ehag SHoh %h%f9%955%¥?&ﬁ1m%ﬁ“§ |ﬁﬁ&§ and
maybe subjected to etching into a predeterm ned shape, to thereby

for m t He Bt r adf6n @P@c@%&@@ CﬂP@€Pﬁ§tF@@ﬁfltpﬁé“éFFP&éﬂ‘6ﬁfers to a
el ectrode maybe obtai ned by, for exanple, the spraying of a
conductGRE Gt hév ie apFRrRBFAGY 0P L ﬁ%§¥blé6ﬁG&Ctl§§ Fetenrt vears, a
Further, the shape of the attraction el ectrode may be set as

appr opr‘nilaiteevaéa@ i g seveh harggpearagbtyicapagitor phavheb seib stvisdtlalle
be attracted. For exanple, the attraction electrode may constitute a
so- cal leedl b pdlegrs st rwstatpos ehrck,ids whi chevwdvegeabscappltiredaas
two attraction electrodes , or may constitute a uni pol ar

el ect r stratiec ecliioleteNotée fllanihi’gnanutiaet Leasgt heet @ots osf qtdc wehudk
of the present invention, the electrode sheet may be bonded to the
upper sufrfiaoe sadecdtotrhe Aetrakxbhagéet hraeugimiay itter neldé ahken off ahe
bondi ng |l ayer, or the lower insulating |ayer, the attraction

el ectr edgacintd He appegr, tAsHl abloglbiayen taycHerl edi cat etbOm tdise in
upper surface side of the netal base. Advantageous Effects of

| nvent iven Ji0@LE] AeGerdis8stpt Nen &b £t Slildte MGk Okhtbe PEesai as
i nvention, the optical energy generated while the substrate

Proces H G ARRAT Absve | & PEOCEEThRG LR RIPSLhat &S caBY ebEedtl Blduck
power by the solar cef I, and the power is supplled to the attraction

el ectr %.b%pu%E%r@9¥h€9kdbéﬂﬁg599%$i§%? Sopﬁf@af|£ﬁéf§§h] #;%?out

chuck of the present 1nvention’is generatlng type, oes

not 1 egy g the et ernalo pavel. 3UPOLY ¢ AN0 % 3 gg%@ ALy BNy

and transportlng t e substrate in ein els

attr ath%% the e?L% sltatl cﬁﬁ?& | bl cﬁoassk%lgfngss%lg 1 e'Fﬁp géﬂl:ocfratc ion

i nt er nal” “power supp al'so 6ré S8 no" po
i rpl | ISR - ?Pu%ﬁi%ﬂgtwf%r%&ﬁ Shersr RO R o t&%f}gghes to other

el ectrostatic chuck resulting in reduced failures and the |like, and
al so r@§&ﬁﬁ3i}|%PH%&§9W%§ﬁ qaﬂﬂq|4%?qqﬁ°%;§ﬁd‘66§&Fﬂbn use.

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

particular limitation on the shape, the structure, the size,

11
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Brief Description of Drawings [0018][FIG 1] FIG 1 is a perspective
schematic cross section illustrating how, in a parallel-plate plasma
et ching apparatus, a substrate is attracted and held by using an

el ectrostatic chuck of the present invention to process the
substrate. [FIG 2] FIG 2 is a block circuit diagramof the

el ectrostatic chuck of the present invention for supplying power to

attract)on. £| ecLr des Eﬁbﬂg%i %E%ﬂ%%&%’rf9}‘1’8%1‘@%*&%%%%8&%9' Aowever,

cel | s.

Description of

to give an example, for example, the metal base is made of aluminum,
copper, stainless steel, or the like, and generally has, on the
upper surface side thereof, a mount surface that varies depending
on the type and the size of the substrate to be attracted/held,
such as a semiconductor substrate or a glass substrate. B&s for the
electrode sheet, a general electrode sheet includes insulating
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
(Zr0Oz) 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,
theattractionelectrodemaybeobtainedby, 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
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[ 0019] Her ei nbel ow, with reference to the attached draw 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 plasna etching apparatus 11, a
silicon wafer wis attracted and held by using an el ectrostatic chuck
8 of ReRESele L BYARLI IR0 ROIIOLMEL EBLRYC PESRRS! Ny i EA% 01 tage

silicon wafer w. In the electrostatic chuc accordlngtot

enbodi r&%ﬂ%p%fﬂegk%%@gmge@a R did O R HOREL e SU gs%ﬁp%%ar

of a net ase ichis m um numa ness of

12 mm and, & i Amster o0l 340 . The, elealL ¢@@.ﬁ 5oh8 JUIEL AL o

| ami natl NG, Upper sarfaté SI ron electro

 osnec i, %ﬁ“”ﬁ?%&ﬁrhﬁiﬁﬁ%ﬂp% r%l& SR ARt aﬁ%&%&ed

of 100 pm_ and a diangter aqf, 29 he el ectrqde sheet

ot £ act O h IR GRS, 35850 Hrade WO Tk PaRVT G 48 ﬁpem%fgﬂ%ﬁlar%zwn
pm and two el ectrodes in a sem ci rcul ar shaEe [(isem | unar. shape ,
havi ng & @i RRBEEPIotaPeR ik & dic¥isdséas8dehiPHat 2dPanetles & tion
t hereof are op osed to each other. Further, on the el ectrode sheet 5,
ei ght $diemtrasia s apd( Nv%mserrﬁezmmaﬁm%dlwrsmvoba edpingted on the
Ltd., having a total light receiving area of approximtely 3 ch)

whi ch aparadaediacisyigifo st sihg awmiandamire a di mension of 10.8 nmm x
31.8 mMmm x 1.1 nun (thickness), are nounted in parallel in a portion
that is |ocated on a periphery of a substrate attracting surface 5a
to which the substrate wis to be attracted |later, and that does not
at t r actAdvizen tsagestusatief fleadreeady ISulgnieicdired t o anodi zi ng) . Further,
the netal base 1 is integrated wwth a voltage boost portion 7

i ncl udi[my 1& Jvol t agechaasiti ngwiticC hiheg edigatitidst aNdice dthatk dfhecHd ghtesent
receiving surface side of the solar cell 6 is provided with a quartz

|l ayer (ingtersliaM)) bBB¥I ngp# ddl Clnesgyof gdbdrpradd tihitlke ahe afubstrate

protecting the solar cell 6 against direct exposure to plasma.
processing apparatus is processing the substrate is converted into
power by the solar 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 1s attracted. Moreover, it is possible to suppress the
upsizing of the internal power supply, and also, the‘re is no
possibility of contamination or the like. Further, it is possible
to achieve simplification, including the peripheral equipment oi

the electrostatic chuck, resulting in reduced failures and the like,

and also resulting in excellent reliability for long duration use.
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[ 0021] As descri bed above, the electrostatic chuck 8 according to this
enbodi nent includes the eight solar cells 6 having a total |ight
receiving area of 3 cnR2. A voltage generated using natural light is
4.5 V at a maxi num and the anmount of current per unit area is 0.3
mA cnR. Therefore, the eight solar cells 6 correspond to a total

power (mA of 3x4.5x0.3x8=32.4 nW Then, with a plasma apparatus, as

deSC”lﬁi}épq%%ﬁfﬂﬂ%£Oﬁué%(Hr%i§ﬁ§40tal power can be expected to be

generated, an ence power to generated by the solar cells 6

| et udegdiy egf he el aghist s, CUC, Bel-So@RRE QXTI A A el cPUL s 1Lt 4

of the in the ctrostatic c¢ according to IS
enbodi t, Jt .S ass that_t t-tractio lectr
constl LI Hg E UTSEIEt v aRd aadid o e Do ST apra o

in a block, circuit.of e electrostatic chuck (electrostati,c chuc

Syt eny’ SCESEARNG L8 Thr P ErEARAE N Pk PAPEAT iF F G P CHotait Puc
obt ai ned. fromthe saolar cells 6 s boosted t he vol t age boost

por t i o7 GHft &S i e Rt d1° E&?&ef%rﬁ% 5 %p%_tr&ﬁq ‘al difference
bet ween t he el ectrodes becones 1 , 000 V. The voltage boosted by the
vol t agd B¢ost? lcif&ui t2 118 Suppla%dd HF e e T & i6iF & 3c
but a switch for renotely turning.CN/CFF t he chuck operation of the

el ect r g3yt ©fcRbEkPresedhndeveationt her vorrRYeI BHRIVPorits Gf traction
Further, a potentionmeter (not shown) is externally connected with the
ai m of ad@ntrisidamdyt e Mol zigge aleBeggipliedarse v &alagetqedn s-

el ectrodes 3. Note that, the potentioneter nay be integrated in the
netal base 1, and further, the above-nenti oned OV OFF switch may be
omtted, thereby exerting attraction force in synchronization with

t he gerersatrigtiehm plfadmbadindre pl asma apparatus. [0022] Then, while
causi ng the above-nentioned el ectrostatic chuck 8 to attract and hold
t he siljiooare waf er Wehadinhglawdi abehere i r 306 My tap oxiaehdd Idnofirtdss
substrate was subjected to the etching processing in the plasm

et chi ng: appaaties Bhbddinfnt 0T arderpiaseft iiciwnidipiitid isgecifically

generated plasma, while evacuating a processi ng chanber of the plasm

et chi ngiappanRids Lidicatheartine p@asehitNihfbfition is not limited to the
description below.
[0020] FIG. 1 is a schematic cross section illustrating how,
in a parallel-plate plasma etching apparatus 11, a silicon wafer
w is attracted and held by using an electrostatic chuck 8 of the
present invention to performetching processing on the siliconwafer
w. In 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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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 an upper electrode 12 and the electrostatic chuck 8, thereby
generating plasma. Then, the etching processing was perforned on the
silicon wafer w at an etching rate of 8K AAmin for 3 mnutes under
conditions that the frequency of the RF was 13.56 MHz, the supplied

power Q%ié/x‘ﬁe#@? 2% ob! AW, ral_{r?%h@ei@@tf@@% ‘eeehe@)seéhé"%{teu%ﬁoclon

sccm and 50 sccmfor argon and CF4 respectlv degree of

vacuumd, %ét'l%d%rso%e%%' G 'éagtBeEPp’Bé %v?ﬁ Q“E'hi@?l LeapSE af 4ing, ofy g

t he substrate was a resu een confirnmed that

hi gh- f o o] can be bl | i,ed W thout, anamal,ous h ati.n
of the su etqg%t%ov(\gens a%nor i %y r|ycr}lslaaglgrselwleapo Seieclfﬂululﬁz%1 “or Shasp eil glneﬁl
di spl ace Furt t he processed silicon f d for
he’ deft NESBPEEFchod Y G0 aE mﬁfﬁpaﬁe&% Shoh 81 alebBe AN M
depths were 23K A .on avg e. In_additio t he d V|at|§ ggﬁgé ove,
wi dt hs 3REsCRRAFFASP SRGTRITEF av SHEBIF twi ‘P%tﬁle@ 51 H923)° et ght
understoaqd fromthe above according to the electrostatic,. chuck 8 of
this efSddTERL LjthPchARRS Llednaie agmred &y SANEOt heerhE F il - fp&vFé?i'

supply, in the etching processing perforned on the silicon wafer

usi ng élaﬁll@gnﬁ b@%@és%%ﬁgt appariatiog areai of g Bt idnatee bbttark b IWT{JWE,h
necessary power that is required by the attraction el ectrodes for

at t r actéingg Melde SbsmcaRaue e Idlasr tarsh thatiee acfigiensiragmathd bt imm|

energy generated in the plasnma etching apparatus. |ndustrial
Applicadi-l8imp x 1.1 mm (thickness), are mounted in parallel in a portion

that is located on a periphery of a substrate attracting surface
5a to which the substrate w is to be attracted later, and that does
not attract the substrate (alreadysubjectedtoanodizing). Further,
themetalbaselisintegratedwithavoltageboost portion7 including
a voltage boost switching circuit. WNote that, the light receiving
surface side of the solar cell 6 is provided with a gquartz layer
(not shown) having a thickness of 100 pym 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 toc be generated by
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[ 0024] The el ectrostatic chuck of the present invention nay be

enpl oyed in various substrate processing apparatuses that are used in
a sem conductor manufacturing process, a liquid crystal manufacturing
process, and the like as |ong as the apparatus generates opti cal
energy in performng predeterm ned processing on a substrate. In
particular, the electrostatic chuck of the present invention is

capabl %[h%f abigacddg angd holdigd hfnSl{tPl%tr@i@cﬂ‘&é@@é‘ﬁlés'dﬁ%c@{n 8 is
external power supply, and hence, for exanple, it Is possible to

move/ t, g%@{%&natt%q 4BSIEAL el § I e SURS U DAING i hathedsearsc

Therefo ent Invention 1s no to t he conventi ona

appl i catl on o %c{:]ggdfhg%y IS, | 0 LS SUBRL B8 B 8988909 1 on

appar at'us, Si'b tres crea I Ng new a I catl on

ESI?;gP %ﬁ%§%§%F*3d80L092§£%lng t%upéi %yp%oggé 5839&9 éqg:%%ﬁ%agés
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
1l 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 1s connected
to the voltage boost portion7. Further, apotentiometer (not shown)
is externally connected with the aim of controlling 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/QOFF 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-menticned electrostatic
chuck 8 to attract and hold the silicon wafer w having a diameter
of 300 mm, an oxide £film of the substrate was subjected to the etching
processing in the plasma etching apparatus 11. First, in order to

efficientlyutilize generated plasma, while evacuating a processing

chamber of the plasma etching apparatus 11, a reactive gas (in this

16



4. upper insulating layer 5. electrode sheet 5a: substrate attracting
surface 6: solar cell 7: voltage boost portion (voltage boost
swtching circuit) 8: electrostatic chuck

case, CFy) was introduced froman upper side of 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 silicon 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 scem and 50 scem for argon and CFy4, 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 electron
microscope, and the depths were 23K A on average. In addition, the
deviation of groove widths was examined and fell favorably within

2

o@

[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, fromthe optical energy generated in the plasma

etching apparatus.
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1

pl asma etching apparatus 12: upper electrode 13: high-frequency

power supply w. substrate C ains

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 liquid crystal
manufacturingprocess, andthe 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
to move/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, andhas possibilities for creatingnew applicationmodes.

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



[Caim1l] An electrostatic chuck for attracting and hol ding a
substrate in a substrate processing apparatus that processes the
substrate while generating optical energy, the electrostatic chuck
conprising: an electrode sheet including an attraction el ectrode;

a netal base having the el ectrode sheet |am nated on an upper surface
si de thereof; an internal power supply for obtaining power to

be supplied ti0 .t he Alls agtdionh £l 84048 and a vol tage boost
circuit for boosting voltage of the power obtained by the internal
power SUpplyQZ: upper electrode

13: high-frequency power supply

w: substrate

19
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wherein the internal power supply conprises a solar cell, and
converts 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 electrostatic chuck according to
claim1l1, wherein the optical energy is obtained by ion inplantation,
pl asma irradiation, |ithography, sputtering, cleaning, annealing,
oxidation, or diffusion, which is pgffeopged when the substrate is
processed [Clain13] An el ectrostatic chuck according to claim1 or

2, furths .
ol cct 1 JRLATE Thu ‘%é”%%%??%%ﬁ%%r?%% S el €1 o e Lnarde e age °
eans %J]%D;gnses 3. 41 98peapactty, 62 ac%rrcgrgag <Rabpenargeqhl e hatden

[Claim r 8s |c c accor any one al s
4, wher ei nt heso arc II|ncIud s on qht recervrng surface side, a
pr ot ectSGiF | rﬁ\}@r 7' gI°Ass, ener

the electrestatic 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
converts the optical energy into the power during the processing
of the substrate, to thereby cause the electrode 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,
lithography, sputtering, c¢leaning, annealing, oxidation, or

diffusion, which is performed when the substrate is processed.

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

comprising charge storage means.
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[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

side, a protection layer made of quartz glass.
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