DESCRI PTI ON  APPARATUS FOR REMOVI NG FOREI GN MATERI AL FROM SUBSTRATE AND
METHOD FOR REMOVI NG FOREI GN MATERI AL FROM SUBSTRATE TECHNI CAL FI ELD [ 0001]
fThe present invention relates to a technique for renoving foreign materials
deposited on, for exanple, a substrate which is nmade of silicon or a
silicon conpound and wused in a sem conductor device manufacturing process
Or a substrate which is nade of glass or a resin and used for a flat panel
di splay or the like. BACKGROUND ART [0002] Wen sem conduct or devices are to
be manufactured on a substrate made of silicon, glass, resin, or the like,
there occurs such a problemthat DESORIFTICMhereof is reduced by the
presence of foreign materials such as dust and particles, which are

deposi t ed AppARETIRNHORCREMOVENGPPOREIUS MATERYAT NBRORVEUBDIRASEVWERD
apparatuses. In recent years, it is required to control foreign materials

on not only a R fﬁ@ﬁ i Itdibfe W dyctf Sq%@.Itq&sli re forned
but also a rg{ar s‘lijjr ace, ét&?\}dg{yogﬁsur g@gﬂﬁ |2‘h 'S 1n contac BaV\,ith

apparatus or mechani smconstituent nenbers at the tine of |loading into the
manuf acturing apparatus, or at the tinme of 1 handling in a transfer
mechanism This reason is as follows.

TECHNICAL FIELD

fooo1] The present invention relates to a technique for
removing foreign materials deposited on, for example, a
substrate which is made of silicon or a silicon compound and
used 1in a semiconductor device manufacturing process or a
substrate which is made of glass or a resin and used for a

flat panel display or the like.

BACKGROUND ART

[0002] When semiconductor devices are to be manufactured
on a substrate made of silicon, glass, resin, or the like,
there occurs such a problem that the yield thereof is reduced
by the presence of foreign materials such as dust and
particles, which are deposited in the manufacturing apparatus
or during movement between apparatuses. In recent years, it is
required to control foreign materials on not only a front
surface on which the semiconductor devices are formed but also
a rear surface, that is, a surface which is in contact with
apparatus or mechanism constituent members at the time of

loading into the manufacturing apparatus, or at the time of



When the foreign materials reside between the rear surface of

(substrate) and a stage (substrate chucking surface) for holdi
+ he wafer cannot be fixedly attached to the stage and thus is
lifted up. Therefore, it is likely to cause a focus deviation
exposure apparatus or it is likely that insulating |ayers for

a waf er

ng the wafer,
partially

in an

el ectrodes of

an electrostatic chuck are damaged by the foreign materials deposited on

the rear surface in an etching apparatus to cause irreparable

darmage to the

el ectrode layers of the electrostatic chuck by discharging. In_addition,
t here mhypndd ing groll émans ferameadharfiemei gihiat seprgbs aseasi fedlowse a

formed layer during thin filmformation in a CVD apparatus or

the like.

[0003] KWnegengieal fope ivh ehabekdre ss ersddrd dtafedlevi @S reand sili€ aldek e far e

manuf actured is subjected to sone cleaning processing. However,
probl emyi n 4t , EQBs%éE@b and 0§ €593 gaBt F‘édk?ééré@é’a&ﬁhéﬁlh

bath for cleanlng the wafer are deposited on another wafer ?o

there is a

asmﬁifea%y ng

cause the

dlsper5|on mat e |aI conta nant s arti.cul ase
there ¢ 1ot Jrdcnt e o e hy oS, B ORnERrmO B coralbn A ATt S egi on
and the like are contam nated by the foreign materials, the junction

pot ent i &het heragn @adi ddus Ther arditdalilie Lharedt 8bi.stThereforhe ddviices are

deviated 2

likely to cause a focus deviation in an exposure apparatus or
it is 1likely that insulating layers for electrodes of an
electrostatic chuck are damaged by the foreign materials
deposited on the rear surface in an etching apparatus to cause
irreparable damage to the electrode layers of the
electrostatic chuck by discharging. In addition, there may be
a problem in that the foreign materials are mixed into a
formed layer during thin film formation in a CVD apparatus or
the like.

[0003] In general, a wafer before semiconductor devices
and the like are manufactured is subjected to some cleaning
processing. However, there is a problem in that, for example,
foreign materials separated in a cleaning bath for cleaning
the wafer are deposited on another wafer to cause the
dispersion of foreign material contaminants. In particuiar, in
the c¢ase where +the foreign materials are metal, when a
semiconductor junction region and the like are contaminated by
the foreign materials, the junction potential thereof wvaries.

Therefore, the characteristics of the devices are deviated



from desi gn values, so an integrated circuit being a final product causes
faulty operation. [0004] An international guideline for such events is
sunmari zed by the organi zati on naned I nternational Technol ogy Roadmap for
Sem conductors (I TRS) and published on the |Internet honepage thereof (URL:
http//public.itrs.net/). For exanple, in Front End Process of 2004 Updat e,
wth respect to a lithography and a tester which have strict requirenents
on, particularly, particles, an allowable particle guideline on a rear
surface of a wafer in 2006 Update nentions that a particle size on a wafer
havi ng drdmangesignf 300igam | §00.ar2 invegrdtede pimiert ofoepgana i 8l elsingek
wafer is 400. Wth respect to particles on a front surface, a critical

particl ereidiet TaudeNmaaildyt iparytiem of particles is 64. Further, a
concentration of a netal foreign material in a gate oxide of a MOS

transi stQigsg desirably ;eQual skq ook 1S ligle 1ihan Gz X D AL 151 0005]

InC|dentaIIy there Isin prlnC|p e no ep03|t|on of particles to a

which is fact ed and s ped, _an
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under a high-level clean environment, so forelgn materials may be mainly
dep03|t@@a@maﬂruiQ%feﬁemﬁcpﬂ@ugéﬁféondééﬁérlnﬁﬂﬁacpubihghaépaﬁmlnﬁhﬁ
during the novenent of the wafer between the apparatuses.

Internet homepage thereof (URL: http//public.itrs.net/}). For

example, in Front End Process of 2004 Update, with respect to
a lithography and a tester which have strict requirements on,
particularly, particles, an allowable particle guideline on a
rear surface of a wafer in 2006 Update mentions that a
particle size on a wafer having a diameter of 300 mm is 0.12
um and the number of particles per wafer 1s 400. With respect
to particles on a front surface, a critical particle size 1is
35 nm and the number of particles is 64. Further, a
concentration of a metal foreign material in a gate oxide of a
MOS transistor is desirably equal to or smaller than 0.5 x 10'°
atm/cm?.

[0005] Incidentalily, there is in principle no deposition
of particles to a wafer which is just manufactured and shipped,
and the wafer is normally transferred between apparatuses in a
semiconductor manufacturing facility under a high-level clean
environment, so foreign materials may be mainly deposited on
the wafer in the semiconductor manufacturing apparatus or

during the movement of the wafer between the apparatuses.



3 Various processings are perforned in the apparatus, so the probability of
deposition of the foreign materials may be increased during, for exanple,

<« he process of renoving a photo resist used in the apparatus and the
process of depositing a raw material on a surface of the wafer to forma
thin film made of netal or the |ike and a process such as etching for
Tenoving a part of the wafer. [0006] A nethod called an RCA cl eani ng net hod
has been generally known as a nethod of renoving the foreign materials
deposited on a wafer. This is one of processings called wet cleaning and
per f or ¥ riypus cprnbaasingsofarewn nerdeeysiongsn the. appenstecesseag tdfe
renmoving particles using a mxture of amonia solution and hydrogen

per oxi dereattiilany ase thepoPiocensidl ahd efovieAgnnehater9assUshilg e
m xture of hydrochloric acid and hydrogen peroxide sol ution. Processing

called dr I i b wn o] I of]ﬁgﬂgring,
in ordegn¥g%P§%%£gﬂPgﬁgpgﬁ%%é?%%?%§ggﬁe%%§i%ggégﬁp ?Eeéfgg&qggkfh e
(substrate .chucki ng surface si%g% of a__gem conductor wafer, an.adhesive
Lape t hEFSES tartF T hentpdda PP the BlneSe, PHIGRES 1S HEBRiroRdsct (see
Patent Docunment 1 and 2). In addition, there have been proposed, for
exanpl e rawa metentl bf obr ilngsariarer dint eheowsder wie hfprasmm tbinerfovan
foreign materials deposited on the rear surface of the wafer

made of metal or the like and a process such as etching for

removing a part of the wafer.

[00086] A method called an RCA cleaning method has been
generally known as a method of removing the foreign materials
deposited on a wafer. This is one o©of processings called wet
cleaning and performed by a combination of two processings,
i.e. the processing of removing particles using a mixture of
ammonia solution and hydrogen peroxide sclution, and the
processing of removing metal ions using a mixture of
hydrochloric acid and hydrogen peroxide solution. Processing
called dry cleaning has been alsc known. For example, a method
of adhering, in order to remove foreign materials deposited on
the rear surface (substrate chucking surface side) of a
semiconductor wafer, an adhesive tape thereto and then peeling
cff the adhesive tape, has been proposed (see Patent Document
1 and 2). In addition, there have been proposed, for example,
a method of bring a wafer into contact with plasma to remove
foreign materials deposited on the rear surface of the wafer

by radicals in the plasma {(see Patent Document 3), a method of



by radicals in the plasma (see Patent Docunent 3), a nethod of 4 supplying
dei oni zed water or the like while a wafer to which a predeterm ned cl eaning
solution is applied is rotated, thereby washing the cleaning solution (see
Pat ent Docunent 4), a nethod of blowing an inert gas onto a surface of a
wafer from a predeterm ned direction to renove foreign materials (see

Pat ent Docunent 5), and a nethod of spraying a jet water stream containing
dei oni zed water on the surface of a wafer while the surface thereof is
scrubbed with a brush, thereby renoving foreign nmaterials (see Patent
Docunensufplyidg0 de ildnieesk watierh orespertlike t weihet aclvedrirngo ahickescri bed
above, it is likely to deposit new foreign materials in the cleaning

sol uti oRrefbe eRmepRBald 1¥Aang 16l eiad NUs  §PpUL £@N;iangothe cwas g dric@at nent
thereof 'require a large anmount of cost, so It is not desirable in these

d [ [ f [ ng al ' t h t hod of
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waf er by a. stress lied to the wafer when the tape is_peeled off. In
ol curafnn G5 RR e &F {PERtares; A Bast W s Bf ErESaRL Tl | nal

cost per wafer increases (approximately several mllion yen to ten mllion

yen). Therkefedeterninedw dfrectchde Weer teRoWaf eforeliganmdiddwirals hd sieicke,

this method involves a high risk. The plasma
Patent Document 5), and a method of spraying a Jjet water
stream containing deionized water on the surface of a wafer
while the surface thereof is scrubbed with a brush, thereby
removing foreign materials (see Patent Document 6).
[0007] However, with respect to the wet cleaning, as
described above, it is likely to deposit new foreign materials
in the cleaning soclution. The preparation of the cleaning
solution and the waste treatment thereof require a large
amount of cost, so it 1s not desirable in these days in view
of environmental protection. On the other hand, the method of
adhering the adhesive tape in the dry cleaning is likely to
damage the wafer by a stress applied to the wafer when the
tape is peeled off. In particular, in recent years, with an
increase 1in size of the wafer, a final cost per wafer
increases {approximately several million yen to ten million
yen) . Therefore, in view of a case where a wafer is damaged or
the 1like, this method involves a high risk. The plasma

processing and the method of blowing the inert gas may cause

the redeposition of the foreign materials which are



processing and the nethod of blowing the inert gas nmay cause the
redeposition of the foreign materials which are 5 tenporarily scattered or
4 he deposition of new foreign materials during processing. In particular,
the plasnma processing nmay cause the scattering of processing chanber
constituent nenbers resulting fromion bonbardnent during sputtering. The
“ret hod of blow ng the inert gas requires separate control of, for exanple,
an inmpurity concentration of the gas to be used. An application for a
foreign material renoving apparatus has been filed by the applicant of this
appl i cattieoporsed 1yPat et Detedenor7) theat efrp@ociubemt ¢f Jmegr 230a08ign

Pat ent Docunent 2: JP 3534847 B Patent Docunent 3: JP 6-120175 A Patent

DocuneninaderiR1% 9446Rify ParesesBoayment Bn JBa@t22233% A thas engldasunent
6: JP 11-102849 A Patent Docunent 7: JP 2006-32876 A DI SCLOSURE OF THE

| NVENTI g}ld%%‘;%i% H2yBE 30 ¥ED BE TE‘E&WEM%JG\E%O cdé | gt N LRI F Ol

for foréign materi al s deposited on a substrate used In a sem conduct or

nanUfac%%ﬂg%lémgﬁgs%bmbers resulting from ion bombardment during

sputtering. The method of Dblowing the inert gas reguires
separate control of, for example, an impurity concentration of
the gas to be used.

An application for a foreign material removing apparatus
has been filed by the applicant of this application (see
Patent Document 7).

Patent Document 1: JP 6-232108 A

Patent Document 2: JP 3534847 B

Patent Document 3: JP 6-120175 A

Patent Document 4: JP 7-94462 A

Patent Document 5: JP 8-222538 A

Patent Document &: JP 11-102849 A

Patent Document 7: JP 2006-32876 A

DISCLOSURE OF THE INVENTION

PRORLEMS TO BE SOLVED BY THE INVENTICN

[0008] While the control for foreign materials deposited
on a substrate used in a semiconductor manufacturing process,
a liquid crystal panel manufacturing process, or the 1like

becomes further strict, a means for easily and reliably



a liquid crystal panel manufacturing process, or the |ike beconmes further
strict, a neans for easily and reliably 6 renoving the foreign naterials is
fequired. Therefore, the inventors of the present invention intensively
studied a foreign nmaterial renoving nmeans capable of elimnating a chance
of redeposition of the foreign materials to reliably renpove the foreign
smaterials and mnimzing a chance of damaging the substrate even in the
case of a large-size substrate. As a result, it was found that the probl ens
m ght be solved when the substrate to be processed is attracted to an

el ect r ogemOVé nghutke t Hrgigglera maseniaheetls angauhsefor ei Gherahpsdei altdie
deposited on the substrate are transferred to the resin sheet to renove the
f or ei gn imRteditioalss. cFheréfeor @retghat priesent liomny enmt@ensd isredonplsthetied 0GD9]
Thus, an object of the present invention is to provide an apparatus for

rendvi ng fignon mERkeNiaal S dhRridg sHRAt @ LRk e B raliimblat ROy ng
the foreign materials deposited 6n the substrate to elimnate a chance of

redeposi tign, t hereqf r.el.i ably.r Vi he faqrei terials .fromthe
subst r at& Wi €° Féﬁg&%ﬁﬁiﬂ%bi%ﬁ %ﬁ% g%ﬁé%%%t %ﬁ?ﬁ%ﬁ#%égoeJ%%%%$2¥case
of a large-size substrate. Another object of the present inventionis to

provi de Y&MO¥t hédieof foa®EdEng "RGESIiGH Sma e ald MERER A% udst redd @apd e

damaging the substrate even in the case of a large-size
substrate. As a result, it was found that the prcblems might
be solved when the substrate to be processed is attracted to
an electrostatic chuck through a resin sheet, and the foreign
materials deposited on the substrate are transferred to the
resin sheet to remove the foreign materials. Therefore, the
present invention is completed.
[0009] Thus, an object of the present invention is to
provide an apparatus for removing foreign materials from a
substrate capable of reliably removing the foreign materials
deposited on the substrate to eliminate a chance of
redeposition thereof and reliably removing the foreign
materials from the substrate while a fear of damaging the
substrate is avoided even in a case of a large-size substrate.
Another object of the present invention is to provide a
method of removing foreign materials from a substrate capable
of reliably removing foreign materials deposited on the
substrate to eliminate a chance of redeposition thereof and

being applied even to a large-size substrate without a chance



of reliably renmoving foreign materials deposited on the substrate to
elimnate a chance of redeposition thereof and being applied even to a

J arge-size substrate without a chance 7 of dammging the substrate. MEANS
FOR SOLVI NG THE PROBLEMS [0010] That is, the present invention relates to a
foreign material renoving apparatus for renoving a foreign materi al
-deposited on a substrate, including: an electrostatic chuck formng a
substrate chucking surface to which the substrate is attracted; resin sheet
supplyin% means for supplying a resin sheet to the substrate chucking
sur f aceOTr S§MRIdmde (thec FULEHATE -means for col l ecting the supplied resin
sheet; and substrate transfer neans for transferring the substrate, in

whi ch: the substrate supplied to the electrostatic chuck by the substrate
transfer neans is attracted to the substrate chucking surface through the

resin sheains aok tdog viiceiTorr praipeiEve deposited on a side of the substrate
chucking surface of the substrate is transferred to the resin sheet and

renmoved (o 0011] Thapgeqent dhaventuhf UHkhS: s8] aas 1k & J of Gl gn

mat eri al nmovi ng nethod of removing a foreign material ~ deposite

For mi ngRCeuer aF ERKGER] AP TPD FTERVINE SubSTraren| daRatd od:

and attracting the
deposited on a substrate, including: an electrostatic chuck
forming a substrate chucking surface to which the substrate is
attracted; resin sheet supplying means for supplying a resin
sheet to the substrate chucking surface; resin  sheet
collecting means for collecting the supplied resin sheet; and
substrate transfer means for transferring the substrate, in
which: the substrate supplied to the electrostatic chuck by
the substrate transfer means 1is attracted tc the substrate
chucking surface through the resin sheet; and the foreign
material deposited on a side of the substrate chucking surface
of the substrate is transferred to the resin sheet and removed.
[0011] The present invention further relates to a foreign
material removing method of removing a foreign material
deposited on a substrate, including: supplying the substrate
to an electrostatic chuck forming a substrate chucking surface
to which the substrate 1s attracted; and attracting the
substrate to the substrate chucking surface through a resin

sheet to transfer the foreign material deposited on a side of

the substrate chucking surface of the substrate to the resin



substrate to the substrate chucking surface through a resin sheet to
transfer the foreign material deposited on a side of the substrate chucking
surface of the substrate to the resin 8 sheet, thereby renoving the foreign
material. [0012] In the present invention, the substrate fromwhich the
foreign materials are renoved is not particularly limted. Therefore,
various substrates to be processed to nmanufacture a sem conductor device, a
flat panel display, or the like can be wused as an object. For exanple, a
silicon wafer, a sem conductor substrate made of GaAs, SiC, or the like, a
gl ass ssbsetat dhexepysinemayista &he foredgromgdsirdiadl: substrate can be used.
A shape of the substrate to be processed is not particularly limted. The
forei gn (matieni al s t anbe heemvetkratr ei nwaesi diat theedubethbateefoved Whian t he
substrate during various manufacturing processes and the |ike, and typical

exanpl e el heRafgr el iude; DA td £l eSendieliSi sl BSkSHa3@AR%IES12Md el Oduct
produced 1 n a process chanber. [0013] In the presént invention, a specific
nmeans fﬁ@- attracting .the substrate to_the electrostgtic chuck through the

resin sHEEESERE vy IRSTEHT g T HE T 0vei on et BFPSPS®EE (e "HEATSH&E® t o

remove the foreign materials is not particularly limted. However, the

fol | owi F§MECORAUGLST dSVEFS e chlrberdret efaBPyaPr o9rdéte like can be

used as an object. For example, a silicon wafer, a
semiconductor substrate made of GahAs, 8iC, or the 1like, a
glass substrate, a resin substrate, or an organic EL substrate
can be used. A shape of the substrate to be processed is not
particularly limited. The foreign materials to be removed are
ones that need to be removed from the substrate during various
manufacturing processes and the 1like, and typical examples
thereof include particles, dusts, resist deposits, and by-
product produced in a process chamber.

[0013] In the present invention, a specific means for
attracting the substrate to the electrostatic chuck through
the resin sheet and transferring the foreign materials to the
resin  sheet to remove the foreign materials is not
particularly limited. However, the following structural
examples can be preferably provided.

[0014] That is, as shown in Fig. 1, as a first structural
example, there can be exemplified a foreign material removing
apparatus in which an electrostatic chuck forming a substrate

chucking surface is divided into at least & central



[0014] That is, as shown in Fig. 1, as a first structural exanple, there
can be exenplified a foreign material renoving apparatus in which an

€l ectrostatic chuck form ng a substrate chucking surface is divided into at
| east a central 9 electrostatic chuck 2 for attracting a central portion of
a substrate 1 and a peripheral electrostatic chuck 3 for attracting a
-peri pheral portion of the substrate. That is, a plurality of electrostatic
chucks including at |east the central electrostatic chuck 2 and the

peri pheral electrostatic chuck 3 forma substrate chucking surface 4. The
subst r attd eFtrios tatiicacelrdck o 2t Heos uBStirace 188ucki RENSHRLad®X- 1P} 08§h &
resin sheet supplied froma resin sheet supplying neans and the foreign

mat er i alssibdgpediet ed ormrad subst patephbéuski nglesurbatetdcde obfudkhe Substr ate 1
are renmoved. Such a structure 1is preferably enployed that the central

el ect r Ogtrdla&rGRCka 2pe £OPRESRONESrEQoRl dreasie t BgpsERLEAl PORELON Of 4 he
substrate and the peripheral eleéectrostatic chuck 3 corresponds to the

peri pheral r.tion t rat.e, t i 9,8 bl e of r ing a
single aﬁlsré%ﬂétttép ﬂ%fjs,er}%(ﬁjf&le%)%r?p lgc, é-'ls}ﬁlg omqﬁ'{n& |g]%a2,aecsuc]heag§ést%g% ure
may be enpl oyed that peripheral electrostatic chycks are | ocated on both

si des ofFSRtTEHt Bl CIRATIL LR hticRPSandfi BFEdPIREPh GARSET OsTd Ihapes

of the electrostatic chucks are not limted to those shown in Figs. 1
chuck 3 form a substrate chucking surface 4. The substrate 1

is attracted to the substrate chucking surface 4 through a
resin sheet supplied from a resin sheet supplying means and
the foreign materials deposited on a substrate chucking
surface side of the substrate 1 are removed. Such a structure
is preferably employed that the central electrostatic chuck 2
corresponds to at least the central portion of the substrate
and the peripheral electrostatic chuck 3 corresponds to the
peripheral portion of the substrate, thereby being capable of
attracting a single substrate. Thus, for example, as shown in
Fig. 2, such a structure may be employed that peripheral
electrostatic chucks are located on both sides of a central
electrostatic chuck sandwiched therebetween. The shapes of the
electrostatic chucks are not limited to those shown in Figs. 1
and 2 and thus can be designed as appropriate based on a size
of the substrate to be attracted, a shape thereof, and the
like. For example, each of the electrostatic chucks may have a
rectangular shape, a circular shape, or ancther shape.

[0C15] When the electrostatic chuck is divided into the

10



and 2 and thus can be designed as appropriate based on a size of the
substrate to be attracted, a shape thereof, and the |ike. For exanple, each
.0of the electrostatic chucks may have a rectangul ar shape, a circul ar shape,
or anot her shape. [0015] Wen the electrostatic chuck is divided into the

10 central electrostatic chuck and the peripheral electrostatic chuck, the
foreign material renoving apparatus preferably includes a height direction
adj ust mrent means capabl e of protruding the central electrostatic chuck in a
direction perpendicular to the suhstrate chucking surface with respect to

the periGSHeral ePeBEFBSERRFECCIIRICR 02REr ARE pPBHEPERNPAe £ L Y BEtdeeh an
end portion of the substrate and the resin sheet. Wien a plurality of

el ect r osthatdke chueks faoratigny e emiddst emowing kianpatatfute rref eravided
such that at |east one of the electrostatic chucks can be noved upward and

downwar dncltdiSubst rigd gglean bereasiby akbggBedleand eelangct etpablal st
when the substrate is attracted to the substrate chucking surface to renove

the for ¢haft RG] alchAndetiiena Bebobtogtactpe caLLal 18] egtrpsiat fphuck

is relatively increased by the height direction adjustnent means to form

osin SRR CEPared 1 BT IR BN | REUFBBRy e 41T aa Chy & S TR e

can be easily collected because the predeterm ned gap
to the peripheral electrostatic chuck to form a predetermined
gap between an end portion of the substrate and the resin
sheet. When a plurality of electrostatic chucks forming the
substrate chucking surface are provided such that at least one
of the electrostatic chucks can be moved upward and downward,
the substrate can be easily attached and collected. That is,
when the substrate is attracted to the substrate chucking
surface to remove the foreign materials and then a height of
the central electrostatic chuck is relatively increased by the
height direction adjustment means to form the predetermined
gap between the end portion of the substrate and the resin
sheet, the substrate from which the foreign materials are
removed can be easily collected because the predetermined gap
is formed between the end portion of the substrate and the
regsin sheet. The predetermined gap formed between the end
portion of the substrate and the resin sheet is preferably a
gap with the use of which the substrate can be collected by a

substrate transfer means as described later.

[0016] To be specific, the height direction adjustment

11



is formed between the end portion of the substrate and the resin sheet. The
predeterm ned gap fornmed between the end portion of the substrate and the
s+ esin sheet is preferably a gap with the use of which the substrate can be
collected by a substrate transfer neans as described |ater. [0016] To be
specific, the height direction adjustnent 11 neans preferably includes a
-peri pheral chuck lifting nmechani sm capable of noving the peripheral

el ectrostatic chuck fromthe substrate chucking surface dowward in the
per pendi cul ar direction,,6 and resin sheet height adjuystnment nmechanj sm
capabl e"@@nédjﬂi%etﬁer@kl&yhe’i‘b@ﬂtu%c%i%iBﬁerhﬁfaﬁegchg gartt 1019 RS
sheet which corresponds to the peripheral electrostatic chuck to a |evel

| over t irapaitie subsmevieg theckpienipharfadceslatieresioateict pbuckntfram the

el ectrostatic chuck nmay be relatively protruded to formthe predeterm ned

gap betswgsstAdte enthipttineon oirfdee subsivnabedandnt heheesiperdw@eiicular
Alternatively, the height direction adjustnment neans includes a central

chuck | igfstidig sRrChani-m GAPaRIE Of JHENY Hdi@yhCedRls it r ARl @l &puck
fromthe substrate chucking surface upward 1'n the perpendi cul ar direction.

Form t nEARFARIG: oF i ABA GaH BePudton Afie BAD: POVt i 86 GF (HESuBSERKre Snd the

resin sheet. The peripheral chuck lifting
the resin sheet which corresponds to the peripheral
electrostatic chuck to a level Jlower than the substrate
chucking surface. Therefore, the central electrostatic chuck
may be relatively protruded to form the predetermined gap
between the end portion of the substrate and the resin sheet.
Alternatively, the height direction adjustment means includes
a central chuck 1lifting mechanism capable o©f moving the
central electrostatic chuck from the substrate chucking
surface upward in the perpendicular direction. Therefore, the
central electrostatic chuck may be relatively protruded to
form the predetermined gap between the end portion of the
substrate and the resin sheet. The peripheral chuck lifting
mechanism and the central chuck 1lifting mechanism are not
particulariy limited if the chuck lifting mechanisms can 1lift
the respective electrostatic chucks. For example, an air
cylinder, a solencid, a ball screw and nut driven by a motor,
or the 1like 1is preferably connected to the respective

electrostatic chucks such that the electrostatic chucks can be

lifted. The resin sheet height adjustment mechanism may be

12



mechani sm and the central chuck lifting nmechanismare not particularly
limted if the chuck lifting mechanisns can lift the respective

-l ectrostatic chucks. For exanple, an air cylinder, a solenoid, a bal

screw and nut driven by a notor, or the like is preferably connected to the
respective electrostatic chucks such that the electrostatic chucks can be
1ifted. The resin sheet height adjustnent nmechanismnmay be 12 provided
with, for exanple, a guide roller connected to the |I|ifting mechani sm as
descri bed above. Note that the upward and A downward directions_relative to

t he subBPrpafideghuekihg $0rf e esn fh&Uidfe sObieFacegiafEad| &Pi &% o0 the
substrate chucking surface corresponds to the upward side and the opposite
si de relafitiagt hertbaicor Eespesdy ited Fadewnwicte shde. thellipvalide ami ei gn
mat eri al renoving apparatus according to the present invention includes a

subst r agwhiarsl &firRaNNDns el SURs rad eché aBghet rgeansnhuekihef enattlakea
nmeans capabl e of supplying the substrate to be processed to the

el ectro iC uc d i ng pr substr fr
eIectro@%gbictg%gbk&jgaeﬁﬁgkggg%%étr%£ %tigggaﬁg eing?udgé%thégﬁ%gﬁggé
el ectrostati ¢ chuck and the peripheral electrostatic chuck, a substrate

hol di ngCPYFERBA cEHEBPESof CREFGSRGTCRe tSubStEat &PIAEH t 194 9Fse 380 t FdSgap

fornmed between the end
opposite side relative thereto corresponds to the downward

sige.

[co17] The foreign material removing apparatus according
to the present invention includes a substrate transfer means.
The substrate transfer means is preferably a means capable of
supplying the substrate to be processed to the electrostatic
chuck and collecting the processed substrate from the
electrostatic chuck. When the electrostatic chuck includes the
central electrostatic chuck and the peripheral electrostatic
chuck, a substrate holding portion capable of holding the
substrate with the use of the gap formed between the end
portion of the substrate and the resin sheet by the height
direction adjustment means is preferably provided to a tip end
of the substrate transfer means. Because the substrate holding
poertion 1is provided, the supply of the substrate to be
processed and the collection of the processed substrate can be
reliably and easily performed. To be specific, the substrate
transfer means is preferably a robot arm including a holding

portion capable of holding the end portion of the substrate or
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portion of the substrate and the resin sheet by the height direction

adj ustnment neans is preferably provided to a tip end of the substrate
transfer neans. Because the substrate holding portion is provided, the
supply of the substrate to be processed and the collection of the processed
substrate can be reliably and easily perfornmed. To be specific, the
substrate transfer neans is preferably a robot armincluding a hol ding
portion capabl e of holding the end portion of the substrate or 13 a robot
armincluding a fork which can be inserted into the gap fornmed between the

subst r aBe ZRPh harfedineleWddT t Aokt v coifede tisetibrd r ANEC THE r obot

arm whi ch can be enployed is a robot armnormally used for, for exanple,
t he tranaperfoafmed Heestsudest rahe. sthatrase andorder teshe ahketrt acsuppint t he
substrate to the electrostatic chuck and collect the substrate therefrom a

nmechani gpWRiogh 62N the MRIHRE rat eX- Y Tdir e6bbeNg rinS whikef @aablne Ripidad | f
necessary, a lifting nechanlsn1capable of lifting up and down the Substrate

relative _tq t ub S ac n rp i gylar Al ion
s pref 4Fab yr'%%gfﬂov. Ll S G Rk ol d B S o Emy b
di vi ded |nto a sugg:y function and a col | ectlon function to provide

respect ¥ SubstPéte 1F andPeroffins tO[ dFL8RPTRe tHr E1BR- Yatltd al

renovi ng apparatus may further include a substrate lift-up means which can
be i nsesubdtirate to the electrostatic chuck and collect the =substrate

therefrom, a mechanism which can be moved in x-y directions is
preferably provided. If necessary, a lifting mechanism capable
of lifting up and down the substrate relative to the substrate
chucking surface in the perpendicular direction is preferably
provided. The function of the substrate transfer means may be
divided into a supply function and a collection function to
provide respective separate substrate transfer means.

fo018] The foreign material removing apparatus may further
include a substrate lift-up means which can be inserted into
the gap formed between the substrate and the resin sheet by
the height direction adjustment means to lift up the substrate.
The processed substrate is more reliably and easily collected
by the robot arm including the holding portion or the fork.
The substrate lift-up means is not particularly limited and an
example thereof can include a push-up pin capable of pushing
up the substrate from substrate chucking surface. When the
substrate 1is supplied to the electrostatic chuck, the

operation reverse to the substrate collection operation is
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the gap formed between the substrate and the resin sheet by the height
direction adjustnent neans to |lift up the substrate. The processed
-substrate is nore reliably and easily collected by the robot arm i ncl udi ng
t he hol ding portion or the fork. The substrate lift-up nmeans is not
particularly limted and an exanple thereof can include a push-up pin
-capabl e of pushing up the substrate from substrate chucking surface. Wen
the substrate is supplied to the electrostatic chuck, the operation
reverse to the_substrate collection operation_is 14 desirably perfornmed.
That i sdepREablsmeFtieTmed| acBRronlthe thsuasi@ g 12 upLAg8As OBndhe
supplied onto the resin sheet laid on the central electrostatic chuck

prot r udedbbyrehe Rdifghtup digeact iz aslippst hedt oneanshel meshins st@ed, lwtieh t he
substrate [|ift-up nmeans is not provided, the substrate is preferably

direct! ynsuppéi ekrita-diheegentialstakaet roptaki oraftaided hey, thde Heariyal
el ectrostatic chuck and the peripheral electrostatic chucks are preferably

adj ust ed ;i i.ght. { i diregti a e t r.m.t.he
substra?ékggﬁgglrﬁﬁggﬁ aégbgﬁggg%bligg &?@ﬁ VO f%gegﬁ?gggggrggﬁéﬁ%§té]
substra [0019] In the present invention, ubstrate,is attracted to

e. t he
the. SundeEhrdPoHBERIRy Fut Pobe PRYBLAROL e Nbe FHOSEREEE. ol BFE FBAEIgh

materi al s deposited on the substrate
directly supplied to the central electrostatic chuck. Then,

the central electrostatic chuck and the peripheral
electrostatic chucks are preferably adjusted in height by the
height direction adjustment means to form the substrate
chucking surface and applied with voltages to attract the
substrate.

[0019] In the present invention, the substrate is
attracted to the substrate chucking surface through the resin
sheet and the foreign materials deposited on the substrate
chucking side of the substrate are transferred to the resin
sheet to remove the foreign materials. The resin sheet to be
used is preferably made of a material scofter than at least the
substrate to be attracted. In general, an uppermost surface of
the electrostatic chuck (that 1s, the substrate chucking
surface) is required to be a hard surface. For example, when
the uppermost surface is made of ceramics such as alumina,
silicon carbide, or aluminum nitride, Knoop hardness thereof
is approximately 2000 Hk {(e.g., 2500 Hk in the case of silicon

carbide and 2100 Hk in the case of alumina). On the other hand,
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chucking side of the substrate are transferred to the resin sheet to renove
the foreign materials. The resin sheet to be wused is preferably nade of a
qraterial softer than at |east the substrate to be attracted. In general, an
uppernost surface of the electrostatic chuck (that is, the substrate
chucking surface) is required to be a hard surface. For exanple, when the
uppernost surface is nmade of ceram cs such as alumna, silicon carbide, or
alum numnitride, Knoop hardness thereof is approximtely 2000 Hk (e.g.,
2500 Hk in the case of silicon carbide and 2100 Hk in the case of alum na)

on the &fFer fRERP IBLEMESN00PE hartdifessSHEIERR siafEdn wafer N MRorinal | y
approxi mately 960 Hk. O constituent conpositions of foreign materials such
as dust apprpximatiedy, F6bnHkwhi Of repndia tient nogrpantesdnabbd ifondigmn of
sem conduct or manufacturing, has Knoop hardness of approximtely 300 Hk.

Ther ef om@teirtialls $PicH enabl@idtd gse partdsilResshestomhosikpogishapdnesse i s 20
Hk to 200 Hk. In particular, when the substrate to be attracted is a glass

Subst 2B oot bl auisd crys) abedoulibe Glaidit | hkeyrhbe,kangp hardness

thereof '1's ‘approximately 31! equal to t rdness o ch is
Knoop. REPERecB2FESBT o SHIDPILMANY | HOOsURE T ot NPECEDFFact B tnr ough
such a resin sheet, the foreign materials deposited on
preferable to use a resin sheet whose Knoop hardness is 20 Hk
to 200 Hk. In particular, when the substrate to be attracted
is a glass substrate used for a liquid crystal device or the
like, the Knoop hardness thereof is approximately 315 Hk and
equal to the hardness of iron which is a foreign material, so
it is more preferable to use a resin sheet whose Knoop
hardness is 20 Hk to 100 Hk. When the substrate is attracted
through such a resin sheet, the foreign materials deposited on
the substrate chucking surface side can be transferred to the
resin sheet side and removed. The resin sheet does not
particularly require an adhesive surface. Therefore, a force
applied to the substrate is egual to the chucking force of the
electrostatic chuck used for a normal semiconductor
manufacturing apparatus, with the result that the force
applied to the substrate at the time of removal can be reduced
to zero in principle as compared with the case where an
adhesive tape 1is used for conventional foreign material

removal. Thus, the foreign materials can be removed from, for

example, a next-generation wafer having a large diameter of
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t he substrate chucking surface side can be transferred to the resin sheet
side and renoved. The resin sheet does not particularly require an adhesive
-surface. Therefore, a force applied to the substrate is equal to the
chucking force of the electrostatic chuck used for a normal sem conductor
manuf acturing apparatus, wth the result that the force applied to the
substrate at the tinme of renoval can be reduced to zero in principle as
conpared with the case where an adhesive tape is used for conventional
foreign material renmpval. Thus, the foreign materials can be renoved from
for ex&myl &M aimerfdybhePatPo? ARICIRAHTLE VAFGE BPYABHeR FH1amMF 950 nm
in addition to a sem conductor wafer having a dianeter of 300 mMmmwhich is a

current ofaixtst rmanvhichodts anycuwareage nainstreeaubeithoet pog2@laridsteertial
exanpl es of the resin sheet can include polyvinyl alcohol, |owdensity

pol yet h¢leneueelnsetdhyl ene, pol yvinylidene chloride, polyvinyl chloride,
pol ypropyl ene, polyethylene terephthal ate, acetyl cellul ose, polycarbonate,

nyl on, peloyigy de, amqieq,iagnd?}pg{gf@é bagi i{ﬁl[léjeregtnt NOgSat Ieghyvi ) ]iude

al cohol ,” 1'ow densi ty polyethylen pol yet hyl'ene, " pol yvinyl i dene oride,

S 0o QRO OPYL St cn 08, ROLYSL B 0 Lo BNl St e

materi al such as a
polyvinylidene chloride, polyvinyl chloride, polypropylene,
polyethylene terephthalate, acetyl cellulose, polycarbonate,
nylon, polyimide, aramid, and polycarbodiimide. Of those,
polyvinyl alcohol, 1low-density polyethylene, polyethylene,
polyvinylidene chloride, polyvinyl chloride, polypropylene,
and polyethylene terephthalate are preferable in view of a low
cost. In addition to the above, a rubber material such as a
silicon rubber can be used. A thickness of the resin sheet isg
preferably 5 um to 100 um, more preferably 5 pum to 30 um. This
is because, when the thickness is larger than 160 um, the
chucking force of the electrostatic chuck becomes smaller. 1In
contrast to this, when the thickness is smaller than 5 pm, the
resin sheet is difficult to treat and likely to rupture. It is,
as a matter of course, necessary to manufacture the resin
sheet in a particle-controlled environment.
[0021] Incidentally, when a volume resistance value of the
resin sheet reduces, there is a case where the substrate is

further strongly attracted to the electrostatic chuck, in

particular, a case where the electrostatic chuck exercises a
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silicon rubber can be used. A thickness of the resin sheet is preferably 5
}imto 100 }im nore preferably 5 umto 30 um This is because, when the
.thickness is larger than 100 pm the chucking force of the electrostatic
chuck beconmes smaller. In contrast to this, when the thickness is snaller
than 5 pm the resin sheet is difficult to treat and likely to rupture. It
1s, as a matter of course, necessary to manufacture the resin sheet in a
particle-controlled environnent. [0021] Incidentally, when a vol unme

resi stance value of the resin sheet reduces, there is a case where the
subst r adehnsens-atipek stPERgry attPdct 8§ -t o2t heMdf ectF'o8ERT ¢ Ttk Bhen
particul ar, a case where the electrostatic chuck exercises a 17

JohnseneRelhekodeorce. theatelsctrostat lc cuwhueit flowst e ehectasuwdeErefted he
el ectrostatic chuck flows to the substrate through the periphery of the

el ectr ogd@randnt hensubgbidpBerghuski NEhsurd BEer todgensiadt e | Fldtrate
el ectrostati ¢ chucking force in a small gap between the substrate and the

bst Ki . ot [ f .
Sbove. mENCHAG rEPELTaTr thi BRECach: oh OPEeR | MOy Fetr A g AT ¢
(volune resistance is in a range of 1015 O-cmto 1018 &-cn). F%%%exanple,
when t héOFESi nTshefTRd Lh GAR ETESHA x el AP F adtshdtieti Fasf iqUbStHad-Sset

t he vol une resistance value in a range of approximtely 109 O-cmto 1013
0-cm t kduchaoki ngurface. Therefore, the regin sheet made of the

above-mentioned material exhibits a high electrical insulating
property (volume resistance is in a range of 10*° Q:em to 10%°
Q-cm). For example, when the resin sheet to be used is mixed
with a conductive filler to set the volume resistance value in
a range of approximately 10° Q-cm to 10 Q-cm, the chucking
force of the electrostatic chuck to the substrate can be
increased.

[0022] The resin sheet supplying means is not particularly
limited when it can supply, for example, a sheet-shaped resin
sheet or a resin sheet wound in a roll shape to the substrate
chucking surface. The resin sheet supplying means preferably
includes a delivery roll around which the resin sheet is wound
in a roll shape, supply side guide rollers for guiding the
resin sheet delivered from the delivery roll to the substrate
chucking surface side. The resin sheet collecting means is not
particularly limited when it c¢an collect the resin sheet
supplied to the substrate chucking surface. The resin sheet

collecting means preferably includes a wind-up roll for
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force of the electrostatic chuck to the substrate can be increased. [0022]
The resin sheet supplying neans is not particularly |limted when it can
supply, for exanple, a sheet-shaped resin sheet or a resin sheet wound in a
roll shape to the substrate chucking surface. The resin sheet supplying
means preferably includes a delivery roll around which the resin sheet is
wound in a roll shape, supply side guide rollers for guiding the resin
sheet delivered fromthe delivery roll to the substrate chucking surface
side. The resin sheet collecting means is not particularly l[imted when it
can col Wéodinke urestheshestin saipptt edndo colid estlisry atede hgokiag irlfeacse. The
resin sheet collecting neans preferably includes a wind-up roll for 1is

wi ndi ngfuR tReidasd Nthbeeteitd spkkectfica side qWedesiipst 56e f@fucguing ng
the resin sheet fed fromthe substrate chucking surface to the w nd-up rol

si de. Q‘arg%%' = fé‘eé‘ﬁe%%' gad tfﬁhreﬁéé‘léhgﬁ EOléu‘?’?llY?gl ans

are nmade a apta to thero I-s pe% resin eet, so a at a cupi ed
ar ea) occuple t he forei teri r enoVvi par at us .can duced
in size™ARSy q%sFﬂS%ﬂeggeggnqﬂ} q%xﬁ%%?¥ har€sBBSEr d% ﬁﬁng
surface while the used resin sheet to which the foreign materials are

t ransf etPedthen nid Sipnachtees ghughedly sepfacélis esPRredPregUPiec heea)

processi ngs for renoving
occupied by the foreign material removing apparatus can be

reduced in size. An unused resin sheet can be supplied to the
substrate chucking surface while the used resin sheet to which
the foreign materials are transferred on the substrate
chucking surface is collected, so the processings for removing
the foreign materials from the substrates can be successively
performed. That is, when unused resin sheets are successively
supplied for each substrate based on the amount of deposition
of the foreign materials, the removal of the foreign materials
can be repeated a plurality of times. When the substrate from
which the foreign materials are removed once 1is collected by
the substrate transfer means and a new substrate is supplied
to remove the foreign materials, a plurality of substrates can
be successively processed.

[0023] In the present invention, a normal electrostatic
chuck can be used as the electrostatic chuck forming the
substrate chucking surface. It is preferable to use a bipolar
electrostatic chuck including two electrodes to which voltages

whose potentials are different from each other are applied.
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the foreign materials fromthe substrates can be successively performned.
That is, when unused resin sheets are successively supplied for each
Substrate based on the anpunt of deposition of the foreign materials, the
removal of the foreign materials can be repeated a plurality of tinmes. Wen
the substrate from which the foreign materials are renoved once is
collected by the substrate transfer neans and a new substrate is supplied
to renmove the foreign materials, a plurality of substrates can be
successively processed. [0023] In the present invention, a norna

el ect r oSthatti ¢ ighuckhean béeuserrdsalhe electrostatic chbukkf ormdng tite
substrate chucking surface. It is preferable to use a bipolar electrostatic

chuck i pelrughnRa aliwo celeeeticrdat ilto whlek vebimgeshe Wngsspeient iaisiaiey
different from each other are appli ed. 19 That i's, when the central

el ect r o3l Je G, Ch“&&cﬂ”‘i}ff h@hep%rlhe%?c’oaéh ER&E?E' .CJ.SChﬁ é?%gﬁ N& he

substrate chucK i ng ace, eac Slectrostatic chuc referably
the bi Qlar el ectrostatic .chuck. [0024] VVth respect to the electrostatic
chuck, &&&lAdd QﬁrQQFﬁgéFééﬁ} atic chuck may formthe substrate
chucking surface. That is, the substrate chucking surface may be conposed
of el ectl0d@dd of th#¥igénmesipesitedtar ddeatale sk aand @ivedt,r sdesctofoddar
peri pheral electrostatic chuck. In general,

of the electrostatic chuck may form the substrate chucking

surface. That 1is, the substrate chucking surface may be
composed of electrodes of the central electrostatic chuck and
electrodes of the peripheral electrostatic chuck. In general,
in order to ensure insulation between the substrate and the
electrodes, the electrostatic chuck includes an insulating
dielectric layer made of a dielectric material having an
electrical insulating property and the insulating dielectric
layer forms the substrate chucking surface (uppermost surface)
0of the electrostatic chuck. 1In addition to the function for
ensuring the electrical insulation, the insulating dielectric
layer has a function for protecting the electrodes from
mechanical damage and a function for preventing the generation
of metal contamination from the electrodes. In the present
invention, when the resin sheet has an electrical insulating
property, the resin sheet can alsoc serve as an insulating
dielectric layer for a normal electrostatic chuck. Therefore,
the electrodes of the electrostatic chuck may be exposed to

the uppermost surface such that the electrodes form the
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r to ensure insul ation between the substrate and the el ectrodes,

static chuck includes an insulating dielectric |layer made of a
ric material having an electrical insulating property and the

t he

ing dielectric |layer forns the substrate chucking surface (uppernost

) of the electrostatic chuck. In addition to the function for

g the electrical insulation, the insulating dielectric |ayer has a

n for protecting the el ectrodes from nechanical damage and a
n for preventing the generation of metal contam nation fromthe
gabstatehehpcdsaa sunfisas.i oWhephdhet lsd ecdgiodeshawty s exposed
cal insulating property, the resin sheet can al so serve as an

ctrodes of the electrostatic chuck may be exposed to the uppernost

tHCN BB r 168 ehgeknodessd P ded her nd0 SHRSLIA erehuekidig qurdace.

e el ectrodes nmay be exposed to the uppernost surface of the

B B LSal B LRECRURSH The, RIEAD, RuELogs

e between the substrate and the el ectrodes shortens. Thus, even
begvegn dhe ciukiferatheaBAnehehGERFRGOHEEcEhea el - ofhaliSne Ve
a power supply cost, thereby suppressing the generation of

dar \tled ecds®@sblt iac.1dw wdttdgen, the same chucking force can be

obtained to reduce a power supply cost, thereby suppressing
the generation of unnecessary electrostatic. In addition, a
problem that discharging or short-circuit of the electrodes
may be caused by a high voltage can be minimized.

[0025] When the electrodes form the substrate chucking
surface, each electrode 1is preferably an elastic electrode
whose Shore hardness is 20 Hs to 90 Hs and volume resistivity
is 100 ©'cm to 1 x 107° Q'cm. The volume resistivity is more
preferably set in a range of 1 x 10° Q-cm to 1 x 10°° Q-cm.

An example of the electrode having the above-mentioned
properties can include a silicon rubber mixed with a
conductive filler such as carbon or a carbon nanotube. In
addition, for example, a fluorine-based, nitrile-based, or
phlorosilicon-basd rubber can be used as a material of the
rubber. The silicon rubber is preferable in view of a
reduction in influence of contamination on the substrate which
is an object to be attracted. The hardness of a rubber is

normally expressed by Shore hardness. The Shore hardness of

21

, he. chucki
SHERSvRS, ReFaEs  hitatice M

in



problen1that dlscharglng or short-circuit of the electrodes nay be caused
by a high voltage can be mnimzed. [0025] Wen the el ectrodes formthe
substrate chucking surface, each electrode is preferably an elastic

el ectrode whose Shore hardness is 20 Hs to 90 Hs and volune resistivity is
100 cmto 1 x 10-5 xm The volune resistivity is nore preferably set in a
sange of 1 x 10-2 4cmto 1 x 10-5 4cm An exanple of the el ectrode having

t he above-nentioned properties can include a silicon rubber mxed with a

conductive filler such as carbon or a carbon nanotube. In addition, for
exanpleaE@ﬂﬂﬁkﬂﬁWﬁﬁba%%stmQQQQQ§Hﬂﬁ%ﬁ1t%rSubﬁFéPééﬁﬂiEoﬁh@a§§@ﬁﬂﬂﬁﬁ can
be used as a material of the rubber. The silicon rubber is preferable in

vi ew of of hueductdkaoim i n Tihef [Shenee hefrdr@stsamin®to dfs @l itdie ss b staat ehaattd ch
is an object to be attracted. The hardness of a rubber is normally

expr essg@ely nPhor ptandnRass.ofThe Shoieohawdness af g1adksarpidrme! YarP Hs
corresponds to substantially the softness of hunan skin. The Shore hardness

of 90 | i-Ci I r f glass
subst rlf:t%él% aian# t%eé/ %%hlgégm%% n%grz%aie%/%ggx% E%d %}? teheh%g%lre EHar nes

but the rubber. may be several orders_of magni tude harder than the
naterlaﬁ§e'ﬁHPQﬁ%r%aYtH§ S5¥F&E e REBHS @ n@%gpétbaﬁf§9£9?€ ShRTortdis to

exercise sufficient flexibility to the substrate
materials. Therefore, the above-mentioned range is preferable

in order to exercise sufficient flexibility to the substrate
to be attracted. The volume resistivity of the electrode is
preferably a lower wvalue. However, in order to obtain the
electrode having flexibility, it 1is necessary to mix the
rubber with the conductive filler. Thus, the above-mentioned
range is desirable. The reason why the electrodes are made of
a material having electrical conductivity is that, as a matter
of course, the same potential is provided to all parts when a
voltage is supplied to the electrodes.

[(0026] When the electrodes form the substrate chucking
surface, a thickness (electrode depth direction) of each of
the electrodes is preferably in a range of 0.05 mm tc 3 mm,
and more preferably in a range of 0.2 mm to 3 mm. The
flexibility of the electrode and the thickness thereof are
associated with each other, and a thin electrode is not
excellent 1in flexibility. In contrast, a thick electrode
causes an increase in cost. In addition, the thickness is

likely to significantly change because of the flexibility, so
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to be attracted. The volume resistivity of the electrode is preferably a

| ower val ue. However, in order to obtain the electrode having flexibility,
it is necessary to mx the rubber with the conductive filler. Thus, the
above-nentioned range is desirable. The reason why the el ectrodes are nade
of a material having electrical conductivity is that, as a matter of
.course, the sane potential is provided to all parts when a voltage is
supplied to the el ectrodes. [0026] When the el ectrodes formthe substrate
chucking surface, a thickness (el ectrode depth direction) of each of the
eIectroéespr§béﬁ@femmﬁu¢ﬁ n i@ r afigRw ofoD. OBhem relatianshind watd préfer ably
in arange of 0.2 mMmto 3 mm The flexibility of the el ectrode and the

t hi cknesabkheneaf taransfssoakcaned wihdéh eheh sibetrratadig tdippeiedt mode is
not excellent in flexibility. In contrast, a thick electrode causes an

| nor easgoinegosh din 2dldild ocdfie £ Cd&u%%s ésgrbb&@w dio 31 @ifdeantd y

change because of the Tl exibil a problemoccurs 1 n view of
relatlogshlgfmnth t sub trat tran reans ﬁ?ﬁ ate is
suppl i ed™8Ha"“ColS¥%EC eé‘br or ‘P‘?r? °¥?ke| Oa‘i?sé“eé“ Od?ﬁde %ﬁﬁstllsate
transfer system Therefore, the above- nentloned thickness is desirable in
vi ew of AER&rabdee 18] VaEWs PAnESE. APOVETFITREMELASEES -el ect r odes form t he

substrat e chucki ng
[0027] The elastic electrodes form the substrate chucking

surface, so the foreign materials deposited on the substrate
can be more reliably transferred to the resin sheet and
removed. The electrodes forming the substrate chucking surface
has some degree of flexibility corresponding to the above-
mentioned Shore hardness, with the result that the degree of
contact of the substrate to the substrate chucking surface can
be further improved and the foreign materials can be easily
transferred to the resin sheet. For example, a silicon wafer
whose diameter is 200 mm normally has a warp or distortion of
approximately 20 pm and local unevenness of approximately
several um. Therefore, when the substrate chucking surface
(uppermost surface) of the electrostatic chuck has a hardness
equal to that of ceramics, it is difficult to bring the entire
surface of the wafer into contact with the substrate chucking
surface by only the chucking force of the electrostatic chuck.
In particular, when foreign materials such as particles are
deposited on the rear surface of the silicon wafer, the

contact of the substrate may be hindered by the presence of
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surface, so the foreign materials deposited on the substrate can be nore
reliably transferred to the resin sheet and renoved. The el ectrodes form ng
.the substrate chucking surface has sone degree of flexibility corresponding
to the above- nentioned Shore hardness, with the result that the degree of
contact of the substrate to the substrate chucking surface can be further

< nproved and the foreign materials can be easily transferred to the resin
sheet. For exanple, a silicon wafer whose dianeter is 200 mmnornally has a
warp or distortion of approximtely 20 pm and | ocal unevenness of

appr oxi FReel parsagdesl- pm THier ef O, SHHESFEIdE subst it aHRKki P stitfaace

(uppernost surface) of the electrostatic chuck has a hardness equal to that
of ceramgubstrate scHutkingl tsuwfdure ngridiedemig r ehesusIastei of dllsrtwafdes i nto
contact with the substrate chucking surface by only the chucking force of

the el eehiQSldl itheLhiekin LRePAr EbCWARe WIRN 05181 GRc MBEST k@S 1SHE RS
particles aré deposited on the rear surface of the silicon wafer, the

cont act u rate o] j re e S e . 23 th
particl@%&e%ﬁgéé t 3‘?ﬁ%é§ré%ef?£3%§f¥a§?@%v%@ Fﬁéﬁ gg ngéﬁé%cﬁEEkFﬁﬁ
surface including the el astic el ectrodes throug% the resin sheet .to sol ve

the proBfens® sEUPRETRGFei gn PRaled@SHS cahtherPdee MEVicsablty F&rsH&™r om

the entire surface of the substrate. The el astic el ectrodes have an
excel | edmpact resistance and can be restored by leaving from the

substrate even when the adaptable elastic electrodes are
temporarily deformed along the shape of the substrate, =so
elastic electrodes can immediately adaptable to another
substrate to be attracted.

[0028] When the substrate is to be separated from the
resin sheet after the removal of the foreign materials,
removal charging may be caused between the substrate and the
resin sheet by contact. When the substrate or the resin sheet
is charged, it 1is 1likely that the foreign materials
transferred tc the resin sheet are left from the resin sheet
by static and deposited on the substrate side again. Therefore,
a device for neutralizing static, such as an ionizer, may be
attached to the foreign material removing apparatus to blow
positive or negative lons which are neutralization particles
between the substrate and the resin sheet or between the resin
sheet and the electrostatic chuck. When the neutralization
particles are blown, the surface of the resin sheet is

activated. Thus, it 1is expected that the foreign materials are
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i npact resistance and can be restored by leaving fromthe substrate even
when the adaptable elastic electrodes are tenporarily deforned al ong the
.shape of the substrate, so elastic electrodes can i mredi ately adaptable to
anot her substrate to be attracted. [0028] Wen the substrate is to be
separated fromthe resin sheet after the renoval of the foreign materials,
«renoval chargi ng may be caused between the substrate and the resin sheet by
contact. Wien the substrate or the resin sheet is charged, it is likely
that the foreign materials transferred to the resin sheet are left fromthe
resin sHe¥e a@Fistvatdetratedpbsi 88 Giestife ARG r&P elBPyEEVEga rfOTRidHef or e
a device for neutralizing static, such as an ionizer, may be attached to

t he for eagerialerealovisémefifegtapparatus to bl ow positive or negative ions
whi ch are neutralization particles between the substrate and the resin

sheet orghelyeen thgeresi nseshsgt anshiherel eclxansati ehugle \hanitde

neutralization particles are blown, the surface of the resin sheet i's

activate , b 1S _expect t i erial r 4 .more
easily g‘FFgggéd4ﬁ?qﬁ%§ﬁwéﬁﬁé¥§é£§i?%§$%%$% eg§ Eg%eP§%S%ﬁgtgﬂzanﬁ¥%%va
effect. [0029] As a second structural exanple of the foreign material

r enovi nGREFBarcatuLaHH hif 197 t hel preieht "RREEARILoFEMOVING apparatus

which has at least two electrostatic chucks including a first
electrostatic chuck forming a first substrate chucking surface
and a second electrostatic chuck forming a second substrate
chucking surface. That 1is, two or more substrate chucking
surfaces are provided to form a plurality of chucking stages,
80 the operations for removing the foreign materials from the
substrate can be simultaneously performed corresponding to the
number of stages (the number of electrostatic chucks).
Therefore, the processing capability of the apparatus can be
improved and a foreign material removal effect can be further
completely obtained in the case where one-time removal
processing is insufficient. Unless otherwise specified, the
description of the first structural example of the foreign
material removing apparatus can be applied to the second
structural example of the apparatus. Hereinafter, as the
foreign material removing apparatus including a plurality of
electrostatic chucks each having a separate substrate chucking
surface, the foreign material removing apparatus including two

electrostatic chucks will be described. However, the present
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there can be exenplified a foreign material renoving apparatus which has at
| east two el ectrostatic chucks including a first electrostatic chuck
formng a first substrate chucking surface and a second el ectrostatic chuck
form ng a second substrate chucking surface. That is, two or nore substrate
chucking surfaces are provided to forma plurality of chucking stages, so
the operations for renoving the foreign materials fromthe substrate can be
si mul t aneously perforned corresponding to the nunber of stages (the nunber
of electrostatic QhUCkS%. Therefore, the processing capability of the

appar at d8Veat 18 isprevediBAges &t ety nERERi &NG drival LR PRCOLTcAIPISe
further conpletely obtained in the case where one-tine renoval processing
i s i nsukftiecitenttathlcesshather vitée repecl dd¢tathsttdiel c debockptdmontbe tlhésf)i r st
structural exanple of the foreign material renoving apparatus can be

appl i edmhg the isegemeéd structural exanple of the apparatus. Hereinafter, as
the foreign material renoving apparatus including a plurality of

el ectroghahipy Chuckgneach fayi ngoa-s6RAr 3l SUbSI ratenchugki napydage. the
foreign material renoving apparatus rncluding two electrostatic chucks wll
be descr.i bed.. However, the present 25 invention is not limted to this case
ond LU EE S PEoaa St Ut T EOTSt | BT REREERERe T GPBrkC PR FEE SOOI of

the like) my be included.
electrostatic chuck, a substrate rotating means capable of

adjusting an orientation of the substrate in a direction
paraliel to the substrate chucking surface is preferably
provided. When the orientation of the substrate from which the
foreign materials are removed by the first electrostatic chuck
is changed and the substrate 1is supplied to the second
electrostatic chuck by the substrate transfer means, the
deposited foreign materials can be more reliably removed from
the entire surface of the substrate. That 1is, in the case
where electrodes of the first electrostatic chuck are
projected to the substrate side attracted to the first
substrate chucking surface, when there is a substrate non-
chucking area in which the substrate does not overlap with the
projected electrodes, the orientation of the substrate is
adjusted by the substrate rotating means such that the entire
non-chucking area is included in an electrode projection area
obtained by projecting electrodes of the second electrostatic
chuck to the substrate side. Then, the foreign materials are

removed by the second electrostatic chuck. Thus, the foreign
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[ 0030] When the foreign material renoving apparatus includes at |east the
first electrostatic chuck and the second electrostatic chuck, a substrate
-rotating means capable of adjusting an orientation of the substrate in a
direction parallel to the substrate chucking surface is preferably

provi ded. Wien the orientation of the substrate fromwhich the foreign
‘materials are renoved by the first electrostatic chuck is changed and the
substrate is supplied to the second electrostatic chuck by the substrate
transfer neans, the deposited forei?n materials can be nore reli b|§

renoved "6 Alfe AT r 8SsuFFREESEr ThEMsubsE r sttt 1 HhatS st aGh ¢

where el ectrodes of the first electrostatic chuck are projected to the
subst r asubsitgatat-tracted to the first substrate chucking surface, when
there is a substrate non- chucking area in which the substrate does not
over | ap [wioBh 1t he pFopeekadpékecwhedeshet Babatirantatisomtafradiedsuhstulate i s
adj usted by the substrate rotating neans such that the entire non-chucking

area isgieltded | PhafkeheCt &9 @ OjBCt PR AL ea-t POLRLAEE Whi¥o) e&ldhd
el ectrodes of the second electrostatic chuck to the substrate side. Then,

AT e SR T R R e e i e G

SUbStrag%bstrate can be reliably and accurately supplied and
collected by the substrate transfer means with the use of the
end portion. That is, the substrate is preferably attracted to
the first substrate chucking surface such that the non-
chucking area of the substrate in which the substrate does not
overlap with the projected electrodes of the first
electrostatic chuck which are projected to the substrate side
attracted to the first substrate chucking surface includes the
end portion of the substrate. In addition, the substrate
transfer means preferably includes a robot arm having a
holding portion capable of holding the end portion of the
substrate. Similarly, the substrate is preferably attracted to
the second substrate chucking surface such that the non-
chucking area of the substrate in which the substrate does not
overlap with the ©projected electrodes of the second
electrostatic chuck which are projected to the substrate side
attracted to the second substrate chucking surface includes

the end portion of the substrate. In addition, the substrate

transfer means preferably includes a robot arm having a
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[ 0031] For exanple, when the substrate is attracted to the substrate
chucking surface of the electrostatic chuck such that an end portion of the
.substrate beconmes a margin, the substrate can be reliably and accurately
supplied and collected by the substrate transfer nmeans with the use of the
end portion. That is, the substrate is preferably attracted to the first
-substrate chucking surface such that the non- chucking area of the substrate
in which the substrate does not overlap with the projected el ectrodes of
the first_ electrostatic chuck which are projected to the substrate side

att ract 88186NFhePPT 5P s IARFRA e CRucRPHY BEr % AE uBESELRB hd 56rti on
of the substrate. In addition, the substrate transfer neans preferably

i ncl udesubstobbe .ar rbeeTragna tiol giely porstvacitapabl eirdfikeol dieg ftibetend
portion of the substrate. Simlarly, the substrate is preferably attracted

to thessegendraubsdxai®l €huekengupythrace sueh bBateddignoandchegkiahd var ea
of the substrate in which the substrate does not overlap with the projected

el ectro . _t-h C t i.C AVY s T r | ecq. he
Subetr ot aopl et SR SOPELePtER| LOTHBLLS Ay O ReRERL C e e e
the end portion of the substr te.&%? aggitiog, t he substrate transfer neans
pr ef er aBRy YPREERGe 83T S0BEE §%ﬁ|ﬁ Shgake 27 oM ME356rti on capabl e of

hol di ng the end portion of the
[0032] When each of the first electrostatic chuck and the

second electrostatic chuck is a bipolar electrostatic chuck
having two electrodes to which voltages whose potentials are
different from each other are applied, an area corresponding
to an interval between the two electrodes of the first
electrostatic chuck is a non-chucking area of the substrate in
which the substrate does not overlap with the projected two
electrodes which are projected to the substrate side attracted
to the first substrate chucking surface. Therefore, the
orientation of the substrate 1is preferably adjusted by the
substrate rotating means such that the non-chucking area of
the substrate is included in an electrode projection area
obtalined by preojecting the two electrodes of the second
electrostatic chuck to the substrate side. Then, the foreign
materials are preferably removed by the second electrostatic
chuck. When the substrate is attracted such that the end
portion thereof becomes a margin, the substrate transfer means
suitably includes the robot arm having the holding portion

capable of holding the end portion of the substrate.
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substrate. According to such a structure, unlike the first structural
exanpl e, the substrate can be easily and reliably supplied and collected
-Wi thout providing the height direction adjustnent nmeans and the substrate
lift-up means. [0032] Wien each of the first electrostatic chuck and the
second el ectrostatic chuck is a bipolar electrostatic chuck having two

el ectrodes to which voltages whose potentials are different fromeach other
are applied, an area corresponding to an interval between the two

el ectrodes of the first electrostatic chuck is a non-chucking area of the
subst r atl@028] whi chThRe Z8fidt raRecto8 i/t ArerPapUReth ihetpf ofaBfedd wo

el ectrodes which are projected to the substrate side attracted to the first
subst r ateathudésogibedf doe. thkerfvse, sthwctowiadnt ekaoplef thBhsubstsiate is
preferably adjusted by the substrate rotating neans such that the

non- chuglclé ahRP19find et sdid@t €hé Sréschudpdet N can 18k@ehbodR aPis0ja8G | on
area obtained by projecting the two el ectrodes of the second electrostatic

chuck t he stra i de he_f qrei gp. teri f |y

rennved%%%et%%“%e%%ngﬁgﬁg%tQ%éggg#%& g ugﬁsgvﬁ%% théﬁ gP?é?eQ%ng?%Qacted

such that the end Bortion t her eof becones a ggﬁgind the_substrate transfer

means Sttt A AT nERGEEs SR IO BERNRafitd NP HREDoft {45 T VEEFabl e
28

of holding the end portion of the substrate.
roil around which the resin sheet is wound in a roll shape and

supply side guide rollers for guiding the resin sheet
delivered from the delivery zroll to the first substrate
chucking surface side. The resin sheet collecting means
suitably includes a wind-up roll for winding up the resin
sheet and collection side guide rollers for guiding the resin
sheet fed from the second substrate chucking surface to the
wind-up roll side.

[0034] The first substrate chucking surface may include
the electrodes of the first electrostatic chuck. Similarly,
The second substrate chucking surface may include the
electrodes of the second electrostatic chuck. That is, even in
the second structural example, as described in the first
structural example, the resin sheet can also serve as an
insulating dielectric layer for a normal electrostatic chuck.
Therefore, the electrocdes ©f each of the electrostatic chucks
can form the substrate chucking surface. In this case, with
respect to the electrodes forming the substrate chucking

surface, each electrode is preferably an elastic electrode
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[ 0033] The resin sheet which can be used is the sane as that described in
the first structural exanple. The resin sheet supplying neans and the resin
-sheet collecting neans are the sane as those described in the first
structural exanple. The resin sheet supplying neans suitably includes a
delivery roll around which the resin sheet is wound in a roll shape and
ssupply side guide rollers for guiding the resin sheet delivered fromthe
delivery roll to the first substrate chucking surface side. The resin sheet
collecting means suitably includes_a wind-up roll for mﬁndin%,uR,the resin

sheet aW#OE6! QLS MaTIEZ Ui 48 81 Fer £ 019 ¢fif dPRY VREUMEsHF i Yed
fromthe second substrate chuckin% surface to the wnd-up roll side. [0034]
The firds substr@temchmkilngxsut®aceCnay. i ncThde thhekeéest ridueseef tise
first electrostatic chuck. Simlarly, The second substrate chucking surface

may i nchudect-lelveliecty ofesgef ofhe .aecend @) ectmast ahtic meheClpreftatatls; even
in the second structural exanple, as described in the first structural

exanpl e, .t he i egt 5C I ve i.nsu bpgsdielegtri yer
for a norma fe (_{tnrf?)gt gt’|2cﬁ@hﬁl]:(g’ls(?3 There o?g?o%lﬁlgéekg%%?géggsﬁgf qtgagﬁljoe? t he

el ectrostatic cks. can formthe bstrate chucking surfage, In this case,
with r@§65|&ra§’gl§’t [f& e rEc fr &Y Gimind tlﬁe éﬁb@? rtlacfe c’ﬁuu:L in8'CE‘urf:ace,

each electrode is greferably an el astic el ectrode
[0035] n each of the first and second structural examples,

a time period for which the substrate to the electrostatic
chuck 1s attracted is normally set to 1 to 60 seconds
depending on a size and an amount of foreign materials
deposited on the substrate, so the foreign materials can be
transferred to the resin sheet side. When a foreign material
amount per unit area is large, it is effective to lengthen the
chucking time. When the electrostatic chuck used for the
apparatus is the bipolar electrostatic chuck, the chucking
force can be adjusted by changing the voltages applied to the
electrodes. Therefore, under a condition in which the foreign
material amount is small, the voltages are reduced or the
chucking time 1s shortened, so the electrostatic chuck is
adaptable to the condition. In addition, operation parameters
for minimizing a processing time per substrate can be
optimized. In this case, the chucking force to the substrate
per unit area 1is desirably in a range of 10 gf/cm® to 300
gf/cm?.

The foreign material removing apparatus according to the
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29 whose Shore hardness is 20 Hs to 90 Hs and volune resistivity is 100 Qcm
to 1 x 10-5 Q@m The thickness thereof is preferably in a range of 0.05 mm
.to 3 nm and nore preferably in a range of 0.2 mMmmto 3 mm The vol une
resistivity is nore preferably set in a range of 1 x 10-2 Q.CMto 1 x 10-5
Q@m [0035] In each of the first and second structural exanples, a tine
period for which the substrate to the electrostatic chuck is attracted is
normally set to 1 to 60 seconds depending on a size and an anount of

f [ terial d ited th bstrat e, t f ' terial
o 17 aRERSA TOVTRG Phe i et ARSI GPERERgn BAEMI e Mokt por

unit area is large, it is effective to |engthen the chucking tinme. Wen the
el ect r ost atd@rhueikd usBest ANt e UERshriat udni 3thREPBRBdFaPrESeEcostatd ¢
chuck, the chucking force can be adjusted by changing the voltages applied
to the sdiegitlgdesncidesed opecsunder aTtordi td oproboedhireh fidre fareinging
material amount is small, the voltages are reduced or the chucking tinme is

shortened, soddiere! et Hast atd Corhiiekyi Ssoadat abtS-d 9siMe €9RE1 Uronnd N
addition, operation paraneters for mnimzing a processing tinme per

Substrate cang%% (g%iﬁg;g%  Iéhégns case, the chucking force to the

substra@gpﬁﬁﬁ' Unit area s Jé3|rably in a range of 10 gf/cn2 to 300
gf / cne.

EFFECTS OF THE INVENTION

[0036] According to the foreign material removing
apparatus of the present invention, the foreign materials
deposited on the substrate {foreign materials deposited on the
substrate chucking surface side) are transferred to the resin
sheet and then the resin sheet is collected, so it is possible
to eliminate the chance of redeposition of the removed foreign
material to the substrate as much as possible. Further, the
foreign materials are removed without using the adhesive or
the like, so a load applied to the substrate at the time of
removal, which is a conventional problem, is substantially
zero, the apparatus is adaptable to a substrate whose size is
increased, and there is no chance of damaging the substrate.
In addition, when the zroll-shaped resin sheet 1s used,
successive processing is more significantly effectively
performed. Therefore, in particular, the use of the apparatus
in, for example, a semiconductor devices manufacturing site in

which higher processing capability is required is effective.
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The foreign material renoving apparatus according to the 30 present
invention is not necessarily operated particularly in a vacuum and thus can
.be used in an atnospheric pressure or a slightly increased pressure. Thus,
a procedure for vacuum ng or exposure to air is omtted, so the processing
time of the apparatus can be shortened. EFFECTS OF THE | NVENTI ON [ 0036]
sAccording to the foreign material renoving apparatus of the present
invention, the foreign materials deposited on the substrate (foreign

mat eri al s dep05|ted on the substrat chucqug% urfac side) are transferred

to the FESEASTshe¥ReBndtRRenPPhentod1R Sd & 1&F 58 @ Ydssi bl e
to elimnate the chance of redeposition of the rennved foreign material to
t he subshungke athsuchhuskpnogsi biwe, Fuanflerthe helikor i rmatteimidesd ares
renoved wi thout using the adhesive or the like, so a |load applied to the

substraparametbest i Maseld reowile Whelnt s ercobnent seral problfRyAeiigh
substantially zero, the apparatus is adaptable to a substrate whose size is

Increasxsaqteg@ tshecﬁ%pbélf@dcwcﬁh@f usgg%@tg}ar&,t NepsubsLral &n 44t on.

when the ro hape resin sheet 1s successi ve proc ssing I's nore

5|gn|f|cant %g vgl p%r%%r {hl Eoree é& ticular, the use of

the appgl‘—’lgt f' % AnpFECVE erﬁ”c F & é?’ﬁamﬁf I TR Ysit e
processing time per substrate can be minimized. Still further,

because a low-cost resin sheet is used, a maintenance cost can

be suppressed to a low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] [Fig. 1] Fig. 1 1s an explanatory plan view
illustrating a case where a central electrostatic chuck and a
peripheral electrostatic chuck form a substrate chucking
surface.

[Fig. 2] Fig. 2 is an explanatory plan view illustrating
a case where a central electrostatic chuck and peripheral
electrostatic chucks form the substrate chucking surface.

[Fig. 3] Fig. 3 1is an explanatory cross sectional
(partial) wview showing a foreign material removing apparatus
in the case where the central electrostatic chuck and the
peripheral electrostatic chucks form the substrate chucking
surface.

[Fig. 4] Fig. 4 1is an explanatory cross sectional view

showing a state in which a substrate is attracted to the
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whi ch hi gher processing capability is required is effective. 31 Further,
when the potentials applied to the electrostatic chuck, the chucking tine,
sand the |ike are optim zed as paraneters based on the anount or the size of
foreign materials deposited on the substrate, the foreign materials can be
effectively renoved, with the result that a necessary processing tinme per
ssubstrate can be mnimzed. Still further, because a | ow cost resin sheet
is used, a nmintenance cost can be suppressed to a | ow cost. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0037] [Fig. 11 Fig. 1 is an explanatory plan
view i EPESLARL MAGSE 18ds & SRETETa aPBREA&MSe| ectrostati ¢ chuck and a

peri pheral electrostatic chuck forma substrate chucking surface. [Fig. 2]
Fig. 2 is an d¥pbandlor§ipl ag viewan| eupflraticogy awsse sbhetronatemntiem

el ectrostati c chuck and peripheral electrostatic chucks formthe substrate

chucki ngnewihacen kEh8e 3 FwBicB itheAncexpranatret-taicegstsect épiak is
(partial) view showing a foreign material renoving apparatus in the case

wh t I tyr O i &1 i | gl tat
Chucks PoPi TRE s Ssts ol e TRk e - o rack PR fp%he, o6, TpEhay’ 8

expl anat ory cross sectional, vie ,
P Eet een an en pof%lon d? the substrate and a resin sheet.

(Fig. 6] Fig. 6 is an explanatory cross sectional view
showing a state in which the substrate from which foreign
materials are removed is collected.

[Fig. 7] Fig. 7 1is an explanatory plan view showing a
foreign material removing system in which a supply side
substrate cassette and a collection side substrate cassette
are combined with the foreign material removing apparatus.

[Fig. 8] Fig. 8 1is an explanatory perspective view
{(external view) showing the foreign material removing system
in which the supply side substrate cassette and the collection
side substrate cassette are combined with the foreign material
removing apparatus.

[Fig. 9] Fig. 9 1is an explanatory cross sectional
(partial) view showing a modified example of the foreign
material removing apparatus in the case where the central
electrostatic chuck and the peripheral electrostatic chucks
form the substrate chucking surface.

[Fig. 10] Fig. 10 1is an explanatory plan (partial} view

showing an example of a foreign material removing apparatus
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showi ng a state in which a substrate is attracted to the 32 f foreign

mat eri al renoving apparatus. [Fig. 5] Fig. 5 is an explanatory cross
-sectional view showing a state in which the central electrostatic chuck is
protruded by a height direction adjustnent neans to forma gap between an
end portion of the substrate and a resin sheet. [Fig. 6] Fig. 6 is an

“expl anatory cross sectional view showng a state in which the substrate
fromwhich foreign materials are renoved is collected. [Fig. 7] Fig. 7 is
an expl anatory plan view show n forei%n material renoving systemin

, a
whi ch a i&EgMaing ded subdtpite %é@EEFPétﬁ d%a coMPetti oindi de? suRgTdD
cassette are conbined with the foreign material renoving apparatus. [Fig.
8] Fi g. e8eics raxs tatplcararurly, peasheoti whigrevfoxmext &r sabstirewe sHowixigna he
foreign material renoving system in which the supply side substrate
cassett guatdclehe coll ection side substrate cassette are conbined wth the
foreign material renoving apparatus. [Fig. 91 Fig. 9 is an explanatory

cross sectionghk; 4 parti akdy Vi owi jf A f : j gn
material r em)\altlbrll 'agipla}r 2%%%' [ %Wt EE \gggﬁl%%%@dcﬁ%?g}]%gl g???&%t%ﬁ o

chuck ar%%rtqunperrrlalt eh:celrﬁ %le%%&rri?lsgt ast}lfsctecmhugriiswhich SMIFs are combined

with the foreign material removing apparatus.

DESCRIPTION OF REFERENCE NUMERALS

fo038] X: foreign material removing apparatus, 1:
substrate, 2: central electrostatic chuck, 3: peripheral
electrostatic chuck, 4: substrate chucking surface, 5: resin
sheet, 6: delivery roll, 7: supply side guide zroller, 8:
supply side adjustment roller, 9: resin sheet supplying means,
10: wind-up roll, 11: collection side guide roller, 12:
collection side adjustment roller, 13: resin sheet collecting
means, 14, 18, 20: first electrode, 15, 19, 21: second
electrode, 16: power supply, 17: switch, 22: foreign material,
23: substrate push-up pin, 24: fork, 25: robot arm, 26: supply
substrate cassette, 27: collection substrate cassette, 31, 34,
37: first electrode, 31, 34, 37, 32, 35, 38: second electrode,
33, 36, 38: metal base, 41: first electrostatic chuck, 42:
second electrostatic chuck, 43: first electrode, 44: second
electrode, 45: first substrate chucking surface, 46: first

electrode, 47: second electrode, 48: second substrate chucking
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plan (p
-appar at
el ectro
[Fig. 1
‘Tenpvi n
renpvi n
mat eri a
3: peri
sheet ,

e substrate chucking surface. [Fig. 10] Fig. 10 is an expl anator
artial) view show ng an exanple of a foreign material renoving
us 33 including a first electrostatic chuck and a second

static chuck, each of which fornms a substrate chucking surface.
1] Fig. 11 is an explanatory plan view showng a foreign materi
g systemin which SMFs are conbined wth the foreign nateri al
g apparatus. DESCRI PTION OF REFERENCE NUVERALS [ 0038] X: foreign
| renoving apparatus, 1:  substrate : central electrostatic ch
§H€EQPeJeP§%tr6§F§fHca%%u&inﬁersuﬁg%raF@ BRuGi™g StF f &dd ITSY
6: delivery roll, 7: supply side guide roller, 8. supply side

y

al

uck,
esin

adjustné@t SHlIFer, 9: resin sheet suppl yi ng neans, 10: wi nd-up roll, 11:
ion side guide roller, 12: collection side adjustnent roller, 13:

col | ect
resin s
second

heet collecting mnmeans, 14, 18, 20: first electrode, 15, 19, 21:
el ectrode, 16: power supply, 17: switch, 22: foreign material,

subst rata%sgu%mp PRI oty TR o Tiare! aR@fedEy 26: Supply  substrate

cassett
31, 34,
el ectro

e coll'ection su
gﬁgglizchﬁngggﬁlna %gg,6|%%%E%%%ed embéﬁlﬁgit'“ﬁb esbas%’ i

present invention will be specifically described with
reference to the attached drawings.

[0040] A foreign material removing apparatus in a case
where an electrostatic chuck forming a substrate chucking

surface 1is divided into a central electrostatic chuck and

peripheral electrostatic chucks will be specifically described.

Fig. 3 1is a partial cross sectional wview ({(A-A' cross
section in Fig. 2) showing a foreign material removing
apparatus X having a substrate chucking surface 4 including a
central electrostatic chuck 2 and peripheral electrostatic
chucks 3 shown in Fig. 2. That is, in the foreign material
removing apparatus X, the substrate chucking surface 4 whose
two-dimensional shape 1s a rectangular shape includes the
central electrostatic chuck 2 which has a relatively wide
portion and corresponds to a center portion of the substrate 1
and peripheral electrostatic chucks 3a and 3b which are
located on both sides of the central electrostatic chuck 2 and
correspond to a peripheral portion of the substrate 1. A resin

sheet 5 which has a thickness of 10 upm and 3is made of
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second el ectrostatic chuck, 43: first electrode, 44: second electrode, 45:
first substrate chucking surface, 46: first electrode, 47. second

-el ectrode, 48: second substrate chucking 34 surface, 49: clean air ionizer,
50: robot arm 51: aligner, 52: SMF BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON [ 0039] Hereinafter, preferred enbodi mrent nodes of the present
invention will be specifically described with reference to the attached
drawi ngs. [0040] A foreign material renoving apparatus in a case where an
el ectrostatic chuck forming a substrate chucking surface is divided into a
cent r al POLE¥ENydt #LCERHuCIE atrid p%?lEh%rﬁPbﬁFEEF?o§P&Fkén6h@&@iﬁﬁﬂI4 be
specifically described. Fig. 3 is a partial cross sectional view (A-A" cross
secti onThe FirgsiB) shewitng5a isrepgpphbtéritd rBrovingestappgs atasickimavi ng a
substrate chucking surface 4 including a central electrostatic chuck 2 and

peri phegak falcect4 ophatd Cc reshuCkshdetshewppltihbg.meansThat dikch | Bhhbe diey ei gn
mat eri al renDV|ng apparatus X, the substrate chucking surface 4 whose

t wo- di ﬁﬂ%‘raﬁ_haé’gel{:,\g}: #%Ei@”géﬂ ;. Shape dacl udes. L e el;e?}txrc?ét acic

el ectro tat chuck as arelatively wde portfion corresponds

nt er rtion of th r n riph I r i Kk
gg :nge %? P9 téig(%ht ﬁéﬁﬂgﬁéra e%ecgrgsggtﬁg eﬁuckeBgC%r%SH?t & C ucks

in this order in a resin sheet length direction. The resin
sheet supplying means 9 includes a delivery roll 6 around
which the resin sheet 5 is wound in a roll shape, a pair of
supply side guide rollers 7 for guiding the resin sheet 5
delivered from the delivery roll 6 to the substrate chucking
surface 4 side, and a supply side adjustment rocller 8 located
between the delivery roll 6 and the supply side guide rollers
7 to adjust the tension of the resin sheet 5. The resin sheet
5 supplied to the substrate chucking surface 4 is collected by
a resin sheet collecting means 13 which includes a wind-up
roil 10, a pair of collection side guide rollers 11 for
guiding the resin sheet 5 fed from the substrate chucking
surface 4 to the wind-up roll 10 gide, and a collection side
adjustment roller 12 located between the wind-up roll 10 and
the collection side guide rollers 11 to adjust the tension of
the resin sheet 5.

[0041] The central electrostatic chuck 2 and the two
peripheral electrostatic chucks 3a and 3b each are a bipolar

electrostatic chuck. The central electrostatic chuck 2
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| ocated on both sides of the central electrostatic chuck 2 and correspond
to a peripheral portion of the substrate 1. Aresin sheet 5 which has a

-t hi ckness of 10 pmand is made of 35 polyvinyl alcohol is laid on the
substrate chucking surface 4. The resin sheet 5 is supplied to the
substrate chucking surface 4 by a resin sheet supplying neans 9 such that
‘the peripheral electrostatic chuck 3a, the central electrostatic chuck 2,
and the peripheral electrostatic chuck 3a are located in this order in a
resin sheet length direction. The resin sheet supplyi % means 9 includes a

del i ver yRFSPASE AFBAnE L8R ahe PediiF EheBte5tFsdfoutl PR% o19eMkbe, a

pair of supply side guide rollers 7 for guiding the resin sheet 5
del i ver edeftaomdehd Sdel iTher it slect tdie sbsandt ehehgekiong ssiadtaseled
side, and a supply side adjustnent roller 8 | ocated between the delivery

roll 6 asd fhe suppleciéde wwrdear obb®és shgpliadjigst ahlie d¢omseored®f itrhe
resin sheet 5. The resin sheet 5 supplied to the substrate chucking surface

4 1s col 'e%%%d vglyth aares%}ﬁcﬁ"eﬁ gl e&ff e gu&gfoﬂ*?’ ‘éﬁ“&&ﬂlz{tfé udes 4, (? ng

wi nd-up Tol air of collection si e roIIers 1 gu
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the wind-up roll 10 and the coIIectlon side guide rollers 11 to adjust the
t ensi onedectrode 19 of the peripheral electrostatic chuck 3a and a
first electrode 20 and a second electrode 21 of the peripheral
electrostatic chuck 3b each are connected with the power
supply 16 through the switch 17. The peripheral electrostatic
chucks 3a and 3b are connected with a lifter mechanism (height
direction adjustment means) which 1s not shown and can move
the peripheral electrostatic chucks 3a and 3b upward and
downward in the direction perpendicular to the substrate
chucking surface 4 (direction indicated by a double-headed
arrow in Fig. 3). The supply side guide rollers 7 and the
collection side guide rollers 11 are connected with the same
lifter mechanism (height direction adjustment means) which is
not shown. A robot arm (not shown) including a fork for
carrying the substrate 1 is provided to supply the substrate 1
to be processed to the substrate chucking surface 4 and
collect the processed substrate 1.
[0042] A procedure for removing foreign materials from the

substrate 1 using the foreign material removing apparatus X

having the above-mentioned structure will be described. Fig.3

37



the resin sheet S. [0041] The central electrostatic chuck 2 and the two
peri pheral electrostatic chucks 3a and 3b each are a bipolar electrostatic
-chuck. The central electrostatic chuck 2 36 includes two el ectrodes, a
first electrode 14 and a second electrode 15. The first el ectrode 14 and
the second electrode 15 are connected with a power supply 16 and connected
in series with a swtch 17 for turning OV OFF a voltage of the power
supply 16. Simlarly, a first electrode 18 and a second electrode 19 of the
peri pheral electrostatic chuck 3a g@d a first electrode 20 and a second

I

el ect r of&¥E of tHeriper itfheMafchel BREr cRRT @ hudk 3bNedlh &P e FGHIER ed

with the power supply 16 through the switch 17. The perlpheral
el ect r ogpgeird aleshudksaga dsb@itatke eonihdet ethhdtrate | Fhuekingclranifaae
(height direction adjustment nmeans) which is not shown and can nove the

peri pheraldesl egu%pﬁ@ai oEhteks Baband aim upwabdraade dovamerdri medis)
direction perpendicular to the substrate chucking surface 4 (direction
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7 and the coI ection side guide'rollers 11 are connecte e sane
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provi ded to supply the substrate 1
the power "supply 16 i1s in an OFF state. Therefore, a voltage

is not applied to any of the electrostatic chucks and thus the
substrate 1 i1s not attracted. Fig. 4 shows a state in which
the switch 17 for the power supply 16 1is turned ON to
simultaneously apply the same voltage between the first
electrode and the second electrode of each of the
electrostatic chucks, thereby attracting the substrate 1 to
the substrate chucking surface 4 through the resin sheet 5. In
this state, the foreign materials 22 are captured in the resin
sheet 5. A chucking time and the voltage of the power supply
16 can be adjusted. For example, the chucking time can be
adjusted within a range of 1 second to 60 seconds and the
interterminal voltage of the power supply 16 can be adjusted
within a range of 0 to 8 kV. In particular, in a case of a
bipolar electrostatic chuck, positive and negative potentials
can be applied between terminals, so a potential difference of
the voltage is within a range of 0 tc *4 kV. Note that all
mechanisms such as the respective electrostatic chucks and the

reollers, the power supply, the switch, and the like may be
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t he power supply 16 can be adjusted

electrostatic chuck 2 1is protruded by the height direction
adjustment means relative to the peripheral electrostatic
chucks 3a and 3b in the direction perpendicular to the
substrate chucking surface 4 to form a gap between an end
portion of the substrate 1 and the resin sheet 5. That is, the
peripheral electrostatic chucks 3a and 3b, the supply side
guide rollers 7, and the collection side guide rollers 11,
each of which 1s provided with the lifter mechanism which is
not shown, are moved from the substrate chucking surface 4
downward in the perpendicular direction (opposite side to the
substrate chucking surface 4), so the state shown in Fig. 5
can be obtained. With the use of the gap formed between the
substrate 1 and the resin sheet 5, the substrate 1 can be
collected by the robot arm. With this state, when substrate
push-up pins 23 (substrate lift-up means) are inserted from
both sides of the substrate 1 into the gap to 1ift the
substrate 1 wupward in the perpendicular direction, the
substrate 1 can be more easily and reliably collected. Note

that Fig. 5 shows a state in which the foreign materials 22
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within a range of 0 to 8 kV. In particular, in a case of a bipolar

el ectrostatic chuck, positive and negative potentials can be applied
-between termnals, so a potential difference of the voltage is within a
range of 0 to 4 kV. Note that all nechanisns such as the respective

el ectrostatic chucks and the rollers, the power supply, the switch, and the
Tike may be 38 controlled by a controller which is not shown, for
controlling the operations of those. [00431 The substrate 1 is attracted
for a predetermined tine in_the above-nentioned set conditions and then the
switch deposdtedr nel P AMRSTIERS | las2EhowFansistged, EPhetRentheafin

el ectrostatic chuck 2 is protruded by the height direction adjustnent neans
rel ati veheett e peri pheral electrostatic chucks 3a and 3b in the direction
perpendi cular to the substrate chucking surface 4 to forma gap between an

end porbioeajof theagulsicivat @énl Fagd tshe whesi nthsheribsSrathat] ifSsont Réich
peri pheral electrostatic chucks 3a and 3b, the supply side guide rollers 7,

and the ol lse6ldion Sidegul de 5914 pL Srddovegach b i ehinspeayi ded 4 th

the lifter mechani sm not shown, are noved om the substrate
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obtained. Wth the use of the gap fornmed between the
arm be inserted into the gap between the substrate 1 lifted up

by the substrate push-up pins 23 and the resin sheet 5 and the
substrate be carried on the fork 24 and collected by the robot
arm (not shown}. The resin sheet 5 to which the foreign
materials 22 are transferred from the substrate chucking
surface 4 can be collected by the wind-up roll 10.
Simultaneously, a new vresin sheet 5 delivered from the
delivery roll 6 side can be supplied to the substrate chucking
gsurface 4 (direction indicated by an arrow in Fig. 6) to
perform next foreign material removing processing.

{0045] In order to process another substrate 1 to which
foreign materials 22 are deposited, the substrate 1 carried on
the fork 24 is moved onto the substrate push-up pins 23 and
placed on the new zresin sheet 5 located on the central
electrostatic chuck 2 by lowering the substrate push-up pins
23. Then, the peripheral electrostatic chucks 3a and 3b are
moved up by the respective lifter mechanisms to form the
substrate chucking surface 4 with the central electrostatic

chuck 2. At this time, the supply side guide rollers 8 and the
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substrate 1 and the resin sheet 5, the substrate 1 can be collected by the
robot arm Wth this state, when substrate push-up pins 23 (substrate
-lift-up neans) are inserted from both sides of the substrate 1 into the gap
tolift the substrate 1 upward in the perpendicular direction, the
substrate 1 can be nore easily and reliably collected. Note that Fig. 5
'shows a state in which the foreign materials 22 39 deposited on the
substrate 1 are transferred to the resin sheet 5. [0044] As shown in Fig.

6, when t suhstrate.l from whic the. forei gn_nmateriaks 22 are remyved is
Lo be  CSPIAatIden (51a8 Shafs b Lo 13 1ore BACHEordEd TR TSe L P &M o
the robot armbe inserted into the gap between the substrate 1 lifted up

by the &igsttbfeepudschsngists DRIVHET hy1fEsithahBevindaktP t heWhn§tbsitkat e be
carried on the fork 24 and collected by the robot arm (not shown). The

resin sheetirb dheathi thofhéhkordsilgnventierilal 6 28 aoepiledrdfyeradthfatod t he
substrate chucking surface 4 can be collected by the wind-up roll 10.

Si mul t aReQUs) WweRimMeyneLsi  shephebedghbiyered .froaet Needdelevmer sHeRlt £ side
can be supplied to the substrate chucking surface 4 (direction indicated by

an ar rowdin i B e RATLLNM nexty Loy S0 MHELLA, SV Pr 0cessi ng.

[ 0045] I'm~order to-“process another substrate 1to I“‘ch
[0046] As shown in Fig. 7, 1in addition to the foreign
material removing apparatus X according to the present
invention, a supply substrate cassette 26 storing the
substrate 1 which is unprocessed (before the removal of the
foreign materials) and a collection substrate cassette 27
collecting the substrate 1 which is processed (after the
removal of the foreign materials) may be arranged within a
movable area of a robot arm 25 to construct a foreign material
removing system for substrate. Fig. 8 1is an external view
showing the foreign material removing system constructed to
include the foreign material removing apparatus X and the
respective substrate cassettes 26 and 27 as described above.
[0047] Next, a modified example o©f the foreign material
removing apparatus in which the electrostatic chuck forming
the substrate chucking surface 1s divided into the central
electrostatic chuck and the peripheral electrostatic chucks
will be specifically described.

In the foreign material removing apparatus X shown in Fig.

9, an electrode including the central electrostatic chuck 2
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foreign materials 22 are deposited, the substrate 1 carried on the fork 24
is nmoved onto the substrate push-up pins 23 and placed on the new resin
-sheet 5 located on the central electrostatic chuck 2 by |owering the
substrate push-up pins 23. Then, the peripheral electrostatic chucks 3a and
3b are noved up by the respective lifter mechanisns to formthe substrate
‘chucking surface 4 with the central electrostatic chuck 2- At this tine,
the supply side guide rollers 8 and the 40 collection side guide rollers 11

are preferabl nmov e lifter pech n| n1to eth r with the mgving
in. DhefiinetNg cBER EhBERLs SISTHCTAT Yor SRR 655 < *Banpitbt EPYIaxIit od.

a newresin sheet 5is preferabuy set. The used reS|n sheet 5 collected by
the wi ngubstreitle 1¢Huskine ersabifipasi scar ded THRG046]S /As ighowde n dEng.rad, in
addition to the foreign material renoving apparatus X according to the
present elierveatsican,ica shppky 3ubsd r dtieratas edteice r26iest 801 ngndihea shsindte 1
whi ch is unprocessed (before the renoval of the foreign materials) and a

col l ect QR -SUR3S ale @ARGetde WAicKKha&Ch | ﬁgaﬁeesﬁaﬁét hakeil whigeh dss a
processed (after the reanaI of the foreign materials) my be arranged
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foreign material renmoving systemconstructed to
whose thickness 1is mm, volume resistivity is 1 x 10 Q-cm,
and Shore hardness is 70 Hs, are bonded to a metal base 33
made of aluminum through an insulating sheet (nct shown) which
has a thickness equal to or larger than 50 um and is made of
engineering plastic. Similarly, in the peripheral
electrostatic chuck 3a, a first electrode 34 and a second
electrode 35, each of which has a plate shape and is made of
the same conductive rubber, are bonded to a metal base 36 made
of aluminum. In the peripheral electrostatic chuck 3b, a first
electrode 37 and a second electrode 38, each of which is made
of the same conductive rubber, are bonded to a metal base 39
made of aluminum. The first electrodes 31, 34, and 37 and the
gsecond electrodes 32, 35, and 38 are exposed to form the
substrate chucking surface 4 to which the substrate 1 is
attracted. Note that the first electrode and the second
electrode are bonded to the insulating sheet using an adhesive
and the insulating sheet is bonded to the metal base using an

adhesgive.

[0048] In the modified example, in order to increase a
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include the foreign material renoving apparatus X and the respective
substrate cassettes 26 and 27 as descri bed above. [0047] Next, a nodified
.exanple of the foreign material renobving apparatus in which the

el ectrostatic chuck form ng the substrate chucking surface is divided into
the central electrostatic chuck and the peripheral electrostatic chucks

W || be specifically described. In the foreign material renoving apparatus X
shown in Fig. 9, an electrode including the central electrostatic chuck 2
41 and the peripheral electrostatic chucks 3a and 3b forns the substrate
chucki n§oBtipfaceratiPhavitl, 4 n WaHeedltr akhee| eéneostht i eHiing 2, % rst
el ectrode 31 and a second electrode 32, each of which has a plate shape and
i s mudeeghmplecar bonneanrtdialed of | i os comslict | skeetibbep (ekastusedel €t r ode)
whose thickness is 1 mm volune resistivity is 1 x 10-4 @cm and Shore

hardneSFrb?.e%th@, ahenfendegh t g Mehal Pasen 3Endmde sof maham sumatdy—ough
an insulating sheet (nof shown) which has a thickness equal to or |arger

Chan 50 . ! . | Cic. . Sim r i oh |
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each of which has a plate shape and is made of the sane conductive rubber,
are bonBe§ctscdesett: bdde FGmdé 3C AR AGRPRAN SIREPR9Sherar 35-

el ectrostatic chuck 3b, a first
and 38 in the respective electrostatic chucks directly form

the substrate chucking surface 4, so the same chucking force
can be exercised even by an applied voltage lower than that in
the above-menticned example. Therefore, for example, an
adjustable range of the chucking time is suitably 1 second to
60 seconds and an adjustable range of the interterminal
voltage of the power supply 16 1is suitably 0 to 4 kV. In
particular, in the case of the bipolar electrostatic chuck,

the positive and negative potentials are applied between

fu

terminals, so potential difference of the voltage is within
a range of 0 teo *2 kV. Other structures of the apparatus, a
foreign material removal procedure, and the like can be made
identical to those in the case of the above-mentioned foreign
material removing apparatus.

[0049] Next, a foreign material removing apparatus
including a plurality of chucking stages will be specifically
described.

Fig. 10 1is an explanatory plan (part) view showing a

foreign material removing apparatus X for substrate which has
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el ectrode 37 and a second el ectrode 38, each of which is made of the sane
conductive rubber, are bonded to a netal base 39 nmade of alum num The
first electrodes 31, 34, and 37 and the second el ectrodes 32, 35, and 38
are exposed to formthe substrate chucking surface 4 to which the substrate
1is attracted. Note that the first electrode and the second electrode are
‘bonded to the insulating sheet using an adhesive and the insulating sheet
is bonded to the netal base using an adhesive. [0048] In the nodified
exanple, in order to increase a_42 contact ratio with a wafer at the tine
of chuckmeg, eflectresaaiie, ghvaeri alk off itsd r &diertsiesdiattis beehwdd 4l
preferably changed to use the resin sheet 5 made of | ow density

pol yet hflena nghose fithisoknesbstsa28 prhuckind | sat-faekecs s odesl 34, s¥korahd 37
and the second el ectrodes 32, 35, and 38 in the respective electrostatic

chucks dileegtlosthernm tR8cRULSS I anBihikEkhndss8bhacesubs S tde A iGhycki ng
force can be exercised even by an applied voltage |lower than that in~ the

above- i d a e... Ther re. . for qqgle . . ady abl e n of the
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the interterminal voltage of the power suppI% 16 is suitably 0 to 4 kV. In
g

ge.
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chuck. An electrode made of a carbon-contained silicon
conductive rubber (elastic electrode) whose thickness is 1 mm,
volume resistivity is 1 x 10* Q-cm, and Shore hardness is 70
Hs is bonded onto a metal base made o¢f aluminum through an
insulating sheet which has a thickness equal to or larger than
50 um and is made of polyethylene, thereby forming each of the
substrate chucking surfaces. Note that the electrodes of each
of the electrostatic chucks are bonded to the insulating sheet
using an adhesive and the iInsulating sheet is bonded to the
metal base using an adhesive.

{0050] The case where foreign materials are removed from a
normal silicon wafer 1 whose diameter 1is 300 mm will be
described below as an example of the substrate 1 to be
processed. In the first electrostatic chuck 41, a plane-shaped
first electrode 43 whose length is 216 mm and width is 150 mm
and a plane-shaped second electrcocde 44 whose length is 216 mm
and width is 150 mm are arranged such that the silicon wafer 1
is divided into two to have an interval of 5 mm. The entire

surface of the silicon wafer 1 1is not attracted to the first
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the positive and negative potentials are applied between termnals, so a
potential difference of the voltage is within a range of 0 to 2 kV. Oher
-structures of the apparatus, a foreign material renoval procedure, and the
| i ke can be made identical to those in the case of the above-nenti oned
foreign material renoving apparatus. [0049] Next, a foreign material
‘renmovi ng apparatus including a plurality of chucking stages wll be
specifically described. Fig. 10 is an explanatory plan (part) view show ng
a foreign material renoving apparatus, X for substrate which has 43 two

el ect r o§EREFEAERUARNCKATG YT 4Gt 3 ostBETEAERAckPE 1 EESEmsHE SE HaAdes 43
substrate chucking surface 45 and a second electrostatic chuck 42 formng a
second sobstthat eseshoki eecuedaceés 48. Beelchenfl phetfipnst ofl édrer asitldtdag chuck
41 and the second electrostatic chuck 42 is the bipolar electrostatic
chuck. darelrectrpdetiade dbyascarmwnteoni@i afd t3 | peenideondictidhrkidper
(elastic el ectrode) whose thickness is 1 mm volune resistivity is 1 x 10-4

dom and,Shqre Hapdpessyts of0 oot ebaohanded (Nt iRl AR ARLS Hhe

al um num t hroug nsul ating she h has a thickness equal to or
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non-chucking area. On the other hand, in the second

electrostatic chuck 42, a first electrode 46 which has an H-

type plane shape and is 310 mm long in a feeding direction of

the resin sheet 5 described later and 216 mm wide in a width

direction thereof is provided. Two second electrodes 47, each

of which has a plane-shape and is 70 mm long and 200 mm wide,

are arranged to fill twc space porticns of the first electrode

46 of the H-type and to have an interval of 5 mm with the

first electrode 46. 1In each of the first electrostatic chuck

41 and the second electrostatic chuck 42, the power supply 16

is connected between the first electrode and the second

electrode (s} .

{00511 The resin sheet 5 which has a thickness of 20 um to

40 pm and a width of 220 mm to 230 mm and is wmade of

polyethylene is supplied to the first electrostatic chuck 41

and the second electrostatic chuck 42. The resin sheet 5 1is

wound in a roll shape around the delivery roll 6. As indicated

by an arrow in Fig. 10, the resin sheet 5 is guided to the

first substrate chucking surface 45 and the second substrate
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of the electrostatic chucks are bonded to the insulating sheet using an
adhesi ve and the insulating sheet is bonded to the netal base using an
-adhesi ve. [0050] The case where foreign materials are renoved froma nornal
silicon wafer 1 whose dianeter is 300 mmw || be described bel ow as an
exanple of the substrate 1 to be processed. In the first electrostatic
‘chuck 41, a plane-shaped first electrode 43 whose length is 216 nm and
width is 150 nm and a pl ane-shaped second el ectrode 44 whose length is 216
mm and width is 150 nmm are arranged such that. the silicon wafer_1 is

di vi ded“PHEE IR0 Twriane 48 i TN 6PC5 SHRPItheSéfAei i@ idqurFateesf the
silicon wafer 1 is not attracted to the first 44 substrate chucking surface

45 i ncl addng-hdre Woustl elmecbyodd i3 upandol he 1feddmbudtect hededdd.e Batdn end
portions of the silicon wafer 1 protrude by 30 mmto 40 mmto provide

non- chugkiyeg guaeasolA 3ap 190! t RON ek@mpesPetdicagH @t htd Harivalrypatongen the
first electrode 43 and the second el ectrode 44 is a substrate non-chucking
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f eedi ng di.rection of he resjin_sheet described later and 216 nrmwide in a
wi dt h geanlééFiSo&ltfhe?r‘&{)fﬁ?% ‘ﬁjr%@ﬂa%d.r“sﬂml%e‘c‘aﬁdlBFiBﬁFo&egeﬂfP,ereér&?seof

whi ch has a pl ane-shape and is 70 mm | ong and 200 nm wi de,
diameter is 10 mm to 50 mm, length is equal to or longer than

220 mm, and material is stainless steel or the like. A clean
air ionizer may be provided between the delivery rocll 6 and
the supply side guide roliers 7 on the resin sheet supplying
means side to neutralize charges of the resin sheet 5 which
are stored by removal charging or the like. A corona
discharger can be used instead of the ionizer.

[0052] As shown in Fig. 11, a foreign material removing
apparatus X which further includes a robot arm 50 having a
holding portion capable of holding the end portion of the
substrate and an aligner (substrate rotating means) 51 capable
of adjusting an orientation of the silicon wafer 1 in a
direction parallel to the substrate chucking surface, in
addition to the above-mentioned structure, is used to remove
the foreign materials deposited on the silicon wafer 1. First,
the silicon wafer 1 to which the foreign materials are
deposited is supplied to the first substrate chucking surface
45 of the first electrostatic chuck 41 by the robot arm 50.

Next, a voltage of 1.5 kV is applied between the £first
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and to have an interval of 5 mMmwth the first electrode 46. In each
.of the first electrostatic chuck 41 and the second el ectrostatic chuck 42,

is connected between the first el ectrode and the second
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a wdth of 220 mMmto 230 mmand is nade of polyethylene is supplied
to the first electrostatic chuck 41 and the second el ectrostati c chuck 42.

in sheet 5is wound in a roll shape around the delivery roll 6. As

gdechyods afPowrRA FFEE 196CPRd re:ferspet B i SQuiddddad t Hde fir st

te chucking surface 45 and the second substrate 45 chucking surface

through the collection side guide rollers 11. An exanple of each of

rollers 11, and the wind-up roll 10 can include a nenber whose
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FRYs ROST 1585pISf righe CQH g TRT nbutRaf
aﬁggéhare held by the holding portion of the robot arm 50 and
the silicon wafer 1 is transferred to the aligner 51.

[0053] The wafer 1 is rotated 90° by the aligner 51. Then,
the wafer 1 is held by the robot arm 50 again and supplied to
the second substrate chucking surface 48 of the second
electrostatic chuck 42. 1In this case, the both end portions of
the silicon wafer 1 which are not attracted in the case of the
first substrate chucking surface 45 and the gap portion
between the first electrode 43 and the second electrode 44 are
included in an electrode ©projection area obtained by
projecting the first electrode 46 and the second electrodes 47
of the second electrostatic chuck 42 to the wafer side. 2As in
the case of the first electrostatic chuck 41, even in the case
of the second electrostatic chuck 42, the wafer 1 is attracted
to transfer the foreign materials to the resin sheet 5 side,
thereby removing the foreign materials. After the foreign
materials are removed in the second electrostatic chuck 42, as

in the case of the first electrostatic chuck 41, the both end

portions of the wafer 1 which protrude from the second
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are stored by renoval charging or the like. A corona discharger can be used
instead of the ionizer. [0052] As shown in Fig. 11, a foreign materi al
.renoving apparatus X which further includes a robot arm50 having a

hol di ng portion capable of holding the end portion of the substrate and an
aligner (substrate rotating neans) 51 capable of adjusting an orientation
of the silicon wafer 1 in a direction parallel to the substrate chucking
surface, in addition to the above-nenti oned structure is used to renove

t he forebgn naterlals deposited on the silicon wafer the silicon

waf er SHEPER (B FOTE GHH eSS | 48 258 eprﬁéﬁ’égm%dh?%ds ﬁ’#pltlh@d §¥%the

first substrate chucking surface 45 of the first electrostatic chuck 41 by
t he robetrmasmh 5@ colaerct aheowsdge df- 1.5 kV is applied between the first
46 el ectrode 43 and the second electrode 44 to attract the silicon wafer 1

and theroguah a chugkieng t3ieat Lot &igmi Rhoknedlsf are3sepengdemobliert iduat
the application of the voltage between the respective electrodes is

st oppeduha, e 470 D9l d pendngOr danseof albe,Shh | Gy dptblapuarg the

non- chucking ~areas are ing portion o arm and
ot at ed 268 (RIS gHet o8 iflﬁ?rﬁ,gﬁ "8 VPRt 10} SCKEPBCBS - EnETFERot far m 50
agai n and supplled to
and the second electrostatic chuck 42 as described above, for
example, the foreign materials are insufficiently transferred
to the resin sheet 5 side on the non-chucking area in which a
sufficient chucking force may not be applied to the wafer 1 in
the first electrostatic chuck 41. Therefore, at least the non-
chucking area is reliably attracted by the second
electrostatic chuck 42, so a foreign material removal effect
can be compensated by the plurality of electrostatic chucks.
There is also a merit that wafer processing capability can be
improved. In Fig. 10, the orientation of a notch of the wafer
1 attracted to the first electrostatic chuck 41 is upward in
the drawing. In the second electrostatic chuck 42 after the
rotation of 90°, the notch is adjusted leftward in the drawing.
[0055] A plurality of SMIFs 52 may be provided within a
movable area of the robot arm 50 to construct a foreign
material removing system. The resin sheet 5 which is
unprocessed 1s laid on the respective substrate chucking

surfaces. The wafer 1 taken out from one of the SMIFs 52 is

subjected to foreign material removal by the first
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t he second substrate chucking surface 48 of the second electrostatic chuck
42. In this case, the both end portions of the silicon wafer 1 which are
.not attracted in the case of the first substrate chucking surface 45 and
the gap portion between the first electrode 43 and the second el ectrode 44
are included in an el ectrode projection area obtained by projecting the
‘first electrode 46 and the second el ectrodes 47 of the second electrostatic
chuck 42 to the wafer side. As in the case of the first electrostatic chuck
41, even_in the case of the second electrostatic_chuck 42, the wafer 1 is
at tr act edectyostandfechusk o iRt Haeer FENBOYdri k¥ FE3nAfepzed $ositde
thereby renoving the foreign naterials. After the foreign naterials are
renovedailighke $actyd tdlee atahust stnmc [Chuckn42heas lignetrhé 1casdeofwatftee fli r st

el ectrostatic chuck 41, the both end portions of the wafer 1 which protrude

fromthessecanded bisubstr at RrEQUCkHAE , SWHeaGm A8 a1 ei pr efahalleyrbel ¢ Py the
robot arm50 to collect the wafer 1. [0054] When the foreign materials are

to ber % fraom_-t o - ' t rejgn ri K '

appar at L S RS o Tharodss $hetpeEPBof e afn SEOA% s a1
and the second el ectrostatic chuck 42 as described aboye, for exanple, the
f or ei gnTRECEF é(lase &PE SR MATG TSRS, t?‘%ﬁ??eli:&‘@d repeVere fedile JREEL IR si de

on the non-chucking area in which a
materials, the wafer 1 is transferred to the aligner 51 by the

robot arm 50 again and rotated by 90° to return to the
original one of the SMIFs 52. Even in the case of the other
SMIFs 52, the same operation is performed, so efficient wafer
processing can be realized. When a plurality of aligners 51 is
provided, the productivity can be further improved. The
chucking and unchucking of the wafer 1 to and from each of the
electrostatic chucks may be repeated a plurality of times for
each wafer 1 based on a foreign material deposition state and
the like. The resin sheet 5 to which the foreign materials are
transferred may be exchanged for a new resin sheet 5 for each
chucking and unchucking of the wafer 1 or may be exchanged

after the repeated use thereof a plurality of times.

INDUSTRIAL APPLICABILITY

[0056] The foreign material removing apparatus according
to the present invention can suitably perform a foreign
material removal operation necessary to process various

substrates in, for example, a semiconductor wafer
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sufficient chucking force may not be applied to the wafer 1 in the first
el ectrostatic chuck 41. Therefore, at |east the non- chucking area is
reliably attracted by the second electrostatic chuck 42, so a foreign
material renoval effect can be conpensated by the plurality of

el ectrostatic chucks. There is also a nerit that wafer processing
‘capability can be inproved. In Fig. 10, the orientation of a notch of the
wafer 1 attracted to the first electrostatic chuck 41 is upward in the
drawing. In the second el ectrostatic chuck 42 after the rotation of 90, the
not ch |§@ﬁﬂ|iﬁ§%¥HQ§tﬁé?ﬂlﬁﬁythéidﬁﬁm%ﬂfndQQRﬁ%] %VbFﬁnﬂ@Q%ﬁ%ﬁtQ%AW% 52
may be provided within a novable area of the robot arm50 to construct a
f or ei gn famdtlertival memoviasg spsbetraThe masuhashering whichlisy, unprdcessed
is laid on the respective substrate chucking surfaces. The wafer 1 taken

out fromaeng i¢k, t ierSMukfubactariaybjected d odfieraizgn sBveEkal usen®yals by
the first 48 electrostatlc chuck 41 and then tenporarily transferred to the

al i gner I he f.8( ..1.Ss rotated
by 90. A?%%r ég%? 1%&!%%aﬂ é?%g %é?rl e é%%on e egfrostatlc
chuck 42 by the robot arn150 again to renove the foreign materials. After
the renoval of the foreign materials, the wafer 1 is transferred to the

aligner 51 by the robot arm50 again and rotated by 900 to return to the
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original one of the SMFs 52. Even in the case of the other SMFs 52, the
sane operation is perforned, so efficient wafer processing can be realized.
«When a plurality of aligners 51 is provided, the productivity can be
further inproved. The chucking and unchucking of the wafer 1 to and from
each of the electrostatic chucks nmay be repeated a plurality of tines for
‘each wafer 1 based on a foreign material deposition state and the |ike. The
resin sheet 5 to which the foreign naterials are transferred my be
exchanged for a new resin sheet 5 fo(;r':I E?@% chucki ng and unchucki ng of the
wafer 1 or nmay be exchanged after t 5 eated use thereof a plurality of
times. | NDUSTRI AL APPLI CABI LI TY [0056] The foreign material renoving
appar at us accérdiiiy 2PBAYRELHr ESEntTIRVEHT oft LQT eI Gt P §EHERF of KPR for ei gn
mat eri al renoval operation necessary to process various substrates in, for
exanpl e subsseaiteondwbioh wednerveslO annhofatgnr ineg drEal | teposisedi conduct or
devi ce manufacturing facility, a glass substrate manufacturing facility,
and a fsagishirby el oomyiufaeiguring a thin display device using, a liquid
crystal, a plasma, an organic material, or the like. 50 CLAIM5S 1. An

apparatus for .femying,3:tat6i.0n ARLEN T 3o {liQP 85 substrate chucking

surface to which the substrate is attracted;

resin sheet supplying means for supplying a resin sheet
to the substrate chucking surface;

resin sheet collecting means for collecting the supplied
resin sheet; and

substrate transfer means for transferring the substrate,
wherein:

the substrate supplied to the electrostatic chuck by the
substrate transfer means 1is attracted to the substrate
chucking surface through the resin sheet; and

the foreign material deposited on a side of the substrate
chucking surface of the substrate is transferred to the resin

sheet and removed.

2. An apparatus for removing a foreign material from a
substrate according to claim 1, wherein:

the electrostatic chuck is divided into at least a
central electrostatic chuck for attracting a central portion

of the substrate and a peripheral electrostatic chuck for
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substrate, which renoves a foreign nmaterial deposited on a substrate,
conprising: an electrostatic chuck form ng a substrate chucking surfac

eto

swhi ch the substrate is attracted; resin sheet supplying nmeans for supplying

a resin sheet to the substrate chucking surface; resin sheet collectin
means for collecting the supplied resin sheet; and substrate transfer

‘for transferring the substrate, wherein: the substrate supplied to the
el ectrostatic chuck by the substrate transfer neans is attracted to th

substrate chucking surface through . the resin sheet; and the foreign

nateriaﬁt8§BS§FP8d%oHe§1§%&§a&fPF%§l§@b§Fr§P§ ﬁgaﬁﬂﬁaﬁﬁisurface of the
substrate is transferred to the resin sheet and renoved. 2. An apparat
for renoving dhtorgirpratterier Fepavandsihst riere@eondtagied duaither,

wherein: the electrostatic chuck is divided into at least a central
el ect r ogbapiré seBuckhd Drhiat t Bdgkichd o ceadii@stponit | omeadfs t heapabsér atof

peripheral electrostatic chuck for 51 attracting a peripheral portion

the subgtratggihbe rarParaius f al1demying he-hetri g ARteshakel Yt hefe

peripheral electrostatic chuck in a perpendicular direction to

the substrate chucking surface to form a gap between an end
portion of the substrate and the resin sheet; and

the substrate transfer means comprises a robot arm having

a substrate holding portion capable of holding the substrate

with use of the gap formed between the substrate and the resin

sheet.

3. An apparatus for removing a foreign material from a
substrate according to claim 2, wherein the height direction
adjustment means includes:

a peripheral chuck lifting mechanism capable of moving
the peripheral electrostatic chuck downward in the
perpendicular direction from the substrate chucking surface;
and

a resin sheet height adjustment mechanism capable of
adjusting a height position of at least a part of the resin
sheet which corresponds to the peripheral electrostatic chuck

to a level lower than the substrate chucking surface.
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conprises height direction adjustnment nmeans capable of protruding the
central electrostatic chuck with respect to the peripheral electrostatic
«chuck in a perpendicular direction to the substrate chucking surface to
forma gap between an end portion of the substrate and the resin sheet; and
the substrate transfer means conprises a robot arm having a substrate
*hol di ng portion capable of holding the substrate wth use of the gap forned
bet ween the substrate and the resin sheet. 3. An apparatus for renoving a
foreign material froma substrate according % claim2, wherejin_the height

di rection adﬁus#ﬁ%ntpﬂﬁ%%gu?népﬁdé?m9¥ﬁﬂﬁ %h Pgﬁaﬂﬁxﬂﬁq??%q%g FECh&ni sm

capabl e of noving the peripheral electrostatic chuck dowward in the

per pendissbsarager est¢@rdin@mtohec st 2at Eusthleki ngospriatey sawstaatessin
sheet hei ght adjustnent nechani sm capable of adjusting a height position of
at | eastidtpapt @méahbe westh iShedhswhiteld cantesponds dapt hetheidrphehal

el ectrostatic chuck to a |level |ower than the substrate chucki ng surface.

52 4. AQuﬁ@E?‘E%%”%rEcW?ﬁ@m}\é'sqgl asf L€l 8Py fogtéghﬁu%%&re%&%

according to claim urther conprising su str e means which is

|nserteddlﬂ%%m%g %%n%etme%hlgh%apable of lifting up the substrate.

5. An apparatus for removing a foreign material from a
substrate according to claim 2, wherein:
the resin sheet supplying means includes:
a delivery roll around which the resin sheet 1is
wound in a roll shape; and
a supply side guide roller for guiding the resin
sheet delivered from the delivery roll to the side of the
substrate chucking surface; and
the resin sheet collecting means includes:
a wind-up roll for winding up the resin sheet; and
a collection side guide roller for guiding the
resin sheet fed from the substrate chucking surface to a side

of the wind-up roll.

6. An apparatus for removing a foreign material from a
substrate according to c¢laim 2, wherein the resin sheet
contains at least one material selected from the group

consisting of polyvinyl alcohol, low-density polyethylene,
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substrate and the resin sheet formed by the height direction adjustnent
nmeans, and is capable of lifting up the substrate. 5. An apparatus for
srenoving a foreign material froma substrate according to claim2, wherein:
the resin sheet supplying neans includes: a delivery roll around which the
resin sheet is wound in a roll shape; and a supply side guide roller for
'guiding the resin sheet delivered fromthe delivery roll to the side of the
substrate chucking surface; and the resin sheet collecting neans includes: a

wind-up_roll for winding up the resin sheet;.and a collection_ side guide
rol | er PSﬁYEGLHﬂﬁﬁerheéa%ig%Py 1% ed® f%ﬁ??%e sHBiVV&Pg ch&ﬁEQﬁjégnface
to a side of the wind-up roll. 6. An apparatus for renoving a foreign

mat er i aPOlyPRORY 1&ligst r RPAYEERYAENRg Eorepharhrbateheragethe Gedsiti cfifoet
contains at |east one material selected fromthe group consisting of

pol yvi npblgceahana tleowrdensi t yopbyimeidy) eaeamid3 pabyetdiptendodiimide,
pol yvi nyl i dene chl oride, polyvinyl chloride, polypropylene, polyethylene

t er epht hakatge ACehylckeRldsulFse, unPelyaarberat e, nylon, polyimde, aramd,
and pol ycarbodiimde, and has a thickness of 5 pmto 100 pm
7. An apparatus for removing a foreign material from a
substrate according to claim 2, wherein the substrate chucking

surface comprises an electrode for the electrostatic chuck.

8. An apparatus for removing a foreign material from a
substrate according to claim 2, wherein:

the substrate chucking surface comprises an electrode for
the electrostatic chuck; and

the electrode comprises an elastic electrode having Shore
hardness of 20 Hz to 920 Hs and volume resistivity of 100 Q-cm

to 1 x 10° Q-cm, and has a thickness of 0.05 mm to 3 mm.

9. An apparatus for removing a foreign material from a
substrate according to claim 1, further comprising:

at least two electrostatic chucks including a first
electrostatic chuck forming a first substrate chucking surface
and a second electrostatic chuck forming a second substrate
chucking surface; and

substrate rotating means capable of adjusting an
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7. An apparatus for renmoving a foreign material froma substrate according
to claim2, wherein the substrate chucking surface conprises an el ectrode
«for the electrostatic chuck. 8. An apparatus for renoving a foreign nmateri al
froma substrate according to claim2, wherein: the substrate chucking
surface conprises an electrode for the electrostatic chuck; and the

-e|l ectrode conprises an elastic electrode having Shore hardness of 20 Hz to
90 Hs and volune resistivity of 100 S2-cm to 1 x 10-5 m and has a

t hi ckness of 0.05 mmto 3 mm 9. An apparatus for renoving a foreign

nat er i aPTAesRR& 108ULRE r 418 BT HE t 6T1cIdi HIELPRhA o) sFRg: Tha

| east two el ectrostatic chucks including a first electrostatic chuck

f or m ng sabfsitrsitt es ufhstokding churdleiosy surface and a second el ectrostatic chuck
form ng a second substrate chucking surface; and substrate rotating nmeans

capabl e of adjusteng ahe Sdr DEhERE Bbh OBEOft HehesghdrstA1ed ef iOmawhiic@C tien
parallel to the substrate chucking surface, wherein the orientation of the

ral the > chucking surf ace. tati
ol oot r oSOk PP 1P RO RSTF, B Sl e LR B P Kb e A e,

substrat.e is,sqgglied to the_second el ectrostatic chucg to further
is adjusted by the substrate rotating means and the substrate

is supplied to the second electrostatic chuck to further

remove a foreign material.

10. An apparatus for removing a foreign material from a
substrate according to c¢laim 9, wherein the substrate rotating
means adjusts the orientation of the substrate such that a
non-chucking area of the substrate which does not overlap with
an electrode of the first electrostatic chuck when the
electrode 1is projected to a substrate side attracted to the
first substrate chucking surface ig included Iin an electrode
projection area obtained by projecting an electrode of the
second electrostatic chuck to the substrate side; and the

second electrostatic chuck removes the foreign material.

11. An apparatus for removing a foreign material from a
substrate according to claim 9, wherein:

each of the first electrostatic chuck and the second
electrostatic chuck comprises a bipolar electrostatic chuck

having two electrodes to which voltages whose potentials are
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remove a foreign material. 10. An apparatus for renoving a foreign materi al
froma substrate according to claim9, wherein the substrate rotating
Jsreans adjusts the orientation of the substrate such that a non-chucking
area of the substrate which does not overlap with an electrode of the first
el ectrostatic chuck when the electrode is projected to a substrate side
attracted to the first substrate chucking surface is included in an

el ectrode projection area obtained by projecting an el ectrode of the
second el ectrostatic chuck to.the substrate sjde; and the. second

el ect r o$HdthieF STHuAE I RRARS AHRET R¥E greFRRET TS LY APPSR dt us for

renoving a foreign material froma substrate according to claim9, wherein:
each of the fithst slestrastarptathogk mesd s hedietiohdthel ecticsdeatiian chick
conprises a bipolar electrostatic chuck having two el ectrodes to which

vol t agesnehoseb POt &¢I dugharthatb5a dinfoheiceickfihgmeach efheheargusespecdi vel y
applied; and the substrate rotating neans adjusts the orientation of the

Subst r al e A Sl CHUSKT 0G:8EGE1ObetlBeRURRL! AR UL LAY G5pONdS

to an interval the two electrodes o rst electrostatic chuck

is inclyded i.n_an el ectrode rojection area .obtained by projecti t he two

electro off ¥ §$88ﬁ5°§F82?F03?%??% cHucR G ugegbbéﬁra?% §?%35gé t he
projection area obtained by projecting the two electrodes of

the second electrostatic chuck to a substrate side, and the

second electrostatic chuck removes the foreign material.

12. An apparatus for removing a foreign material from a
substrate according to ciaim 9, wherein:

each of a non-chucking area of the substrate which does
not overlap with an electrode of the first electrostatic chuck
when the electrode is projected to a substrate side attracted
to the first substrate chucking surface and a non-chucking
area of the substrate which does not overlap with an electrode
of the second electrostatic chuck when the electrode is
projected to a substrate side attracted to the second
substrate chucking surface includes an end portion of the
substrate; and

the substrate transfer means comprises a robot arm having
a substrate holding portion capable of holding the substrate

with use of the end portion of the substrate.
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second el ectrostatic chuck renmoves the foreign material. 12. An apparatus
for renmoving a foreign material froma substrate according to claim?9
sWwherei n: each of a non-chucking area of the substrate which does not
overlap with an electrode of the first electrostatic chuck when the

el ectrode is projected to a substrate side attracted to the first substrate
*chucki ng surface and a non-chucking area of the substrate which does not
overlap with an electrode of the second electrostatic chuck when the

el ectrode is roj.ected to .a substrate si.de attﬁacted to Ehe.s

d
Substrate chudRindrS HRREA T Hol habs TRRCUHHIpGY (1 OnE TI" ( RBESEhBLt FAPE: Bind

t he substrate transfer means conprises a robot arm having a substrate
hol di ng SP&StradhH ecapaIoE I holtdi nGLEAE sFost WREE SR t Hhgse TS itthe ShREL
portion of the substrate. 56 13. An apparatus for renoving a foreign

mat eri akohtaina substIemsr acwor dimgténigl ai aedectbdr eifmotmhe thesi yrshget
contains at |least one nmaterial selected fromthe group consisting of

pol yvi ngbnaligehely 03w gensitinyiol wathylane, 1aelaeidthengolRvnirdd dene
chl oride, polyvinyl chloride, “polypropylene, polyethylene terephthal ate,

acetyl I pol ele} . on LM de n.d, a ;
poIycar%%&&%#ggé?neand%ﬁg' aqﬁéﬁ%kﬂgss %?Pgi%%glo E8g§g%b91 %%lorlde’
polypropylene, polyethylene terephthalate, acetyl cellulose,

polycarbonate, nylon, polyimide, aramid, and polycarbodiimide,

and has a thickness cf 5 um to 100 um.

14. An apparatus for removing a foreign material from a
substrate according to claim 9, wherein:
the resin sheet supplying means includes:
a delivery roll around which the resin sheet is
wound in a roll shape; and
a supply side guide roller for guiding the resin
sheet delivered from the delivery roll to a side of the first
substrate chucking surface; and
the resin sheet collecting means includes:
a wind-up roll for winding up the resin sheet; and
a collection side guide roller for guiding the
resin sheet fed from the second substrate chucking surface to

a side of the wind-up roll.

15. An apparatus for removing a foreign material from a
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14. An apparatus for renoving a foreign material froma substrate according
to claim9, wherein: the resin sheet supplying neans includes: a delivery
«rol |l around which the resin sheet is wound in a roll shape; and a supply
side guide roller for guiding the resin sheet delivered fromthe delivery
roll to a side of the first substrate chucking surface; and the resin sheet
‘col l ecting nmeans includes: a wind-up roll for winding up the resin sheet;
and a collection side guide roller for guiding the resin sheet fed from

t he second substrate chucking surface t a .side of the w nd- roll. 15. An
e o cuberare SO S AR |8, Pt L Fabie Phar Bha e di Rty t o

claim9, wherein each of the first substrate chucking surface and the
second substrate crhieirirg suiface Wpribes sardidkcsnbabribe eduirkoma he

el ectrostatic chucks. 16. An apparatus for renoving a foreign material from
a substnattececommbrigsdn shaighedtndier efor each off t hRef iglsic tulsstatate
chucki ng surface and the second substrate chucking surface conprises an

el ectrodgfi-@s . each of the electrostatic chucks; and

16. An apparatus for removing a foreign material from a
substrate according to claim 9, wherein:

each of the first substrate chucking surface and the
second substrate chucking surface comprises an electrode for
each of the electrostatic chucks; and

the electrode comprises an elastic electrode having Shore
hardness of 20 Hz to 90 Hs and velume resistivity of 100 Q-cm

to 1 x 10°° Q+'cm, and has a thickness of 0.05 mm to 3 mm.

17. A method of removing a foreign material from a
substrate, which removes a foreign material deposited on a
substrate, comprising:

supplying the substrate to an electrostatic chuck forming
a substrate chucking surface to which the substrate 1is
attracted; and

attracting the substrate to the substrate chucking
surface through a resin sheet to transfer the foreign material
deposited on a side of the substrate chucking surface of the

substrate to the resin sheet, thereby removing the foreign
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the el ectrode conprises an el astic el ectrode having Shore hardness of 20 Hz
to 90 Hs and volune resistivity of 100 cm to 1 x 10-5 Q@m and has a

4« hi ckness of 0.05 mmto 3 nm 17. A nmethod of renoving a foreign nateri al
froma substrate, which renoves a foreign naterial deposited on a
substrate, conprising: supplying the substrate to an electrostatic chuck
formng a substrate chucking surface to which the substrate is attracted;
and attracting the substrate to the substrate chucking surface through a
resin sheet to transfer the foreign material deposited on a side of the

subst r at'@ ing surface of the substrate to the resin sheet, thereby
renmoving the foreign 58 nmaterial. 59
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