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]
The present invention relates to a technique for renoving foreign materials
deposited on, for exanple, a C substrate which is nmade of silicon or a
silicon conpound and used in a sem conductor device manufacturing process or
a substrate which is nmade of glass or a resin and used for a flat panel

di splay or the like. BACKGROUND ART [0002] When sem conductor devices are to
be manufactured on a substrate ”3§E88£ ?g ﬁo gl ass, resin, or the I|ike,
there occurs such a problemthat the'yie ereof is reduced by the
presence of_forej mat erial s such as dust and artlcles which are

deposi ted r%?%ﬁﬁﬁﬁhﬁuﬁ@ﬁﬂ%ﬁM91 @ﬁnﬁﬁ%ﬁqﬁp MpT gF%%Me%QﬁﬁT%%E€w%NP
apparatuses. In recent years, it is required to control foreign materials
on not only a MEGHOD §ORf BEMOUANGhFOREERY NaWESJAducROM GEWSTESTEr e f or med
but also a rear surface, that is, a surface which is in contact with
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

mechani spt~fRrsafeaseppi s as fol | ows.

[0001] The present invention relates to a technigque for
removing foreign materials deposited on, for example, a

substrate which is made of silicon or a silicon compound and

PR

used in 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

TN

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 sgurface, that is, a surface which is in contact with
apparatus or mechanism constituent members at the time of

leading into the manufacturing apparatus, or at the time of



When the foreign materials reside between the rear surface of a wafer
(substrate) and a stage (substrate chucking surface) for holding the wafer,
the wafer cannot be fixedly attached to the stage and thus is partially
lifted up. Therefore, it is likely to cause a focus deviation in an
exposure apparatus or it is likely that insulating |layers for el ectrodes of
an electrostatic chuck are danaged by the foreign naterials deposited on
the rear surface in an etching apparatus to cause irreparable danage to the

el EC”Odﬁ‘aJaéi?:ha oh i&“‘EraﬁE%%‘isr ﬁé‘éz%bﬁsﬁﬁ?u%h% Péég&?r g5NYs kglfﬂg%ﬁ' on,
there may be a“problemin that the foreign materials are mxed into a
formed | ayer dg% thin filmformation,in %ngp apparatus or the Iikg.
[0003] IFBGBnélS TOF Stfer™detht 2L S ehfFESAGU “FEVi ot PHELPRFReCare
manuf actured is subjected to sone cleaning processing. However, there is a
probl em & nwafgr, {eibekaapte, anfori §hafat erSudls: dsar apedking a sgirdaseng
bath for cleaning the wafer are deposited on another wafer to cause the

di sper si porohofladaggnhentweriead, adid ara fant Sanhat paet Edukdily bBRtatchedcase
where the foreign nmaterials are netal, when a sem conductor junction region

and the ke argLophamepgiLd: by pathe sfiakel o vl eppal sshdherdaunction ;g
potential thereof varies. Therefore, thé characteristics of the devices are

deVIatedli%ely to cause a focus deviation in an exposure apparatus or

it is 1likely that insulating layers for electrodes of an
(" electrosgtatic 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 particular, in
the case where the foreign materials are metal, when a
semiconductor junction region and the like are contaminated by
the foreign materials, the junction potential thereof varies.

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
summari zed by the organi zation naned International Technology Roadnmap 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,
with respect to a lithography and a tester which have strict requirenents
on, particularly, particles, an allowable particle guideline on a rear
urface Updafte ntjon fic on:. fer
havi ng agﬁlane er %# é%gggﬂ Q% ng %%?a ﬁgPﬁe nu éﬁl%fk%l ?Z eglggﬁﬁ
wafer is 400. Wth respect _ to partigles on a front surface a critical
partlcleP§F§ECFsca§§eﬁn¢éﬁétﬁhQPﬁEﬁﬁéPnof particles is 64. Further, a
concentration of a netal foreign material in a gate oxide of a MOS
transi st 60 Ci04] desi r aBhy egbekrnebionasmabhédeihar 0f5rx 0th avencs2. is0005]
Incidentally, there is in principle no deposition of particles to a wafer
whi ch i sginebraeedfl agt utrd ardashizapedn randkd henweteatisngadr mldhnology
transferred between apparatuses in a sem conductor nmanufacturing facility

under a gbgﬂmg VeH&ﬁJeaﬁem§8ﬁﬁ&Q@@§Pé §9rkefel o @#act b shd@y B maly

deposite he wafer 1n the sem conduct or nmanu rlng appar atus or
during t?ﬁt@?ﬁggEQ&ﬁﬂpé£§ L%é ?etuﬁﬁp meﬁ??’uﬁilc itrs.net/) For

example, in Front End Process of 2004 Update, with respect to

a lithography and a tester which have strict requirements on,

___
~ N

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 is 400. With respect
to particles on a front surface, a critical particle size is
35 nm and the number of particles 1is 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%°
L

atm/cm?.

[0005] Incidentally, 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 undexr a high-level clean
environment, so foreign materials may be mainly deposited on
the wafer 1in 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,
the 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 like and a process such as etching for
renmoving 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
deposi t o, pRoAs Al lce difyd S 028 OE-PEORESSI DS 52! | S0oUELEuE| Al Ngpand
performed by a conbination of two processings, i.e. the processing of
renovi ngelpga{jt #cb}eE usi ng m'x.ttu.re of _ a nia solutian 1_iand, h]}/dro en
peroxid Srattoh, Yand" t ep%srjbcjeos%i 6’5 of*fe %%Jgg?retn%ﬁ Ford Usi a’c

m xture of hydrochloric acid and h droqfn per oxi de sol ution, Processing

cal | ed d%%céﬁéﬁﬁiinéuﬁé§gbeéﬁ’rale§f@“lﬂ¥1®n. NeoPRoGRTT Of aTfEPKAEY 8f PRAKEri ng,
in order to renove foreign materials deposited on the rear surface
(substratesdchtickisegl sin f fhe sipgelrasfisa arsbntbenducresswaier deposadhegi ee
tape thereto and then peeling off the adhesive tape, has been proposed (see

Pat ent DeginBiiterliandoR) a |Suaeid i en, tiher pahayve heefophoRoselinf @k 1m
exanple, a nethod of bring a wafer into contact with plasna to renove

forelgn makerigl s,deppsiiedson 1he. reah SUrSASSOf LR8Nl & ercning for

removing a part of the wafer.

[0D06] A method called an RCA cleaning method has been

P

generally known as a method of removing the foreign materials
deposited on a wafer. This is one 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 solution, and the
processing of removing metal ions using a mixture of
hydrochloric acid and hydrogen peroxide golution. Processing
called dry cleaning has been also known. For example, a method
of adhering, in order to remove foreign materials deposited on
the rear surface (substrate chucking surface sgide) of a
semiconductor wafer, an adhesive tape thereto and then peeling
off 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 bl owi ng an inert gas onto a surface of a
wafer from a predetermned 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

scrubbedg gﬂiﬁriogr &%Hontl'%"erde%te&e@é“ﬂ}ge foned %‘h{@éeé' Fh¥elses Raken

Docunent However, with respect to the wet cl eanlng, as escrlbed

above, Ilkel posit new farei n nate L als. | eani n
solutlon %ﬁg é?gt gﬁa@ﬁqﬂufo Waithg' S sork }8ﬂ éﬁdr hg%RQStg F%%?hent
t her eof reqU|re a Iarge ampunt of _ cost, so it is not desirable in these
days in VREWLNGF BRI rohAeRiRY prelteeiehn. (39et HRAkRMer DRGHNERhe det héd of
adhering the adhesive tape in the dry cleaning is likely to damage the
waf er bymatébdess appivwieds tan t heenaf gesweana ke suapece sopeel wdfefrf friom
particular, in recent years, with an increase in size of the wafer, a fina

cost pergWahpedet 8MLASES d R OB Yrefweeral bl fRn nteAaten (Fell | on
yen). Therefore, in view of a case where a wafer is damaged or the Ilke

this ”EthgeE@VobggﬁmgnE'Q%,r'%ﬁﬂ.TQe RLASIR of spraying a Jet water

stream containing deionized water on the surface of a wafer

while the surface therecf is scrubbed with a brush, thereby

Eama

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 c¢leaning solution. The preparation of the c¢leaning
golution and the waste treatment therecof reguire a large
amount of cost, so it is not desirable in these days in view
of environmental protection. On the other hand, the method of
adhering the adhesive tape in the dry c¢leaning 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 in 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 rigk. 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
t he deposition of new foreign materials during processing. In particular,
the plasnma processing nmay cause the scattering of processing chanber
constituent nmenbers resulting fromion bonbardnent during sputtering. The
met hod of blowing the inert gas requires separate control of, for exanple,
an inpurity concentration of the gas to be used. An application for a

foreign ' - nangﬁégp at b j.l y e i : this
applicat?%%g%ggglﬁgété%t cJ%%ntgg).Qg%teggﬂ%%%ﬁﬁgﬁf légJPﬁ%%ZSE%%%%gh

Pat ent Docunent .2: JP 3534847 B Patent Docynent 3; .JP.6-120175 A__Pat ent
Docunment "aCepatSga #3149 pREATCTOtIFrent 57 JFPBT55HA8T A  BAfenP B8 ent
6: JP 11-102849 A Patent Docunent 7: JP 2006-32876 A DI SCLOSURE OF THE

| NVENTI QNrPREBEENS TUABE SEUSED Blye THEaNVENITION $D0@8jcaAf 311d heheswerol

for foreign materials deposited on a substrate used in a sem conductor
manuf act gehBgipueaessmembers resulting from I1on bombardment during

sputtering. The method of blowing the inert gas reguires
separate contrel of, for example, an impurity concentration of
the gas to be used;

(' An application for a foreign material removing apparatus
has been filed Dby 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 6: JP 11-102849 A

Patent Document 7: JP 2006-32876 A

DISCLOSURE QOF THE INVENTION

PROBLEMS TC BE SOLVED BY THE INVENTION

[oo08] While the control for foreign materials deposited
on a substrate used in a semiconductor manufacturing process,
a liguid c¢rystal panel manufacturing process, or the like

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
required. 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
materials 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 wmnevined bhitenfeheigubgatae ale be8prm@§@ﬂt s dthergfae t othan

el ectrostatic chuck through a resin sheet, and the foreign materials

deposi tithrencéhe sobstthte presénanstﬁveﬁﬂibn t betenesiralgheetutioegenave the
foreign materials. Therefore, the. present invention is conpleted. [0009]

Thus, i, 0D} £6t ﬂétéPfaPrez?%H&viH&e“&éQHs' Scéﬁab}?éovbge éﬂlﬁtﬁﬁét’:%gs Lor

removi ng foreign naterla s froma substrate capabl e of reliably rénoving
the for n_nmat deposi t ed ubstrate te a.chance of
edeposRGRC t o 6OTISRUE Lot PHOIY T ENO I G { GP EPBHR it | AELCFPOM t he
substrate while a fear of damagi ng the substrate is av0|ded even in a case
of a Ia“?%j‘éo‘sﬁfzetls%lbsf‘P?é@egnAn@@’ﬁeflé%Fectin@f nhelpiasBat pnvehenss i efto

provide a nethod of renoving foreign materials froma substrate capabl e
damaging the substrate even 1in the case of a large-size

substrate. As a result, it was found that the problems 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
resgin sheet to remove the foreign materials. Therefore, the

present invention is completed.

fo009%] Thue, an object of the present inventionb 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 damaging the substrate.



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

| ar ge- si ze substrate without a chance of danmaging the substrate. 7 MEANS
FOR SOLVI NG THE PROBLEMS [0010] That is, the present invention relates to a
forei FEANGRLROR af O €PDG i RHE aPPBRAEMS for renoving a foreign materi al
deposited on a substrate, including: an electrostatic chuck formng a

subst rpi @t ghucki ngrisat face the Wt ehedbeisubst @i erébat@ét tactedoreeshn sheet
- suppl yi ng means for supplying a resin sheet to the substrate chucking

surfacgg; c L84 N sheRlv il gggg'&agugﬁam f QLneQhhgctd ngothe ssupRhiedikesin

sheet; and substrate transtfer neans for transférring the substrate, in

whi ch: _the substrate supplied to the electrostatic.,chyck hy .the substrate
Fr anorHPEANET] St £ AR o fhe 1B00SEr B0 Ehudbing edtrds « ATOOBN the

resin sheet supplied by the resin sheet supplying neans; the foreign
mat er | BT BEPOsht 88PEATE L esiche cFfl ngh e udifigster dt% hifdki he strPakeabe iLhe
substrate is transferred to the resin sheet and renoved; and the resin

sheet dotwhethdt heelsdmei gine et enpal viisgt mensiser fed sspréglihgctadrbyitthe

resin sheet collecting means. [0011] The present invention further relates

to a foRetan vmterhal romdyi AP et RAd «@fi ngeNDyh Pfa @ f OF @iedn nTRE ghkak
collecting means for collecting the supplied resin sheet; and

substrate transfer means for transferring the substrate, 1in

which: the substrate supplied to the electrostatic chuck by

the substrate transfer means is attracted to the substrate
chucking surface through the resin sheet supplied by the resin
sheet supplying meang; the foreign material deposited on a
side of the substrate chucking surface of the substrate is
transferred to the resin sheet and removed; and the resin
sheet to which the foreign material 1s transferred is
collected by the resin sheet collecting means.

[0011] The present invention further relates to a foreign
material removing method of removing a £foreign material
deposited on a substrate, including: supplving the substrate
to an electrostatic chuck forming a substrate chucking surface
to which the substrate is attracted; and attracting the
substrate to the substrate chucking surface through a resin
sheet to tramnsfer the foreign material deposited on a side of

the substrate chucking surface of the substrate to the resin



deposited on a substrate, including: supplying the substrate to an

el ectrostatic chuck formng a substrate chucking surface to which the
substrate is attracted; and attracting the substrate to the substrate
chucki ng surface through a resin sheet to transfer the foreign nmateri al
deposited on a side of the substrate chucking surface of the substrate to
the resin 8 sheet, thereby renmoving the foreign material. [0012] In the
present invention, the substrate fromwhich the foreign materials are
renovedhies tNOt hpakbiyC Weavdwi nlg mikteed.o refhar @faarea,iavari ous substrates to be
processed to manufacture a sem conductor device, a flat panel display, or

the likgogan be usgdas %&éﬁ%ﬂ%ﬂanﬁHtf%@“p{ﬁe §u§bkk99@ W@B%rwﬁich
sem conduct or substrate nade of GaAs, SIC, or h i ke, a glass substrate,

a resin,substrate, or. an ani ¢ EL sub trate Q ﬁed A sha (Pf t he
subst r P& 65 Pr 6“cessrejaa ot TpaftT uf‘%rfl ||prehr &8 U Rhé Y o'l gn

materials to be renoved are ones that need to be renoved fromthe substrate

dur i ngTP&FEERE & - AT R Ur 1R i sed BAAPERESFERE &Ad TRPRITES S earipl es

t hereof include particles, dusts, resist deposits, and products in a

chanberenfi@013ucltm rt e piraes.erd fhv@nmimml aispkeyfi crneamrs ifike catnt reeect i ng

the substrate to the electrostatic chuck through the resin sheet and

transf @eleidng dhe {@revgneorteri alpprt O dfd@ple, a silicon wafer, a
semiconductor substrate made of GalAs, 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

particulariy limited. The foreign materials to be removed are
ones that need to be removed from the substrate during various
manufacturing processes and the like and typical examples
thereof include particles, dusts, resist deposits, and
products in a chamber,

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

examples can be preferably provided.

LQOl4] 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 a central



resin sheet to renove the foreign materials is not particularly limted.
However, the follow ng structural exanples can be preferably provided.
10014] That is, as shown in Fig. 1, as a first structural exanple, there
can be exenplified a foreign material renoving apparatus in which an

el ectrostatic chuck formng a substrate chucking surface is divided into at
least a central 9 electrostatic chuck 2 for attracting a central portion of
a substrate 1 and a peripheral electrostatic chuck 3 for attracting a

per i phergl . porsion ol Lhe subst gate., Hhalcd 8,2, Plarall v gt glectaostatic

chucks inc ng a cent ra ic ¢ d"t he

peri pher al eIectrostatlc chuck 3 form substrate chucki ng surface 4. The
subst r at¥Mst¥tat t LackBd t & t REERIE MF & ac Wcthréugﬁoa C
resin sheet supplied froma resin sheet supplylng means and the foreign

mat er i al &t theposinedaoper iphssErdatontivoki 0f thar fsads tgiade .of Thiet sudst rate 1
are renoved. Such a structure is preferably enployed that the central

el ectrospmit£l CyiCko? €eDecespepdsito ahutkast ihbeudengr ahtpolkhen othkthe
substrate and the peripheral electrostatic chuck 3 corresponds to the

e o ShaPest @toptrtbpspeletiate o Nerpiesan onenpl echtpcsbbLatiire o

may be eWP'%¥e9 fhat er'éﬁﬁ¥§%te 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 ¢f 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 another sghape.

[0015] When the electrostatic chuck is divided into the

10



el ectrostatic chucks are |ocated on both sides of a central electrostatic
chuck sandw ched t herebetween. The shapes of the electrostatic chucks are
nmot limted 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 1like. For exanple, each of the electrostatic chucks may
‘have a rectangul ar shape, a circular shape, or another shape. [0015) Wen
the electrostatic chuck is divided into the 10 central electrostatic chuck

and the Qefdpher ahe@lc%grclg%ti%t i u@bhugky thee f oeeiigmJrateré akcf 85BVA P

apparatus preferably includes a height direction adjustnent neans capable

of protrudi,ng the central el ostatic LN I tiLon i cul ar
to the su uscikr’at eé}é uc ?rnegl Iﬁr %%:%e Wit rléés%?)ge‘g%ét o%)ﬁéé{%%rl%ph%%gfé?gggy

el ectrostatic_ chuck to forma predeterm ned ap between an end portion of
the substidfidehd ¥ helfegih SREEETIMRen 22T NSHIENT vy BT ect3RRM LR | cO%hucks
formng the substrate chucking surface are provided such that at |east one
of the ehmstmuding i clehuckentoml beleovedstpiacd shdicdowdnar d, dihecsidystrate
can be easily attached and collected. That is, when the substrate is

att ract gebrgeridiecslst eat eclhugkbpgrasyr fasRing esnveathe Wioltei gaspateri al s
and then a height of the central electrostatic chuck is relatively

| ner easad, Byt NBerBphelh 1 did iRt R AU NS R "BBN T (" PELdE ermined

pr edet erm ne
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 isg,
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
ig formed Dbetween the end portion of the substrate and the
resin sheet. The predetermined gap formed between the end
portion of the substrate and the resin sheet 1is preferably a
gap with the use of which the substrate can be collected by a

substrate transfer means as described later.

[o0l6] To be specific, the height direction adjustment

11



gap between the end portion of the substrate and the resin sheet, the
substrate fromwhich the foreign materials are renoved can be easily
col | ected because the predeternmined gap is forned 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 resin sheet is preferably a gap
with the use of which the substrate can be collected by a substrate
transfer nmeans as described |ater. [0016] To be specific, the height

di recti aneath usteeatably HRansdpseie i iphaed Ldesuek pef f phesaheehiaksm
Iifting mechani sm capabl e of noving the peripheral electrostatic chuck from

t he béa;%g ] CBEC'&{M@U@@&%QQY@M@MU @1@&%%@&@%&@' csﬂ@k gi&gcthen,

and a resi eet hel ght "adj ust’hent™ nechani sm capable of adjusting a helght

| h whi h d
ol bhorsiostiats SotpleRaht, obvrracs T AT ERL ThoncFRe SERoRRRsERaaRe

chucki ng surface. Therefore, the central electrostatic chuck my_ be

rel ati velyref ot Pided®2d f%rn¥@ﬁénpr§5@?5rnhﬁéahéapadbéﬁﬁﬁéﬁtth@eéhanﬁémtlon

of the substrate and the resin sheet. Alternatively, the height direction

adj ust nerdpaiebasof neldjdes ingy cenheaphthypoksiltifan ngt nethaeesim Gapadote of

noving the <central electrostatic chuck fromthe substrate chucking surface

upwar d itnd he meypendistieledr diyheehi oncodhespdae, the the peripheral
electrostatic chuck to a level lower 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 of 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 Iifting
mechanism and the central chuck lifting mechanism are not
particularly limited if the chuck lifting mechanisms can 1ift
the respective electrostatic chucks. For example, an air
cylinder, a solenoid, 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
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central electrostatic chuck may be relatively protruded to formthe
predeterm ned gap between the end portion of the substrate and the resin
"sheet. The peripheral chuck lifting mnechanismand the central chuck lifting
mechani smare not particularly limted if the chuck lifting nmechani sns can
lift the respective electrostatic chucks. For exanple, an air cylinder, a
‘'sol enoid, a ball screw and nut driven by a notor, or the like is preferably
connected to the respective electrostatic chucks such that the

el ect r 051 8k geghupks, capobe Jtaragféi Ihenfiesl n-sheet heiaiicad usbments

nmechani sm may be 12 Provi de for exanp e, a guide roller connected to

t he ti mechani_sm as desgcri be t he upwar d

downvar (-G FBEL P EaT SR, G Teie oo et o NEGokERG. SO S 2eamd hat
the substrate side relative to the substrate chucki ng surface corresponds
to the HPWAHATS d6Xaed e Thisivie 9 dehe eFHPFVEAERe FELGRAHEr S3BERES t 0
the downward side. [0017] The foreign material renoving apparatus according
to t he peesentthatventlieon swctidese a sidst ractativast éo metdmes. subsErsailest rat e
transfer neans is preferably a neans capable of supplying the substrate to

be processedihg t kerekeet r eshdidsponeRUck cAnadHeol kekiard thHaePr egrssete

substrate fromthe electrostatic chuck. Wen the electrostatic chuck

'nC|Ude8pbB§1te side relative thereto corresponds to the downward
side.
[0017] The foreign materizl removing apparatus according
to the present ipvention includes a substrate transfer means.
The substrate transfer means 1is 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
subgtrate 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
portion is provided, the supply of the substrate to be
processed and the collection of the processed substrate can be
reliably and easily perfocrmed. 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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central electrostatic chuck and the peripheral electrostatic chuck, a
substrate hol ding portion capable of holding the substrate with the use of
the gap forned between the end portion of the substrate and the resin sheet
by the height direction adjustnent neans is preferably provided to a tip
end of the substrate transfer means. Because the substrate holding portion
I's provided, the supply of the substrate to be processed and the collection
of the processed substrate can be reliably and easily perfornmed. To be

speci fic, LhE-sURSHS alg-1ksbRsT &r MBaANShscRr eher all Yiaseebal anfpd nghydi ng
a holding portion capable of” holding the end portion of the substrate or

13 a robhot armincluding a faork ich can be,i rted.intq the ap_fornmed
bet ween $He é%@?ﬁa#g ‘é’%ﬁnt ﬁgler es\é\%ﬁsccsﬁ?gceet c-'tLr(l)d rrg%%t ] csg'ieieectu?hlgoumJE
substrate. The robot arm which can be enployed is a robot arn1nornallg used

for, forrrsk£impleech neherankierabt. (He Rdh S Wheh i @ni ke opBetoyedpe

able to supply the substrate to the electrostatic chuck and coll ect the
substraties 4 hecledt oaymanpeuhaniysmeeti clorcarfdye examgd d.n thy dizesf¢onsfis
preferably provided. If necessary, a lifting mechanismcapable of lifting

up and dowh kUBsSuhstkrat erned atgve 0 bhgesulsd roke aakuckbng kacghén the
perpendi cul ar direction is preferably provided. The function of the

SubSt 1 ale,I A0S L1 GERNS BRUCPEosThh AOUNBLO ohP R e dUINERL 02uBBH: 2re

collection Tunction t

therefrom, a mechanism which can be moved in x-y directions is
[' preferably provided. If necessary, a 1lifting 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.
[0018] The foreign material removing apparatus may further
include a substrate 1lift-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 is supplied to the <electrostatic chuck, the

operation reverse to the substrate collection operation is
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provi de respective separate substrate transfer neans. [0018] The foreign
mat eri al renovi ng apparatus may further include a substrate lift-up neans
‘which can be inserted into the gap fornmed between the substrate and the
resin sheet by the height direction adjustnment nmeans to lift up the
substrate. The processed substrate is nore reliably and easily collected
by the robot armincluding the holding portion or the fork. The substrate
lift-up means is not particularly limted and an exanple thereof can

incIudedgsgggglgpggfkééﬁgéﬂe Bha PUSEI NGrRdhe sihst f at g 1heem spbsiyat e

chucki ng surfac When the substrate is supplied to the electrostatic

chuck, th oper at.i, reverse to_the substrate coll ection .operation i.s. 14
desi 1 abPYBSEPROFmad LER TEnd rd Bappat 6 mERaceh oriih Stier i
lift-up means and supplied onto the resin sheet laid_ on_the central

el ect r o&fat Fiee c IRt bt LUGEF 19 tEe heFHHER FRFRiefided adustRBntRSEHHs. In
this case, when the substrate I|ift-up neans is not provided, the substrate
i s pref diakloyiodi reetibstmamppl nednso t Ae danity atast ecwhest dthec suhrtkeatkhen,
the central electrostatic chuck and the peripheral electrostatic chucks are
pr ef er abli¥radjpushednkn hei ghic byrbledehei ghte digiggttirer «adj Istgmite MBARS tO

formthe substrate chucking surface and applied wth voltages to attract

Ihe Su@i&%%%ﬁy supplied to the central electrostatic chuck. Then,
the central electrostatic chuck and the peripheral

C electrostatic chucks are preferably adjusted in height by the
height direction adjustment means to form the substrate
chucking surface and applied with wvoltages to atitract the
substrate.
[001¢9] 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 softer than at least the
substrate to be attracted. In general, an uppermost surface of
the electrostatic chuck (that is, 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 HkK in the case of alumina). ©On the other hand,
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[0019] In the present invention, the substrate is attracted to the
substrate chucking surface through the resin sheet and the foreign
material s deposited on the substrate 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 material softer than at |east the
substrate to be attracted. In general, an uppernost surface of the

el ectrostatic chuck (that is, the substrate chucking surface) is required

to be ahard gubbace nfpinexampleg Wegs  tde supper Mpgkesur fiace hsrmrdeyof
ceram cs such as alumna, silicon carbide, or alumnumnitride, Knoop

har dness__t he | S, appr.oxi,mate : g.. Hk i e f
siliconaggﬁégiég%%%y2%88 ﬁﬂp$n #%egggggtgPégFuﬁqﬁ%?g{ Jﬁﬁ%;%§h£§§%gﬁg, 15
t he Knoop hardness of the silicon wafer is normglly ap roxinate%y 960 Hk.

O constfatRnt2 cHNFYSHt | Fhs BT dHei BAT T Hat 8F i al'E TuchAsCHuBEYoPSakEfcl es,
iron, which may be the nost undesirable in view of sem conductor

manuf actwsngundas irkvdep har dieys of appioghauceby Jomudactheined orbasit is
preferable to use a resin sheet whose Knoop hardness is 20 Hk to 200 Hk. In

par ti cul icophermtdiesibsifr abpproxbaaaklyyacied Hiks. a gimsssSahst rate gsed
for a liquid crystal device or the 1|ike, the Knoop hardness thereof is

appr oxi maf et ¥, 31be Hkoande @auals 4,9 Lhg-haHREss kAbol" o NGy IS5 & 4 ongi gn

mat eri al”, so
to 200 Hk. In particular, when the substrate to be attracted

( ig 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 vresin sheet whose Knoop
hardness is 20 HkKk 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 equal 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 1in principle as compared with the case where an
adhesive tape 1s wused 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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it is nore 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 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 nanufacturing apparatus, with the result that

the forgeo appl i€dzb8ithensubsty adanddotdiectbPeweteRBARh CAN deaneadiced

to zero in principle as conpared with the case where an adhesive tape is
used fof, C%’b"c?f}@rh%ﬁk fougl gn J[f}xeerdta ﬁéTPiféém JQHﬁou%hgna/orcfan% Jralerials
can be rémoved Tfom for Cexa nex generati on wa aV|ng Iarge

di ameter of 16 450 nmin addltlon to a senlconductor waf er having a

di anet eFPCoPURFFLARSwi ch is a current mainstream wit hout any damage to the
substrate. [0020] Material exanples of the resin sheet can include

pol yvi nyll00&10dohol , Meweddadi t §xarapes hpifendie poepenhysleert cpol yingdudalene
chl oride, polyvinyl chloride, polypropylene, polyethylene terephthalate,
acetyl eelllwliosg, polyslasbponalew-daykaty pellivettte,]l eteam holangkhylene,

pol ycarbodiimde. O those, polyvinyl alcohol, |owdensity polyethyl ene,
pol yet hyl8RRiny1idene chloride, polyvinyl chloride, polypropylene,
polyethylene terephthalate, acetyl cellulose, polycarbonate,
nylon, polyimide, aramid, and polycarbodiimide. 0f <those,
polyvinyl alcohol, low-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 is
preferably 5 um to 100 um, more preferably 5 pm to 30 pm. This

igs because, when the thickness 1s larger than  100 um, the

chucking force of the electrostatic chuck becomes smaller. In

contrast to this, when the thickness ig smaller than 5 um, the
resin sheet is difficult to treat and likely to rupture. It isg,
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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pol yvi nyl i dene chl ori de, polyvinyl chloride, polypropylene, and

pol yet hyl ene terephthal ate 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 is preferably 5 pmto 100 pm nore
preferably 5 pmto 30 pm This 1is because, when the thickness is |arger
‘than 100 pim the chucking force of the electrostatic chuck becones
smaller. In contrast to this, when the thickness is snmaller than 5 pm the

resin sheghdes-Hafekll ket r eatrrand ligkel % tambYRt UEGrrdhti SsroS thdmat ter
of course, necessary to manufacture the resin sheet in a

pamclel%%@trr%ﬂ'egfe@{lero@ﬂe@{rﬂé%@%é 'd%‘ﬂcqce”f%l aLlY, sdep,a %er rate

resi st ance value thé " résin's r educes eére’isTa case
substrate is _further stron attracted to t he electrostatlc chuck, in

par ti cult&FOug c ad&SuhBre PR 2 | eBFr o8PEt | BLeREERIBx 7R selsN® Supstrate
Johnsen- Rahbek force. That is, a small current fromthe electrode of the
el ect r oshaickd nghuskrfhoas t® phaesabst rat darde oaghcthesperiphethuafinge
el ectrode and the substrate chucking surface to generate a | arge

el ectr ogteatdec hugkisng11f e beteeenNbkhegajuihet veesn she shlkstfaisand t he
substrate chucking surface. Therefore, the resin sheet made of the

above- meatianed maheELhak. eXh'Tﬂ‘eE:%f%r@' ghtﬁée%ééfﬁ" éH&-"e"H ahhB8 BFORGId Y

(volune resistance is in a range of 1015 @mto

above-mentioned material exhibits a high electrical insulating
( property (volume resistance is in a range of 10" Q:cm to 10'°
Q-cm). For example, when the regin sgsheet 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
gheet 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 can 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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Q@m . For exanmple, when the resin sheet to be used is mxed wth a
conductive filler to set the volune resistance value in a range of
rapproximately 109 C2-cmto 1013 S). CM the chucking force of the

el ectrostatic chuck to the substrate can be increased. [00221 The resin
sheet supplying neans is not particularly limted when it can supply, for
"exanpl e, a sheet-shaped resin sheet or a resin sheet wound in a roll shape
to the substrate chucking surface. The resin sheet supplying neans
preferabl. includes, a deli.very roll _aroun mh c the esi heet un
inarol xéﬁﬁgelﬁéuﬁ%?yrsﬁég dﬁﬁﬁ% r%PFerqu L0 Ty ?hgul§$S|o%%%§§
delivered fromthe delivery roll to the substrate chucki ng surface side.
The resfRYsHBEIAY | EBEI METERNSNPEENdted pAFPTc il | §Wpshieka Whewkindcan
collect the resin sheet supplied to the substrate chucking surface. The
resin sheetaceoliecthagwiednsipprefkel abligei ncllidesres im ndhaptr dupfloringl 6
w nding up the resin sheet and collection side guide rollers for guiding

the resppasheetd eghd r eax i he stebst rate qﬁ]ngeaﬁyraeéemheet hesaptag1ep rol |
side. The resin sheet supplylng means and e resin sheet collecting neans

d A d
rea)  BRounred Hy CHRTRE At i | P2, FREC araR Ak R L A Ll

in size. An unused resin sheet can be sugflled to the
occuplied by the foreign materi removing apparatus c¢an be

d

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 is 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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substrate chucking surface while the used resin sheet to which the foreign
materials are transferred on the substrate chucking surface is collected,
50 the processings for renoving the foreign materials fromthe substrates
can be successively perforned. That is, when unused resin sheets are
successively supplied for each substrate based on the anount of deposition
of the foreign materials, the renoval of the foreign materials can be
repeated a plurality of tinmes. Wen the substrate from which the foreign

terial . i d Crat g
o SuindE S, SSTDhanocchs, cRLLeELEd, B eckh e alaytaansien TeRDe an

substrates can be successively, processed._[0023] In the present_inyention,
a nornaﬁp%¥ég??6§iat? ecEﬁﬂﬁRagh b iged ‘?hé£@1e §&tatc  ERUEELREr mi ng

the substrate chucking surface. It is preferable to use a bipol ar
el ect rostexfacehudedmcbiditiye t adecksesEstes trudithigolnzafesraipkosshe
potentials are different fromeach other are applied. 19 That is, when the

central ®lpsiapséatberebuakiandhtibr. peripheral electrostatic chuck formthe
substrate chucking surface, each of the electrostatic chucks is preferably

the Di 2?&@54?' ectrogl ghi foEPNEK- +5O0PRE] e#&ﬁr&@%@?% EAubhe gheetipskatic

chuck, ectrodes of the electrostatic chuck nmay formthe substrate
ChUCklngof the electrostatic chuck may form the substrate chucking

surface. That is, 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 Iinsulation between the substrate and the
electrodes, the electrostatic chuck includes an insulating
dielectric 1layer made of a dielectric material having an
electrical insulating property and the ingsulating dielectric
layer forms the substrate chucking surface (uppermost surface)
of the electrostatic chuck. In addition to the function for
ensuring the electrical insuliation, 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 also 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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surface. That is, the substrate chucking surface may be conposed of

el ectrodes of the central electrostatic chuck and electrodes of the

peri pheral electrostatic chuck. In general, 1in order to ensure insulation
bet ween the substrate and the electrodes, the electrostatic chuck includes
an insulating dielectric layer nade of a dielectric material having an

el ectrical insulating property and the insulating dielectric |layer forns

t he substrate chucking surface (uppernost surface) of the electrostatic

chuck. |p,addibianchocihgf Lr;ugtfge%.fowheﬁnﬁﬂéi @g%atch@oeleg%amle eBulatdi on,

the insulating dielectric ayer has a function for protecting the

el ectrodes from nechanical d e apd function for, preventing th
genorati b Ot WAPRFCRGRE amtHArIoh £F ofiEh et LTECE POHRELC | FIARE pFes SRE™
invention, when the resin sheet has an electrical insulating property, the
resin shebe dabsfipdserbachingn Suacs i nghe dickieding fayer FFErsifstnal
el ectrostatic chuck. Therefore, the electrodes of the electrostatic chuck

may be ekposée ted edtheatpperaoshuskr £ane beudhmpdmated hieeehest r ades stanmet he
20 substrate chucking surface. Wien the el ectrodes nay be exposed to the

upper MosheHEEACO RS bRt rOR] Ane EhweKrb@ef OERLriBAsSUDSHET €etluCcki Ng
surface, the chucking force exercised by the electrostatic chuck can be

| mpr oved, peeause. &, 01 5} 2009 ouPSIYRALE N RUPSLRA! &:ANG LB FLE88T 855 e
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 Q:cm to 1 x 1077 Q-cm. The volume resistivity is more
preferably set in a range of 1 x 107 Q-cm to 1 x 107° 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 c¢arbon nanctube. In
addition, for example, a flucrine-based, nitrile-based, or
phloreosilicon-basd rubber can be used as a material of the
rubber. The silicon zrubber is preferable 1in 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
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in the case of a |ow voltage, the sane chucking force can be obtained to
reduce a power supply cost, thereby suppressing the generation of
unnecessary electrostatic. In addition, a problemthat discharging or
short-circuit of the electrodes may be caused by a high voltage can be
mnimzed. [00251 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 @mto 1 x 10-5 Q@m The

vol une reshsbkyhb¥els MO 615 PESEREAPLNASCLD idbdade Hf1l ¥nd0s3rEREEE0 1 X
10-5 Qm™ An exanpl e of the el ectrode having the above-nentioned properties

can include a si! E%QHI“PQ@%%S%&%&&QS 89”96‘%%"&%&@ Sy gyaﬁa%ér bon
or a carbon nanot ube. "I n"addition, for exanple, a fluorineée-based;
nitril e-based, or ghlorosilicon-basd rubber_can be used as. a materi al _of

the rubbeflifBe SMPERBAZLBDBEr & $iPrdiBy IRHET n i SvABF FUPPRYHAEET 0AFN
i nfl uence of contam nation on the substrate which 1is an object to be

at t r act ethe Thékhapdre sotomarmaidheredzresradahy ytexpfresedhbydsheese but
har dness. The Shore hardness of 21 approximately 20 Hs corresponds to

subst ant trél yubbersafzhnass sefehsidabrakirs. ofhensshoredwricinessr ofh80 Hae
elicits a very hard eeling. Materials of a silicon wafer, a gl ass

EﬂPSt ratgac8pflaikhe rhkee®beeNOot MO AR GSRe Pyndde; sharerhasdness,

in ordex to exercise sufficient flexibility to the substrate
( to be attracted. The volume resistivity of the electrode is
preferably a lower value. However, in order to obtain the
electrode having flexibility, i1t 1is necessary to mix the
rubber with the conductive filler. Thus, the above-mentioned
range ig degsirable. 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 toc all parts when a
voltage is supplied to the electrodes.
[0026] When the electrodes form the substrate chucking
surface, a thicknegs (electrcocde depth direction) of each of
the electrodes is preferably in a range of 0.05 mm to 3 wmm,
and more preferably in a range of 0.2 mm to 3 mm. The
flexibility of the electrode and the thickness thereof are
agsociated with each other, and a thin electrode is not
excellent in 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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t he rubber may be several orders of magnitude harder than the nmaterials.
Therefore, the above-nentioned range is preferable in order to exercise
sufficient flexibility to the substrate to be attracted. The vol une
resistivity of the electrode is preferably a | ower value. However, in order
to obtain the electrode having flexibility, it is necessary to mx the
fubber with the conductive filler. Thus, the above-nentioned range is
desirable. The reason why the el ectrodes are nade of a nmaterial having

el ectrical RYNS t hat t porenti al
IS prOV|ded5f §+ gk%he%%a V%%w?agg;lgfsup %F%gh?%ggele od%@g

[ 0026] When the electrodes formthe substrate cklng surfac t hi ckness
(el ect r GHPHSH I ditFEASIGT BFFREC IR F% Q&ﬁq%ﬁﬁ% te g ﬁi%éﬁ ﬁ
range of 0.05 mmto 3 mm and nore preferably in a range of 0.2 nnlto 3 mMm
The fl exdbléed¢itsgdobrt hiet el ectliddd yantdo t heushi ckrieseblemr eof ar eubgtseteat ed
with each other, and a thin electrode is not excellent in flexibility. In
contr astsraénd €k sobeeh odeTheadd SRS anthaC bpave -mentdshed nciadshidon, ikhe
thickness is likely to significantly change because of the flexibility, so
22 a proble f%ggf@r§nl@l¥%e$foﬁhéhgbggéa&iggﬁﬁggaﬂbég the substrate transfer
means when e substrate is supplied and collected or it is likely to cause

a prOblePa§EHﬁ'SUbStfﬁgeelastlc electrodes form the substrate chucking

surface, so the foreign materizls deposited on the substrate

can be more reliably transferred to the resin sheet and

e

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 um and local unevenness of approximately
several pum. 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
gurface 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 cof the substrate may be hindered by the presence of
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transfer system Therefore, the above-nentioned thickness is desirable in
vi ew of the above circunstances. [00271 The elastic el ectrodes formthe
substrate chucking 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- nmentioned Shore hardness, with the
result that the degree of contact of the substrate to the substrate

chucki ng, gur f geerganesbe fupiler ivay ourd,And dde sfor ¢iign-Jmiel i 3l ¢ap be

easily ftransferred to the resin sheet. For exanple, a silicon wafer whose

di aneter | 00, mMm nornel |y has warp._o istortion aof .approximtely 20 um
and | oca?uﬁﬁﬁyﬁﬁﬁesg %&h%%rd%ﬁﬁ%ceef ylngélyg'lgg uhS THE aesf%:'rcg g%rpﬁl S
substrate chucking surface (uppernost surface) of the electrostatic chuck
has a habanresgh é&fgalrasin halieot Eer &RLES, Hhe iIRrahigneul 80t §1Br ifpyeina
entire surface of the wafer into contact with the substrate chucking
surface bytenktylsheachbekimgd arelelaidlyt heemadeed rbstmt theckutkre korface
particular, when foreign materials such as particles are deposited on the

rear surpace i LhBssibhteon veder c1bhe i ccantaetrMed h@asebsin abecaay pe
hi ndered by the presence of 23 the particles. Thus, the substrate is

attractegd Lo Lhe. subsirale ghucking surfase dngl udino,Lhe: ghastiG tne

el ectrodes

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 1is to be separated from the
resin sheet after the zxemoval 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 is 1likely that the foreign materials
transferred to 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 ions 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 Dblown, the surface of the resin sheet is

activated. Thus, it is expected that the foreign materials are
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through the resin sheet to solve the problens, so the foreign materials can
be nore reliably renoved fromthe entire surface of the substrate. The

el astic el ectrodes have an excellent inpact resistance and can be restored
by leaving fromthe substrate even when the adaptable elastic el ectrodes
are tenporarily deformed along the shape of the substrate, so elastic

el ectrodes can i mmedi ately adaptable to another substrate to be attracted.

[ 0028] When the substrate is to be separated fromthe resin sheet after the
removal h [ i;al o Ln ; e Fween

t he subgg%g%eg%%gighg%t?ggﬁﬁhsﬁ%@fjging%%%%cggégke%cgﬁémgﬁﬁg$ggtgoggggﬁe
resin sheet js_ charged i% is likely that the foreign materials
transfeﬁ?%ﬁ??%ﬁ%kﬁ@?%%?% ShE®ttare left fromthe resin sheet by static and
deposited on the substrate side again. Therefore, a device for neutralizing
static, EWRHIWhs an iAhi Zer samppche statciewed t 6xgR@leor efgnthat efpueign
renovi ng apparatus to blow positive or negative ions which are

neut r al it parénoclrésg bppueanbuthacsolsitinat ecanthd heregsnin Sheeht bon,
between the resin sheet and the electrostatic chuck. Wen the

neutral iggdOnNcaRapki ekespahe i@bow,fdﬁﬁ%%prﬁaﬁ@@rfél t REn&-@shé §fa§§t_»at§s
activated. Thus, it is expected that the Toreign naterials are 4 nore

eaS||yi%ﬁ{gﬁtﬁgst3€j¥%£§§l@hghgféCEQOEQBEggec%u%%%mfﬁbluding a first
electrostatic chuck forming a first substrate chucking surface

and a second electrostatic chuck forming a second substrate

.

chucking surface. That is, two or more substrate chucking
surfaces are provided to form a plurality of chucking stages,
so 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. TUnless 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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material renoval effect. [0029] As a second structural exanple of the
foreign material renoving apparatus according to the present invention,
there can be exenplified a foreign naterial 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
forming a second substrate chucking surface. That is, two or nore substrate
chucking surfaces are provided to forma plurality of chucking stages, so

the oper ati,0R8: &R 1serH?5"d ngihPeefOrel At efddl snhr emulhe n-substr akg-gan be
S|nultaneously pertor nmed correspondlng to the nunber of stages (the nunber

of electr tic_chucks Ther t.-he RI QG sing bility of .t

appar at u% %%ti;' 52}%’(5: §e|e cﬁ‘éftogrlgﬁl e%\} erf %/1% &ﬁﬂ
further conplete obtalned |n the case where one-tinme renoval processing
is |nsufmﬁzlﬁﬁtan%V@§§-othermﬁse specified, the description of the first
structural exanple of the foreign material renoving apparatus can be
appl i ed fo03bE secoridhest r atteur af oexbgmp| emet etie lappasabusng Heepprattes, as
the foreign material renoving apparatus including a plurality of

el ectrosiatigdebugks1eaeh had i@ ts apRsai R SUDStd atltuehugkdnghesyetasg, the
foreign material renoving apparatus including two electrostatic chucks wll

be descré?@QtrE@%§¥§E’ éﬁﬁbﬁfeépn%ubéﬁrate rotating means capable of

adjusting an orientation of the substrate in a direction
(: parallel to the substrate chucking surface 1is 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 1s 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 is, 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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invention is not limted to this case and thus three or nore electrostatic
chucks (third electrostatic chuck or the like) my be included. [0030] When
the foreign material renoving apparatus includes at |east the first

el ectrostatic chuck and the second electrostatic chuck, a substrate
rotating neans capable of adjusting an orientation of the substrate in a
direction parallel to the substrate chucking surface is preferably

provi ded. When the orientation of the substrate fromwhich the foreign

mat eri al s e LEBDVEENbYbE herddsdd el Bednl ot | erhiuek dis-fehanged ardet he
substrate is supplled to the second electrostatic chuck by the substrate

transfer Lhe deposited foreign materials can be nore reliably
renoved ?ron1 ?Ee entire surface of the substrate. That is in the case
where el ctroges of the first electrostgtic ﬁhuck are ecteg to t

subst r at OQ?H att r acPEd ¥ he: 1 YRER “EGhSPPEFEAERULRI Bt GFE&

there is a substrate non- chucking area in which the substrate does not
over| ap 9ibAtrate prlvjeeind avedaasdest theeors@rtaovmioic t thuwkbserahe s
adj usted by the substrate rotating nmeans such that the entire non-chucking
area i s thaetuded endamtteicir odé e estibepbracea baddmdsned hyzipsh ectiheg

el ectrodes of the second electrostatic chuck to the substrate side. Then,

the for ei@psPREEE! alcRr epe CHRMEAHAY, t Nensecapd, ebeetrost alhey fhuck anghus,

the foreign
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 additicn, the substrate
transfer means preferably includes a vrobot arm having a
holding portion capable of holding the end portion of the
substrate. Similarly, the substrate igs 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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26 materials can be renoved fromthe entire surface of the substrate.

[ 00311 For exanple, when the substrate is attracted to the substrate
chucking surface of the electrostatic chuck such that an end portion of the
substrate becones a margin, the substrate can be reliably and accurately
supplied and collected by the substrate transfer neans 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 whi chhg,m%%? AL l0eS A o OXET IiaP) A the PEAkecLEA: fleciyodeseof

the first eT ostatic chack which are projected to the substrate side
attracted to the first substrate chucking syrface includes. th end. portion
of the sUBRTTEEES:In ﬁ‘fjtﬂ‘g Eﬁe Sshlfg'%tgatsle%nﬁ eﬁﬁ?'eruﬁgéﬁg Strlé egégﬁg

i ncludes a robot arm having a holding portion capable of holding_the end
porti on ETEEUraALhSEPERd S S Hie afPsTERESs 7t r B¢ e SRS IgvefatAbr§LadPLEct ed
to the second substrate chucking surface such that the non- chucking area

of the szipsptratd endwhiclhlddie=dubsthate goevidiong dvex | apight hdtimecpiopect ed
el ectrodes of the second electrostatic chuck which are projected to the

subst r at g5 i Semedt thaghedahQ the sepopdasubsitratapcheakkng surface includes

the end portion of the substrate. In addition, the substrate
[0032] When each of the first electrostatic chuck and the
second electrostatic chuck is a bipolar electrostatic chuck

C, 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 sgubstrate is included in an electrode projection area
obtained by projecting 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
porticn thereof becomes a margin, the substrate transfer means

suitably includes the robot arm having the holding portion

capable of helding the end portion of the substrate.
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transfer nmeans preferably includes a robot armhaving a 27 holding portion
capabl e of holding the end portion of the substrate. According to such a
'structure, unlike the first structural exanple, the substrate can be easily
and reliably supplied and collected w thout providing the height direction
adj ustment neans and the substrate |ift-up neans. [0032] Wen each of the
first electrostatic chuck and the second electrostatic chuck is a bipolar

el ectrostatic chuck having two el ectrodes to which vol tages whose

potentiajgopse di ffRienteEEaMLREh ofiiesn apgnapR! i@shy ansaned coinespandi ng
to an interval between the two electrodes of the first electrostatic chuck

is ano uc of _t u te t strat.g do ot
overlap%ﬁéﬁlteggﬁﬁb%%%t t¥hé gﬁ%%ﬁ?o Egumﬁﬁkﬁfargg% gﬁ%ctehﬁFE ?%398
substrate side attracted to the first substrate chuck surface.

Ther ef ordleeheSUBP1 ¥Rt MEANSF 2PFe Lfoiasie FRe % e?%]a%qg?l%%lj BeERd Y=t he
substrate rotating neans such that the non- chucklng area of the substrate
i s includeel Ermen 2 ethosee dpsojrédeidonirar ehe dbitaitnezk byctpriog ecekayprite two
el ectrodes of the second electrostatic chuck to the substrate side. Then,

the forerign remterislsenr guppeiengbmedremoyedtdylhensecded el ekl oséayic
chuck. When the substrate is attracted such that the end portion thereof

becomes g, {r gi-BunfhnsHRSERHA! @kl aN$hRle 8@ Ssound in a roll shape and

supply side guide ©rollers for guiding the resin sheet
(; delivered from the delivery roll to the first -substrate
chucking surface side. The zresin sheet collecting means
suitably includes a wind-up roll for winding up the resin
sheet and collection side guide rollers for guiding the regin
gsheet 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, ag described in the first
structural example, the resin sgheet can also serve as an
insulating dielectric layer for a normal electrostatic chuck.
Therefore, the electrodes of 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 1is preferably an elastic electrode
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sui tably includes the robot arm having the holding portion capable of

hol ding the end portion of the substrate. 28 [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 sanme as those described in the first structural exanple. The resin
sheet supplying means suitably includes a delivery roll around which the
resin sheet is wound in a roll shape and supply side guide rollers for

gui di ng yhiecL eshhrahegtr-ardeld ver esh figmiheodeld vigly vOldmd orEhestii Sty
substrate chucking surface side. The resin sheet collecting means suitably

i ncludes, a wnd-up roll fo L ndipg up the resi e d | | ectd on_si de
gui de rojtsi’e\r%scn:rgo;éogdl’ﬁrlL dik:rcl)g Eh\é&rgsqqn Lbghcl;eng't fg%&%]ré:rﬁr]ﬂtcﬁ{é‘le}legco% SSabst r afe
chucking surface. to.the wnd-up roll _side. [0034] The_first substrate
chucki nPEeFeaRBIa} T Aclifdwe the Bt et TBdéS of Mhe 314 sSEOERePERESTAPILY

chuck. Simlarly, The second substrate chucking surface may i nclude the

el ectrodes af regeserfond. 2| ot tosBatirc chAlek . vahme i xssbyeivity themseeond
structural exanple, as described in the first structural exanple, the resin
sheet cafr@fepabByVEeBSiANa kABYEALENY di ebeCly-icen ltryar «f arn-a mosmal

el ectrostatic chuck. Therefore, the electrodes of each of the electrostatic

chucks [0035] In each of the first and second structural examples,
a time 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 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 bipoclar 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 1is shortened, so the electrostatic chuck is
adaptable to the condition. In addition, operation parameters
for minimizing a ©processing time per substrate can be
optimized. 1In this case, the chucking force to the substrate
per unit area is desirably in a range of 10 gf/cem® to 300
gf/cm®.

The foreign material removing apparatus according to the
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can formthe substrate chucking surface. In this case, with respect to the
el ectrodes form ng the substrate chucking surface, each electrode is
preferably an elastic el ectrode 29 whose Shore hardness is 20 Hs to 90 Hs
and volune resistivity is 100 @mto 1 x 10-5 Qm The thickness thereof is
preferably in a range of 0.05 nmto 3 nm and nore preferably in a range of
0.2 Mmto 3 mMm The volune resistivity is nore preferably set in a range of
1 x 10-2 @mto 1 x 10-5 cm [0035] in each of the first and second

struct ur geg%afpliesrentdidi Mes pabothddds4i0k, theesabsar phettioulliely in
el ectrostatic chuck is attracted is normally set to 1 to 60 seconds

dependi ng Q}S&g%tmﬁd'ezaﬁqcf‘“ﬁjh@é‘ aapupk %fsefdorigd %h n@ﬁrﬁ?%ﬁfﬁgrigeﬁgéi{sgﬁgep%ﬂ he

substrat e, oreign nmaterials can be trans d to"the resin sheet
side. Wien.,a foreign materjial anmount p unit area is large, it is .

of f 66t 1 vELE GPF OigIHET THEC CRESRTRGC t i mo ™ e (HEOGFQREF 02 Olt A BRI dised
for the apparatus is the bipolar electrostatic chuck, the chucking force
can be a@fusTaPpyrechaPghhy tife FoltRfds applthed RPGRS 1Ry ekippdes. the
Therefore, under a condition in which the foreign material amount is small
t he vol t agesratesr educded ahodtenedghucki ng tinme is shortened, so the

el ectrostatic chuck is adaptable to the condition. In addition, operation
paranmeters for mnimzing a processing tine per substrate can be

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 1ike, so a load apprlied to the substrate at the time of
removal, which I8 a conventional problem, 1s 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 roll-shaped resin sheet 1is used,
successive processing 1s 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 ig required is effective.
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optimzed. In this case, the chucking force to the substrate per unit area
is desirably in a range of 10 gf/cnR2 to 300 gf /cnR2 . The foreign nateri al
renovi ng 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 tine of the apparatus can
be shortened. EFFECTS OF THE | NVENTI ON [ 0036] According to the foreign

nat eri al pi€PRYE Ng widpparsidls pfcde Preseppliidenticonthehecfietergprapieri al s
deposited on the substrate (foreign materials deposited on the substrate

chucki n ac id transferre r gsi et ; t
resin sﬁce%?a%'s g%}? egéthe%]&s%éi ﬁngé'pog%%cgl e toqe I m %gge Eﬁgqgﬁgﬁge %?

redeposition of the renoved foreign material to the pbstrate as nuch a
poss?bfééﬁm?ﬁ@rﬁ? t%@se or QPgn%b?%t eﬁ%”%ltlar e erﬂ%ﬁads%\?r%s%ou?gus?ﬁﬁe%ﬁ’é >

adhesive or the like, so a |oad applied to the substrate at the tine_of
renoval ,M3keERR1S sleRHRidad ofBl Problsewstirateubstant ifAnaigyempterhals
apparatus is adaptable to a substrate whose size is increased, and there is
no chanceawf bdarafigwy el wubshoaed, withaddid i pasubherthste « ohkeshaped
resin sheet is used,
processing time per substrate can be minimized. 8till further,
because a low-cost reszin sheet iz used, a maintenance cost can

( be suppressed to a low cost.

BRIEF DESCRLIPTION OF THE DRAWINGS

[0037] [Fig. 1] Fig. 1 1is 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 1is 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 is an explanatory cross sectional view

showing a state in which a substrate is attracted to the
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successive processing is nore significantly effectively perforned.
Therefore, in particular, the use of the apparatus 1in, for exanple, a
sem conduct or devi ces nmanufacturing site in which higher processing
capability is required is effective. 31 Further, when the potentials
applied to the el ectrostatic chuck, the chucking tine, and the like are
optim zed as paraneters based on the anobunt or the size of foreign

mat eri al s deposited on the substrate, the foreign materials can be

effectlyﬁ&yeigﬁnMggerygghﬁgmgyﬁﬁéu%%P% at,@ necessary processing time per

substrate can mnimze because a | ow-cost resin sheet

d, st . b t
DESCRI PT1 O OFUHE DRAWAGS | 037 eﬁrifgﬁp%n%?aryl 0% oA T or Y Blran

view illustrating a case where a central electrostatic chuck and a
peri phergiowingt Postdte cRuckhiermties dntirl ereckrrgtasarct faick Fig. 2]
Fig. 2 is an explanatory plan viewillustrating a case where a central

el ect r ogtmb t cudddckyand hpdnihrh eriate c tellcec tados tsttmem tt huedess fioo nfbte subapr at e
chucking surface. [Fig. 3] Fig. 3 is an explanatory cross sectional

(parti alpe ¥ euh ShAWERE ﬁoie&@hgafnahersabsEQQEélaadaap@égaﬂsshbetthe case
where the central electrostatic chuck and the

[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 1s 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
gside substrate cassette are combined with the foreign material
removing apparatus.

[Fig. 9] Fig. 9 1is an explanatory cross sectional
(partial) wview 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 is an explanatory plan ({partial) view

showing an example of a foreign material removing apparatus
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peri pheral electrostatic chucks formthe substrate chucking surface. [Fig.
4] Fig. 4 is an explanatory cross sectional view showing a state in which a
Substrate is attracted to the 32 foreign material renoving apparatus. [Fig.
51 Fig. 5 is an explanatory cross sectional view showing a state in which
the central electrostatic chuck is protruded by a height direction

adj ustnent neans to forma gap between an end portion of the substrate and
a resin sheet. [Fig. 6] Fig. 6 is an explanatory cross sectional view

showi ng anstialenhn WAI cheihe substidat £ &¢ oM whi chh{Qr ei ghg materi als.oale
renoved Is colleCted. [Fig. 71 Fig. 7 is an explanatory plan view show ng a

foreign terial remvi ystem.in i ch |y si rate cassette
and a co$?88%F8ﬁt§§a8 §ﬂ §%?af§“gés%€?kégc§r§%%§l f%e%gﬂf?ﬁgﬁ%e%%gfgﬁa
material renoving apparatus. [Fig. 8 Fig. 8 is an explanatory perspective
view (eXPEERSFE-view) showing the foreign material renoving system in which
the supply side substrate cassette and the collection side substrate
cassette are coRbgnedlw fFidt.hel¥ oiei gn mepépnaloryenhamgv bgpashousng| B g.

9] Fig. 9 is an explanatory cross sectional (partial) view showi ng a

nmodi f i edggxanphe meft drieyIf of@@Ping system in which 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 sgside guide roller, 8:
supply side adjustment roller, 9: resin sheet supplying means,
10: wind-up zroll, 11: collection side guide 7zroller, 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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material renoving apparatus in the case where the central electrostatic
chuck and the peripheral electrostatic chucks formthe substrate chucking
surface. [Fig. 10] Fig. 10 is an explanatory plan (partial) view show ng an
exanple of a foreign material renoving apparatus 33 including a first

el ectrostatic chuck and a second electrostatic chuck, each of which fornms a
substrate chucking surface. [Fig. 11] Fig. 11 is an explanatory plan view
showing a foreign material renoving systemin which SMFs are conbi ned

with thegfiopeign naf.eribabshemvi NgoRPpayat us . DESCHRE PTHEN G REEERENCE,
NUVERALS [ 0038] X: foreign material renoving apparatus, 1: substrate, 2:
central g%ecgﬁgﬁtatic chuck, 3: peripheral electrostatic chuck, 4:

substrate”chticking surface, 5. resin sheet, 6: delivery roll, 7: supply
side guide roller, 8 supply side adjustnent roller, 9: resin sheet
supplying neans, 10: wind-up roll, 11: collection side guide roller, 12:

collection side adjustnent roller, 13: resin sheet collecting neans, 14,
18, 20: BEETtMEDBEcCFPBAEARRE INGOOUZ]1THEedUNENTEOECt r ode, 16: power supply,
17: switch, 22: foreign material, 23: substrate push-up pin, 24: fork, 25:
robot armpo26] supplyersuhsttete cassetteed27emboblifehtonmsdbst r afe the

cassette, 31, 34,
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 is 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 zremoving
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 pm and is made of
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37: first electrode, 31, 34, 37, 32, 35, 38: second electrode, 33, 36, 38:
nmetal 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 el ectrode, 48: second substrate
chucking 34 surface, 49: clean air ionizer, 50: robot arm 51: aligner,
52: SM F BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0039] Herei nafter,
preferred enbodi nent nodes of the present invention will be specifically

descri beg, jég,;g %%EESHBE tQ tlg‘idatc}r?@}%ere . éﬁ%ﬂn@cée eL

Lgo 4
mat eri al apparatus in a case ectrost at g f OF mi ng

bst hucki f di t t t huck
and periBher S bF octhoRt at ¢ EhuCHPRAITA bt 2 %a%P. eBpe -Beer rhaak pbg. 3

is a partial cross sectional V|em1(A-A' cross sectlon in Fig. 2) showing a
forei gn sEERFQl 4 dpbviengreappariess XHaRl e 36B5er & eséﬁgckﬁhﬁg‘: stiheace 4
including a central electrostatic chuck 2 and peripheral electrostatic
chucks JFshopheral FiedeXrobtatics, chuckhed or ehgn cmtterdlal eleenpvengtic
apparatus X, the substrate chucking surface 4 whose two-dinensional shape

(s a reciagonl of shapercngleidemdihn CRnAseland rasiat [ ga chyek1deubbgh has

arelatively wid

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 rollier 8 located
between the delivery roll &6 and the supply side guide rollers
7 to adjust the tension of the resin sheet 5. The resgin sheet
5 supplied to the substrate chucking surface 4 is collected by
a resin sheet collecting means 13 which includes a wind-up
roll 10, a palr of collection side guide rollers 11 for
guiding the zresin sheet 5 fed from the substrate chucking
surface 4 to the wind-up roll 10 side, and a collection side
adjustment roller 12 located between the wind-up roll 10 and
the collection side guide zrollers 11 to adjust the tension of
the resin sheet 5.
o041} The central electrostatic chuck 2 and the two
peripheral electrostatic chucks 3a and 3b each are a bipeolar

electrostatic chuck. The central electrostatic chuck 2
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portion and corresponds to a center portion of the substrate 1 and

peri pheral electrostatic chucks 3a and 3b which are |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 thickness of 10 pmand is
made of 35 pol yvinyl 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 fﬁgiﬁgése' rastatibggeghuck %;.and the.pesipheral ﬁﬁge%rg_@behﬁc

chuck 3a are lTocate inthis order in a resin sheet |engt irection. The
resin sheet supplying ans.9 includes delivery roll 6 _arqun ich the
resin she ?c%r?ggmébnd &ﬁea%ﬁ5PF SHE5 F%?ﬁé%% %ﬁg E%%pﬁﬁchgeegﬁF£g°ﬁ8||ers
7 for guiding the resin sheet 5 delivered fromthe delivery roll 6 to the
subst r at ES cHleki fnnaftetteWAtE de, RAeam SUPPLY slde 3 ustoractesl | ér 8
| ocated between the delivery roll 6 and the supply side guide rollers 7 to

adj ust tderteaswdniofat beited nshéetr Turfilegr e fO®heat vl tsuepl dBdthe t he
substrate chucking surface 4 is collected by a resin sheet collecting neans

13 whic &ﬁ&fugﬁﬁpinhﬁﬂ'U@imﬁQh&l&Q,aﬁﬂ%?ét‘@lé&ﬂﬂéﬁéipﬁ ghdea04keend
rollers 11 for gquiding the resin Sheet 5 fed fromthe substrate chucking

surface élé8t£g§emhﬁp_89 Elé ﬁékfﬁﬁgfafn%l%c%%%%%%gfg]éﬂﬁ@k 3a and a

first electrode 20 and a second electrode 21 of the peripheral
(j 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 is not shown and can move
the peripheral electrostatic chucks 3a and 3b upward and
downward in the direction perpendicular to the sgubstrate
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 1is 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
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adjustnment roller 12 | ocated 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

el ectrostatic chuck 2 36 includes two electrodes, a first electrode 14 and
a second electrode 15. The first electrode 14 and the second el ectrode 15
are connected with a power supply 16 and connected in series with a switch

17 for tgfl%gg NFR A v tﬁﬁ (f el oSuWphy 16, %h—Pﬂe 5ol 'f¥> <3, H rst

el ectrodeé and a secon the peri pheral ctros

chuck 3a and a _first el ectrode 20 and a econ el ectrode 21 th e

per i pherBRTBr&ReEt Post At c SeRQSR t86 égbht &gﬁﬁé' &F?%k%n% SUREACE
supply 16 through the switch 17. The perlpheral electrostatlc chucks 3a and
3b are cohdett etbnpiied bivf t Bhensedol sarfhel ghbstdptecctimnstiusmesns)
means) which is not shown and can nove the peripheral electrostatic chucks

3a and 3ghipwharik andt denewdr d & nplheedi ract ikbe peependistdetr Eo dihethe
substrate chucking surface 4 (direction indicated by a doubl e-headed arrow

in Fig. §Q1b§9§a§@plah¥1c%'1ﬂ% Q24 Je0l4l er %t7 % thEne COLHECLLQB-AI 49 guide

rollers 11 are connected th the same lifter mechani sm (hei ght direction

adJUStnEQBeW%%%%%\guﬁgly l6 is in an OFF state. Therefore, a voltage

is not applied to any of the electrostatic chucks and thus the
(' substrate 1 is 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. 1In
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 wvoltage is within a range of 0 to 4 kV. ©Note that all
mechanisms such as the respective electrostatic chucks and the

rollers, the power supply, the switch, and the like may be
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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 renoving foreign materials fromthe substrate 1 using the
foreign material renoving apparatus X having the above-nentioned structure
will be described. Fig.3 37 shows a state in which the substrate 1 (in
which foreign naterials 22 are deposited on the substrate chucking surface

si de) sg&%&@&%tﬂ ¢ LobaLALMESURSLIA & d A0S Stoqpans), WBhebotsingt

shown i aced on t resin sheet 5 on the strat'e’ chucking sar

At this tine, SmAtCh 17 for the power supply 16 is in an OFF state.
Therefoﬁﬁhea.Q%??Sb%nslgan?oﬁﬁpl|ed to any of the electrostatic chucks and
thus the ( substrate 1 is not attracted. Fig. 4 shows a state in which_ the
switch 170943%] the poes supptyate i5 dgr mddb@aetesd §pkula aptedskgrappey t he
sane voltage between the first electrode and the second el ectrode of each
of the telmetinsthti ebokeckenttiivareebseat taactimigprishesiibsheat €ehd sweitthe
substrate chucking surface 4 through the resin sheet S. In this state, the

foreign ymt egi ali$ndd arFe capfFueed thitt he o @8idin sheetid. # chdekikpgrihie and
the voltage of the power supply 16 can be adjusted. For exanple, the
chucki n%fé&@r&@@a@fc chuck 2 is protruded by the height direction
adjustment means relative to the peripheral electrostatic
( chucks 3a and 3b in the direction perpendicular to the
gubstrate 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 is provided with the lifter mechanism which is
not sghown, 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
gsubstrate 1 and the resin sheet 5, the substrate 1 can be
cellected 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 upward 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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adjusted within a range of 1 second to 60 seconds and the interterm nal

vol tage of the power supply 16 can be adjusted wthin 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 termnals, so a potenti al
difference of the voltage is within a range of 0 to 4 kV. Note that al
mechani sns such as the respective electrostatic chucks and the rollers, the
power supply, the switch, and the like may be 38 controlled by a control | er

whi ch iSd@%&s§@8&’”1oﬁortﬁ“é)msh%'slt'rﬁge the oper athoRs oheldhoss. {R043kskhe
substrate is attracted for a predeternmned tinme in the above-mentioned

set condlﬁlo ssand then the swwtch 17 is turned OFF. After that, as shown
in Fig. B The tentral electrostatic chuck 2 is prot ruded by t he hei ght

di rection ad{ustnent means rel ative to the peripheral electrostatic . chucks

3a and 3b9PA4t he d|r%EtﬁBﬁWBeﬁﬁeﬁchuﬁarwpéntﬁ@e SUPStrate chdERyNsGiy ace
4 to forma gap between an end portion of the substrate 1 and the resin
sheet S.thHhafoirejignheatserigiler2d atectewsted i tschacks 8alanmdt8B, tlhe isupply
side gqguide rollers 7, and the collection side guide rollers 11, each of

whi ch i sppeesirdplevitinat he Ebfkepsmpaltanicsn Wo ch ikSp reid shbwihe akebogved
fromthe substrate chucking surface 4 downward in the perpendicul ar

directiogr&oggogh%%fgégafﬂ{éfghe 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 xobot
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 resin sheet 5 delivered from the
delivery roll 6 side can be supplied to the substrate chucking
surface 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 1is moved ontoc the substrate push-up pins 23 and
placed on the new resin 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 chucking surface 4), so the state shown in Fig. 5 can be
obtained. Wth the use of the gap forned between the 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 to lift 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 foretgnieeteonal $ided gl39adepasitess ont f&é\?ﬁﬁéféfc@blyar@ﬁé@nﬁﬁewd to
the resin sheet 5. [0044? As shown in Fig. 6, en the substrate 1 from

whi ch  tbe fof &an, TLECLal Sr2% QA KAIONEHn S0 B8 ALl 8t ed) whini $he

pr ef erabl'e t hat provi to atip en arm be
inserted into the gap be% n the . ,substrate 1 lifted u by the _substrate
push- up BEASI2FASRE (heof ool SRdves Yand ting® SabSOFBLE Ha Yo dtIHE 6 1t he
fork 24 and collected by the robot arm(not shown). The resin sheet 5 to
whi ch the teweirgsimdthastals D2 areferantyefebd fFben BREdsyBSinat&eekudki ng
surface 4 can be collected by the wind-up roll 10. Sinultaneously, a new
resin sheetllecdeki ver ethef mdmd-tup rddlli ver y sr pirleférailde camdza-dadnpl ied to
the substrate chucking surface 4 (direction indicated by an arrow in Fig.
6) to [0046] As shown in Fig. 7, in 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 1is 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 is 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 of the foreign material
removing apparatus in which the electrostatic chuck forming
the substrate chucking surface is 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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perform next foreign material renoving 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 noved onto the substrate push-up
pins 23 and placed on the new resin sheet 5 |ocated on the central

el ectrostatic chuck 2 by lowering the substrate push-up pins 23. Then, the
peri pheral electrostatic chucks 3a and 3b are noved up by the respective
lifter nmechanisns to formthe substrate chucking surface 4 with the central

el ectrosiadli Ghehyskighefhilt Rileddrmc dtie: supRbYssizde gudder ofdehis €hand
the 40 collection side QU|de rollers 11 are preferably noved up by the

lifter ng&@gfkéggtogﬁhg tQuE gchV|ng upgpYhen; Ehe .peskpg Sh%%ht? ef the

delivery ro

I's co y ex auste a new resih sheet is preferably
et. The ed re heet 5 collect nd- referab
¥ FeFbsag %gshsw I P ada‘f?%ﬁo?%pt%ﬁ fad}dg e

di scar de¥l
renovi ng apparatus X accordlng to the present

i nvention, a supply

substrateleassedee326 seshi vd ﬁﬂﬁé%ﬁ’@t&aﬁ@ha%l%lhw% nPr e eB36d Phefor e

the renoval of the foreign materials) and a collection substrate cassette
27 col | eetbag-tbatatihetir atié itorhiceimdigtpirce esglgoe f af édasthe clentvaledf the
foreign materials) may be arranged within a novable area of a robot arm 25

to constyyStedthA®n@RreMBiLr] 8hm, 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 (not shown)

which

has a thickness equal toc or larger than 50 pym and is made of
engineering plastic. Similarly, in the peripheral
electrostatic chuck 2a, 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
gecond 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
adhesive.

{0048] In the modified example, in orxder to increase a
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removi ng systemfor substrate. Fig. 8 is an external view show ng the
foreign material renoving systemconstructed to include the foreign

mat eri al renoving apparatus X and the respective substrate cassettes 26 and
27 as described above. [0047] Next, a nodified exanple of the foreign
material renmoving apparatus in mhlch the electrostatic chuck formng the
substrate chucking surface is divided into the central electrostatic chuck
and the peripheral electrostatic chucks wll be specifically described. In
the fOfeé&H«hgéﬁerfa@éus erpMi g APRAFRLUS 3 X SPRUN { fndi Gof %h@:h@igect kade

i ncludi ng the central electrostatlc chuck 2 41 and t he peri pheral

el ectrostatic chucks 3a.and t he eEséjlbstr & chuc$|ng suhfa e That
is, in tF&® TRt al & elMEEEF6 atP c Jgk F i st ¥? 0de®31 a second
el ect r ode 32, each of which has a plate shape and_is made of  a

car bon- doREEPRRBLE |FRIMTONd Rt HFE riBBerr Y hs FHESE elt reRfe§ Sthodew-
thickness is 1 mm volune resistivity is 1 x 10-4 Q _CM and Shore hardness
is 70 Hsdemsetpomueldydiohyl eme alwhysse 3Bichmeesofial i num.t hr Glgh &mrst

i nsul ati ng sheet (not shown) which has a thickness equal to or larger than
50 . m angh &s:PBEEs0F31 ,engi Neakidnd Pl aghi G:heSl BetahdY elict tiRQlReriphens,

el ectrostatic chuck 3a, a first electrode 34 and a second electrode 35,

each of whichghas,a plat.3hape 80d d 5B cic chucks directly form

the substrate chucking surface 4, so the same chucking force

can be exercised even by an applied wvoltage lower than that in

——
"

the above-mentioned 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, ins the case of the bipolar electrostatic chuck,
the positive and negative potentials are applied between
terminals, so a potential difference of the voltage is within
a range of 0 to *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.
[00429] Next, a foreign material removing apparatus
including a plurality of chucking stages will be specifically
described.

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

foreign material removing apparatus X for substrate which has
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t he sane conductive rubber, are bonded to a netal base 36 made of al um num
In the peripheral electrostatic chuck 3b, a first electrode 37 and a second
‘el ectrode 38, each of which is nade of the same conductive rubber, are
bonded to a nmetal base 39 made of alum num The first electrodes 31, 34,
and 37 and the second electrodes 32, 35, and 38 are exposed to formthe
substrate chucking surface 4 to which the substrate 1 is attracted. Note
that the first electrode and the second electrode are bonded to the

i nsul at i S adhes d n [ deg to
the neta aggﬁ%gﬁﬁgggﬁéﬂ%dhe5|%%§ [g%4§%fféﬁt:%?éﬁ&%%%%%@géa é?Qelglrig%rder
toincrefa a nt act U?S[IOVEA hﬁu fer at __t ectl hucklng %
exanpl e, %Wﬁﬂ%rf’lal BF St hEIREHR tEheBEUL G B2 RESIE efaerrl bPy THaMYEd to
use the resin sheet 5 nade of |ow density polyethyl ene whose thickness is
20 pm TFedirattatdlectohygds 42, BAarmbng 37 §686°0He SekdhyaEPectiedeknB2,
35, and 38 in the respective electrostatic chucks directly form the

subst r ateircfaueki 48). SuUEAakeof, tde thesanelebucksbgt for chuckant lbesrekerlee sed
even by an applied voltage |ower than that in the above-nenti oned exanple.

Ther ef ordscdl XamRrstalt i @dpHsERDl £2 1 ange rak thepshyeki é‘ﬂeét%sttétlc
suitably 1 second to 60 seconds and an adjustabl e range of the

'nterte@HﬂEﬂ. 2n electrode made of a carbon-contained silicon

conductive rubber (elastic electrode) whose thickness igs 1 mm,

volume resistivity is 1 x 10 Q-cm, and Shore hardness is 70

PN

Hs 1is bonded onto a metal base made of 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 insulating sheet 1is bonded to the
metal base using an adhesive.

[0050] The case where foreign materials are removed from a
normal silicon wafer 1 whose diameter is 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 electrode 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

gurface of the sgsilicon wafer 1 1is not attracted to the first
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vol tage of the power supply 16 is suitably O to 4 kV. In particular, in the
case of the bipolar electrostatic chuck, 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. O her structures of the apparatus,
a foreign material renoval procedure, and the Iike can be made identica

to those in the case of the above-nentioned foreign material renoving
apparatus. [0049] Next, a foreign material renoving apparatus including a

plurali tyuﬂgtfgegk'cmc%tﬁgessuwéceb%§pﬁ§éiﬁ&ﬁhé Yendeserkbed cBhgoghO4as an

expl anatory plan (part) VIEM/S owng a foreign material renoving apparatus

ol cot r oStaR) EPERMRETRE TG 11 s Ceubor it BOERUeRP ng S irFalé 46 %hd a

second electrostatic chuck 42 form ng a second substrate chucking _surface
48. Eachwdferhd fPFSETEFBctOsBAL M0 chAcK U 1MANEX hRTOEEEBNACEI-EEICEdNgt i ¢
chuck 42 is the bipolar electrostatic chuck. An el ectrode nade of a

car bon- cantasneda sghp coarttonduoctiregsprulbeg el bkl dcneékevelote)lwalkasehe
thickness is 1 mm volune resistivity is 1 x 10-4 cm and Shore hardness

is 70 Heii-grbended @aled s NBidl thasecbbeg @fl sdpdquimd higugh sabstrate

i nsul ati ng sheet which has a thickness equal to or larger than
non-chucking area. Cn 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 two space portions 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 Dbetween the first electrode and the second
electxode(s) .
[o05B1] The resin sheet 5 which has a thickness of 20 um to
40 uym and a width of 220 mm to 230 mm and 1s made of
polyethylene is supplied to the first electrostatic chuck 41
and the second electrostatic chuck 42. The resin sheet 5 is
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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50 um and i s nmade of pol yethylene, thereby form ng each of the substrate
chucking surfaces. Note that the el ectrodes of each of the electrostatic
chucks are bonded to the insulating sheet wusing an adhesive and the

insul ating sheet is bonded to the netal base using an adhesive. [0050] The
case where foreign materials are renoved froma normal silicon wafer 1
whose dianeter is 300 mMmw ||l be described below as an exanple of the
substrate 1 to be processed. In the first electrostatic chuck 41, a

pl ane- shaped. i £d r stirehest roge tﬁgow%gs%ﬂ@nghgpiéﬁgfsﬁﬁ%ésmgaﬁéewﬂiﬂéx% 15g Im;”

and a pl ane-shaped second el ectrodé 44 whose 16 mMm and w dt

150 mm are, aryanged such that the silicaon f is divided into two to
have anEFH%e%bgp 3F“guﬁprT éYeH%FééuPs&F%'céﬁ%f%Pﬁgug%1ﬂ%8% ﬁgié?c *P8 not
attracted to the first_ 44 substrate chucking surface 45 including the_ first
el ect r ol AB TEHEE t Hel$8EBndlel AR r WRINRYS @gtﬁa%%dOEoFF?oﬁ§1éVeFHer§ﬂﬂicon
wafer 1 protrude by 30 mmto 40 mmto provide non-chucking areas. A gap
portion &€ortkespenpgpiy tiddegiider vallbeswiden thre cdlstt sbrectideegd3ddand
the second electrode 44 is a substrate non-chucking area. On the other

hand, inrdiess£congd aplieeheostidd-aCMeak 42 @ad i 115¢1 @i€ch radendd whbsh has
an H type plane shape and is 310 mmlong in a feeding direction of the
resin Shfﬁ%nét@FsﬁéiQ%dnhﬁﬁﬁf @@dmﬁ?61€H§%5d§si%q%dM q&b or longer than
220 mn, and material is stalnless steel or the like. A clean
( air ionizer may be provided between the delivery roll 6 and
the supply side guide rollers 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] Ags 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 oxlentation of the silicon wafer 1 in a
directicn parallel to the substrate chucking surface, in
addition to the above-mentioned structure, is used to remove
the forelgn 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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direction thereof is provided. Two second el ectrodes 47, each of which has
a plane-shape and is 70 mmlong and 200 mmw de, are arranged to fill two
Space portions of the first electrode 46 of the Htype and to have an
interval of 5 nrmwth the first electrode 46. In each of the first

el ectrostatic chuck 41 and the second el ectrostatic chuck 42, the power
supply 16 is connected between the first el ectrode and the second _

el ectrode(s). [0051] The resin sheet S which has a thickness of 20 pmto 40

pm and acyedtbogl 249 Mmbo 280 MRAGS | S JBAS Mo ROl YR lanG s suppl i ed

to the first electrostatic chuck 41 and the second el ectrostatic chuck 42.
The resin,sheet 5 i und.in.a roll shape.around the delivery .roll, 6.. As
i cat el LB§omn WA T nahg EHRS THE L B0 EH CRIEe & 1A DUl B s eHIEd | r st
substrate chucking surface 45 and the second substrate 45 chucking surface
48 t hroufBrt RO sepEPYAsi-de Afilicte EBREer &2 aRElimehigBurrd ubh%ywiﬁ@—g@p
roll 10 through the collection side guide rollers 11. An exanple of each of

t he del i betyeernl Ithes, redpesujpt yeledergdede isoldtespefi. t HEhew| | ebki Motd de
guide rollers 11, and the wind-up roll 10 can include a nenber whose

di anet erehg HSrMche 23 MRe |eMotdbd Sveoal 1t enoenl greetnkhaln 220 Wingand
material is stainless steel or the like. A clean air ionizer may be

prOVidedagggge%%éiH%f&”ﬂyefﬂerBbhd§n§ngortion of the robot arm 50 and

the silicon wafer 1 is transferred to the aligner 51.

{' (00531 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. 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 electrode 44 are
included 1in 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. As 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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the supply side guide rollers 7 on the resin sheet supplying neans side to
neutralize charges of the resin sheet 5 which 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 material renoving apparatus
X which further includes a robot arm 50 having a holding portion capabl e of
hol ding the end portion of the substrate and an aligner (substrate rotating
nmeans) 51 capable of adjusting an orientation of the silicon wafer 1 in a

directi op,pataLtel hokhesubsteale Shupkl ng spclagey ho1aadd than Ladihe

above-nentioned structure,” is used to reno Ign material s
deposited on bh% silgﬁon m% er 1.f First, the silicon wafer 1 to which the
forei gn faterPald &Pe°§5p58Rt &85F¢ Supplied to the first substrate chucking
surface 45 of the first electrostatic chuck 41 by the robot arm 50. Next,
a vol tag€08F41. 5 kv Weenpphiced Y@ vEENMARRI IR 18t 2746 & e r s8BOYZdaAT he
second el ectrode 44 to attract the silicon wafer 1 and then such a chucki ng
state isthai ntediaedl fugi@) sbkeorfusieilfit ematbaialt heerapplngadpoaratus h

vol tage between the respective electrodes is stopped. Then, the both end

portionsegf Lhe s Hteonyeder iAcMiEes ahe the-dione chbekbHgat 8k eaguake shel d
by the holding portion of the robot arm50 and the silicon wafer 1 is

transferéﬁg E%ethgea&ﬁgngieéérostatic 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 zalso 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 rcbot arm 50 to construct a foreign
material rsmoving system. The resin sheet 5 which ig
unprocessed 1s 1laid on the respective substrate chucking
surfaces. The wafer 1 taken out from one of the SMIFs 52 ig

subjected to foreign material removal by  the first
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( [0053] The wafer 1 is rotated 900 by the aligner 51. Then, the wafer 1 is
hel d by the robot arm 50 again and supplied to the second substrate
‘chucki ng 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 el ectrode 46

and the sgcond, el act s odegc#7410bnlihe 1REC AN Rle0t 188 tatd L £Eks 425t enkhe

wafer side. As in the case of the first electrostatic chuck 41, even in the

f.th I huck h
case iPEEoar e 6L eskat £.60ueK 17, e yelsted b3 mbLaghed, Lo

the foreign materials. After the foreign materials are renoved in the
second el®ctPeatati OYcick 4RALLRT §hAEhetRBsWAsETt Ae 9 rSTaRPERYFFRR 1 BPI C

chuck 41, the both end portions of the wafer 1 which protrude fromthe
second Wik sebstnat elehtckehgtsar Fhuek4@ any prief ercinly dveh d>®yaghinr bbot
arm50 to collect the wafer 1. [0054] Wen the foreign materials are to be

renoved ddiire tHge Wob£&idn UshBEari hest or of gar NEkEr Feho IO Nghapparaigs X
for substrate which includes the first electrostatic chuck 41 and the

second QﬁfEéffgﬁéqiEh&hﬁgkeézlaﬁsd%%%ﬂé¥g}f§3”ﬁ% e 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 piurality 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 regin 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 water
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exanple, 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 |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 electrostatic chucks. There is also a nerit
that wafer processing capability can be inproved. In Fig. 10, the

orientati t ; fe agigd.to ir tic
chuck 41h%§11'%\/\%rdﬁ1%] ?fﬁgtlg?g%ngé |Sgne“?tﬁlé{ seconclIt eﬁggﬁfgstgé?%%%%g%g

after th r.at.ation _of 90, the_notch.is adjusted |leftward in.the drawn
[0055]  AZBe ety G SPES S3URRy Be=n BUPHEACHPERTH ot aRouibe BPR8 oF the
robot arm 50 _to construct a foreign material renoving system The resin
sheet 5 WHiICAH %Y &R3r oBBBYEACEETEEPd Bn &HE r SFEEW e BB SEr at818Buckd ng
surfaces. The wafer 1 taken out fromone of the SMF5 52 is subjected to
forei gn Mderidlcmenmial dypldmnd i raat odfarel eatatost g1 ¢ @huchke 4lilend t hen
tenporarily transferred to the aligner 51 by the robot arm50. In the
aligner 51, the wafer 1 is rotated by 90. After that, the wafer 1 is
transferred to the second electrostatic chuck 42 by the robot arm 50 again
to renove the foreign naterials. After the renoval of the foreign
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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 SMFs 52. Even
in the case of the other SMFs 52, the sane operation is perforned, so
efficient wafer processing can be realized. Wen a plurality of aligners 51
is provided, the productivity can be further inproved. The chucking and
unchucki ng of the wafer 1 to and fromeach of the electrostatic chucks may
be repeated a plurality of tines for each wafer 1 based on a foreign
materi al deposition state and the |ckeiuThe resin sheet 5 to which the
foreign materials are transferred may be exchanged for a new resin sheet 5

for each chuaking, apgdpupehugkimg of e hbei M@ 6r bl JRYndeLe £XEhaRGRA After
the repeated use thereof a plurality of times. | NDUSTRI AL APPLI CABI LI TY

[0056] The,fqraion MRLEHT Al fanpyi N0 pPEE Al U ACeord ng oha the Present
invention can sui'tabl'y performa foreign terial’ renovar operati on
necessary to process varjious substrates in, for exanple, a sem conductor
waf er  FYDPdddtEot FIMRF ¥5di9ity, a seni conduct or devi ce manuf act uring
facility, a glass substrate manufacturing facility, and a facility for
manuf act uri ng aa t Elpdirgstayt ideviddeiaksi fprmind i qui dwrytstadle alpicdsimgg an
organic material, or the like. 50

surface to which the substrate is attracted;

resin sheet supplying means for supplying a resin sheet

to the substrate chucking surface;

Pama

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

substrate transfer means for transferring the substrate,
wherein:

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

the foreign material deposited on a side of the substrate
chucking surface of the substrate is transferred to the resin
sheet and removed; and

the resin sheet to which the foreign material is

transferred is collected by the resin sheet collecting means.

2. An apparatus for removing a foreign material from a

substrate according to claim 1, wherein:
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CLAIM5 1. An apparatus for renoving a foreign materi al

whi ch renoves a foreign material deposited on a substrate, conprising:
el ectrostatic chuck form ng a substrate chucking surface to which the

substrate is attracted;

sheet

el ectrostaticcgBucki1Ry ttrB@ ta34bst catext r aasf@fvieams ist@t tyactiad 40 the

substrate chucking surface through the resin sheet supplied by the resin

froma substrate,

an

resin sheet supplying neans for supplying a resin

to the substrate chucking surface; resin sheet collecting neans for
collecting the supplied resin sheet; and substrate transfer neans for
transferring the substrate, wherein: the substrate supplied to the

sheet supplyl,Ag Qfégéro%@&{?r%'h%k”ﬁ{)oe{' thE’QBQ?hgngaf ofefird shde p%fr &iRG

substrate ‘chuck sur

ace of the su rate’ I's erre to t

sheet and renoved;. and the resin sheet to which_the forelgﬁ nqgerlal is
S.

transf ePfed®Pe c%?P%EF%HebyaQ$eare??ﬁlgﬁééﬁlco?}%EFFﬂﬁtﬁE

LQCAOI'

apparatus for renoving a foreign material froma substrate according to
cl ai m latwrecdiimyg asperipheral portion of the substrate;

the apparatus for removing the foreign material further
comprises height direction adjustment means capable of
protruding the central electrostatic chuck with respect to the
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
gsubstrate according to c¢laim 2, wherein the height direction
adjustment means includes:

a peripheral chuck 1lifting 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
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the electrostatic chuck is divided into at |east a central electrostatic
chuck for attracting a central portion of the substrate and a peri pheral

el ectrostatic chuck for attracting a peripheral portion of the substrate;
the apparatus for renoving the foreign material further conprises height

di rection adjustnment neans capable of protruding the central electrostatic
chuck with respect to the peripheral electrostatic chuck in a perpendicul ar
direction to the substrate chucking surface to forma gap between an end

por L1 o flet NEnTURSIIALE A dihecd eohD $5ehy 0] Lo SUBSLLAL e L Lpnster
means coiprises a r oot a avi n bstPate hol por%lon capa% e of
hol ding the substrate with use of the gap forned betmeen the substrate and
the resth ashedel Soveq Eﬂb%rEP%SS?B?tF%ﬁ%V?%bCQI?%r%F@ﬁaﬁﬁterlaI froma
substrate according to claim2, wherein the height direction adjustnent
means i ncl udes: a peripheral chuck l'ifting mechani sm capable of noving the
peripheral electrostatic chuck downward in the perpendicular direction from

the substrates chuakidip stdtharetor aRdndviagi m Sheetifei @l «3djaust Mgl a
nmechani sm capabl e of adjusting a height position of at |east a part of the

resin ?@bstrate according to c¢laim 2, further comprising substrate

lift-up means which is inserted into the gap between the
substrate and the resin sheet formed by the height direction

adjustment means, and is capable 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 is
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
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sheet which corresponds to the peripheral electrostatic chuck to a |evel

| ower than the substrate chucking surface. 4. An apparatus for renoving a
foreign material froma substrate according to claim2, further conprising
substrate [|ift-up means which is inserted into the gap between the

substr gt e i et for . by 1 he [.aht_ di ti . .adj nt
nmeans, aséﬁjcfatlr}gd 1:E:egpa (fczétg?wff t?é}g cgg&tlﬁe is‘ubs"p.iraézi!tg%l.n 5.{%:1 alg%salrrgt uésjﬁ'%%?
renoving a foreign material froma sulbstrate _according to claim 2, wherein:
the redd&det stippl yPA§ nedRg i AGltGdddl asgdEicdély ™ ar'dthd WHPEh t he
resin sheet is wound in a roll shape; and a supply side guide roller for

gui di ngansd stdgich sheeroietinvel edafeonel he et idensyi ¢l Ipeby ¢ hley bémle, of the
substrate chucking surface; and the resin sheet collecting nmeans includes: a
W nd- updigidtHyarend ndi pglypihheinesen sheekidand pd16otilmati ofh Bé fedgui de
roller for guiding the resin sheet fed fromthe substrate chucking surface

102 Sy Hod it NGl Jliidy1 e Ar&eg@p@lrtmatfeor Legpyhno. & forelon

materi al froma substrate ‘accordin o claim?2, in the resin sheet

contains .at | east one material selecgted from.the grou
polycaf%onate, nylen, po yimgde. aramid, é%d ézlycarbodiimide,

and has a thickness of 5 pm to 100 um.

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 90 Hs and volume resistivity of 100 Q-cm

to 1 x 10°® Q-cm, and has a thickness of 0.05 mm toc 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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consi sting of polyvinyl alcohol, |owdensity polyethylene, polyethylene,
pol yvi nyl i dene chl oride, polyvinyl chloride, polypropylene, polyethylene
terepht hal ate, acetyl cellul ose, polycarbonate, nylon, polyinde, aramd,
and pol ycarbodiimde, and has a thickness of 5 pmto 100 um 7. An
apparatus for renoving a foreign material froma substrate according to
claim?2, wherein the substrate chucking surface conprises an electrode for
the electrostatic chuck. 8. An apparatus for renmoving a foreign materi al

: 0 | aratus for removi e
cur T nce BT ReonOF) Sl oafeFPuChr st 8 Hikadnor CRR L6 et e

el ectrode .conprises an el astic_el ectrode having Shore hardness of 20 Hz to
90 Hs arPRIUAHE rediSEing t526f2990 0-cm to 1 x 10-5 0-cm and has a

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

mat eri al fromviherigst theeocsdeotdtngnt @wicl then subsoraher fommprylsiciy: the

| east two el ectrostatic chucks including a first electrostatic chuck

form ng oddigi mubskiale iGhuekhdgedUbliacthe afidracsecandt wiLcdiast ghlékchuck
form ng a second substrate chucking surface; and substrate rotating nmeans

SZPZH ¢ A 2dustlaond et QUASIEALL OPoLLelhE RRANY Aty Ithe GLbECELER
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 claim 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 1s projected to a substrate side attracted to the
first substrate chucking surface is included in an electrode
projection area obtained by projecting an electrode of the
gsecond electrostatice 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 38, 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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substrate chucking surface, wherein the orientation of the substrate from
which the foreign material is renoved by the first electrostatic chuck 1is
adj usted by the substrate rotating means and the substrate is supplied to

t he second el ectrostatic chuck to further renove a foreign material. 10. An
apparatus for renoving a foreign material froma substrate according to
claim9, wherein the substrate rotating neans adjusts the orientation of
the substrate such that a non-chucking area of the substrate which does not

over | apggﬁfbré"z{‘t O £6h roden obe hde diEsieglect {psiptigochugk whgn the

el ectro IS projected to a substrate side attracte othe first substrate

hucki f is . incl d_i | d ] [ . bt ai ned_b
pr'0] ect g an SrecErBaBTBr St AS Lt d e St POSEAEE ¢ “HRUGE 10" he ShbgE at e

side; and the second electrostatic chuck renoves the foreign material. 11.
An appartdt®isSEbptrahBvistFa Farei gn nRRGhHkiMbmBea s@hsthi eSubebrarfig to
claim9, wherein: each of the first electrostatic chuck and the second

el ectr osttat ¢lt chrc&spongds i sesaa hnpelrar lelbedweest datliec o ckl e tiavddgs t @b

el ectrodes to which voltages whose potentials are 55 different from each

ot her ared esact vehrcapplskadi andntbr sufstipirdad atimgapranseadiygts the
orientation of
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 claim 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 1is
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.

56



the substrate such that a non-chucking area of the substrate which
corresponds to an interval between the two el ectrodes of the first

el ectrostatic chuck is included in an electrode projection area obtained by
projecting the two el ectrodes of the second electrostatic chuck to a
substrate side, and the second electrostatic chuck renoves the foreign
material. 12. An apparatus for renpoving a foreign material froma substrate
according to claim9, wherein: each of a non-chucking area of the substrate

whi ch does noi3 ovgh! appwirkiuan Rlectdmsieiff hhechlhigh &laddF st atismchuck
when the electrode is projected to a substrate side attracted to the first

b ' d - [ f ich
docs nots BAr At w TECRRo g0t FBuct A g coenBhEnactPBe: BERERCAAERShhen

the electrode is projected to a substrate side attracted to the second
subst r atEPRPRERF ng2Eur £888 L nOPGde S TERd pottientet ™ subBer afECURNd

the substrate transfer neans conprises a robot armhaving a substrate
hol di ng gouisisnivapabfe pblimwinyhg dheockobst r ave-denshtusepolyehbyénrde,
portion of the substrate. 56 13. An apparatus for renoving a foreign

mat eri alpd 1@t @y 1 SHbst r gbeyas el disaet 0 cH1d D, Whss Bi-Rid{E I @Bl Brsheet
contains at” | east one naterial selected fromthe group
polypropylene, polyethylene terephthalate, acetyl cellulose,

polycarbonate, nylon, polyimide, aramid, and polycarbodiimide,

and has a thickness of 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 1is
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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consi sting of polyvinyl alcohol, |owdensity polyethylene, polyethylene,
pol yvi nyl i dene chl oride, polyvinyl chloride, polypropylene, polyethylene
terepht hal ate, acetyl cellul ose, polycarbonate, nylon, polyinde, aramd,
and pol ycarbodiimde, and has a thickness of 5 pmto 100 pm 14. An
apparatus for renoving a foreign material froma substrate according to
claim9, wherein: the resin sheet supplying neans includes: a delivery rol
around which the resin sheet is wound in a roll shape; and a supply side

gui de rol lﬁgtgﬁéeg%cd%c@dll SI 0y ﬂaeef; dg{ljlq\rzraced frgp‘j tQE dcehl very roI I

to a side firs trate chucking he resth sHast
coIIectlnaneans includes: a wind-up raoll for winding up the resin sheet;

and a cOMPEEFRbR SHHCkGdideSYHlnee F%%igﬁﬁﬁlﬁﬁcpﬁg FRFFr IR e CHUEH 1% m

t he second substrate chucking surface to a side of the wind-up roll. 15. An
appar at usutfaceemowipng s®sf oxei gheptiredealfdr ogaah B stlbst edeetacsterding to
claim9, wherein each of the first substrate chucking surface and the
second sgpstkate chucking surface conprises an electrode for each of the

el ectrostatic chucks.

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 volume 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 sSubstrate 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 substrate chucking surface of the

substrate to the resin sheet, thereby removing the foreign
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16. An apparatus for renoving a foreign material froma substrate according
to claim9, wherein: each of the first substrate chucking surface and the
second substrate chucking surface conprises an electrode for each of the
el ectrostatic chucks; and the el ectrode conprises an el astic el ectrode
havi ng Shore hardness of 20 Hz to 90 Hs and vol une resistivity of 100 Qcm
to 1 x 10-5 xm and has a thickness of 0.05 mfmmto 3 nm 17. A nethod of
removing a foreign material froma substrate, which renoves a foreign

mat eri al d%ggigied on a substrate, conprising: supplying the substrate to
an el ect?dstatic 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 nmateri al
deposited on a side of the substrate chucking surface of the substrate to
the resin sheet, thereby renoving the foreign 58 ma terial. 59
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