Description Title of Invention: Bl POLAR ELECTROSTATI C CHUCK Techni cal
Field [0001] The present invention relates to a bipolar electrostatic
chuck, and nore specifically, to a bipolar electrostatic chuck which
has excel |l ent substrate attracting/ hol di ng performnce when a vol tage
is applied, and is capable of canceling residual charges pronptly
when vol tage application is stopped. Background Art [0002] An

el ectrostatic chuck is used foraﬁégé¥§5€¥b§nd hol di ng

Title of Invention: BIPOLAR ELECTROSTATIC CHUCK

Technical Field

[0001] Thepresent inventionrelatestoabipolarelectrostatic
chuck, andmore specifically, toabipolar electrostatic chuck which
has excellent substrate attiracting/hcelding performance when a
voltage is applied, and is capable of canceling residual charges

promptly when voltage application is stopped.

Background Art

[0002] Anelectrostaticchuckisusedforattractingandholding
a semiconductor substrate in various apparatuses such as an ion
implantation apparatus, an ion doping apparatus, and a plasma
immersion in a semiconductor manufacturing process, an exposing
apparatus using an electron beam or an extreme ultraviolet (EUV)
lithography, or a wafer inspection apparatus for silicon wafers
or the like. Inaddition, ina fieldof manufacturing liquid crystal
displays, the electrostatic chuck is used for attracting and holding
an insulating substrate in a substrate combining apparatus, which
is used for filling liguid crystal between glass substrates, or
in an ion doping apparatus.

{0003] The electrostatic chuck usually attracts a substrate
via an upper insulating layer made of a high electric insulating

material suchasapolyimide filmoraceramicmaterial. Inaddition,
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a sem conductor substrate in various apparatuses such as an ion

i npl antati on apparatus, an ion doping apparatus, and a plasma

i mmersion in a sem conductor manufacturing process, an exposing
apparatus using an el ectron beamor an extreme ultraviolet (EW)

| it hography, or a wafer inspection apparatus for silicon wafers or
the like. In addition, in a field of manufacturing liquid crystal
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In addition, the electrostatic chuck is used inside a vacuum chanber
or in Eﬁé*@ﬁviFBﬁﬁeﬁ?aﬁﬁ?ﬂlﬁ%QRFQ%ﬁﬁ ﬁﬁﬁﬁdﬁﬁyloﬁ%é¥%#8#@CtFﬁ§S that are
el ectrostatic chuck itself is apt to be charged easily. Therefore,
there Sesl pPsbPEATERBINEIHRT FOG¢ PUPELERES BaLP g titanstandyl et tmReT
that are used for processing of the substrate may be attracted by the
upper ilmsulatimy layer ssoa asoteenprriaresidvpdudiandwg gebichmiagmtains
mai ntai ns the substrate in the attracted state even after a | ong

peri od theosupenertef fn e addittiaded shete ¢verlastar pr bbhempehaed from
charged and floating particles around the el ectrostatic chuck may be
att r acteesker[-@304] | inoadéitioncanicete rissiadusal achaspésmofhathecharged and
el ectrostatic chuck, it is necessary to provide a path for the

accunulsated ichppgesit e laaw eabt hy diedthe ssardic ¢guoknd)y be dterdddes).
or to supply charges having opposite polarity to the portion where

the changes jexi st. THOWRIEF toidhiOentés Y&@4 B chargkkuet dhe dfeddi®static
el ectrostatic chuck is apt to be conplicated because of necessities

of i NMPIevidly attiragthkensheyae ehotheced ealthost Aldne §8UGKuDEted charges
processing substrates of increasing size. For this reason, it is
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charges to flow to the earth or by supplying charges having t

Opposi th%v&%'ga 'ptp§551te polarity to the portion where the charges exist.
However, in recent years, a structure of the electrostatic chuck
is apt to be complicated because of necessities of improving
attraction forceof theelectrostaticchuckorprocessing substrates
of increasing size. For this reason, it is difficult to cancel the
residual charges completely by leading the charges to flow to the
earth or by supplying charges having the opposite polarity.
[0005] Therefore, there is proposed a method, for example, in
which a part of the upper insulating layer on the substrate side
is cut off (step section is provided) corresponding to the part
of the electrode layer where no electrode exists so that the upper

insulating layer dces not contact directly with the substrate in

the part wherenc electrode exists (see FIG. 1 (c) of Patent Literature



[ 0005] Therefore, there is proposed a nethod, for exanple, in which a
part of the upper insulating |ayer on the substrate side is cut off
(step section is provided) corresponding to the part of the el ectrode
| ayer where no el ectrode exists so that the upper insulating |ayer
does not contact directly with the substrate in the part where no

el ectrode exists (see FIG 1(c) of Patent Literature 1). In the

upper insul ati | ayer_correspandi to the part ere no, el ectraode
ol sts Dinert Per ity SHisRatt Fvhs, o dtbontifG s Brg S4H Wkere
transverse_direction .caonnecting .the end.of the el ectrode existin

near by G LERG6 SUBTTATE 1 bP BB A { SCTEH 2 THe Shar o5 oaeeantt &PBF19ne
this direction are hardly cancel ed by electric control after volxgge
appl i cdthOhT PRSEEHPPED L PP TIHI=G %BB@@W# FRRé&d SpEpEsf*1sting
relates to a method of canceling charges that are hardly cancel ed by

el ect riteGNE AEC, thy THRITTRLDEP PR UPFRFt§hsullde Afarageraccumulated
corresponding to the part where no el ectrode exists. [0006] However,
as desci'l Hedl salsbviee C 4 1Py eviehtNaietls  cafrr el et thwdel arbsi iy eentrol after
conpl i cated shape such as a conb-shaped el ectrode is studied for

i mpr ovivayl tdwe applbictd ol ok estorprd helie ngf dree ,adtheal dyo i -frid el aned
to adopt the above-nentioned nethod for such electrode. In addition,
even i fptdm sshove-lperts crned method chrdrecddopt etarogesi shaecassdrardly
supply appropriate and proper amount of charges having the opposite
pol ari toarae tde hyaelcvhete testdol) leharnges rexiostt, tha wopder iroswancelg
conpletely the charges accunul ated once in the electrostatic chuck by
el ectrilaeantdadreypdritting kes the 0ol ey ddielddéerdde walists.

difficult. Gtation List

[000¢&] However, as described above, in recent years, an
electrode having a complicated shape such as a comb-shaped electrode
isstudied forimprovingtheattractionforce, andhenceitisactually
difficult to adopt the above-mentioned method for such electrode.
In addition, even if the above-mentioned method can be adopted,
it is necessary to supply appropriate and proper amount of charges
having the oppecsite polarity to the part where residual charges
exist, in order to cancel completely the charges accumulated once
in the electrostatic chuck by electric control or the like. The
contrel or the like is very difficult.
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Summary of Invention

Technical Problem



Patent Literature [0007]Patent Literature 1: JP 06-314735 A Sunmary
of Invention Technical Problem [0008]In such situation, the
inventors of the present invention studied to optim ze an el ectrode
shape that is hard to formthe residual charges instead of canceling
the residual charges of the electrostatic chuck afterward. Here, FIGS.
6 illustrate a conventional exanple of a bipolar electrostatic chuck

havi ng g emcircle electrodes 8 d.9, | mhicf 5IG. 6%%5. :
11 ust rARETS br an TECHERRT FEOr AGP am 6r THE 1 6ett bHES 65 & AGe
froman atfracting surface side for attracting.a substrate 4, and
FI G (NI T s e et 5 GOk RS (HE T 45 dres $hchdioh 'dre
FIG 6(a)., First, when the electrode 8 js connected to_a gositive
el ect r gES iU 61128 SESWeRSEERAI 9T (FrtCThim)EheaR@stRngad| eeereas of ide
connected to a negative el ectrode side of the power supply so as to
appl y &\asIttesdatelecthieks | akteTHeBIE asHereustidi®ed ion Fbiskraye a
are formed on a substrate attracting surface 5 side by the dielectric
pol ar i Zsrivertgforan wpparliensdl at Phgolayeelactregrahes, chfck Herelexitgto
charged particles such as ions and electrons in the region where the
el ect riserfilaixdlisnesl e tarelal $ rArsutSd, ipogitdlvd harged partisies ey e
noved along the electric flux lines E to the negative el ectrode side
whi | e mdgat ischermtzriged ipayanc s Ere et alen@ tdmed 6 ecitentesd finon an
lines Eto the positive electrode side. It is considered that those
char geditparddtcires sgathee @idd Hervattnatying 4 bebsubatead g said Fact i)
surface 5 of the upper insulating |ayer 1 having very high electrical
resi st ancesHengGd e swhymatic diagram of the I-I cross section of FIG.
6(a). First, when the electrode 8 is connected to a positive
electrode side of a power supply (not shown), and the electrode
9 is connected to a negative electrode side of the power supply
so as to apply a voltage, electric filux lines E as illustrated in
FIG. 6(b) are formed on a substrate attracting surface 5 side by
thedielectricpolarizationof anupper insulatinglayerl. Further,
if there exist charged particles such as ions and electrons in the
region where the electric flux lines E are distributed, positive
charged particles are moved along the electric flux lines E to the
negative electrode side while negative charged particles are moved
along the electric flux lines E to the positive electrode side.
It is considered that those charged particies gather at the vicinity
of the substrate attracting surface 5 of the upper insulating layer
1 having very high electrical resistance along the way.

[{0009] Next, when the voltage application is stopped, the

electric flux lines E are disappeared, and hence it is considered



[ 0009] Next, when the voltage application is stopped, the electric
flux lines E are disappeared, and hence it is considered that a part
of the charges accunulated in the upper insulating |ayer flows to the
ground side via the electrode or is cancel ed together with charges of
the different polarity. Here, for exanple, point Ais closer to an

el ectrode 2 on the positive side than point B in the diagram

Therefare, it is considered that charge ccunul ated at _poi nt . Aar.e
cancel S At gRHET Ol T CRArgSe BTCPNATaNTE arehte oA +)oREArbJ0 e ye~
relatively easy nner . the other hand, if the differen ale i
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charges accunul ated in the foint B are cancel ed than_t he charges ,
accumul"dted SPRTERE Poi hie AL FHeretome lamitess tiRéSehaPhes® et P
ground side to be di sappeared, the charges may remain as residual

char gest JOCEFSFHeret die, St G9fRem &S e (11 Prisemidnvdit diP by
studied earnestly to find a bipolar electrostatic chuck that is

capabl erofhedheerpig tHeckhbehesigdncraedvied heakghsirggsaccumnulated
attracting surface when a voltage is applied, pronptly when the

vol t agetapplitAtirerarsstappedetdsr gitesnargasovake Hodde rengtpallparity
el ectrostatic chuck in which charges of different polarities are
cancel edzeffyi cirent | yesatihalyressgduabnohar geSnatbehattkey theanaed idndhe
whi ch has excellent attraction force can be obtained by adopting such
an el ectirffte sshape ltehats whedne tdiotdlages ofardi fifisdeetthep@aairrtt iBgS iar ecakes
appl i ed, around one el ectrode having one polarity, the other

el ect r adsreavibanehi ddegnot heheparddyatSumi I angedn thuse inthe apeessaitdeled

invention is conpleted. [0011] Therefore, an object of the present

I nvent k®far 8hk®harges accumulated in the point A. Therefore, unless the
charges move to the ground side to be disappeared, the charges may
remain as residual charges.
[0010] Therefore, the inventors of the present invention have
studied earnestly to find a bipolar electrostatic chuck that is
capable of canceling the charges generated on the substrate
attracting surface when a voltage is applied, promptly when the
voltage application is stopped. As a result, it was found that the
electrostatic chuck in which charges of different polarities are
canceled efficiently so that residual charges are hardly formed
and which has excellent attraction force can be obtained by adopting
such an electrode shape that when voltages of different polarities
are applied, arcund one electrode having one polarity, the other
electrode having the other polarity is arranged. Thus, the present
invention is completed.

[0011] Therefore, an object of the present inventicn is To



provi de a bipolar electrostatic chuck, which has excellent substrate
attracting/ hol di ng performance when a voltage is applied, and can
cancel residual charges pronptly when voltage application is stopped.
Solution to Problem [0012] Specifically, the present invention

provi des a bipolar electrostatic chuck, at l|least including: an

el ectrode layer including a first el ectrode and a second el ectrode;

and an IS8 ul at.i_n a |ch f a substrate att ti
surfacéH$ éi?iﬁgﬂlﬁféj%% 51 tlcc aﬁréh ﬁla case er% JE%trate
surface of q§l ctrode | a s rega ded_to di vi
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in an x direction.and. a di rection rst el ectrode sections formng
the fir<t" %ecf?aaﬁuahd %E’c‘&ﬁf e%%’f‘%iﬂ% SEEN b i ﬁﬁpgﬁé%é%ndls
el ectrode are alternately arranged in the plurality of virtual cells
in the SEQRR%SEtion, and are alternately arranged in the plurality of
virtual cells in the y direction. [0013]1n the present invention, the
el ectrode | ayer having the first electrode and the second el ectrode
is required to satisfy the follow ng el ectrode shape condition on the
sur f ac&Porriegpdrmdiigplrlenm he substrate attracting surface, as
illustrated in FIGS. 1 and 2, in the case where the el ectrode |ayer
is regaridddlt o be dpeicddd daitly,t hiee pngswritt yneénvionh patowdeldsalahiailg r
the predetermined wwdth L in the x direction and the y direction.
Speci f icdadtyrosassitiac t hBuck, at least including: an electrode layer
including a first electrode and a second electrode; and an upper
insulating layer which forms a substrate attracting surface for
attracting a substrate, in which in a case where a surface of the
electrode layer is regarded to be divided intoc a plurality of virtual
cells having a predetermined width (L) arranged in an x direction
and a y direction, first electrode sections forming the first
electrode and second electrode sections forming the second electrode
are alternately arranged in the plurality of virtual cells in the
x direction, and are alternately arranged in the plurality of virtual
cells in the y direction.
[0013] In the present invention, the electrode layer having
the first electrode and the second electrode is required to satisfy
the followingelectrode shape condition on the surface corresponding
to the substrate attracting surface, as illustrated in FIGS. 1 and
2, in the case where the electrode layer is regarded to be divided

into the plurality of virtuel cells having the predetermined width

L in the x direction and the y direction. Specifically, as to the



viftual cells (Xn, Yin), (Xn+tlr Ym, (Xn+2r Yn) f and so on arranged
in the x direction, first electrode sections 2a formng the first

el ectrode and second el ectrode sections 3a formng the second

el ectrode are required to be alternately arranged, while as to the
virtual cells (xn, Yip), (xn,Ymtl), (xn,YH+2),andso on in they
direction, the first electrode sections 2a and the second el ectrode
sections 3a are required to be_alternately arranged (n and mare

Pt egerd i GE e 46 Yer X Ehera A S G SRR IS P Lat ] o B
a pl ane shape, of each el ectrode sectiqgn. The.plane s e ,of ch _,

Gl Botr U ShCHTGREREn bet S EF r BhPAT FHApELCRABER! Pt (I SHagde drist
triangul.ar or other polygonal shape as well as the rectangul ar shape
as il Fedads g Ggetondyfdestrods RRATIVHE ?h fREMLEEe toe second
t hepol ygonal shape, apexes thereof may be rounded by a predeterm ned
cur vat frleqtdfides 256 hedvbrpicvent aiserar§elBel werhdsdi ghbde Ag to the
el ectrodes. Further, it is preferred that all the first electrode
sect i oVs IXaadnee i he (Seconl: dkectrode Sectvinons Bz BARE Yhbhe aribl warapleon,
and be arranged in the sane orientation so that barycenters of the

el ectr ddee fecsiconsearsodeestat tons iharsenher sefontesict vade cedisions
in order that the charges generated once are effectively cancel ed by
char gesSaok rehecoppasidt €cpbkaniltyrnp061g] Asrahbadt (atacd im HaGiregers
space d between the first electrode section and the second el ectrode
sect i onfad angedgen) t helaboyvehaeptionedpadifiiad 1déal kamaynbehdasegriethe
appropriately depending on a voltage to be applied, that is, nay be
desi gneth=aepsod &t ellychecausestheon equinedlahkr acipon f O8ER dlectrode
di fferent depending on a type and a size of the substrate to be

at t r actsReht ife@f mb PHANE r hull alrhEh £38 £ a8f e 1 NEp €] @61 Kashat i &r shutkedfilar
attracting a silicon wafer having a dianmeter of 300 nm it is

prefer@%jéﬁhé@tﬁBﬂﬁgéﬁéﬁeéidﬁ%fhyakg§lmdgﬂﬁhéh?e&@QH&uP&rosﬁab% %s
nm consi dering the applied voltage (approximately 500 to 1500 V in

usual qa&%ktﬂé}éEEEEk8§a%%§p ?”lIﬂ%@&ftfoﬁ?iﬁﬂWé%@é@o?Ehggﬁggqﬁ%ﬁ%

above- nent 1 oned condition e set appropriately in accor
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it is pr%{erred to set the qgl t he range of J.té%égés.
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SeCtiO%ﬁ%&%é%nr%Qggg'preferred that all the first electrode sections 2a
and the second electrode sections 3a have the same shape, and be
arranged in the same orientation so that barycenters of the electrode
sections are overlald at the center of the virtual cells, in order
that the charges generated once are effectively canceled by charges
of the opposite polarity.
[0014] As i1llustrated in FIG. 2, a space d between the first
electrode section and the second electrode section arranged in the
above-mentionedvirtual cellmaybedesignedappropriatelydepending

on a voltage to be applied, that is, may be designed appropriately

because the required attraction force is different depending on



[ 0015] The first el ectrode sections and the second el ectrode sections
arranged in the cells may respectively formthe sane potenti al

t hrough connection parts. Specifically, as illustrated in FIGS. 1 and
2, the first electrode 2 has first connection parts 2b for connecting
the first electrode sections 2a to each other arranged in a plurality
of cells, and the second el ectrode 3 has second connection parts 3b
for conn%ctlng t.he %econd ghgctrode sect|0@§ 39t Cgagh o& stance,
arranged YR a p?uraﬁf% “of ceI? E\ € S ape of each connec I on

an
part |s a hand-|i ke e i;n the i Ies and t.h there

may be b %c?xr AR, 3‘?‘% A < e T s s e X e
are not ed |n articular Fg ver, .if . the first electrode 2 and
The SecGiFielatiPBdR B HRE ToPhe &@ﬁm"c'hétsaﬁe"%?# 2Re8 tengetirag space
connectjon parts 2b and the second _connection parts 3b are arran ed
so as RbE°td V@rld?swé%ﬁnoftfrﬁerrangfeo@iéi The %I%dedédﬁﬁég olbt &

by the above-nentioned el ectrode shape condition has, as understood
from t e lirees (3RREPoHAR t et NPT B0 dildGlain veiddt s866¢)i-n Fn@dd time
first electrode and the second el ectrode for generating a potenti al

di f f er éhcecapbénvbdVld ageaiBrepps¢ atf Thsi ehodeemant apged sondistion ey
adj acent to each other both in the x direction and in the y

di r ect icen seltoebrtrleribtel ychosscsectiapneandthhe typeldnd ar csizsact itdre
of FIG 1 becone as illustrated in FIG 3). Therefore, after the

vol t ageudpptiracat torba ststrapped, ther dhartges e, 0l neth@ratkeo § wlittraattd ng
attracting surface of the upper insulating layer and its vicinity can
be ef f ectsivealaprdivsdieneared oy abeiinghatancelfed 0l trm,naighbordig ahrarpes
havi ng the opposite polarity. As a result, formation of residual

char geseganhke qenaventert as Wikt rmsRossikjee ol N addizd afh RCCOAH RGe
to the electrostatic chuck having such el ectrode | ayer, as
illustrated i &Gode westieh the elgst Kkeohlieldhesode akection are
generated to be tight on the substrate attracting surface and its

vi ci ni y.--TFhisy means that, for exanple, conpared with a conventional

eIectrostatic chuck as iIIustrated in FIG 6(b), the electric flux
lines Eqgne,f or medoyit P%P gd &cﬁe 3219 tr}sdbﬁha@ﬁg é“éor’?d BWtode
this fact reduces proba fl attractlng | oating c arg

parti cl %%t% d other, forei gn HQSE% GeS t 55 €Hé’f a%b% C‘E &K< ame
flrs e e

[ 0017] T a d|t|on &l ectrode e Sé ec ro
may have an eI ortlon wher e th

del
not_extS o C%é??lﬁa it S gsaﬁtadhageesrr tr%%ﬂﬁa?.e%g' iqagé’crfattoeﬁ
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later. In other words , the eIectrodeIess ortion where the el ectrode
sect | ORPAGEE KEORTEGTEES $hfotiedt FIECHELSS SHRd 161 HE G el odihes
on the surface of the electrode |ayer, and the upper insulating |a er
has t h@LirRdgiest ithgal ByBratapyapTt Gel bosi 1ont ko rieayvhdi by twdhne

el ectrodel ess portion, with a result that only this insulatin Iayer
top comesens Warmadid Bubsartat e3lsofas connechintetbgbsecand electrode
attracting surface. This el ectrodel ess portion neans that sonme of

el ect r séetsectsi dago abrbhothdseroengedal h y paveahisgiafgcaddor dihgp leae
the el ectrode shape condition of the present invention. For instance,
i n theskearpbé ¢dthustaraterdiion BeGt 4s Pplkaces- ldofkecshbpe( kh,the simpidst
yi), (xi, y4), and (x4, Y4) are el ectrodel ess portions 2c and 3c,

whi ch ateephades wiherte tHe dd shyebecipotie: seecté bp @ tohe mecanct the
el ectrode section 3a, the second el ectrode section 3a, and the first
el ectr gélepseght ahe?aiacec ik sposede ot Niinildeinascof ik # 0 HaRever,
el ectrode shape condition descri bed above. The anmount and nunbers of

such eligcthadel ese PPEEt PHSe aF &dPrMRA sBRY nBEc$8EL 2BREOPId AL &ldkridl on

the same surface, the first connection parts 2b and the second



[ 0018] According to the electrostatic chuck in which the el ectrode
formng the el ectrode |ayer has the el ectrodel ess portion and the
upper insulating layer has the insulating |ayer top at the position
corresponding to the el ectrodel ess portion, the electric flux lines E
do not pass through an insulating |ayer top la contacting with the
substrate as illustrated in FIG 5 (both thecross section and the

- IcI I n%r Slso Seca{[ritosn jbl laurSt raai:treql ierg:l FsloGas4 nb cae cas slsl leUSt}{ at;[t%der
in FIG 055 or 't WS Freason, S e e ges generacie Qt)y e Vo1t age )
applicati and the nunher of charged parti.cl es such as.ions and .
Fbct r GO THA ar 0 THRd BIBF A PE g dCT s G A NGl (Hhe P T ke
upper insulating |layer where the substrate contact with (insulatin

| ayer Fﬁﬁﬁtfﬂi%, ¥ %P%uapogﬁﬁﬁ%ﬂﬁ(NP?%TceaﬁheﬁWQﬁf§&ﬂ?%ge%rom the
application is stopped can be further reduced. [0019]The el ectrode

| ayer G aSfe SEEEqst achemehieid rEFGTYildg Uss wre@pivdehit- Snveheifdfst
may have the first electrode and the second el ectrode as described
above, cdw¢tiesief iand EBhecsesgadarrd atie osiec okl ePebeFaléngay e Faoried
on the same surface in the electrode |layer, or the first el ectrode
and t helisdeomrdicsl ebenodevahyape Foranadl o+ hdighperespdeanaddt e as to
| oner side of an inter-electrode insulating | ayer nmade of an

i nsul atberngdFadenoLoigei athaygbadhesi vee xHbiwever jon &ndsnpried graiettdtaon
formthe first electrode and the second el ectrode on the sane surface
becausghdthbebenes-Ti fcfriosul sefdtohhend etiedDal! -Thargess4 echeibaraedIG.
In addition, a gap between the el ectrodes maybe filled with

i nsul atli hgcafdlaessVvel SUshrase@POXFI®SI3N .or TReke€one, rest &y tHe arfladdge
of thernoplastic polyimde adhesive sheet in any one of the case

wher e ta@?ﬂiicrasctioei ectr ede Rl t hensecond plectpereqars foraedupstidae

same surface and the case where the first electrode and the second

el ectr de -al8 ity BB ruid bRechdt gyt a¢lhade s Uk ngnbayed vicinity
can be effectively disappeared by being canceled with neighboring
charges having the opposite polarity. As a result, formation of
residual charges can be prevented as much as possible. In addition,
according to the electrostatic chuck having such electrode layer,
as illustrated in FIG. 3, most of the electric flux lines E are
generated to be tight on the substrate attracting surface and its
vicinity. Thismeansthat, forexample, comparedwithaconventional
electrostatic chuck as illustrated in FIG. 6(b), the electric flux
lines E are formed within a range of a short distance. BAs a result,
this fact reduces probability of attracting floating charged
particles and other foreign substances to the electrostatic chuck.
[0017] In addition, the first electrode and/or the second

electrode may have an electrodeless portion where the electrode

section does not exist in the virtual cell, soas tohave an insulating



[ 0020] The nmet hod of forming of the first el ectrode and the second
el ectrode is not limted in particular. For instance, thermal-spray
or vapor deposition of netal such as copper, alum num nickel, or
tungsten may be performed with a mask so as to form a predeterm ned
el ectrode shape, or a netal |ayer nay be formed by using netal foil,
plating, or ion plating and then a predeterm ned el ectrode shape may

be obt aj ned et.ching. A thickness of the el ectrodes d nds on the
ot hod b ERP I T Car AREPORAS L 1 7q LREE TR T IR T e Tt Ete
usual |y adopted.. For instance, in the case where t?e el ectrodes are
for med ofIFed al FADIROS TIPS TR TSP HHE FAnge oF ST PRI PRT PR HHD
case where the electrodes are fornmed hy ion plating nethod, it is

mai nly arsnd?ﬁérﬂﬁﬁae“%ﬁeq}. 1IPcPt2“%’("OFﬁSt Héscasechherel ehe POrEdongderre
are formed by thermal -spray of netal, it is mainly in the range of 30
to 50 prhe [OEEHuasadsiatiion dere Dpperxinsul atfiqigigayer atnleRet one of
present invention may have the substrate attracting surface for

at t r actlilrgy al mubsh restld s o ties smgifecieab fanbet et kRedar baver, | amd ttdte
in particular. It may be formed of an insulating filmsuch as a

pol yi muedd Lmsud agiihigcbaeef iNayg thadies pol yiang de vieid hppat foeneos bfien
ceramic material such as alumna or alumnumnitride. A thickness of

t he uppesriesubradimy thayles edependsicirsa pateioal wiftit herdansid ahbhgonly
| ayer, but it may be in the range that is usually adopted. For

I NSt anaghid Anshe acdse Woeee Hdie coAsukati myth ayer sudsiedecodo as to form
polyimde filmor the |like, the thickness of the upper insulating

| ayer ithdBiBkY rhfetdhe fandeiPfu2bat®. 200 i1 &t EH8e 1 85U LRritAG s
is formed by thernal -spray of a ceramc material, the thickness of

the uppefat BsHbald BYcLBY8He st dMIJHY, WRithex anrdsr 0§ 1901 § 025Q0n PR ing

[0022]If at | east one of the electrodes formng the el ectrode
according to the electrode shape condition of the present invention.
For instance, in the example illustrated in FIG. 4, places of cells
(i, V1), (Za, v1), (X1, Va), and (xa, ys1) are electrodeless portions
2¢c and 3¢, which are places where the first electrode section Z2a,
the second electrode section 3a, the second electrode section 3a,
andthe firstelectrodesection2aaredisposedinthisorderaccording
to the electrode shape condition described above. The amount and
numbers of such electrodeless portions are formed may be set
appropriately in accordance with a type and a size of the substrate
to be attracted. In order that uniform attracticn force is formed
on the substrate attracting surface, the number of the electrcdeless
portions 2c of the first electrode may be the same as the number
of the electrodeless portions 3c of the second electrode, and the

weight of the substrate may be applied uniformly to the insulating

laver tops disposed to correspond to the electrodeless portions.
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| ayer has the el ectrodel ess portion, the upper insulating |layer is
provided with the insulating |ayer top la protruding to the substrate
side at the position corresponding to the el ectrodel ess portion, with
a result that the insulating layer top la contacts with the substrate
for formng the substrate attracting surface 5. Thus, the nunber of
charges accunulated in the part contacting with the substrate can be
reduce ch as iphle . 1t | referre hat the .ingul ati.n

| ayer tégﬁﬁguhave ggb%%ﬁgn hgﬁ% E%%t%ﬁﬁggrpﬁ%ﬁﬁécréﬁﬁgﬂ%fl?hg%&F%tJée

cell carrespondi to t el ectrodel ess porti consj der.i ,
Subst r e S £ BRI SRR BT BaP ovidnia® otis B0CF A CpLP P S BRFAe™
of the accunul ated charges , but it |s possible that the insulatin
Cayer GOt RS SOPSF i (o Gl dd e Peal Tasi P SRt R RAE TpaPP Bf the
nei ghboring cells. In addition, a height of the insulating |ayer top
la (i.&C°3 3108Frﬁﬁ§8P§ﬂpﬁgth5Qﬁ ﬁ%99§§?qeﬂﬁsﬁ398étFﬁnth%h$é%bﬁ?Qﬁlc
5to 20 pm _froma viewoint of majntenance of the substrate .
at t r actfilor { bree F dupptdssisohhepPuah ambverhessingrl ayes\ikd? lafcatacting
substrate back surface when the substrate is attracted, or

pr ocessdil the. syss Rt erechbdleftraratinn FH&. Pnuatdt thg ThYelli opdss
on the upper insulating |layer, for exanple, thermal -spray of a

cer am cavrtiam ahdugingla’ piédétmmarmedchask ineydie addohied;I1G0r 4ikeecome
possible to formthe upper insulating layer with a polyimde filmor
the |iles ahdushented forfid.hé)i.nsvbattimgs Irepeson,ecbsschdrdys arenerated
et ching process. [0023]In addition, the bipolar electrostatic chuck
accor dioygthe tdie: e aentl icarénh omnd rmye havbek hef eheeigeadsatayereangdich
t he upper insulating |ayer |am nated with adhesive or an adhesive
film betaveenst hadekeettedas! aygt and theuupPedrd nEadvdd S layleasd in
the upper insulating |ayernmay be fornmed directly on the surface of

the el e¢ls pdet! d¥aihe GopkhReinsalbovgy 1sdt athidie taxesup®des of Ahtact
insulating filmor a ceramc material simlarly to the upper

I nsul atj:ng | §M§&l§@%n?§lﬁé§%§§q .onthhe %l?ﬁcﬁjadlea@t]g:ta%%i%heﬁéf@@%hen

| ayer (opposite sid e substrate attracting surface) so as to be

adher ed 0 Rl HASIALRATAe QoMM ANR Hd:K & i th

adhesive or the i K , for obtaining e electrostatic chuck. Tn other
ds. it : ¢ .
hor e Ao Pose! B S AdRle SteeRaRkany) SUED, 88,8 SLEHELULE A0 8

can be 3100t o MR8 e ERINE) G0, 002 198,24 seL LA 2L/ ERL on
[0024] 2GS TR 19 dcNe A2SPlE oL Vel Ol SN%98P. 3808L88Y the second
electrode may be formed on the same surface in the electrode layer,
or the first electrode and the second electrode may be formed on
the upper side and the lower side of an inter-electrode insulating
layer made of an insulating film or insulating adhesive. However,
it is preferred to form the first electrode and the second electrode
on the same surface because it becomes difficult for the residual
charges to be formed. 1In addition, a gap between the electrodes

maybe filledwith insulating adhesive such as epoxyresinor silicone

resin, or a part of thermoplastic polyimide adhesive sheet in any
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on'the substrate attracting surface when a voltage is applied to the
el ectrodes can be canceled efficiently with charges of the opposite
polarity existing in the periphery. Therefore, residual charges can
be cancel ed pronptly when the voltage application is stopped. In
addition, according to the el ectrode shape of the present invention,
electric flux lines generated by the voltage application can stay in

the vicinit the substrate attracti surface. erefore

hrount BI° 2 Pher Se S G e FERest rent wed o HARLSPRtt Slkotape
be suppressed, with g result tgat t he ngnber of . charges _remai nj ng_ on

t he sulfsts z%mﬁ\gﬁ%é Pritf Surtad 88 b E R TRTHR YBEIFare £ATS TrkRont ode
the bipolar electrostatic chuck of the present jnvention can reduce
the r es&l%thEhaSr%%“Cbr 8|3rﬁFIt§°§fet 1% héoxliﬁ‘ﬁfjag‘élaapEP?ca%IFWT%leCtrOde
stopped. In addition, the bipolar electrostatic chuck is also

excel | eftsypHW skésfat e attracti ng/ hol di ng perfornance when a

voltage is applied. In addition, it is possible to control the

for mat i BHAI] t he elld@ meghiddur il freming bé abhet herst céhetyrofietdied the

substrate attracting surface, with a result that amount of attracted

char gedgrartd cébscfrodti ng ardundiniee| eot pestatiud achuck ccanibetance,

reduced. Brief Description of Drawings [0025][FIG 1] FIG 1 is a

pl an explanatlorgpdivagrammfir deposstiehedd model andhaa secppd rel £oiminden,

form ng an el ectrode | ayer of the present invention.
nickel, or tungsten may be performed with a mask so as to form a
predetermined electrode shape, or a metal layer may be formed by
using metal foil, plating, or ion plating and then a predetermined
electrode shape may be obtained by etching. A thickness of the
electrodes depends on the method of forming the electrodes, but
it may be in the range that is usually adopted. For instance, in
the case where the electrodes are formed of metal foil, it is mainly
in the range of 5 to 30 uym. In the case where the electrodes are
formed by ion plating method, it is mainly in the range of 0.1 to
2 um. In the case where the electrodes are formed by thermal-spray
of metal, it is mainly in the range of 30 to 50 um.
{0021] In addition, the upper insulating laver in the present
invention may have the substrate attracting surface for attracting
a substrate, but its material and the like are not limited in
particular. Itmaybe formedofaninsulatingfilmsuchasapolyimide
film, a silicone film, and a polyvamide film, or formed of a ceramic

material such as alumina or aluminum nitride. A thickness of the

upper insulating layer depends on amaterial of the insulating layer,

12



[FIG 2] FIG 2 is a partial enlarged diagramof FIG 1. [FIG 3]
FIG 3 is a cross-sectional schematic diagram of a bipol ar

el ectrostatic chuck of the present invention viewed from the [1-11
direction (II1"-11" direction) of FIG 1. [FIG 4] FIG 4 is
a plan explanatory di agram of the case where the first el ectrode and

the second el ectrode formng the electrode |ayer of the present

I nvention have_an el.ectrodel ess porti.on, I FI.G_.5.1s
a cros }gééﬁi%%%J %éﬁé%@?i5a89%g o of° Pﬁ&a%ﬂﬁbﬁg?gg?gztﬁ%% arjstance,
chuck of e present invention viewed fromthe direction (J11'-L11},

di rect i18n§tﬁ8 gﬁ%aw Jte the lnsu\[ir'z‘l% g %‘]‘Yﬁ@ 3 8fe§p‘?‘é9réé3t%3r Film
diagrans i|lustrating a conventional exanple of the bipolar ,

el ect r 6&t PFcl thaic ks Ahwrkarsel ef %) RRau0eELaS 139 RS E che Mg Y
diagramwhile FIG 6(b) illustrates a |-l cross-sectional schematic
diagraﬁp'B@§CF?ﬁ@ﬁoﬁfOQSEﬁﬁoapﬁeHWS If the insulating layer is formed

by thermal-spray of a ceramic material, the thickness of the upper
insulating layer is mainly in the range of 100 to 500 um.

[0022] If at least one of the electrodes forming the electrode
layer has the electrodeless portion, the upper insulating layer
is provided with the insulating layer top la protruding to the
substrate side at the position corresponding to the electrodeless
portion, with a result that the insulating layer top la contacts
with the substrate for forming the substrate attracting surface
5. Thus, the number of charges accumulated in the part contacting
withthe substratecanbereducedasmuchaspossible. Itispreferred
that the insulating layer top la have a plane shape contained in
the range of the virtual cell corresponding to the electrodeless
portion, considering substrate attraction maintenance performance
or reducingperformance of the accumulatedcharges, but it ispossible
that the insuilating layer top la is formed to exceed the cell size
and overlap part of neighboring cells. 1In addition, a height of
the insulating layer top la (i.e., depth of insulating layer recess
1b) may be in the range of 5 to 20 ym, from a viewpoint of maintenance
of the substrate attraction force, suppression of an unevenness
or a swell of the substrate back surface when the substrate is

attracted, or processability. As the method of forming the
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[ 0026] Herei nafter, the present invention is described in nore detai
with reference to exanples. [0027][ Exanpl e 1] A pol yi m de

sheet (Kapton-H manufactured by Du Pont-Toray Co . , Ltd. having a

t hi ckness of 125 pm) having a dianmeter of 298 mm was prepared as a

| ower insulating |ayer 6, and a chrome |ayer having a thickness of

0.1 pmwas forned on the surface thereof to make a snmooth surface by
processi ng the surface in advance by the jon ating _netho

Bl oct T OB Lo o aear o gerh ot HEPAT ST e L L308in Sad SearpLE,
t hi ckness of 0.5 pmwas forned on the chrong | ayer of the yi m de
sheet Byl oSrPr;ﬂYaPnfnﬁ SRAADE TMRhE A RIS Eﬁfre{i‘&éeﬁméﬁ&dam%%dfﬁd’
electrode 3 as illustrated in FIGS. 1 and 2 were obtai ned by, etchlng
usi ng Mg PECRtEeh&t 1tHéBePCaSYPLEURP ERTT WIRItYPRES el Bet2{iS Jfner
and first electrode sections 2a and second el ectrode sections 3a each
have diwidisigorglyfimads finka. Srnfhe THeke janst tekact Poblers dedte ot \Pa tdmy
the second el ectrode sections 3a were arranged in cells alternately
in a x ldiveecticgressnd b bya an div@dcitiomrared s space d bet ween

nei ghbori ng el ectrode sections was set to 1 nmboth in the x
directi[@@2aid i n tde ydditech) ahe(b9pel ertalede rsediatdrscheck aragared
at nost in the dianeter direction). In addition, the first el ectrode

sect i on2tasdb tdeesedondreliect nagensecttihene Beat radgelth yar thel vhe tuygder
cells were connected to each other to be the sane potenti al,

r espectiinggilat iWd Da fe Fillasii nc@mrest R dpaist vabo aad adiseciond £6onnedivedn

part 3b each of which has a band-li ke shape with a wwdth of 0.5 nm

[ 0028] Nexd <12 Rl deeshaat tKaphppeH MReUf aciHgeta Pyr Plor the upper
insulating layermaybe formeddirectlyonthe surfaceoftheelectrode
layer. Further, a lower insulating layer made of an insulating film
or a ceramic material similarly to the upper insulating layer may
be disposed on the underside of the electrode layer {opposite side
to the substrate attracting surface) so as to be adhered to a metal
substrate made of aluminum or the like the with adhesive or the
like, for obtaining the electrostatic chuck. In other words, it
is possible to adopt a technology such as a structure and a
manufacturing method that are adopted for a usual electrostatic

chuck can be adopted unless the technology does not affect the effect

of the present invention.

Advantageous Effects of Invention
[0024] According to the present invention, charges generated
on the substrate attracting surface when a voltage is applied to

the electrodes can be canceled efficiently with charges of the
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Pont - Toray Co., Ltd. having a thickness of 75 pm having a dianeter

of 2 96 mm was gl ued via thernopl astic pol yi m de adhesi ve sheet

havi ng a thickness of 30 pmto the surface of the el ectrode | ayer on
which the first electrode 2 and the second el ectrode 3 were fornmed as
descri bed above, so as to nmake an upper insulating |ayer 1. Next, a
cushi on nenber was overlaid on each surface of the upper insulating

| ayer 1 and the | qwer, insuLatlng | ayer 6, and they re set together
in a hGPHYELE RECHITTE Ys5= 4SBT pelt f athBt'“press ‘?’6%@%%% lcf”r?el
condition of pressure of 2_ MPa in the thjckness direction, heating .
t enper &FE G PH0EE SRARIFH RGOTPHR Yo BN nt gt B_L EqPpAPRk cation 1s
el ectrode sheet constjtuted of the upper insulating |ayer 1, the

el ect r &f€Arffer (RFEFTIAN 3 @R FOHRI Oéﬁﬁﬁlr?éts%gﬁrﬁ“@%efﬁé@@@%ent
and the lower insulating |layer 6 was obtained . Then, the obtained

el ect r ddesstidetn wase i xed floal ivealgwya trgteydthavadtagmagrhication
stage surface having a dianeter of 298 mmvia a thernoplastic

pol yi micden azltresi ve sheetvilvaviiny aof htltknesbstfkage pmtrwictthng reasulace.
that a bipolar electrostatic chuck according to exanple 1 was

conpl etTléckr{fR029] Esi Aagcume bifpekaraeckedt cbstatdcpahutkl obt munaedasions
descri bed above, a silicon wafer having a dianmeter of 300 nm was

pl aced a0l kEhecsuichaceaaf beheupppes sédsutiath rg rkayar thas the number of
substrate attracting surface, and the first el ectrode 2 was connected
to a pesiddgess etesiindegsie e asEspowee supay-tid estheasecend be
el ectrode 3 was connected to a negative el ectrode side of the DC

pover sHRRIM Q1 .t habrac vod t-aaeoaf, 180 bV paas rappbiedodOht 8k tdmeid 89 the
and holding the silicon wafer for one mnute. After that, the power

suppl y pwas; it nedQftfi 030 chihat-checvehtages 8pRA 1 C@Qé@c{ﬂe Yasr ShOPPEG frer
Then, oOne second |ater, the silicon wafer was separated fromthe

subst r\%gz;% ;‘%cffe@%%é ngEMEEQEﬁogy USiNg, A dd Fting phif: 204, t ReeSidifAn

waf er eparated w thout "particular force.

[0030]%§§a¥%é%égtic chufﬁ tgsthgﬁg&wﬁe§%§et§§pe 2 ath%heig%%ﬂygte

el ectr rmng the electrode Tayer, as ilTustrated in FI

el ectrq sect.,i on f..apex portions of 4x4 virtual cells were.

ol i nvad v 2 Rl PR R e oF el et 85885 Erions T

gg ![Rewh G 4t rr]'ng filtr %ts SéSeghgf(ejetgeccéz{tornolz%hvéa orxnmg Ilg o) St}%eheelseacl:@ric
flux lines tobe at the vicinity of the substrate attracting surface,

with a result that amount of attracted charged particles floating

around the electrostatic chuck can be reduced.

Brief Description of Drawings
[0025] [FIG. 1] FIG. 1 is a plan explanatory diagram of a first
electrode and a second electrode forming an electrode layer of the
present invention.
[FIG. 2] FIG. 2 is a partial enlarged diagram of FIG. 1.
[FIG. 3} FIG. 3 is a cross—-sectional schematic diagram of a

bipolar electrostatic chuck of the present invention viewed from
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el ectrodel ess portions 3c in which the second el ectrode section 3a
was m ssing on the surface of the electrode layer . O her structure
was the sane as in exanple 1 for obtaining the el ectrode sheet. Next,
the surface of the upper insulating |ayer 1 was covered with a nask,
and etching was performed by using al kali etchant only for polyimde
(product nanme: polyim de etchant nanufactured by M tsubi shi Paper

MIls ) as, to elim xcept for places
corres%’r‘?d %Sﬁo ﬁi%eq}ijrqrha{&a}tte_lﬁg 6? ctorfg?ech 21 portl ons 20
and 3c by a d f 10 pm (correspondin t0|n ulatln er rec

10y Crhus (IR atf g G g PoPST ST RATTALOAY S AS TG BE hHCARE

hei ght of 10 pmwere fornmed. Next, the electrode sheet wtht

f or med Ghfs éFLéﬁ %1$%§1%?d?c?dtd FREWBRCPRS & 9% HAfS AEEEI NFakle r%i(fectd%"’de

alumnumsimlarly to exanple 1, with a result that a bipol ar

el ect r dtvn @ fcHuek R ri‘g]‘{eb’lfé%ﬁhﬁlaéfez i I asted e s 9 eI + o
the bi polar electrostatic chuck obtained as descri bed above |,
simlarly to [&X&wphé BIG. & 814 conspaberthasaitselapral and abelam o the
the substrate attracting surface constituted of the insulating |ayer

t op | apigmd arhen edie opdwerl csgpplcyk wdstharpedsont sovématon hel arotd dgeom
application was stopped. Then, one second later, the silicon wafer
was separeatlad frlomdihes csulist r@t e 'attTTac td inge ctuirdrac eo by s g t he
lifting pin. The silicon wafer was able to be separated w thout
particul ar fqrues.| rustrdsal Appld calyllddat o PR gkhendiipaldtrating a

el ectrostatic chuck according to the present
conventional example of the bipolar electrostatic chuck, in which

FIG. 6(a) i1llustrates a plan schematic diagram while FIG. 6(b)

illustrates a I-I cross—-sectional schematic diagram.

Description of Embodiments
[0026] Hereinafter, the present invention is described inmore
detail with reference to examples.
[0027] [(Example 1]

Apolyimide sheet (Kapton-Hmanufacturedby Du Pont-TorayCo.,
Ltd. having a thickness of 125 um}) having a diameter of 298 mm was
prepared as a lower insulating layer 6, and a chrome layer having
a thickness of 0.1 um was formed on the surface thereof to make
a smooth surface by processing the surface in advance by the ion
plating method. Next, an electrode layer made of copper having a
diameter of 296 mm and a thickness of 0.5 um was formed on the chrome
layer of the polyimide sheet by the ion plating method, and a first

electrode 2 and a second electrode 3 as illustrated in FIGS. 1 and
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invention is suitable for attracting and hol ding a sem conduct or

waf er of silicon, galliumarsenide, silicon carbide (SiC), or the

| i ke, a glass substrate, or an insulating substrate such as a resin
sheet that is used for an organic EL or the like. In particular, the
bi pol ar el ectrostatic chuck is suitable for use in successive steps

of a sem conductor manufacturing process or the |ike, because the

bi pol ar_ el ectrostati ¢ chuck i,s a bipolar el ectrostatic ghuck that ha%_
excel | @nf’%&b‘%??%’f%egﬁﬁf &Eﬂhﬁ&ﬁhBFaBﬂd”p"e?%‘? O When & Gol T age 5
appl i ed, .and excellent residual charges reducin erformance when the
vol t ag&AppMicati on¥Rs Sebphed MWy & tftlénstoﬁlg‘ég’r‘%? fetlons 2a and
el ectrostatic chuck of the present invention can be applied to

var i ou$esPId RGP Ios et i3y earoljaE diREEidite S dhs e - S
[ 0033] 1: upper insulating layer 2: first electrode 2a: first

el ectr dde sébeifdrstrldciradespabiendrdagmd tixesceprdelegéiress gsortians

3a were arranged 1in cells zlternately in a x direction and in a
y direction, and a space d between neighboring electrode sections
was set to 1 mm both in the x direction and in the y direction (59
electrode sections were arranged at mest in the diameter direction).
in addition, the first electrode section 2 and the second electrode
section 3 arranged in the virtual cells were connected to each other
to be the same potential, respectively, with a first connection
part 2b and a second connection part 3b each of which has a band-1ike
shape with a width of 0.5 mm.

[0028] Next, a poclyimide sheet (Kapton-H manufactured by Du
Pont-Toray Co., Ltd. having a thickness of 75 ym) having a diameter
of 296 mmwas glued via thermoplastic polyimide adhesive sheet having
a thickness of 30 um to the surface of the electrode layer on which
the first electrecde 2 and the second electrode 3 were formed as
described above, so as to make an upper insulating layer 1. Next,
a cushion member was overlaid on each surface of the upper insulating
layer 1 and the lower insulating layer 6, and they were set together
in a hot press machine so as to perform a hot press process under
the condition of pressure of 2 MPa in the thickness direction, heating
temperature of 150°C, and holding time of 5 minutes. Thus, an

electrode sheet constituted of the upper insulating layer 1, the
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3: second el ectrode 3a: second el ectrode section 3b: second
connection part 3c: electrodel ess portion 4: substrate 5: substrate
attracting surface

electrode layer {(the first electrode 2 and the second electrode
3), andthe lower insulating layer 6 was obtained. Then, theobtained
electrode sheet was fixed to a metal base made of aluminum with
a stage surface having a diameter of 298 mm via a thermoplastic
polyimide adhesive sheet having a thickness of 30 um, with a result
that a bipolar electrostatic chuck according to example 1 was
completed.

[0029] Using the bipolar electrostatic chuck obtained as
described above, a silicon wafer having a diameter of 300 mm was
placed on the surface of the upper insulating layer 1 as the substrate
attracting surface, and the first electrode 2 was connected to a
positiveelectrodesideof aDCpower supplywhile the secondelectrode
3 was connected to a negative electrode side of the DC power supply
so that a voltage of +#750 V was applied for attracting and holding
the silicon wafer for one minute. After that, the power supply was
furned off so that the voltage application was stopped. Then, one
second later, the silicon wafer was separated from the substrate
attracting surface by using a lifting pin, and the silicon wafer
was able to be separated without particular force.

[0C30] [Example 2]

As to the first electrode 2 and the second electrode 3 forming
the electrode layer, as illustrated in FIG. 4, electrode sections
of apex portions of 4x4 virtual cells were eliminated, with a result
that the number of electrodeless portions 2c in which the first

electrode section Z2a was missing was the same as the number of
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6: lower insulating layer 7: netal base 8, 9: electrode dains
[Claim1] A bipolar electrostatic chuck, at |east conprising: an
el ectrode layer including a first el ectrode and a second el ectrode;

and

an upper insulating |layer which fornms a substrate

attracting surface for attracting a substrate,

electrodeless portions 3c in which the second electrode section
3Jawasmissingonthe surfaceof theelectrode layer. Other structure
was the same as in example 1 for obtaining the electrode sheet.
Next, the surface of the upper insulating layer 1 was covered with
a mask, and etching was performed by using alkali etchant only for
polyimide (product name: polyimide etchant manufactured by
Mitsubishi Paper Mills Ltd.), so as toeliminate the polyimide sheet
except for places corresponding to the wvirtual cells of the
electrodeless portions 2c and 3¢ by a depth of 10 pm (corresponding
to insulating layer recess 1c) . Thus, insulating layer tops la having
a size of 5 mmx5 mm and a height of 10 pm were formed. Next, the
electrode sheet with the formed insulating layer tops la was fixed
to the metal base made of aluminum similarly to example 1, with
a result that a bipolar electrostatic chuck according to example
2 was completed.

[0031] As to the bipolar electrostatic chuck obtained as
describedabove, similarlytoexamplel, asiliconwaferwas attracted
and held by the substrate attracting surface constituted of the
insulating layer top la, and then the power supply was turned off
so that the voltage applicationwas stopped. Then, cne second later,
thesiliconwafer was separated fromthe substrateattracting surface
by using the 1ifting pin. The silicon wafer was able to be separated

without particular force.

Industrial Applicability
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wherein in a case where a surface of the electrode |ayer is regarded
to be divided into a plurality of virtual cells having a
predeterm ned width (L) arranged in an x direction and a y direction,
first electrode sections formng the first electrode and second

el ectrode sections formng the second electrode are alternately
arranged in the plurality of virtual cells in the x direction, and

are alternately arranged in th ural i of virtual cells in the

i rect 1O cr 5 m PO Bn o A7 =BHER R oLy s Ak nelits B ey edent
claiml , wherein the first electrode includes fiyst connectjon parts
for confE@Teh ke Filrdel Pe%PFantEQEFFBHSa? %%i 0¥ HerS Sty G
the plurality of virtual cells, and the secaond el ectrode includes
second "edfie i 8hlparts ?%%1%%%h%%§?9&ﬂ?¢u§%%%9§ﬁdCéF@é@?oéélgéct?¥nﬁﬁe
to each other arranged in the plurality of virtual cells. [Claim3] A
bi pol art ideecrdst % ISORIWEK Sacesrat Ag Sd 3¢ EianF Ul sE rateviiigleir 2 Hesin
first electrode and the second el ectrode are fornmed on the sane

sur f acshefet fbagl ést nedd Fayern ofw@mignEd] ok bhpgol akeel ebn nostiatdwlar,
chuck according to any one of clains 1 to 3, wherein the cell wdth
(L) haghe vaboéaw ehentaosdagécofthlck ol 2Guihald ea foasesaher sudmessive
substrate is a silicon wafer having a dianeter of 300 mnmm [Caim5 ]
A bi polsarepad efta eshatbadohtok motof @it hgr 1oy elraicrs4 ¢or wher 2i ke g epacse
(d) between the first electrode section and the second el ectrode

secti onhef bAgioghkoelrgteelskatin thacx dkrechimi Hr &Teddioyt L TectHumk
has a value within a range of 0.5 to 2 nm [Caim®6] A bipolar

el ect r asizat haschuek1aeeer dupgrtatanyt 0Pgcoing) b 18idg tige BroMhei @ When
the first electrode and/or the second el ectrode includes

el ectr qdelessaor 1508 p1R Wi Ghd hex Pl LT ahi t Yool qUL It ealreRls! S-ane ng
no el ectrode section, and the upper insulating |ayer includes an

| nsul AlNG d akelcd ARRr PhEUbNGaEQ ddler AUDSISALS ShdPoRl. 2 ROS it er

corresponding to the el ectrodel ess portion, so that e I nsulating

| ayer toqu C%Q{}IS%Ct st:hv(g t&éé}%%&s&f@t&&& focH I’Eﬁ&%ﬁéﬁt&‘}g alfrention can

attracting surfdce.

be applied to various applications for attracting an object.

Reference Signs List
[0033] i: upper insulating layer
2: first electrode
2a: first electrode section
2b: first connection part
2c: electrodeless porticn
3: second electrode
3a: second electrode section
3b: second connection part
3c: electrodeless portion

4: substrate
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5: substrate attraciing surface
6: lower insulating layer
7: metal base

8, 9: electrode
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Claims

[Claim 1] A bipolar electrostatic chuck, at least comprising:

an electrode layer including a first electrode and a second
electrode; and

an upper insulating layer which forms a substrate attracting
surface for attracting a substrate,

wherein in a case where a surface of the electrode layer is
regarded to be divided into a plurality of virtual cells having
apredeterminedwidth (1) arrangedinanxdirectionandaydirection,
first electrode sections forming the first electrode and second
electrode sections forming the second electrcde are alternately
arranged in the plurality of virtual cells in the x direction, and
are alternately arranged in the plurality of virtual cells in the

y direction.

[Claim 2] Abipolar electrostatic chuck according toclaiml, wherein
the first electrode includes first connection parts for connecting
the first electrode sections to each other arranged in the plurality
of virtualcells, andthe secondelectrode includes second connection
parts for connecting the second electrode sections to each cother

arranged in the plurality of virtual cells.

[Claim 3] A bipolar electrostatic chuck according to claim 1 or
2, wherein the first electrode and the second electrode are formed

on the same surface of the electrode layer.
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[Claim 41 A bipolar electrostatic chuck according to any one of
claims 1 to 3, wherein the cell width (L) has a value within a range
of 1 te 20 mm in a case where the substrate is a silicon wafer having

a diameter of 300 mm.

[Claim 5] Abkipolarelectrostatic chuck according toclaim4, wherein
a space (d) between the first electrcde section and the second
electrode section of neighboring cells in the x direction or in

the yv direction has a value within a range of 0.5 to 2 mm.

[Claim 6] A bipolar electrostatic chuck accerding to any one of
claims 1 to 5, whereinthe first electrode and/or the second electrode
includes electrodeless portions in which the plurality of virtual
cells have no electrode section, and the upper insulating laver
includes an insulating layer top protruding to the substrate side
at a position corresponding to the electrodeless portion, so that
the insulating layer top contacts with the substrate to form the

substrate attracting surface.
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