Description Title of Invention: Bl POLAR ELECTROSTATI C CHUCK Techni cal
“ Fiel'd [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 for attracting andhol di ng

Description

Title of Invention: BIPCLAR ELECTROSTATIC CHUCK

Technical Field

[0001] The present invention relates toabipolarelectrostatic
chuck, and more specifically, toabipoclar electrostatic chuck which
has excellent substrate attracting/holding 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 fieldofmanufacturing liguid crystal
displays, the electrostatic chuck is used for attracting and holding
an insulating substrate in a substrate combining apparatus, which
is used for filling liquid 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,



a sem conductor substrate in various apparatuses such as an ion

i mpl‘ant ati 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

di splays, the electrostatic chuck is used for attracting and hol di ng

an insul@ald By csubsttat ecidhils¥BStLAt & zaRl Bi Pek ARPhARHEer ¥iGhche
used for filling liquid crystal between glass substrates, or in an

i on dopidiriaRpaiedicUsith Q3] THe mindelit9st ablrLiick vasallacalddacte
a substrate via an upper insulating |layer nmade of a high electric

i nsul at idih Bt @kals w%m&_&owgmﬂé& didMmpr ancecanie, naisald ak. a
In addition, the electrostatic chuck is used inside a vacuum chanber

or in tha SNGW ORFEMhaldel ¥OFYid 0V BUBLALd Yontheh &l tbAS that are
el ectrostatic chuck itself 1s apt to be charged easily. Therefore,

there i 2080 @RI ghaE aak RALELELES mlfhHeas i QNS RNEy ehReibpas
that are used for processing of the substrate may be attracted by the

upper i nishAaticAg g BKAT §9a8%d e SCAX ALEs{ 854 OHRL 82T 48Sch WRIiGRa1ns
mai ntai ns the substrate in the attracted state even after a | ong

period fuhamsBR¥eEaoE fin tReafditiaRa EPSEE dverh$PeR PhORL R LNAL £rom
charged and floating particles around the el ectrostatic Chuck may be

attract @we[r00@4] | nrordefitientameele rieshiusl 5 8w Phat &harged and
el ectrostatic chuck, it is necessary to provide a path for the

accumul at1ed teRANHOS: 10 d AvhEasLhY d1Rckheseat i h GPcaund) hoktkhackikke,

or to supply charges having opposite polarity to the portion where

the char@e®4gxi st. HOWRMBE tol dhlR0EMd s URAM1Schir i d YEEHER 1QthB8tatic
el ectrostatic chuck is apt to be conplicated because of necessities

of i nprewyurg,att hacid s J06C€ Rh-ob N8t B5LK TALLL 26BURKL Fed charges
processi ng substrates of increasing size. For this reason, it is

di fficukb towanselytherieshderl(geBaha s S CHh ekel Y rivo L-._@ﬁﬁifahta@ses

charges to flowto the earth or By supplying charges having the

opposi t @aRehgr bbYosite 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 force of the electrostatic chuckor processing 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.
[G005] 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 does not contact directly with the substrate in

the part where no electrode exists (see FIG. 1{¢) 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 insulating |layer corresponding to the part where no el ectrode

exi sts, 1nereni shé eppRd nshhBd€cld 1680l & Zald-Rliabong thRepart where
transverse direction connecting the end of the el ectrode existing

near by améletber s6@SEkabest @R cald Forheda kA cehat 89w 136a Ak ahed ong
this direction are hardly cancel ed by electric control after voltage

appl i catiit+snStORRedi rddber & 86 e dthitr Ay endentthenadt direReHisting
relates to a method of canceling charges that are hardly cancel ed by

el ectri cheiy ahd the eubbipgroftfo bhay tHIRRL NS UFRd IcR8 rhd¥ Hccumulated
corresponding to the part where no el ectrode exists. 0006] However ,

as descridediabeMeecktRohe8e8t h¥LR ' catltAl@Chiodec88¥i Akdhtrol after
conpl i cated shape such as a conb-shaped el ectrode is studied for

i mprovi g 1t tdppasth@Rohol §est ansthencenetersract vt | ¥pslid it ibnka
adopt the above-nentioned nethod for such electrode. In addition,

even if dhgpaave=Meptsoned ABLROE SPRabec2daRt@thrdds LBabeses $akN1L0
supply appropriate and proper amount of charges having the opposite

pol ari t yedrixiR@ Pard1akierie estdyal Ghangesngxdst theNuPpeeridshicanag!
conpletely the charges accunul ated once in the electrostatic chuck by

el ectri a5 Qrrekpbhaihbkes e KO MBler@l nbhe1bikeods MElalts.

difficult. Ctation List
[0006] However, as described above, in recent years, an
electrode having a complicated shape such as a comb-shaped electrode
isstudied forimprovingtheattraction force, andhenceit isactually
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 opposite 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
control or the like is very difficult.
Citation List

Patent Literature

[0007] Patent Literature 1: JP 06-314735 A

Summary of Invention

Technical Problem



Patent Literature [0007] Patent Literature 1: JP 06-314735 A Summary
of I'nvention Technical Problem [0008]1n 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
having two semcircle electrodes 8 and 9, in which FIG 6(a)

iIlustrat@me pl an sgbledhldi&udicaghphefi ke ek etiodas & nrd rantgwad
froman attracting surface side for attracting a substrate 4, and

FIG 6(htudildesttea mﬁ@lalgeh@ﬁaéwc@m@ aMapk theel 1 £ 6 5t 5 OO R naf
FIG 6(a). First, en the electrode 8 is connected to a positive

el ect ro%ﬁﬂ%lof:hér@@ﬂ\@nsﬁim B (oA he 2Rk TARI1CLBELHEF O P the

connected to a negative electrode side of the power supply so as to

apply a addagetathectehecl | wxcbkRgsaE asnddd Ustrated d niFitae Al a
are fornmed on a substrate attracting surface '5 side by the

di el ect rdfiR@inticaati 8Raebl &b RPER pbNsH! ﬂéd&dsﬂ%&clchlféktmmg fewo
t here exist charged particles such as ions and electrons in the

regi on whelieitriaeebesbtb6dés U Addes Erai@idhstrebug esh ppﬁiéﬂr\é%es a
charged particles are noved al ong the electric flux lines E to the

negat i vg1elreGlichedetstdei wgide seoald wa chabaed pasihd Ch 65 Al MWedan
along the electric flux Iines E to the positive electrode side. It is

consi dersed rizhati nphaser Lhasgad Rar ht €8st 08 Befuit A ¥| G £YG Ofs (bie

substrate attracting surface 5 of the upper insulating iayer 1 havi ng

very highielseehitbead $@Sd@NCRI1ALERA bRSLNAY-T 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
89 1s connected to a negative electrode side of the power supply
so as to apply a voltage, electric flux lines E as 1llustrated in
FIG. 6(b) are formed on a substrate attracting surface 5 side by
thedielectricpolarizationofanupper 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 1lines 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 particles 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 di sappeared, 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
Therefore, it is considered that charges accunul ated at poi nt Aare

cancel ed{A0etiarbE LGS Lo LRl {4 LT i PALALE X o098E G R

relatively easy manner. On the other If theedifferent po S

rel atived 4 shafle |g!r]6%nhh§i<ﬂ9 ivqtaBane id: dakese! opger cgﬁééﬂ%% %g;iéalth{et}e

charges accunul ated i n the polnt are canceled than t charg

accunul 384, Rat-hesROF HheAyi FREFEL 0L RkESS Hdhig chatdes. Move taithe
t he gﬁy I

ground side to bé di sappeared, arges may rermain as residu

char ges.p [;Q019],Ther efoLg, of DEL LY QS @k LRE:i PIeseMqd NVEN a0 hage
| % that i's

studied earnestly to find a bipolar electrostatic chuc
t

capabl e ;0f . caneel i ng. t&%9@@{;9@?ieﬁ@%&tsﬁféieged%%t Sy eaecq[uﬂléllated

3
attracting surfate when a voltage is applie pronptly When

vol tage appl {624 oo cgﬁcéw@esgﬁtﬁér @14’;?%5;5??9,&&%% 1944 1R 1 6he

I arges o erent polarities are

electrostatip phuck I n which
cancel eqd gffjciientd %50k hatr eskgual e hardhy nhapmed sapd.

i rg f
whi ch has excel | ent attractlgn f%gce %gﬁﬁbqubtalne hby aggpfing such
an el ecgi%}eer%lﬂ%pﬁgigf‘%s&%ﬁ’]ﬂ}éﬂg%ﬁs‘ﬁgn@' pﬁﬁéeﬂﬁe AHd td 8§ akGyes

applied, around o e havi'ng one polarity, the othér

el ect r ode,RAVIAM st At e&@@;}?{}é%é&ﬂfﬁ&g& tﬂ@ﬂ?in%ﬁgrgrc‘aﬁggﬁ.ed

invention i's conpleted. [0011] Therefore, an object of the present

I nventl Qi anSt K@ charges 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, around one electrode having one polarity, the other
electrode having the other polarity is arranged. Thus, the present
invention is completed.

[O011] Therefore, an object of the present invention is to



provide 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 electrode and a second el ectrode;
and an upper insulating |layer which forns a substrate attracting

surface giiviald 4 8ebb0gr @184bSE £ 04 €ic bAUMR] GRiEA hAsEASR IWRRES W strate
surface of the electrode |ayer is regarded to be divided into a

pl ural i tarfactirgydlo16ehb Spdiand fthnPRRERL KB BEHe W HhBpl kraardanaad
in an x direction and a y direction, first electrode sections form ng

the firsiaiact rogeaand sesoqsk ebeshpode GREAT 9BIthgemapg1t Ber s650Rd
el ectrode are alternately arranged in the plurality of virtual cells

in the XxiuHgeet.ion, and are alternately arranged in the plurality of
virtual cells in the y direction. [0013]In 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
surf ace ganifaspoRd Pgob0=hhe substrate attracting surface, as
illustrated in FIGS. 1 and 2, in the case where the el ectrode |ayer

is regardrd oo be diyédesh dditie,t Bge %Jrlé%éhkt%@nt\ibhtﬁaﬂviﬁz%lsl 8 Hig¥iag

the predetermined width L in the x direction and the y direction.

Speci fi caldotrodtat@ct Mhuck, 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 into 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
xdirection, 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 following electrode shape condition onthe 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 virtual cells having the predetermined width

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



virtual cells (xn, Yin), (x+1, Yin), (xn+2, Yin), and so on arranged
inthe x direction, first electrode sections 2a forming 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, Ym. (xn,Yml), (xn, Ym+2) , and so 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

i nt eger syioft h10Eeh 2698, - vhEr §x.Lhed8 i $xQ9, %@9!&&@ st %t@ffﬁq}@p%t
a plane shape of each el ectrode sect 1 on. The pl ane shape of eac

el ectr odghsSeetd mbe ,a Mirs¢Ukaccshage, s@@tﬁiﬂs Pid CrnShRaP&heOfidst
triangul ar or other polygonal shape as well as the rectangul ar shape

as il udratedideFldas deMil clldtaddidkl QR ctiibhhesasaeftiagoknaoralcona
shape, apexes thereof may be rounded by a predeterm ned Curvature

radi us sO & riodePs £¥ elgudireees 3R hetuees:&p) ahbanhBg, alifald 896% the
Further, it is preferred that all the first ‘el ectrode sections 2a and

the SeCQﬂQtQJaQ@élQ@(:-’ﬁne;%ml) 9“(%,,3@ hayea:d he.saMenahans iAefe hariakicangad
in the sane orientation so that Barycenters of the el ectrode sections

are overdral ¢iabrtdEe SR sabtibRs Vid bual tﬁ@lée%oﬂdne@égefo&él%tectc%ns
charges generated once are effectively cancel ed by charges of the

opposi t palar kbyui OO Ak ahkushhated éfkal:rig%d In B8n8PAGE-A iRekyRes
the first electrode section and the second el’ectrode section arranged

in the @@ugrm%med Mk aheee! 1978y k@ Lesh ENAGhiARRABAIARIR! ¥ plane
depending on a voltage to be applied, that is, may be designed

appr opr izpleyobeeausel dberd fybELdodt t rmétppethé gheBeick dhER LB rode
depending on a type and a size of the substrate to be attracted. For

I NSt ancesedtl ohhia£Bs @ &f rdlltaebRshd 0shatlig prhvek Jifpedtd#F attdiRBgdlar
silicon wafer having a dianeter of 300 mm it is preferred to set the

space ddr0 a:ned Uso WddHal tdagange wé1D. Bst @hd FRceanghUsFi BHapbeas
applied voltage (approximately 500 to 1500 V in usual case). In

addi tion11uRRe reekl iwmitds L1 884 8. Prefa&ei 1forf, i ebo¥es&BREhAMRA ygonal
condition nmay be set appropriately in accordance with a type an 3

size of dnapesubsttad aHarher abirRctedndEarny nshaBaetetRihdte asarake
attracting a silicon wafer having a dianmeter of 300 mm it is

preferraddifssed dheoCplévam€id sknwichBive e aB88hBbrind @120 tHBUSS .

that the first electrode section and the second el ectrode section are

ar rangedruAt@e?] Thei § ipretreekeat fiase a3ect hensi A chbetr seaensk & iemlsr ode
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 overlaid 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 illustrated 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



~sections arranged in the cells may respectively formthe sane

" potential through 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
inaplurality of cells, and the second el ectrode 3 has second
connection parts 3b for connecting the second el ectrode sections 3a
to each other arranged in a plurality of cells. A plane shape of each
connect ipRyparind 2 8ibansk linkesshapesdd thee S diY8%kdCase,And sa awkdt h
t hereof nmay be approximately 0.2 to 2 mm but the shape and the like
t her eof iaf @neotcalskbnbEethé Ne Pt i Alic BaWBKEEori fttecdidSty silicon
el ectrode 2 and the second el ectrode 3 are fornmed on the sane

surfacewdfe hhtshg @0ANEREEON JFABYE D) apdid E%e%@@@@&l to §08Nefd kphce
parts 3b are arranged so as not to cross each other. [0016] The

el ectrodetbayee10btithiaG bMe the2boY ey mepb i-onRt &l 8HadE SeBeplied
condition has, as understood fromthe cross-sectional schematicC

di agr amvidiltasfer adskdAinfklc@1y3asdoieo i keb el gelsthadeand t hen 3869R%on,
el ectrode for generating a potential difference when a voltage is

appl i ed,tnehiell aFeitay Laé@%dﬁ§8m@§e tdx BRe affjoaCeRih thOneactbitinglonPRL
inthe x direction and in the y direction (both the Il-11 cross

secti onp@andethgpptoptiatLrpss seebramed G _alt?ﬁﬁog_ﬁdaas dildeuster ahed
in FIG 3). Therefore, after the voltage application is stopped, the
char ges shpistedtend be subsldtle akdF aakikBHc8UrfiRERe /faskher WRRSEcting
insulating layer and its vicinity can be effectively di sappeared by
bei ng cangehedow LAraei giid Ny Ghakdes Baving fhe OPRAsiherRekani ty.
As a result, formation of residual charges can be prevented as much
as possiskitetrnkncaddi i @eedinngnkorhhge ebeCt rastAl ins ciuekabaviog
such electrode layer, as illustrated in FIG 3, nost of the electric
flux |i ressk a1ecgeneeatrdttionberdd HHe Ofebdied SUDSEE A& abbEaLdd NGre
surface and its vicinity. This nmeans that, for exanple, conpared with
a converkir@ngkdgel ectrostatic chuck as illustrated in FIG 6(b), the
electric flux lines E are forned within a range of a short distance.

As a regglotisithis fad fieducesedi @rbibitYoRE Ald Eastidbdd aatipdode
charged particles and other foreign substances to the electrostatic

chuck. sg@@1éhs! araddhtsonn the tklsk ﬁh?ckéaﬁécﬁﬂdégy £ bEn SE.ONHame
el ectrode may have an el ectrodel ess portion ere the el ectrode

secti onpdeestnal thddsiigh Bohhectidd Bakteel IspeSFiasit9, haye130strated

i nsul ati ng | ayer top where the upper insulating layer protrudes to
the subshratessildanat2 f heP@sitt XL LABSPPMHE NG 1 oLt dhiRIRGICHOgRL €8S
portion as described later. In other words, the el ectrodel ess portion
where the ebectbaecsaid e daestnelcexksliei Sediofdmd Jan tat cheASbtREL
of the virtual cells on the surface of the electrode layer, and the
upper i agtbabteagdih ayeluag ithecEnsslBd,i RGhd ayer stephdte e roasi i Qs
corresponding to the electrodel ess portion, with a result that only

thi s insekahtingohayetidWPpL£ONY asy St tdbridetSwRs tthat @ssenasect 8ct pbde
the substrate attracting surface. This el ectrodel ess portion neans

that sogecefiogbext todachesthONsrrvhhed iexs Phvetdipald ¥Yeldse MW §S4NY
according to the el ectrode shape condition of the present invention.

For instange,of Ralchecex@emt forl st { AteBahd-Hl e shapRl 26ahe0binglést

(xI, y1), (x4, y1), (xI, Y4), and (x4, Y4) are electrodel ess portions
2c and 3eseWmdgh aietplac@sdhang bdedorestimatecyrode tsestindnpad, tide
second el ectrode section 3a, the second el ectrode section 3a, and the

first ekBgpeadal sREtIioR 2hels&r dirspasedindsdiis Tﬁéﬂ@ic%‘lr diBgetor,
the el ectrode shape condition described above. e anount and nunbers

of suchiel egérodaeltess cpOEbHONS AHE ther S@ebrimk 1k t$eHc AP 1RPELAEEHYoh N
accordance with a type and a size of the substrate to be attracted.

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



el ectrode formng the el ectrode | ayer has the el ectrodel ess portion
and the upper insulating |ayer 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 |layer top |la

contacting with the substrate as illustrated in FIG 5 (both thecross
section and the Ill" -111" cross section illustrated in FIG 4 becone
as illustrated in FIG 5) . For this reason, the charges generated by

the vol tagmepalonCabires 3pdatdes AU eb ﬁQaﬁg€dt@a&$é§é e HIRHAS .
ions and el ectrons that are i nduced are decreased at least in the

part of (dva aypper "I\ﬁé”@Iéé&rdcﬂé’qrayﬂieb%thﬂﬁe§ulg§t’£ﬁé%K&@%t‘&‘oﬁ@d
(insulating layer top) . Thus, residual attraction force when the

vol t age AARRIIGAL ONsHapeSt OpRRd ah benddlr t hes T duEeG ood 00£9bTNe the
el ectrode | ayer of the electrostatic chuck according to the present

i nventi grdvay-shaveohbe ddiaiatalees Lodan andubbe.s8sqndret eat rode Fas st
descri bed above, and the first electrode and the second el éctrode may

be formed ofrbie AP Y TR NN dheeleet rede Jdarehe 19k Tah%oft'eh%aal
el ectrode and the second el ectrode may be fornmed on the uppér sid

and t he digwelresicdewigén an volkaheel £cgded, NsHi &t | 'rﬁga hayghgBads, %fs 88
insulating filmor insulating adhesive. However is préferred to

form t hedddfdcltees LodR oaﬂertblaﬁhsmam@x%%&@eﬁ a‘ﬂ@l ihens 9@%&\4&&%6
because it becones difficult for the residual charges to be forned

I n addi tiRh ehdan-bet vesds khetebaEIPERs mMay-he Eiddedewhtbn of Fic,
i nsul ati ng adhesi ve such as epoxy resin or silicone resin, or a part

of thermopkashéCaPalinivdtdaragdhesipes sheet T%@mreonsf@ért% ¢838age
where the first electrode and the second el ectrode are forned on the

same sulapatecabdohhascaseophere the chashes! aeirmede #hdihbe s58cendre

el ectrode are forned via the inter-electrode insulating | ayer.

[ 0020] The trathodgoduf oidd BF Ohe i dd Rabuthestd ads candny ha: s 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. Inaddition,
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, comparedwitha conventional
electrostatic chuck as illustrated in FIG. 6(b}, the electric flux
lines E are formed within a range of a short distance. As 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

sectiondoes not exist inthevirtual cell, soas tohavean insulating



second el ectrode is not limted in particular. For instance,
"thermal -spray or vapor deposition of nmetal such as copper, aluni num
ni ckel, or tungsten may be perforned with a mask so as to forma
predet erm ned el ectrode shape, or a netal |ayer may be forned by
using netal foil, plating, or ion plating and then a predeterm ned
el ectrode shape may be obtained by etching. A thickness of the

el ectrodes depends on the nethod of formng the el ectrodes, but it

nmay be i1sfdiecbgnuerbhafe hspdisvabhVadopi g fe Eeathméé@eeechelghﬁs&erate

case where the el ectrodes are fornmed of , It is mainly in

the rangei @ & the3QoRM:1bA &8@:@%%% t&%%@@&{@@@él@gse ﬁd&rﬂ%@k

by ion plating nethod, it is mainl e range of 0.1 to 2 pm 1In

the casesyheseribed eheek! 0deso@ter fq@w@d thY élfé%ft%heieséx;o%l@ﬁwere
it is mainly in the range of 30 to 50 pm [0021]In addition, the

upper i Nl aflicad rbAKeE bR SDRANRCRBRT ek 1NN @B HBY HAKE 1B8st one of
substrate attracting surface for attracting a substrate, but its

mat eri al¢and; itheahi kel asesmatnd 's@i'rrfgge' Bf p@{é iQW-akogkt 1 A5yPe fE%@
of an insulating filmsuch as a poiyinide film a silicone film and

a pol yamiggef hhBu1 9F i AQNERE rofa A rAET A AFRHET 1 A} SHED E?cstﬁlagms@.%l%ﬁ
alum numnitride. A thickness of the upper insulating |ayer depends

on a matestAsgindihg tdsubalig dRMkekss d¥Mtiidn, RY:1Dg fébﬁlh:etﬁé‘f‘%%ly
that is usually adopted. For instance, in the case where t

insul at iyt d 2861481 ARd@ ek opebnikALds JildHm e §Lﬁ‘)%t|r'alﬁg1sc§ la% to form
thi ckness of the upper insulating layer is nainly in the range of 25

to 200 piRe shpdheaddspt AdéNthd YLFads. fQh%%l@\et&eew@és?;B&%yoﬁfme%ns
ceramc material, the thickness of the upper insulating layer is

mai nl'y Iﬂhéﬁwgorﬁéaq%lcefct&%@etééci&%%mwm[cq{)@zlé{ o2l gh £281y 0B i slsH8 g
el ectrodes formng the el ectrode Iayer has the el ectrod ¥ess portion,

the Upp&fcddistiindttd8hk a@ctrsdB Meipdesh ittt dnher RS WralkieRd 1ANSH ibap
la protruding to the substrate side at the position corresponding to

the el eqid08gkesScPOIl ORe Matpla {ESMdrdthat it had.NsULALIRG 8RR 15
top la contacts wth the substrate for formng the ‘substrate

attractifng, Syarfawqﬁylﬂhwscu the, ném)q&qpfy&F@«f@%aea@%ayi@wq;dr%lbh@
part contactlng with the substrate can be reduced as nuch as

possi bl @c khd Scprefei edet paicddiendieUt bl fdrdA%ekctPBdb Bsd ViR 2a,
pl ane shape contained in the range of the virtual cell corresponding

to the elrcteedaliosfedfdde0BeceBRi HEr tRE SHBSId Al1RcakbHACSd M on 3a,
mai nt enance performance or reducing perfornance of the accumul at ed

char ges,arfiithd £ifSt BOSEE Pbd: t8atidhea hasHliabbB8a ki A¥8H sldRlekdadc®rding
formed to exceed the cell size and overlap part of neighboring cells.

I'n addi tipRhede het@ddOshbbe Edsdd BtdMdelsayeheliOfhdwv (i TRe, aritid afb
insulating |ayer recess |b) may be in the range of 5 to 20 pm froma

Vi ewpoi Hure i¥RIdH ENIIE Ce Déct QUSRS I'Sd € i@y abtd Ofofidfemay be set
suppression of an unevenness or a swell of the substrate back surface

¥\hen t hﬁpﬁjt@ﬁﬂlatelyslrahbba@agﬂee With Qe85 2ARhd ial ¥1 24D PRe RAed 1L
orm ng e

to be attracted. In order that uniform attraction force is formed
on the substrate attracting surface, the number of the electrodeless
portions 2c¢c of the first electrode may be the same as the number
of the electrodeless portions 3c of the second electrode, and the
welght of the substrate may be applied uniformly to the insulating

layer tops disposed to correspond to the electrodeless portions.
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insulating layer top la on the upper insulating |ayer, for exanple,
thermal -spray of a ceranmic material using a predeternined mask may be
adopted, or it is possible to formthe upper insulating |layer with a
polyim de filmor the like and then to formthe insulating |ayer
recess | b by an etching process. [0023]1n addition, the bipolar

el ectrostatic chuck according to the present invention may have the
el ectrode | ayer and the upper insulating |ayer |amnated with

adhesi vejgoieggn adheat¥erdihdn bet weencst BetebsehtDlech@yer iRNGhiBR the
upper insulating |layer, or the upper insulating |ayernmaybe forned

di rect| yeltdRiests iniaey ehethecekagénede -l iyeLthe RUkhebdeBebOWR tion
insulating |layer made of an insulating filmor a ceramc materi al

sinilarland @h’éh@pp@pﬂhsbmauhﬁ@ilﬂﬂ/elrabigé_ﬂﬁé’ih@udh’éﬁ@%@iy@& tbg at the
undersi de of the electrode | ayer (opposite side to the substrate

attract igis ifildnagey réfoasd iryy be @chenedtredal 88 Portybst rate J1Tede rok
alumnumor the like the with adhesive or the |ike, for obtaining the

el ect r ostiaty Likdwiekio Aot PLESEhWENEE ani 1nd 8l 2099 Rt Bo@daRbrR act ing
technol ogy such as a structure and a manufacturing nethod that are

adopt ed Wigh aheidsteleetsoshatkerehegkrcancbe agept eteunt eSS Beoss
t echnol ogy does not affect the effect of the present invention.

Advant agrits oaf §1e€ t Be OfT T'RVYENT | b 0024 AGE QL Ui 88rd ed I FIESLBEcome

i nvention, charges generated on the substrate attracting surface when

a vol tags is1apptaesdti® FIG. 5). For this reason, the charges generated
by the voltage application and the number of charged particles such
as ions and electrons that are induced are decreased at least in
the part of the upper insulating layer where the substrate contact
with (insulating layer top). Thus, residual attraction force when
the voltage application is stopped can be further reduced.
[0019] The electrode layer of theelectrostatic chuckaccording
to the present inventionmay have the first electrode and the second
electrode as described above, and the first electrode and the second
electrode may be formed on the same surface in the electrode laver,
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 becausé it becomes difficult for the residual
charges to be formed. In addition, a gap between the electrodes
maybe filledwith insulating adhesive such as epoxy resinor silicone

resin, or a part of thermoplastic polyimide adhesive sheet in any

11



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. I naddition, according tothe el ectrode shape of thepresent
invention, electric flux lines generated by the voltage application
can stay in the vicinity of the substrate attracting surface.
Therefore, an anmount of attracted charged particles such as ions and

el ectrongn& ¥ bRe SeHUY ased, tivd tfhr@tr@ﬁé&ﬁra&@&n&%@%ﬁ%d%mc%s

remai ning on the substrate attracting surface can be mnim zed.

this reasod folhednPohdsapkenl FQsiali s tﬁe%ls,e%éﬁ@tﬂé 856t él’lz}{;ﬁﬂ}tdq%”

can reduce the residual charges pronptly after the voltage

applicati o kfestepRed dieaddidd Ofye t RE-REHOLAL e&}f‘ecti%%ﬁiél%c@%%ﬂé
is also excellent in the substrate attracting/holding performance

when a vgld. o8- Hirg aRRlied. In addition, it is possible to control the
formation of the elecCtric flux lines to be at the vicinity of the

substrat gy@idyr act i ngnsuhlacsa I thrﬁlﬁeS&Jf tedat ARPUAL Pfo & tegﬁptt%@
char ged partlcles floating around the el ectrostatic chuck can

reduced. s &dRf dasaiidid o ofoDr phNgsy (09 é&iiﬁ&lalr] Flgg, | 1ds"\ta§’1(c):

pl an explanatory diagramof a first electrode and a second el ectrodé

form ng afe9lLCiH0de 6@¥§§09Bebe‘§19i§§%@tmét%\iegﬁéiﬁ)gs co eEr:Flaciurrngaum,
FIG 2 is a partial "enlarged di agram of §f

cr 3Sf)r Zggladt@ﬁlv gﬁfgggegfﬁﬁaa}g;ﬁb@&faﬂbwm ea %tsﬁ@ébagg ct&%% Qf
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 ym. In the case where the electrodes are
formed by ion plating method, it is mainly in the range of 0.1 to
2 ym. In the case where the electrodes are formed by thermal-spray
of metal, it is mainly in the range of 30 to 50 pm.
[0021] In addition, the upper insulating layer 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 polyamide film, or formed of a ceramic

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

upper insulating layer depends onamaterial of the insulating layer,
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the Il-11 direction (I1"-11" direction) of FIG 1. [FIG 43
FIG 4 is a plan explanatory di agramof the case where the first

el ectrode and the second el ectrode formng the el ectrode | ayer of the
present invention have an el ectrodel ess portion. [FIG 5]
FIG 5 is a cross-sectional schematic diagram of the bipol ar

el ectrostatic chuck of the present invention viewed fromthe

direction (I11"-111" direction) of FIG 4. . [FIGS. 6] FIGS. 6
are explinaterya girgianshé [Haugtr ehaNa sAusaayeptiRtledeXardt a gk ahbe,
bi pol ar el ectrostatic chuck, in which FIG 6(a) illustrates a plan

schemat i G, ¢hadiade Whdre Fh& i tihbUsivat 8% Radle lo L LOSST $REGIdORR M

schemati c diagram Description of Enbodi nents [0026] Hereinafter, the

present dyeatione, $hdeselbetkd BEMKE upper insulating layer is mainly
in the range of 25 to 200 pm. 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 substratecanbereduced asmuchas possible. Itispreferred
that the insulating layer top la have a plane shape contained in
the range of the virtuzl cell corresponding to the electrodeless
portion, considering substrate attraction maintenance performance
or reducing performance of the accumulatedcharges, but it ispossible
that the insulating layer top la is formed to exceed the cell size
and overlap part of neighboring cells. In 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 um, fxrom 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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detail with reference to exanples. [0027][ Exanpl e 1] A
pol yi m de sheet (Kapton-H manufactured by Du Pont-Toray Co . , Ltd.
havi ng a thickness of 125 pn) having a dianeter of 298 mm was
prepared as a |lower insulating |ayer 6, and a chronme | ayer having a
t hi ckness of 0.1 pmwas forned on the surface thereof to nake a
snoot h surface by processing the surface in advance by the ion

pl ati ng nmet hod. Next, an electrode |ayer nmade of copper having a

di anet er; nf;,1296 7 m@lela tbBl tkBasghOfipfe? mu\a@%ﬁ@rl@;ﬁé@nf&%;&%@@e

| ayer of the polyimde sheet by the 1on plating nmethod, and a first

el ectr o4g,&m@nds grégc&f\% 8Lesh{ 048 t3rag1idduRf Eaél%jjét%rﬂlg’@d Haf0fay

2 were obtained by etching using nitrate etchant. Here, a virtual

cel | W didh Jaopregsedrt o 5 dMBosand ikl f@tf@ﬁn@%@%pés%Qﬁn..sa@l%ggagyer
second el ectrode sections 3a each have di nmensi ons of 4.

The firs}i@l aChbPPESELHARS o2 dPdln@ aRaONKIS agf FRdR SRCTINS a33ng
were arranged 1n cells alternately in a x direction and in ay

di recti onyeanNdeaesRags Hybgh eedh R} FeEis8y el ectrode sections was
set to 1 mMmboth in the X direction and in the y direction (59

el ectrodggpeqti ons %ﬁ%%d%%&éﬂgaﬁuﬁﬁlg@ﬁérb@e&@ﬁogt@@ﬁi@Bu@k%ﬁﬁb&%@hg-
[

In addition, the first electrode section 2 and the second el ectrode

section ¢} aﬁéa}ﬂmnltnlw@nwwrt waly 1ald %héﬁélee&%a%cmdef angeake abper
to be the sane potential, respectively, with a first ‘connection part

2b and & rSRAARANGAMARGL! 197 MAdd 3PreRaRe81 v¥RirGh, hage&i Pard ki@ ween
shape with a wwdfth of 0.5 nm [0028] Next, a polyi mde sheet (Kapton-H

nmanuf actw@élext%dgom%éfpra@w Che, upblr NAMIRGiAgt DhoKPESSY %Jﬁpﬁa}

having a di aneter of 296 mm was gl ued via thernoplastic polyimd

adhesi ve nshaet 1Rg1iaje radybekbansd @f - 30 Bnad ond berssed seenale ltelé%rode

el ectrode layer on which'the first electrode 2 and the second

el ectrodg 3 er gy fordedaasWdeses 4 bet « %%l@yelsﬂaéé otfoamkgu@atﬂp@%ﬁlm
insulating layer 1. Next, a cushion nenmber was overlaid on each

surface pf at B@rmhalt@&qhatsﬂglia%yw tb and dgped ewet1hpsKb ald g nay
| ayer 6, and they were set together in a hot press nachine so as to

per f or Mg ROLpPEES HrPERE affidiidele Bb&r@@@é&t@éﬁ@fla?bQS$&;5§o§ifte2 shba
in the thlckness direction, heating tenperature of 0C, and hol di ng

time of 3 ahatg@%trm@sat@ﬂa@ﬂi&c& kQdeasbpalo 89S bbWdthAfd the: HBRE!
insulating layer 1, th

substrate made of aluminum or the like the with adhesive or the
like, for obtaining the electrostatic chuck. 1In 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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el ectrode | ayer (the first electrode 2 and the second el ectrode 3) ,
and the lower insulating | ayer 6was obtained. Then, the obtained

el ectrode sheet was fixed to a netal base made of alumnumw th a
stage surface having a dianmeter of 298 mmvia a thernoplastic
pol yi m de adhesi ve sheet having a thickness of 30 pm with a result
that a bipolar electrostatic chuck according to exanple |I was

conpl eted. [0029] Using the bipolar electrostatic chuck obtained as

descri beg,ahovg algtttg%l\g@flﬁg m\ﬂhrég?érfl%ﬁé@ er T%rét)Qrgmf@%%dual

pl aced on ‘the surtface of the upper insulating layer

subst rat&a%tgtersa%'ahnﬂesé‘éﬁ@&leed ?Q@mgcp%fd:ﬁéﬁ t‘?tee WE‘B?Q Z?F!Fﬁ&aoﬂ%%cﬁgd

to a positive electrode sid supply

secondel &Gl de Sxmadgeﬂgﬁc%eéoml@gagsﬁtbt@cets&%gggﬁ?at%e kBBt

DC power supply so that a voltage of V was app or at ractlng

and hol AN ST d1 &AL Waf 8k 19heONRTAVES: yA‘Efn@rvotltﬂwg atsdg}Q1E%§g5n

supply was turned off so that the voltage ap i cation

Then, one,second {.atefe tb@lﬂbﬂ ) M@érasa%oaar@éﬁ a;ltq%e stﬂ%ace

substrate attracting surfac y using a [ifting pin, silicon

waf er 0 SEP
[0030][Ex§qrr%:f§rter Bf @toc?dta \E%Efg ?F%‘tﬂpﬁ%ﬂ%% %%r%@%%cgst o 88, agns

el ect ro%@eﬁ@&ﬂk@ﬂst% el QS s &Y Ehvi tRSal L USY %‘h‘éq e 'ﬂu@tbeé}:’ of

t
el ectrode sections of apex pOF?IOﬂS of 4x4 V|rt%E3 cell's wer

el i m natggroWst h@di®syt dhatnd heupiwbere of el acty rf?gdeél?lsﬁa&ﬂréér?nﬁe
2c in which the first el’ectrode section 2a was m ssing was the sane
as the QHQH%&Z@B. For this reason, the bipolar electrostatic chuck of the
present invention can reduce the residual charges promptly after
the voltage application is stopped. In addition, the bipolar
electrostatic chuck 1is also excellent in the substrate
attracting/holding performance when a voltage is applied. 1In
addition, it is possible to control the formation of the electric
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. 2 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 missing on the surface of the electrode layer. Qther 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: polyimde etchant manufactured by M tsubishi Paper
MIls Ltd.), so as to elimnate the polyimde sheet except for places

corr eSPONd g i Whecutsbuaroel s of; e sghgobrofgkesp. porti ons 20
and 3c by a depth of 10 pm (corresponding to insulating |ayer recess

lc) . Thus, i r[%‘ibatcl]nQIéa)ﬂe;[s Taogpﬁad 8x PR Ay 81 28r 8 o ﬂHQ‘éaﬁ@‘w@x‘%@ea

hei ght of 10 pmwere fornmed. Next, the electrode Sheet with

for ned igauilkak o ayal deopsd It@lew@écéﬁa%detcerr:a@ kil gb@ﬁ@ d1ade Bhe
alumnumsimlarly to exanple 1, wth a result that a bipol ar

el ect rostafd:c fFyek ?S‘:E%Q’c NG S PTG o2 M8 EORPbEL Rt [AAZTLAS to

the bi polar electrostatic chuck obtained as described a ove

sinmlarly to exaapl®) Frga $ikiL£enoval el asAl %eag&@@l@@qae%ﬂl @ﬁ/thae
substrate attracting surface constituted of the insulating’layer

la, and gihen Jthe1BewRss SAPRL iRk ber agd ﬁefsem &H@énﬁb@n waem%@e from

application was stopped. Then, one second later, the silicon wafer

was sepanal g 1Lrem H'ﬂ?eé&'?@ﬂr@fﬁ'alfflacﬁ'l'}gcﬁ?é&f]?c@f byrd!isiqng the
lifting pin. The silicon wafer was able to be separated w thout

particul ar forngegs| ndysticsl Anpld eailhhkYorl 09324 48 binQlAR: rating a

el ectrostatic chuck according to the present™ invention is suitab

for att rc%ﬁﬁe%&m%ﬂglh@iﬂhﬁﬁb( Brsene GApdUGH0s1 ¥af &8s Qe i EhGOR, 9kl UM

arsenide, silicon carbi SiC), or the like, a glass substrate, or

an insulgld, nss@qb%tm@ts%raesg étsp@aﬁe&wer@meé &:Jlﬁgtra'ms Wwiied £96. a8 (k)
organic EL or the like. In particular, the bipolar el ectrostatic

chuck i s i3uist-abkesf ar 1%%:&&%&%&@ 8ERBRa Of c a Sff¥pnduct or
manuf acturing process or the |like, because the bipolar electrostatic

chuck is a bipolar electrostatic chuck that has excellent substrate
attracting/ hol di ng performance when a voltage is applied, and

excel | efesicesbdyah shar@sssiedis ng perfornmance when the vol tage
application is stopped. As a matter of course, the electrostatic

?ggc;t ?1;[ gté)tfz:% ] gr es egﬁé?%ih}[&%ﬁﬂ&“ @ pbEs ARPl hednt Qo A LT ARPRY GhbP8S

detail with reference to examples.
[0027] [Example 1]

Apolyimide sheet (Kapton-HBmanufacturedbyDu 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 yum was formed on the surface thereof to make
a smooth surface by processing the surface in advance by the ion
plating methed. Next, an electrode layer made of copper having a
diameter of 296 mm and a thickness of 0.5 pm 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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Ref erence Signs List [0033]1: upper insulating layer 2: first
“electrode 2a: first electrode section 2b: first connection part 2c:
el ectrodel ess portion 3: second el ectrode

2 were obtained by etching using nitrate etchant. Here, a virtual
cell width L was set to 5 mm, and first electrode sections 2a and
second electrode sections 3a each have dimensions of 4.5 mmx4.5
mm. ThefirstelectrodesectionsZaandthesecondelectrodesections
3a were arranged in cells alternately 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 most 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-1like
shape with a width ¢f 0.5 mm.

[0028] Next, a polyimide sheet (Kapton-H manufactured by Du
Pont-Toray Co., Ltd. having a thickness of 75 ym) having a diameter
of 296 mm was glued via thermoplastic polyimide adhesive sheet having
a thickness of 30 um to the surface of the electrode layer on which
the first electrode 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 conditionof pressureof 2 MPa inthe 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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3a:

second el ectrode section 3b: second connection part 3c:

“electrodel ess portion 4: substrate 5: substrate attracting surface

6:

| ower insulating |ayer

electrode layer (the first electrode 2 and the second electrode
3}, andthe lower insulating layer 6was 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 supplywhilethe 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
turned 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.

[0030] [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 2¢ in which the first

electrode section 2a was missing was the same as the number of
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7:

net al

base 8, 9: electrode Cdains [Claim1]A bipolar

"electrostatic chuck, at |east conprising: an el ectrode | ayer
including a first electrode and a second el ectrode; and

electrodeless portions 3c in which the second electrode section
Jawasmissingonthe 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 2¢ and 3¢ by a depth of 10 um (corresponding
to insulating layer recess 1¢) . Thus, insulating layer tops la having
a size of 5 mmx5 mm and a height of 10 um 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, similarly toexamplel, 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, one second later,
the siliconwafer 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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an upper insulating | ayer which fornms 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 a predetermned width (L) arranged in an X
direction and a y direction, first electrode sections formng the
first electrode and second el ectrode sections form ng the second

el ectrode are alternately arranged in the plurality of virtual cells

in the x{ghiygction, TAEGipbeaskliabnabet ¥t 86 EBRGRHcERrihey Bb¥halddas ok
virtual cells in the y direction, and wherein the first

el ectr odl&l@mlu&e1§eg@ﬂga@i@qtdzoeeteag‘amd]mwao@b@ﬁbr fdeleSSHnductor
portions in which the plurality of virtu cells have no el ectrode

section,yand bles Uppesn | Reuhatihngrdayele,i Behudes ArdiRguliateng dayee
top protruding to the substrate side at a position corresponding to

the el eatinedel efis ROELLSPrasd, LRadn iRGul ASHhGtIuG tirdyerstapP a0 taGE S
with the substrate to formthe substrate attracting surface. [Claim

2] A bi polear ehget {oid Goehbf koBfirdiEnIot ocrd aiiel, megaedﬂlchh%r,
first electrode includes first connection parts for connecting th

first elo@ regelsecdiansds?ataehcREOEr ALLARGETe i bt hgepiﬁlr@dcteﬁés%e
virtual cells and the second el ectrode i ncludes second connection

parts foftepRneeat &k ddenaaeantah cdinde SEELEONS oL IRACIKO! RRkause
arranged in the plurality of virtual cells. [Caim3] A prO ar

el ectr osthat bepshugke BECOF SN IO chlakM d DbidorWPeL i the fH 1Skhuck
el ectrode and the second el ectrode are fornmed on the sanme surface of
the el ectyz@dRakay®fellent substrate attracting/holding performance when
a voltage is applied, and excellent residual charges reducing
performance when the voltage application is stopped. As a matter

of course, the electrostatic chuck of the present invention can

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 portion
3: second electrode
3a: second electrode section
3b: second connection part
3c: electrodeless portion

4: substrate
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[Claim4] A bipolar electrostatic chuck according to any one of
“clains 1 to 3, wherein the cell width (L) has a value within a range
of 1 to 20 nmin a case where the substrate is a silicon wafer having
a dianeter of 300 mm [Caim5] A bipolar electrostatic chuck
according to claim4, wherein a space (d) between the first el ectrode
section and the second el ectrode section of neighboring cells in the
X direction or in the y direction has a value wwthin a range of 0.5

to 2 mm 5: substrate attracting 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 (L) arrangedinanxdirectionandaydirection,
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, and

wherein the first electrode and the second electrode each
include electrodeless portions in which the plurality of virtual
cells have no electrode section, and the upper insulating layer
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.

[Claim 2] Abipolar electrostatic chuck according toclaiml, wherein

the first electrode includes first connection parts for connecting
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the first electrode sections to each other arranged in the plurality
of virtual cells and the second electrode includes second connection
parts for connecting the second electrode sections to each other

arranged in the plurality of virtual cells.

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

on the same surface of the electrode layer.

{Claim 4] A bipolar electrostatic chuck accorxding to any one of
claims 1 to 3, wherein the cell width (L) has a value within a range
of 1 to 20 mm in a case where the substrate is a silicon wafer having

a diameter of 300 mm,

[Claim 5] Abipolar electrostaticchuckaccording toclaim4, wherein
a space (d) between the first electrode section and the second
electrede section of neighboring cells in the x directlon or in

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