DESCRI PTI ON ELECTROSTATI C CHUCK AND ELECTRCDE SHEET FOR ELECTROSTATI C CHUCK

- TECKINI CAL FI ELD [0001] The present invention relates to an electrostatic

chuck and an el ectrode sheet for the electrostatic chuck. BACKGROUND ART

[ 0002] El ectrostatic chucks are widely used in order to attract/hold a

waf er made of a sem conductor such as silicon in various devices including
an ion inplanting device, a plasma processing device, an etching device, an
el ectron exposure device, and an ion rendering device during a

sem conduct or producing process. Also,_ in a liquid crystal producing field,
the el ectrostatic chucks are usedHSFHritONo attract/hold a gl ass
substrate serving as an insulating substrate in a substrate bondi ng device
enpl oye ELURCTREFSTC I SGHUCK ANy BIE CPREAER| SHETWEMR tFleE¢TRUSEBATHYG CHUCK
substrates, an ion doping apparatus, or the |like. [0003] In recent years, a
panel size is becomng increasingly larger as the demand for flat panel

di spl ays grows. For exanple, a liquid crystal nother glass substrate having
a size aghAfQ@@SsTEA N X 2 mhas appeared. In order to process such a large

substrate, It Is inportant to further inprove a holding force and a
chucki ng. . force whi can be exercised b he el ectrostatic chuck. 1 [.0004]
- cont oS I s TR e R R T R G rer e I ER R ot b EaE erig S ror FATE of
the ion inplanting device or the |like

and an electrode sheet for the electrostatic chuck.

BACKGROUND ART

[0002] Electrostatic chucks are widely used in order to
attract/hold a wafer made of a semiconductor such as silicon in
various devices including an ion implanting device, a plasma
processing device, an etching device, an electron exposure device,
and an ion renderingdevice during a semiconductor producing process.
Also, in a liquid crystal producing field, the electrostatic chucks
are used in order to attract/hold a glass substrate serving as an
insulating substrate in a substrate bonding device employed to
press-insert a liquid crystal between the insulating substrateg,
an ion doping apparatus, or the like.

[0CO3] In recent years, a panel size is becoming increasingly
larger as the demand for flat panel displays grows. For example,
a liquid crystal mother glass substrate having a size as large as
2mx 2mhas appeared. In order to process such a large substrate,
it is important to further improve a holding force and a chucking

force which can be exercised by the electrostatic chuck.



is required in the sem conductor producing process. For exanple, in order
to Fnprove the processing perfornmance of the ion inplanting device, it is
necessary to increase an ion beamcurrent. However, an increase in an ion
beam current has let to a problemin which the anount of ions inplanted to
a silicon wafer per unit tinme increases and the cooling performnce of the
el ectrostatic chuck for cooling the silicon wafer cannot sufficiently
accomobdate the increase. That is, the substrate attracted by the
electrostatig chuck_is normally cooled thraough_a sg_ Ie_chucking sur face of
t & Fb

the el dPP8dtatic CRuCKOBY 2ELodq nfPhdansthncfudédstn 1RRTSYERERbstit i ¢
chuck. However, a substrate tenperature of the silicon wafer or the like
t ends t priogeseasg wetlf camangsr ofs &hen imrodmplantiiogs davglemtad thend itkeer e
are causes such as inherent warp or distortion of the substrate and the
poor fl asnesguotetihen saiplsentieidutg cupragacingoptbeegsi s RPopreaabingind hat
the substrate cannot be brought into sufficient contact with the sanple

chucki ngps a i j &SR0 ; R IR« 8%l e,
when itgngﬁ%%gggaggpf§%§gfgﬁ%ﬁéggﬁ%£§%§§??§?ghin a$§?g§i%gy%?%gﬁgggsﬁgrn as

of 't heCBRSErat b, oA wheh et EigiakeeT kAl AT I ol 0

the tenperature thereof exceeds a heat resistance tenperature of the resist
film TR& dNEXEASEhals 88i $P1f PRAT SUTPEREr RPeket s i3 BLOR:M | gu/whicd:
remove the resist filmfromthe substrate. Thus, subsequent processes nmay
be affethedmount of ions implantedtoasiliconwaferperunit time increases

and the cooling performance of the electrostatic chuck for cocling
the silicon wafer cannot sufficiently accommodate the increase.
That is, the substrate attracted by the electrostatic chuck is
normally cooled through a sample chucking surface of the
electrostatic chuck by a cooling means included in the electrostatic
chuck. However, a substrate temperature of the silicon wafer or
the like tends to increasewithan increase inamount of ions implanted
and there are causes such as inherent warp or distortion of the
substrate and the poor flatness of the sample chucking surface,
so there is a problem that the substrate cannot be brought into
sufficient contact with the sample chucking surface and thus the
substrate is not cooled as much. For example, when it is necessary
to process the substrate in a predetermined pattern as in the case
of ion implantation, a resist film is provided on the surface of
the substrate. However, when the substrate is not sufficiently
cooled, the temperature thereof exceeds a heat resistance

temperature of the resist film. Therefore, the resist film is



[0005] Wth an increase in size of a silicon wafer Ora substrate nade of
glass or the like, a problemw th respect to the cooling of the substrate
beconmes nore significant. Wien the substrate to be attracted becones

| arger, it is inmportant tobe able to sufficiently ensure the flatness of
the substrate attracted to the sanple chucking surface. Also in this
respect, it is essential to inprove the chucking force of the electrostatic
chuck. [0006] In a bipolar electrostatic chuck for applying positive and
negative voltages to two el ectrodes, a gradient force F produced in the
case of hanwdemedon ssi ddt ris dlifdidtwWs dqrrswse Bhe eedigt oy Lo nthe (1)
maybe one of factors for the attracting of the substrate. The gradient
force Fshupgprepesti ohak,t eubkegupati shodiekbesentiyalbe aff farteldectric field
intensity E squared, that is, the gradient. F oc 7(E2) (1) [0007] Up to

NOW, in Qfday 10 I NGieass, %H@r@!&x%@tﬁi &ifé el shﬂ&@Bﬁ'vJa}fé:r oP8V&It rate

el ectrostati ¢ chucks have been reported In whi two pattern el ectrodes
each havij a conb- shape ctive tion.are alternat arra ed
wr i n RS e GRRTe D o TPBr EREF ﬁﬁ%&ﬁsﬂ*d‘f%@anﬁ% BEERh S By
el ectrodes (for exanple, see JP Patent Docunments 1 and 2) . However, when
the di stodn&deheuhesnatehbeaanas drerelsSariddeants f HheReEhRasWoabratette s
likely to cause a discharge between the el ectrodes. In general, when the
distanc@eétﬂmﬂammmbéhemebé@m@@desuj$s®mp6rnﬁnu1absahaeg@ddﬁﬁicﬁently
approximately 3kV. However, when the electrostatic chuck in which the
comb- shapgGire the flatness of the substrate attracted to the sample chucking
surface. Also in this respect, it is essential to improve the
chucking force of the electrostatic chuck.
[0C06] In a bipolar electrostatic chuck for applying positive
and negative voltages to two electrodes, a gradient force F produced
in the case of an uneven electric field as expressed by the following
formula (1) may be one of factors for the attracting of the substrate.
The gradient force F is proportional to the spatial differential
of an electric field intensity E squared, that is, the gradient.
F o 7 (E?) (1)
[0007] Up to now, in order to increase the electric field
intensity E, several electrostatic chucks have been reported in
which two pattern electrodes each having a comb-shaped conductive
portion are alternately arranged within the same plane to further
narrow a distance between adjacent electrodes (for example, see
JP Patent Documents 1 and 2). However, when the distance between

the adjacent electrodes is further narrowed, it is likely to cause

a discharge between the electrodes. 1In general, when the distance



pattern electrodes are alternately arranged is actually used, a voltage
| omer than the discharge limt nust be applied in view of a safety rate.
Therefore, it is difficult to apply a sufficient chucking force to
particularly a | arge substrate. [0008] Under the circunstances, in the
previ ous application, the inventors of the present invention proposed a
bi pol ar electrostatic chuck having a |lam nate structure in which a first
insulating layer, a first electrode |layer, an interelectrode insulating
| ayer, a second el ectrode |ayer, and a second insulating |ayer are

successPREMPENHe SIEF TEPIe e A - ARe § ALERBAEFRSL WL 1P RPIESF IRt 5f ance
fromthe netal base (PCT/JP2005/004557). The interelectrode insulating
| ayer i $ ¥ ovitdewvieet weleem the dligdtrostl sacita obeck dyerh bril thiee-sBr-oithped
el ectrode |l ayer, so the electrostatic chuck has excellent reliability with
respect pae raréi ellecitriciie DRk GaWe SatRNGH hranthdea 1ax &l &l By Ridhy graadl ent

force sufficiently adaptable to a |arge sanple. In addition to this,

bi pol ar &} et%y %%tegetﬁgﬂcz'_‘hé SdIE&%P%Q dlf?nl"@‘ @ta %eggﬁglghe%r\%'@w Aif‘yer

and a firs "ecCtro ayer are arran nes irection
el ectrostatic chuck such tha% an i nsul ati er is Ioc ed b meen t he

J
two el eét FGdEWayere - (sr'é]ée:F% 8ht Dbt uh®nits @g A9 FHow,

such a type of electrostatic chuck is not sufficiently studled |n vi ew of
t he ef f @diokd nex dogiose tef pelrd igdditdnt a 4 sfrgec euldit@ite .Docunent 1: JP
10- 223742 A

[0008] Under the circumstances, in the previous application,

the inventors of the present invention proposed a Dbipolar
electrostatic chuck having a laminate structure in which a first
insulating layer, a first electrode layer, an interelectrode
insulating layer, a second electrode layer, and a second insulating
layer are successively laminated on a metal base in the order of
increasing distance from the metal base (PCT/JP2005/004557). The
interelectrode insulating layer is provided between the first
electrode layer and the second electrode layer, so the electrostatic
chuck has excellent reliability with respect to a dielectric
breakdown strength and can exercise a high gradient force
sufficiently adaptable to a large sample. In addition to this, a
bipolar electrostatic chuck is reported in which a second electrode
layerandafirstelectrode layerarearrangedinathicknessdirection
of the electrostatic chuck such that an insulating layer is located
between the two electrode layers (see Patent Documents 3 and 4).
However, up to now, such a type of electrostatic chuck is not

sufficientlystudiedinviewof theeffective exerciseof thegradient



Pat ent Docunent 2: JP 2000-502509 A Patent Docunment 3: JP 2005-64105 A

Pat ent Docunent 4: JP 2003-243493 A DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO
BE SOLVED BY THE | NVENTI ON [ 00091 Therefore, in order to be sufficiently
adaptable to a held substrate which is increased in size and to solve the
problens wth respect to the cooling of the substrate, the inventors of the
present invention intensively studied a bipolar electrostatic chuck having
a laminate structure in which a first electrode |layer and a second

el ectrode |layer are |amnated through an interelectrode insulating |layer in
vi ew of & E€HK-urt her i nprovenent in a chucking force and a holding force of
the electrostatic chuck. As a result, it is found that, when shapes of

el ectrodes foaitegtt Peceinecttr dde JH dyer22 3848 dptim zed, in particular, a
shape of an electrode formng the second el ectrode |ayer |ocated on a

sanpl e chucki ngtewtf acunsinde sholid nydohe st rrate is optim zed, and when
the second electrode layer is formed froma pattern electrode |ocated such

that a plurali f or t4 1t S f predeterm ned rel ati ona
P*aéeéﬁt D%%‘?IHe'}& & J'#);klfoeozs?.dcﬁ]o% %

fornmula, a gra rce can be e ively exercised and the

el ectrostatic huck whi ch exerci_ses excel |.ent chucking force can be
obtained. 5 R@%&n&i RRSAME e 451 & er‘?toat}r}ﬁ\?e‘lﬁtﬁs’c?n%}as been acconpl i shed.

[ 0010] Accordingly, an object of the present invention is to provide an
el ectrostatic chuck which exercises an excellent chucking

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] Therefore, in order to be sufficiently adaptable to a
held substrate which is increased in size and to solve the problems
with respect to the cooling of the substrate, the inventors of the
present invention intensively studied a bipolar electrostatic chuck
having a laminate structure in which a first electrode layer and
a seccnd electrode layer are laminated through an interelectrode
insulating layer in view of the further improvement in a chucking
force and a holding force of the electrostatic chuck. As a result,
it is found that, when shapes of electrodes forming the electrode
layers are optimized, inparticular, a shape of anelectrode forming
the second electrode layer located on a sample chucking surface
sideholding the substrate is optimized, andwhen the secondelectrode
layer is formed froma patternelectrode located such that aplurality
of opening portiong satisfy a predetermined relational formula,
a gradient force can be effectively exercised and the electrostatic

chuck which exercises an excellent chucking force can be cbtained.



force and an excellent holding force. Another object of the present
invention is to provide an el ectrode sheet for the electrostatic chuck

whi ch exerci ses the excellent chucking force and the excellent holding
force. MEANS FOR SCLVI NG THE PROBLEMS [ 0011] Accordingly, the present
invention relates to an electrostatic chuck including a | am nate structure
in which a first 1insulating layer, a first electrode |ayer, an
interelectrode insulating |ayer, a second el ectrode Iayer and a second

i nsul atin | gyer. are succeSS|veI anlnat on a netal se .in_ an order of
i ncr eas PRGOFCSNSHYe HAGMPIRS STt %ﬁﬁngﬁ?ntQRg €% ect r ode

| ayer includes a pattern electrode haV|ng a plurality of opening portions
wi thin d0PL&t area; Agrordizgdit esn ebhieahce thkebpraeentnimuantyoad}adent

opening portions and a length L of a |ine segnent forned by feet of
per pendipgahdids avencbaryeeateesciaick ¥hechdxasensegpanbrgepOeht Gt iGg
projected to a virtual line which is a straight line parallel to the

Shor t esiecdica! 895381 BLe boXashobe SACL L G diond 00120e The oo

invention also relates to an el ect eet for an Iectrosta chuck
including_a |l am nate structurei i rst | atin a first
ol ect rodE ERFaPT 3 FRt BYSVECE Bt PREEPSE T bystt tﬁﬂ%eeéoe%&ﬁs A e

| ayer, and a second insulating |ayer are successively |lam nated, in which:
the sec&hica ai¢lhgercaypes thirpunaed 1anp AR T erFBRnhabe Ryce ldiantal i ty

of openi ng
holding force.

MEANS FOR SOLVING THE PROBLEMS

[0011] Accordingly, the present invention relates to an
electrostatic chuck including a laminate structure in which a first
insulating layer, a first electrode layer, an interelectrode
insulating layer, a second electrode layer, and a second insulating
layer are successively laminated on a metal base in an order of
increasing distance from the metal base, in which: the second
electrode layer includes a pattern electrode having a plurality
of opening portions within a flat area; and a shortest distance
X between mutually adjacent opening portions and a length L of a
line segment formed by feet of perpendiculars when barycenters of
the adjacent opening portions are projected to a virtual line which
ig a straight line parallel to the shortest distance X satisfy L/X
= 1.5 and L < 2.6 mm.

[0012] The present inventionalsorelates toanelectrode sheet

for an electrostatic chuck including a laminate structure in which



portions within a flat area; and a shortest distance X between nutually

-« adj acent opening portions and a length L of a line segnent fornmed by feet

of perpendi cul ars when barycenters of the adjacent opening portions are
projected to a virtual line which is a straight line parallel to the
shortest distance X satisfy L/X 1.5 and L < 2.6 mm [0013] In the present

i nvention, the second electrode |layer includes the pattern el ectrode having
the plurality of opening portions within the flat area. Shape of the
opening portions can include, for exanple, a circle, an ellipse, a polygon
or reguldafirpblipgedatdmchlasen. erf bt e leasgoder RYehgpe. Imrr skegigrde

el ectrode |layer may include a pattern electrode fornmed to have a

nmesh- shameaa 1 axdnautbivee, poseicond el eviti odda 1phyenrgl ahg 208eopeadi rgsypbat ioms
each having one or plural kinds of shapes selected fromthe above shapes

are arranged. A %h‘&%%is‘égkﬂé,lﬁrt hensaaeBd, ek 8CHK 6. : | eyersd@ynd NCldderode
pattern el'ectrode fornmed to have a conb-shaped conductive portion in which

2o arrARUEE T WA horosteor b ERE ey 10 Sl BB M R
Speni ng D7 TSI BHEL B AEAE AT 149 SoTOSRG T HOTET S RDEGPFHEL TEHGR L of
the line segnent formed by the feet of the perpendiculars when barycenters
of the adjjacemt opemimg portions ané prigjregttled ©F Bhéingisegmént ifmrmddch is
the straight line parallel to the shortest
by feet of perpendiculars when barycenters of the adjacent opening
portions are projected to a virtual line which is a straight line
parallel to the shortest distance X satisfy L/X = 1.5and L < 2.6
mm .
[0013] In the present invention, the second electrode layer
includes the pattern electrode having the plurality of opening
portions within the flat area. Shape of the opening peortions can
include, for example, a circle, an ellipse, a polygon or regular
polygon, such as a triangle, and a rectangle. The second electrode
layer may include a pattern electrode formed to have a mesh-shaped
conductive portion in which a plurality of opening portions each
having one or plural kinds of shapes selected from the above shapes
arearranged. Alternatively, the secondelectrode layermay include
a pattern electrode formed to have a comb-shaped conductive portion
in which a plurality of rectangular opening portions, which are
opened at one end, are arranged.

[0014] Withrespect tothepatternelectrode forming the second

electrode layer, the shortest distance Xbetween the adjacent opening



di stance X are set so as to satisfy L/X > 1.5, preferably L/X 2 and L < 2.6
mm -preferably L < 2.2 nmm nore preferably L < 2.0 mm further preferably
0.3 MMGL <1.3 mm Here, L/Xis an index indicating a ratio of the
opening formed by the opening portions to the shortest distance X between
the two adj acent opening portions. The degree of opening increases as the
val ue L/ X becones |arger. when the degree of opening increases, the
distribution of a potential which penetrates (penetration potential) from
the first electrode |ayer |ocated on a side (netal base side) |ower than

t he secoedtionscefobbel Bleratahy bef iaRanaxedordd ansyrad ehe fongehik abre
easily generated. Wien L/ X is smaller than 1.5, the penetration potenti al
from t hehie ristneelegimade fewmsd ilsyi nsef feetent, the desyfdridii@marchiodi ng
force and a sufficient holding force cannot be exercised to a silicon wafer

or a sUuBghkalee R4 T + Bk a8$) HedH & fdithg PortliltgOhher P@?éct&ﬁ%&rﬁfﬂ ent

force may be concentrated in a portion e€xtending to both the opening

e may en | on “extending {: f
Openi ng "G CFan [A8GHTOF L hE BREN RGr CABFL oty Ethat 1L, 2 e M 45t ween

t he opening portion and the conductive portion, Therefore, when there is an
openi ng HidkiamgeaX a&et 6B §Pzes| o W DEY AL fB1Bt LohshPpeberaker FhE Sno
adj acent 8 opening portions, that is, when L/ X becones |arger than 5, an
ef fect of andgeneraid mgn t hereffeadirant If 6 ce. Iraym bencerat wratfedavien the length
L of the line segnment fornmed when the barycenters of the adjacent opening
por ti ongAr ey PEALEGAMr d L N vy ek k) 88 jbecqpes gapal 1/x is an index
indicating a ratio ¢f the opening formed by the opening portions
to the shortest distance X between the two adjacent opening portions.
The degree of opening increases as the value L/X becomes larger.
When the degree of opening increases, thedistribution of a potential
which penetrates (penetration potential) from the first electrode
layer located on a side (metal base side) lower than the second
electrode layer can be increased, so a gradient force is more easily
generated. WhenL/X is smaller than 1.5, the penetration potential
from the first electrode layer is insufficient, so a sufficient
chucking force and a sufficient holding force cannot be exercised
to a silicon wafer or a substrate made of glass or the like. On
the other hand, the gradient force may be concentrated in a portion
extending to both the opening portion side and the conductive portion
side relative to an end of the opening portion (edge of the opening
portion), that is, a boundary between the opening portion and the

conductive portion. Therefore, when there is an opening having a

certain size in view of a relationship between the two adjacent



to or larger than 2. 6 mm a total gradient force acting the substrate
reduces, so it is difficult to exercise the sufficient chucking force and
the hol ding force. [00151 Wen the second el ectrode |ayer in the present
invention is the pattern electrode satisfying relation expressions with
respect to L/ X and L, the shortest distance X between the adjacent opening
portions may be equal to or larger than 0.2 mm preferably equal to or

| arger than 0.3 mm When the shortest distance Xis equal to or larger than
0.2 mm the gradient force can be efficiently generated to exercise the

suf fi ci EPENdMICRPEELPBE ¢ £hfd I8hav i 8/ Kpesoree lapusrothapre, a8 sfetersd of
obt ai ning the shortest distance X between the adjacent opening portions and
t he | engr denératbengithe gsedient fuirlde hey dessatbedt @it h wiefrerbadeerigrian
exanpl e of the pattern electrode. Fig. 1 is an enlarged (part) view show ng

the pattepg rghetinodeedfeBEMdlamen FBaNnaboperrcPRAYEtiNE RPJddt 5D in
which a plurality of opening portions, each of which has a circular shape,

are arranged, that . .s, a_pluralit f. cirecul ar. hol e c_are _arranged within
2 flat QBRI PoEEARe S BACAETAREI bR TEoT GRUSAET BhS BRT RS Gt e © A
in Fig. 1, the shortest distance X between 9 nutually adjacent opening

porti on&QeF rl@ygsr HprBs Hchmefad FREAL LA Iy TR COFT Y pBRITUREL YAt cul ar

hol es 5c) is assuned to be a shortest distance between the circular hole

"A" and r&deicecyl o iholis Blidfiichilits tohexsraddjeaddre sifritid ismnthatlesclkolas est

to the circul ar
force and the holding force.
[0015] When the second electrode layer in the present invention
is the pattern electrode satisfying relation expressions with
respect to L/X and L, the shortest distance X between the adjacent
opening portions may be equal to or larger than 0.2 mm, preferably
equal to or larger than 0.3 mm. When the shortest distance X is
equal to or larger than 0.2 mm, the gradient force can be efficiently
generated to exercise the sufficient chucking force and the holding
force.
[0016] Here, a method of obtaining the shortest distance X
between the adjacent opening portions and the length L of the line
segment will be described with reference to an example of the pattern
electrode. Fig. 1 is an enlarged (part) view showing the pattern
electrode formed to have a mesh-shaped conductive portion 5b in
which a plurality of opening portions, each of which has a circular
shape, are arranged, that is, a plurality of circular holes 5c are

arranged withina flat area. For example, when attention is focused

on a ¢ircular hole "A" in Fig. 1, the shortest distance X between



hole "A". In Fig. 1, the adjacent circular holes closest to the circular
hole "A" are a circular hole C, a circular hole D, a circular hole E, a
circular hole F, and a circular hole G which are |ocated at the shortest
distance X fromthe circular hole "A", in addition the circular hole B.
However, the adjacent circular hole His not |ocated closest to the
circular hole "A", so the circular hole H is elimnated from consi derati on.
[0017] The length L of the line segnent formed by the feet of the

per pendi cul ars when the barycenters of the adjacent opening portions are
proj ect eitiglilhe adiaeeint | PRenhAbcvors iche stdiaiqghtar | hakepakal | aif tohe he
shortest distance Xis the length L of the segnent forned by intersections
bet ween plamta loft yerpensircidansornitbna Wit at ingl ed"sahets tdes basgycent er
of the circular hole "A" and the barycenter of the circular hole B are

proj ect gg Bosﬂ&_eté’éftd@taddentﬁe twe Whtl‘e?é" dlsrcfi‘ll%txr ﬁbQBt“A"’ %%doér@iféﬁ ip the

1
shortest di stance bet ween the circul ar and the circul ar ho e B
g

Lhe por te BB e L et g e enh%racmaﬁ%ﬁaﬁg&%%%ﬁ%&? he LGN, |

which a plurality of rectangular opening portions 5a, each of which 10 are
opened &lene2énd, Iar Eidrr Angklie @ﬁ]@‘ﬁ@nbr@%é%@lﬁﬁv]é%ﬁ%nfﬂ‘a%es%h'é@mtlil@l Fi g.
2, the plurality of rect angul ar openi ng portions, which are opened at one
end, mayiredrarahgeéd 129" dpem thecpabtérale @) acctimhela:E\h@dei b, ehesreasar t he
shortest distance X between the

hole E, a circular hole F, and a circular hole G which are located

at the shortest distance X from the circular hole “A”, in addition

the circular hele B. However, the adjacent circular hole H is not

located closest to the circular hole “A”, so the circular hole H

is eliminated from consideration.

[0017] The length L of the line segment formed by the feet of

the perpendiculars when the barycenters of the adjacent opening

portions are projected to the virtual line which is the straight

line parallel to the shortest distance X is the length L of the

segment formed by intersections between each of perpendiculars and

a virtual line “1” when the barycenter of the circular hole “a”

and the barycenter of the circular hole Bare projected to the virtual

line “1” which is a straight line parallel to the shortest distance

X between the circular hole “A” and the circular hele B in, for

example, Fig. 1.

[o018] Fig. 2 is an enlarged (part) view showing the pattern

electrode formed to have a comb-shaped conductive portion 5b in

which a plurality of rectangular opening portions 5a, each of which

10



adj acent opening portions 5a is determned first. The straight line 1

parallel to the shortest distance X is assuned to be the virtual I|ine and
the barycenters of the adjacent opening portions 5a are projected to the
virtual line "1". Therefore, the length L of the |ine segnent fornmed by the

i ntersections between each of the perpendiculars at the tinme of projection
and the virtual line "1" is desirably obtained. [0019] Even when the shapes
of the opening portions, the arrangenents thereof, and the like are
different fromthose shown in Fig. 1 or_2, the shortest distance X and the
| engt h BTréf oppeed|athensegRent 2af AN IeD! y BbtarnBEepaBE I BYER FtCRetdfods
described in Figs. 1 and 2. The shapes of the opening portions for formng
t he pat s&opmeliecFrigde 2and hehe lanmedngemedt reetthodntlzer egferdmey medrtions,
particularly limted. However, for exanple, in the case of the pattern

el ectrog@ifor aed bpeRaveat hendeshd shape & anekioida® NOTEdAN tH paftiteli o he
plurality of opening portions are arranged, as shown in Fig. 1, the opening

portions,alg pief er ahly Al rtﬁ‘ﬁ%egaﬁgchtﬂgaéhofééesé)g{]i%é%%tc%ri 19%% o §38 the

adj acent "openi ng ‘portions aré | 6catéd on a strai I'T ne 1 nc ing aline
corresponding to the, shortest distagég X het fn t he qﬁiacent,ogenLn
por t i on&AIPRENSFRFHGY BPThdPPPoIs* 8 tr‘?ﬁrm&“&\r%g tFabty HtT Shydygat 11n
predeterm ned regular intervals such that the barycenters of opening
portiond pahetleharc tlive shdirdcent dopeanng Pors iEEINENd trobe dikestinruad] acent
to each other are located on the straight line including the |Iine
line and the barycenters of the adjacent opening portions 5a are
projected to the virtual line “1”. Therefore, the length L of the
line segment formed by the intersections between each of the
perpendiculars at the time of projection and the virtual line "“1”
is desirably obtained.
[0019] Even when the shapes of the opening portions, the
arrangements thereof, and the like are different from those shown
in Fig. 1 or 2, the shortest distance X and the length L of the
line segment are desirably obtained based on the methods described
in Figs. 1 and 2. The shapes of the opening portions for forming
the pattern electrode and the arrangement method thereof are not
particularly limited. However, for example, in the case of the
pattern electrode formed to have the mesh-shaped conductive portion
in which the plurality of opening portions are arranged, as shown
in Fig. 1, the opening portions are preferably arranged such that
the barycenters of at least the adjacent opening portions are located

on a straight line including a line corresponding to the shortest

distance X between the adjacent opening portions. The opening
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corresponding to the shortest distance X. Al opening portions wthin the
flat area of the pattern electrode are further preferably arranged at
predeterm ned regular intervals. In the case of the pattern el ectrode
fornmed to have the conb-shaped conductive portion in which the plurality of
rect angul ar openi ng portions, which are opened at one end, are arranged, as
shown in Fig. 2, the shapes of the opening portions are preferably mde
equal to one another are such that the barycenters of the opening portions
ot her than the adjacent opening portions are |ocated on the straight line

i ncl udi BEHHEONS r?é%d??%%p%ﬁﬁf%ag%yt RETERFRHe S ASOHTET ™IS e L3 he

adj acent opening portions. Even when the pattern electrode includes a hole,
an openiimgeromrlisheukhkehahitdte deryoenselrst abtdmdning aortdaeonshetbpentmgn
portion in view of size in the present invention, the shortest distance X

and t he drengldy deedft tdpdime meaits arel el al ined: tias et fcents uhy esdcmhi ch
substantially act as the opening portion. [0020] Wth respect to the first

€l ec”og:gchlea:ye&rie“ igg?Péﬁsed?{ tih'(l_veg'“_’gf'?h@t 1645t %cﬂ%rdﬁ.n%f LRe f1{r5d

el ectro ayer I's preferably [|ocated correspon |n& to the~opening portions
St LIS PO Yo G0 RS LA S Irouel e oo e, o e
el ectrode layer is preferably located in all portions corresponding to the
openi ng wWigdyitri ohe fIHteatfanif hedavdyn ayertvademrd suntbietrorefsmalpli t ern
el ectrode having the nesh-shaped or conb-shaped conductive portion

arranged at predetermined regular intervals. In the case of the

pattern electrode formed to have the comb-shaped conductive portion

in which the plurality of rectangular opening portions, which are

opened at one end, are arranged, as shown in Fig. 2, the shapes

.of the opening portions are preferably made equal to cone another

are such that the barycenters of the opening portions other than

the adjacent opening portions are located on the straight line

including the line corresponding to the shortest distance X between

the adjacent opening portions. Even when the pattern electrode

includes a hole, an opening, or the like which do not substantially

act as the opening portion in view of size in the present invention,

the shortest distance X and the length L of the line segment are

obtained based on a subject which substantially act as the opening

portion.

[0020] With respect to the first electrode layer in the present

invention, at least apart of the first electrode layer is preferably

located corresponding to the opening portions such that the potential

can penetrate through the opening portions of the pattern electrode
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as in the case of the second el ectrode | ayer. However, when the ease of
producing and the like are taken into account, the entire flat areais
preferably the conductive portion. [0021] A naterial of each of the first

el ectrode | ayer and the second el ectrode |ayer may include copper,

tungsten, alum num nickel, chromum silver, platinum tin, nolybdenum
magnesi um pall adium or tantalum Copper or alumnumis preferably used in
vi ew of conductivity or productivity. The materials of the first electrode
| ayer and the second el ectrode | ayer_nmay be the same or different from each
ot her. ACEMIRFt ARG IGREDANSHIR NG hRYPTr stThe|fddiSo8eerayereatdy e he Second
el ectrode | ayer can be selected as appropriate and is preferably 0.1 pmto
20 pm prefarebdyl docatied ifni lahlt Fiogkiess cortespsacomny dledthreodwdreyer i s
further preferably 0.1 pmto 5 pm In the case of the second el ectrode

| ayer, ipbritsonisi.ketyettiatst Be cdfevarNESFeOmalNBe pRdtmEd feloRCt FOGHtSern
reflected on the surface of the second insulating |ayer formng the sanple

chucki ng)SUELagE: nE9YRY Bhe hish LALERAL: Qonb BIELA 2. BhBhol hoe Lllkness  of

the sanple ¢ ing surface canb I ntal ne of approximately 1 pm
wi t hout the need of speci processi ng such_as_|appin 0022] .Each _of the
ot ePBLEPOGES S98E GRd L PROSSEORNde P15 EPaE, BREET auIaHET bt (HF ¢ o
have a predeterm ned-shaped conductive portion using a foil made of any one
of the messgl sfdesedibeds amdvideorliksy mE¢ takphvenho prededrt m e edridifct i ve

portion by etching or the like using a lamnate in which the netal foil is
| am nat €dat area is preferably the conductive portion.

[0021] A material of each of the first electrode layer and the
second electrode layer may include copper, tungsten, aluminum,
nickel, chromium, silver, platinum, tin, molybdenum, magnesium,
palladium, or tantalum. Copper or aluminum is preferably used in
view of conductivity or productivity. The materials of the first
electrode layer and the second electrode layer may be the same or
different from each other. A film thickness of each of the first
electrode layer and the second electrode layer can be selected as
appropriate and is preferably 0.1 ym to 20 um. In particular, the
film thickness of the second electrode layer is further preferably
0.1 pm to 5 um. In the case of the second electrode layer, it is
likely that the unevenness of the pattern electrode is reflected
on the surface of the second insulating layer forming the sample
chucking surface. However, inarangeof 0.1 pmto 5 um, the flatness
of the sample chuckingsurfacecanbemaintained toRaof approximately
1 um without the need of special processing such as lapping.

[0g22] Each of the first electrode layer and the second
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on each of front and rear surfaces of an insulating film The netal film
may+-be formed on the surface of any one of the first insulating |ayer, the
interelectrode insulating |layer, or the second insulating |ayer by a
sputtering nmethod, an ion plating nethod (ion plating evaporation nethod),
a vapor phase growth nethod, plating processing, or the like and then
etched in a predeterm ned shape if necessary to formthe conductive
portion. Alternatively, a nmetal paste nay be printed on a predeterm ned
surface to formthe conductive portion. Further, alﬂéggneltin nmet al

i nt
such as S¥SIGBERMUN 2YBRg¥EEn, Pe of OrARtaltem PAYE be Bt ?Sm%ﬂﬁé%éggé#ﬁo a

predeterm ned surface to formthe conductive portion. In particular, when
t he t hi mcseborid vesbect i odasliager fohbsadkidhanhicnenesshe medall amesor Bogan i s
to be forned, the ion plating nethod is suitably used. [0023] Each of the

first ingdad bA%Jrakel so hAGeidbeegbectnoded dotstlatinegpbay ebn ek dhengecond
insulating |layer may be a resin |ayer nmade of one or plural kinds of resins

sel ected, from |tQL Sé?ﬁg'%lar& é’ééﬁﬂ?’wﬂ%ﬂ%ﬁe"ﬁeta@ éSEEeis P&ki’ﬁa‘iﬁé/ ene
t er epht hal at'e, “"époxy, nd acrylic, ‘a céram c layer nade of one or pIural

ki nds of materi al selected from al um num oxjde,_. alum num nitrjde, silicon
carbi de O BRE P ARG S THATCOHT BACRR MY PRaHaU et 10 Bt rhHE Mt Dhe. or

14 two kinds of materials selected fromsilicon and silicon dioxide.
t hese, & ilesmaylly dormedecnftivneusitageuplamiki aas of thesfhsssalaulat 19g om
pol yi m de, polyam de, polyester, polyethylene terephthalate, and epoxy may
be pref araaky, thednterelewtebdengsspraodied Lyity, dithe second insulating
layer by a sputtering method, an ion plating method (ion plating
evaporationmethod), a vapor phase growthmethed, plating processing,
or the like and then etched in a predetermined shape if necessary
to form the conductive portion. Alternatively, a metal paste may
be printed on a predetermined surface to form the conductive portion.
Further, a high-melting point metal such as molybdernum, tungsten,
or tantalum may be thermally sprayed onto a predetermined surface
to form the conductive portion. 1Inparticular, when the thin second
electrode layer whose film thickness is 0.1 um to 5 um is to be
formed, the ion plating method is suitably used.
[0023] Each of the first insulating layer, the interelectrode
insulating layer, and the second insulating layer may be a resin
layer made of one or plural kinds of resins selected from, for example,
polyimide, polyamide, polyester, polyethylene terephthalate, epoxy,
and acrylic, a ceramic layer made of one or plural kinds of materials

selected from aluminum oxide, aluminum nitride, silicon carbide,

silicon nitride, zirconia, and titania, or a layer made of one or
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view of insulation resistance and chem cal resistance, polyimde 1is further
preferably used. The first insulating |layer, the interelectrode insulating
| ayer, and the second insulating |ayer may be made of the sanme material or
different materials selected as appropriate. The respective film

t hi cknesses can be selected as appropriate. However, it is preferable to
set the thickness of the first insulating layer to 25 pmto 100 pm set the
t hi ckness of the interelectrode layer to 25 pmto 100 pm and set the

thi ckness of the second insulating |layer to 50 pmto 300 pm [0024] For
exanpl e, twi kdngd afinMmabeslahdesotegredl i gmldldcsy anghsehlrenndiemd ds- used
can be enployed as the netal base. In the present invention, a flexible

| ayer wiifcbhbas, & tebkimtihieknesde aff cHh8Grupl hipa 1A AEw ARG Sinsneeteofed
silicone rubber nmay be provided between the netal base and the first

| nsul at il 494 B9PET Ahni d N SNG LA VBRI gAY SRCONI LB A0Y, | ayer

formng the sa e chucking surface’is nade of “an éiastic material such as
a rubber when a substrate sugﬁ_as a si.licon er is attra

epo e era TUSe n view.o o} &éedtby tPe

el ect r oSt FEOSHUTRY B° &ditHch i &8r LeT BT DR PY OBt i EA Yy hel R anpl e
chucki ng surface and the substrate is at nost on_the  order of several %to
10- % VVE%?Wiﬂif%ﬂﬁﬂ%9qlﬁ§uF&FPﬁ&ap§FeﬁnﬁschﬁﬁécaiSr%$lﬁ%@??ﬁid@?1YH@1@%ntact
ratio may be reduced to approximately 1% Therefore, when the flexible
| ayer i sisgproburtdbdrbgirederattly mesad. bake dniddtheifendatingullatyeng |@yer as
descri bed above, the contact ratio between the sanple chucking surface and
the substial@& C@t rode insulating layer, and the second insulating layer

may be made of the same material or different materials selected

as appropriate. The respective film thicknesses can be selected

as appropriate. However, it is preferable to set the thickness of

the first insulating layer to 25 um to 100 um, set the thickness

of the interelectrode layer to 25 um to 100 um, and set the thickness

of the second insulating layer to 50 pm to 300 um.

[C024] For example, an aluminum base made of an aluminum alloy

which is normalliy used can be employed as the metal base. 1In the

present invention, a flexible layer which has a film thickness of

500 um to 1000 um and is made of a silicone rubber may be provided

between the metal base and the first insulating layer. In general,

in the case where the second insulating layer forming the sample

chucking surface is made of an elastic material such as a rubber,

when a substrate such as a silicon wafer 1s attracted by the

electrostatic chuck, a contact ratio (degree of contact) between

the sample chucking surface and the substrate is at most on the

N

order of several % to 10%. When the second insulating layer is made
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be i nproved. For exanple, when the second insulating |ayer is made of
polyimde, a lower |imt of the contact ratio can be increased to
approximately 2% [0025] A nethod of producing the electrostatic chuck
according to the present invention is not particularly limted. However,
for exanple, the electrostatic chuck having the |am nate structure may be
formed by successively lamnating the first insulating |layer, the first

el ectrode | ayer, the interelectrode insulating |ayer, the second el ectrode
l'ayer, and the second insulating |ayer on the nmetal base in the order of

i ncr easPAgPEILyEaAEE f toH OPEtRSTalr aFdSe Mavt Ren TEANVERL Hich FRFEOF MBSl %

| ayer between the netal base and the first insulating |layer if necessary,
and per flér. m Tigetdfone, whenprles §ilenibdadiayewns eroprcdet s twermdtheatdtrag. and
pressurization conditions. Alternatively, the electrostatic chuck having

the | aphpat gngtHCFYFarMBydHel {t DigudRief 9k Mduhrinaduwanee, the Rireldwode
sheet in which the first |nsulat|ng Iayer the first electrode Iayer t he

| nuerel getnade s AG JRKSE: HIESeeOUL2eR! Lo AV Sane AN d hi pecond

i nsul ating l"ayer aré succes en san Xi bl e

| ayer betmeen the el ectrode sheet and base |f n cessar
per f or nPRgPAEPYSA c ot e §EPBR 16 ontiteiy & H"fGSﬁﬁ‘aE Jﬁ}%ﬂ]&@rqﬁ é‘é’eﬁeh%/ “'h’gjeand

pressuri zation conditions. Note that, as described above, the first

el ectrogé paywimadd,tdeleeeond mid et rtdjl@ecbayer:trraytbe ¢amé@ dingrefagrated in

advance with any one of the first insulating |ayer, the interel ectrode

i nsul at ag abpyekimately 2%.
[0025] Amethod of producing the electrostatic chuck according
to the present invention is not particularly limited. However, for
example, the electrostatic chuck having the laminate structure may
be formed by successively laminating the first insulating layer,
the first electrode layer, the interelectrode insulating layer,
the second electrode layer, and the second insulating layer on the
metal base in the order of increasing distance from the metal base,
then sandwiching the flexible layer between the metal base and the
first insulating layer if necessary, and performing thermo
compression bonding under predetermined heating and pressurization
conditions. Alternatively, the electrcostatic chuck having the
laminate structuremaybe formed by forming, inadvance, theelectrode
sheet inwhich the first insulating layer, the first electrode layer,
the interelectrode insulating layer, the second electrode layer,
and the second insulating layer are successively laminated, then

sandwiching the flexible layer between the electrode sheet and the

metal base if necessary, and performing thermo compression bonding
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and the second insulating |layer and the therno conpression bonding may be
performed to formthe electrostatic chuck as descri bed above. The shape of
the electrostatic chuck in the present invention, the size thereof, and the
li ke are not particularly limted. That is, for exanple, a flat shape of

t he sanpl e chucki ng surface can be designed to have a circular shape or a
rect angul ar shape as appropriate corresponding to the shape of the
substrate which is an object to be attracted, the size thereof, and the

|'i ke. EFFECTS OF THE | NVENTI ON [ 0026] According to the present invention,

t he shap@dstr predessrrangdeheatindeanrhyagSnhezabéondcendttione | keis
specified, so the penetration potential fromthe first electrode |ayer,
whi ch ithadi,stki detediload tdiewamhe £huskiele surdde d sstede andnthe optamd zed.
Therefore, it is possible to obtain the electrostatic chuck which

ef fici erblat Gy algert hayohadigRbgANCe POrhB8 SANPERaRBHCK P asprdmce to
exerci se the excell ént chucking force and the excellent holding force. In

the el ecter dC.C i o] t ... hventi . d
el ectr og)tef ?%%glrﬁgcg#%‘gl%gfﬁﬁga ar%tﬁl Eﬁgﬁiuc es:flegl%cstullr éecgyg’?ggtﬁﬁgl ltsja eés)P't he
pattern el ectrode having the predetermned 17 openiqg portions, so_a

Coul onb 36+ EBe39<0nd, IAFR 1GNNS daVRE FrAdienENerBPCeoTRRRF 81BN Londig1g
excel l ent chucking force and the excellent holding force can be exercised
t 0 anyomeyobe gpesdiriromiadte tfor s tbs talata reaiet iaschuskld s dasnaf bedaizhemn.
insulating substrate such as a glass substrate. Such an electrostatic chuck
i's suffiGieeBhbpeadopii@e8ectrostatic chuck in the present invention, the
size thereof, and the like are not particularly limited. That is,
for example, a flat shape of the sample chucking surface can be
designedtohaveacircular shapeorarectangular shape as appropriate

corresponding to the shape of the substrate which is an object to

be attracted, the size thereof, and the like.

EFFECTS OF THE INVENTION

[0026] According to the present invention, the shape of the
pattern electrode forming the second electrode layer is specified,
so the penetration potential from the first electrode layer, which
is distributed on the sample chucking surface side can be optimized.
Therefore, it is possible to obtain the electrostatic chuck which
efficiently generates the gradient force on the sample chucking
surface to exercise the excellent chucking force and the excellent
holding force. In the electrostatic chuck according to the present
invention, the second electrode layer located on the sample chucking

surface side includes the patternelectrode having the predetermined
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to the requirement for an increase in size of the held substrate. Further,
thercontact characteristic of the substrate to the sanple chucking surface
can be inproved, so the substrate can be efficiently cooled. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0027] [Fig. 1] Fig. 1 is a partially enlarged
view showing a pattern electrode (second el ectrode |ayer) fornmed to have a
nmesh- shaped conductive portion in which a plurality of circular holes are
arranged within a flat area. [Fig. 2] Fig. 2 is a partially enlarged view
showing a pattern electrode (second electrode |ayer) forned to have a
conb- shapeaingdreifeiPRe FOrd CoHLPRLWIRLIE achFurapRey toPnrter FRAGH Beni ng
portions, which are opened at one end, are arranged within a flat area.

[ Fi g. 3foFicg. 3Therahoesxpl @mateaorae lebqpi todddgemgpéotriceeand evhe shawa INgerdan

el ectrostatic chuck according to the present invention. [Fig. 41 Fig. 4 is

an expl apadany fdeve shAWaExé e PeEd t@fa)ngﬁoﬁé @Sz §eft beAdAcforFuddterate
el ectrostatic chuck shown in Fig. 3. 18 [Fig. 51 Fig. 5 is a graph show ng

(rostat ¢ “chuc ECAGIN | .
por L1 onS IR TR’ B EePR 3 CErT Bae AU AL L CoreE ShARel andach o i on

and a chuckin force |n the case where the pattern_e|lectrode is used for
the el SHOSGLPEE ¢ eRGRIAT HYSATEIRaTESs © C&n%@r%? G HERE TR &adaRtante | ayer
is fixed).

to the requirement for an increase in size of the held substrate.
Further, the contact characteristic of the substrate to the sample
chucking surface canbe improved, so the substratecanbeefficiently

cooled.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] [Fig. 1] Fig. 1 is a partially enlarged view showing
a pattern electrode (second electrode layer) formed to have a
mesh-shaped conductive portion in which a plurality of circular
holes are arranged within a flat area.

[Fig. 2] Fig. 2 is a partially enlarged view showing a pattern
electrode (second electrode layer) formed to have a comb-shaped
conductive portion in which a plurality of rectangular opening
portions, which are opened at one end, are arranged within a flat
area.

[Fig. 31 Fig. 3 is an explanatory exploded perspective view
showing an electrostatic chuck according to the present invention.

[Fig. 4] Fig. 4 is an explanatory view showing (a part of)

a cross-section A-A' of the electrostatic chuck shown in Fig. 3.
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[F|g 61 F|g 6is a graph shomnng a relatlonshlp between the shortest

di stance X between the adjacent opening portions in the pattern electrode
havi ng t he conb-shaped conductive portion and the chucking force in the
case where the pattern electrode is used for the electrostatic chuck (film
t hi ckness of second insulating layer is fixed). [Fig. 7) Fig. 7 is a graph
showi ng a rel ati onship between a shortest distance X between adj acent
opening portions in the pattern electrode having the mesh-shaped conductive
portion and a chucking_force in the case where the_pattern electrode is
used for the [&REctPosFadt c chick AHARNMSPRWERAEsT B2 T hPBFBIBCRFbERST 2
insulating layer is fixed). [Fig. 81 Fig. 8 is a graph showing a

rel ati osdlorpelsét dbsrante X tiove el addiaseatcepet ey poat ithe Duftheadt topeni ng
portions in the pattern electrode having the nmesh-shaped conductive portion

and th@l@ﬁlﬁ&@d@@h&@ﬁﬁg it e idacasepaieeentliet pak s Bheendodectinsciisesd for
the el ectrostatic chuck (filmthickness of second insulating layer is

fixed LFis Figs o t Q3 h
| xed) . %% 3 1% e FlOse Iubdlkel @13) aefé@EP &4 ;ﬂ’g Gl ee}foﬁgw i the

di stance et'ween opening portions 5a o e patftern eléctro

por 1 onelgstSPE A Ced A '<§911ﬁf‘dale‘§‘p%ta?acef8{p€§% P oS (WP de

invention. [Fig. 101 Fig. 10 shows a result obtained by calculation for
layer is fixed).

(Fig. 6] Fig. 6 is a graph showing a relationship between the
shortest distance X between the adjacent opening portions in the
pattern electrode having the comb-shaped conductive portion and
the chucking force in the case where the pattern electrode is used
for the electrostatic chuck (film thickness of second insulating
layer is fixed).

[Fig. 7] Fig. 7 is a graph showing a relationship between a
shortest distance X between adjacent opening portions in the pattern
electrode having the mesh-shaped conductive portion and a chucking
force in the case where the pattern electrede is used for the
electrostatic chuck (film thickness of interelectrode insulating
layer is fixed).

[Fig. 8] Fig. 8 is a graph showing a relationship between the
shortest distance X between the adjacent opening portions in the
pattern electrode having the mesh-shaped conductive portion and
the chucking force in the case where the pattern electrode is used

for the electrostatic chuck (film thickness of second insulating

layer is fixed).
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a relationship between L/ X in the pattern el ectrode having the conb-shaped
conductive portion and the chucking force in the third calculation exanple
(in the case of Z =1 M. [Fig. 11] Fig. 11 shows a result obtained by
calculation for a relationship between L/ X in the pattern el ectrode having
the conb-shaped conductive portion and the chucking force in the third

cal cul ation exanple (in the case of Z=0.5mM. [Fig. 12] Fig. 12 shows a
distribution of a potential contour (40 V) acting a glass substrate in the
third cal culation exanple (corresponding to the explanatory view show ng

t he cross-sectlFém. Al Ai®f %t hk) dledBr oshens @ shatR WheWwd ahnthRpghgytesty g,
12 (1) shows the case where Z =1 mm a wdth d of each of the opening
porti onglisSarnce X Hetwaith ldpériin thranidrs Ga BH Dhes hons dire «lasecwddg e Z
=1 mm the width d of each of the opening portions 5a is 0.25, and L/Xis

1.2 | Fih%vi%%,][ tHel-colb {shade® (ndERAsA @l thiL Ry e S &sch

di stance X ween the opening portions 5a of the pattern el ectrode having
t he mesh-shaped conductive portion and the. width d of eac 20 of th

opent ng oris GRETA S e B AT YR h o RS FRO AT LB E PR THD Lhe
present invention. [Fig. 14] Fig. 14 shows a distribution of a potential
cont our of( 4hevpraganiy VfirdsSsubstrate in the fourth cal cul ati on exanpl e

(corresponding to the explanatory view showi ng the cross-section A-A of
t he el ectrost dtriigy.cha¢kFsdowd shokisga PBsultFioptalisedlhysdwisulation for

a relationship between L/X in the pattern electrode having the
comb-shaped conductive portion and the chucking force in the third
calculation example (in the case of Z = 1 mm).

[Fig. 11] Fig. 11 shows a result obtained by calculation for
a relationship between L/X in the pattern electrode having the
comb-shaped conductive portion and the chucking force in the third
calculation example (in the case of Z = 0.5 mm).

[Fig. 12] Fig. 12 shows a distribution of a potential contour
{40 V) acting a glass substrate in the third calculation example
(corresponding to the explanatory view showing the cross-section
A-A' of the electrostatic chuck shown in Fig. 3). Fig. 12(1) shows
the case where Z = 1 mm, a width d of each of the opening portions
5a is 0.75, and L/X is 2.5 and Fig. 12(2) shows the case where Z
= 1 mm, the width d of each of the opening portions 5a is 0.25,
and L/X is 1.2.

[Fig. 13] Fig. 13 (1) to (3) shows a state in which the shortest
distance X between the opening portions 5a of the pattern electrode

having the mesh-shaped conductive portion and the width 4 of each
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the case where Z = 1.5 mm a dianmeter d of each of circular holes 5c is
0.75 mMm and L/ X is 1.5 and Fig. 14(2) shows the case where Z = 1.5 mm the
di ameter d of each of the circular holes 5¢c is 0.25 mm and L/ X is I.]I.
[Fig. 15] Fig. 15 shows a rel ationship between a degree of contact between
a sanpl e chucking surface of an electrostatic chuck according to a second
enbodi nent and a substrate (wafer) and a substrate tenperature. DESCRI PTI ON
OF REFERENCE NUMERALS [ 0028] x: bipolar electrostatic chuck, 1: netal base,
2: first insulating layer, 3. first electrode layer, 4: interelectrode

i nsul at iafg ur@eqperangmﬁdl@sec&a cilee |afers{grhtiera etk oge}cul@aion
openi ng portion, Sb: conductive portion, 5c: circular holes, 6: second

i nsul at igiganipAyeraf “hes P semohudirar: o f ace, 8: substrate, 9: el ectrode
sheet. BEST NCDE FOR CARRYI NG QUT THE | NVENTI ON 21 [0029] Hereinafter,

preferred embogi;nent 4 qf4 ;Haw raeaeetmbu\egehi op awgb&egeia@eaéﬁé[&@q}l y

descri bed mrth r ‘erence cal cul ation exanp es and iments. [0030]

First | cul.ation_ Exa ctrode
L et ter S W eprFong 7 %W}P%{% Wt Faufrfchrir e SpErrhe e ons, ©
whi ch are opened at one end, are arranged to forma conb-shaped conductive
portronQﬂﬁ¥HQﬁPQQ§§%%ﬁ%éF@EO?X@ééﬁﬁﬁ@rﬁbV%ﬁﬁn§h©Wh%9 the cross-section

A-A"' of the electrostatic chuck shown in Fig. 3). Fig. 14 (1) shows
the case where Z = 1.5 mm, a diameter d of each of circular holes
5c is 0.75 mm, and L/X is 1.5 and Fig. 14(2) shows the case where
Z = 1.5 mm, the diameter d of each of the circular holes 5c is 0.25
mm, and L/X is 1.1.

[Fig. 15] Fig. 15 shows a relationship between a degree cf
contact between a sample chucking surface of an electrostatic chuck
according to a second embodiment and a substrate (wafer) and a

substrate temperature.

DESCRIPTION OF REFERENCE NUMERALS

[0028] X: bipolar electrostatic chuck, 1: metal base, 2: first
insulating layer, 3: first electrode layer, 4: interelectrode
insulating layer, 5: second electrode layer (pattern electrode),
5a: opening portion, 5b: conductive portion, 5c: circular holes,
6: second insulating layer, 7: sample chucking surface, 8: substrate,

9: electrode sheet.

BEST MODE FOR CARRYING OUT THE INVENTION
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t han adj acent opening portions are |located on a straight line including a
line corresponding to a shortest distance X between the adjacent opening
portions. In this case, a relationship between the shortest distance X

bet ween the adj acent opening portions and a chucking force in the case
where the pattern electrode is used for the electrostatic chuck is

exam ned. As shown in Figs. 3 and 4, an electrostatic chuck X has a

| am nate structure in which a first insulating layer 2, a first el ectrode
| ayer 3, an interelectrode insulating |ayer 4, a second el ectrode |ayer 5,
and a sé68Rali nsul aflrnginpayer . Ere e BiRE egbogdnentanwdes of bhe PLARSHt base
1 in the order of increasing distance fromthe netal base 1. Wile the
short estinvéhstiancewXl beteerpadifdlday 13d] deent ibpeani ngthorie tawserbse ofcd he
pattern el ectrode form ng the second insulating layer 5 is nmade equal to a

wi dth dcaflcaqg*el% %Ek%m%@%@' a&dp%hbbari%\e%s that is, while X =dis
mai nt ai ned, the val ues and d are adjusted and the chucking force per

of
unit ar a sanp urface.7..2 orrespondi ng to a surface of
t he secgﬁa%lllsul ati r@l 397 Eaggﬁ%%ﬁa. néamP§ cal culation. [0031] Wth

respect to condltlons for cal culation, the entlre flLat area of the first
el ectrode | ayBF SHP¥TRdBUFRE 18 b8 SSEORAUELEFE TOFEr LLRyiRY 45t Fi PRSESITOf t he
first electrode layer 3 and the second electrode layer 5is set to 10 pm
and a peflentraldedihf ehdhe abetllwerean i tiyhe felrecttaodm llaay erenisics gtorttd 3300 V.
Each of the interelectrode insulating |ayer 4 and the second insul ating
layer 6yhscBSa¥E®dpened at one end, are arranged to form a comb-shaped
conductive portion and the barycenters of opening portions other
than adjacent opening portions are located on a straight line
including a line corresponding to a shortest distance X between
the adjacent openingportions. Inthiscase, arelationshipbetween
the shortest distance X between the adjacent opening portions and
a chucking force in the case where the pattern electrode is used
for the electrostatic chuck is examined. As shown in Figs. 3 and
4, an electrostatic chuck X has a laminate structure in which a
first insulatinglayer2, afirst electrode layer 3, an interelectrode
insulating layer4, asecondelectrede layer 5, andasecond insulating
layer € are successively laminated on a metal base 1 in the order
of increasing distance from the metal base 1. While the shortest
distance X between mutually adjacent opening portions 5a of the
pattern electrode forming the second insulating layer 5 is made
equal to a width d of each of the opening portions 5a, that is,

while X = d is maintained, the values of X and d are adjusted and

the chucking force per unit area on a sample chucking surface 7
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to be nade of polyimde. In particular, a dielectric constant of the second
insulating layer 6 is set to 3.5 for calculation. An attracted/held
substrate 8 is a glass substrate whose thickness is 0.5 mmand dielectric
constant is 5.5. Two-di nensional general-purpose el ectromagnetic field

cal cul ation software is used for calculation. Fig. 5 shows a relationship
bet ween the shortest distance X and the chucking force in a case where a
filmthi ckness of the second insulating |ayer 6 is changed to 50 pm 75 pm
125 pm 150 pim_175 pm and 200 pmwhile_a fil.mthickness of the

i nterel €@FF§§@OPF?§@I9§%C? AU EpEr F tilse FEReRdiys5d aAnIFiay e wt ISR a qped

rel ati onship between the shortest distance X and the chucking force in a
case wherecieieuflaltmanhi ckness of the interelectrode insulating |ayer 4 is
changed to 25 um 50 pm and 75 pmwhile the filmthickness of the second

insul atifpgshayer 6 wschi &6t kot tNehe fdatafictil a® iding ot B ia-epart
of a result obtained by <calculation in a case where a dielectric constant

is set t made
of coragtdr AT, Eﬁgf??%&*%faér%ﬁ@‘ln&.%? SEER B AL o
the second i.nsul atin er d the fil thlc s of _the nterelec rode
i nsul at PR tllé"sr/‘era4thjg ]Fﬁ‘%% (ﬁ'ﬁ-.](i:’%l lFSFc% ]é%ﬁ‘? &ﬁytﬁf 3 And Et?fseg t he
shortest distance X between the adjacent openlng portlons 5a (= d: the

w dt h otlesthode 1dpenFehs g tpor tlifons, 5a)d a petamistednd L &f fyevgadle twsesy

| onger than 0.2 mm In addition, a peak of the chucking force appears in a
range ofthe. 3180ttedd. Dayairs is set to 3000 V. Each of the interelectrode

insulating layer 4 and the second insulating layer 6 is assumed
to be made of polyimide. 1In particular, a dielectric constant of
the second insulating layer 6 is set to 3.5 for calculation. An
attracted/held substrate 8 is a glass substrate whose thickness
is 0.5 mm and dielectric constant is 5.5. Two-dimensional
general-purpose electromagnetic field calculation software is used
for calculation, Fig. 5 shows a relationship between the shortest
distance X and the chucking force in a case where a film thickness
of the second insulating layer 6 is changed to 50 um, 75 um, 125
um, 150 um, 175 pm, and 200 um while a film thickness of the
interelectrode insulating layer 4 is fixed to 50 um. Fig. & shows
a relationship between the shortest distance X and the chucking
force in a case where the film thickness of the interelectrode
insulating layer 4 is changed to 25 um, 50 um, and 75 um while the
film thickness of the second insulating layer 6 is fixed to 125
um. Note that Fig. 5 also shows a part of a result obtained by

calculation in a case where a dielectric constant is set to 9 on
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When the shortest distance X becones equal to or longer than 1.3 nmm the
chucki ng force exponentially decreases. It can be read that the position of
t he peak of the chucking force is shifted in a direction in which the
shortest distance X becones shorter as the filmthickness of the second
insul ating | ayer 6 becones smaller. Wien the dielectric constant of the
second insul ating |ayer 6 becones higher, it is difficult that an electric
field fromthe first electrode layer 3 penetrates through the opening
portions 5a. Therefore, it is apparent that the peak of the chucking force
i s shiffdg %S%mlaﬂ%tt?’éﬁ Eh SRRPER %W%Q%%ﬁ%ﬂfﬁ afderde pésied™ i onger .

[ 0033] [Second Cal cul ati on Exanple] As shown in Fig. 1, the second el ectrode
| ayer 5 [i093&]patter As ebeappadent fno €hgs . pb wamd i,y agf aviyrtlul eknded exf Sc
are arranged wthin a flat area to forma nesh-shaped conductive portion

S5b. Inthki ss€@sed ansehatianshipsdet geamd hehshartiast c il Skease Esfbeimeen
the adjacent circular holes Sc and the chucking force on the sanple

ol octr odritreiatrhddt METRa HIST b aS P BRI AR PEE LD 1 ﬂl‘)f%%“e
when attention is, focused % circul ar C|rcular holes Bto G
i acntift GRS SPPERIE RBPECoRE iR TSGRt YAeR 1 AonaP FFEAE SRETS! ¢ he

six circular holes are located at the vertices of a regular hexagon. In the
case of povd igarst &en (el ebt itdge widihi lof Eaehs iodr ttdst Alisftigie @t Hanvie & )t he
adj acent circular holes Sc is nmade equal to a dianeter d of each of the

ci rcul aisheh@st@mtially equal to or longer than 0.2 mm. In addition, a

peak of the chucking force appears in a range of 0.3 mm to 1.0 mm.
When the shortest distance X becomes equal to or longer than 1.3
mm, the chucking force exponentially decreases. It canbe read that
thepositionof thepeakof the chucking forceisshiftedinadirection
inwhich the shortest distance Xbecomes shorter as the filmthickness
of thesecondinsulating layer ébecomessmaller. Whenthedielectric
constant of the second insulating layer 6 becomes higher, it is
difficult that an electric field from the first electrode layer
3 penetrates through the opening portions 5a. Therefore, it is
apparent that the peak of the chucking force is shifted ina direction
in which the shortesgt distance X becomes longer.

[0033] [Second Calculation Examplel]

As shown in Fig. 1, the second electrode layer 5 is a pattern
electrode in which a plurality of circular holes 5c are arranged
within a flat area to form a mesh-shaped conductive portion 5b.
In this case, a relationship between the shortest distance X between

the adjacent circular holes 5c and the chucking force on the sample
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that is, while X = d is maintained, the values of X and d are adjusted and
t herchucking force per unit area on the sanple chucking surface 7
corresponding to the surface of the second insulating |ayer 6 is obtained
by the sane calculation as that in the first calculation example. Fig. 7
shows a rel ationship between the shortest distance X and the chucking force
in the case where a filmthickness of the second insulating |ayer 6 is
changed to 50 pm 75 pm 125 pm 150 um 175 pm and 200 pmwhile a film
thi ckness of the interelectrode insulating |layer 4 is fixed to 50 pm Fig.
8 shows chuckligg shgHiase Befedncane YhoreeShe dPatemte od emeredre Thutdedhg
force in the case where the filmthickness of the interelectrode insulating
| ayer 4Zdrszihahgedrost2biprahub® imexamingd. pivsihrtepédetbitha ¢drokivess  of
the second insulating layer 6 is fixed to 125 pm Note that Fig. 7 also

shows appals @ a WisHldt teaided P LAl Ll ald AN dirdiiga£agsl e WHEre fix
dielectric constant is set to 9 on the assunption that the second

i nsul ating | ayer, 6-.1s e, qf,.ceram 5 L0034 is_apparent. fromFigs. 7
and 5 SiteR e ekrE A REe AHERERT R TR sRar g g B R e e
thi ckness of the interelectrode insulating |ayer 4, a high chucki ng force

i s exhi BUCEdthph the e ih&ie thReSshortESH L it axXsel REBRSENRE dd}%acent

circular holes Sc (= d: the dianeter of each of the circular holes) is
subst antvealtliyesquble tegwlat bryegonhanii t2ienrase piadut probera gleakt rafe t he
chucking force appears in a range of 0.3 nmto 1.2 nm Wen the shortest
di st ancgnX 1keenreshegtabt tdi fah OO belth@knl theMjacent circular holes
5c is made equal to a diameter d of each of the circular holes 5c,
that is, while X = d is maintained, the values of X and d are adjusted
and the chucking force per unit area on the sample chucking surface
7 corresponding to the surface of the second insulating layer 6
is obtained by the same calculation as that in the first calculation
example. Fig. 7 shows a relationship between the shortest distance
X and the chucking force in the case where a film thickness of the
second insulating layer 6 is changed to 50 um, 75 um, 125 um, 150
um, 175 pum, and 200 pm while a £ilm thickness of the interelectrode
insulating layer 4 is fixed to 50 uym. Fig. 8 shows a relationship
between the shortest distance X and the chucking force in the case
where the film thickness of the interelectrode insulating layer
4 i1s changed to 25 um, 50 um, and 75 um while the film thickness
of the second insulating layer 6 is fixed to 125 ym. Note that Fig.
7 also shows a part of a result obtained by calculation in the case

where a dielectric constant is set to 9 on the assumption that the

second insulating layer 6 is made of ceramic.
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t he chucking force exponentially decreases. It can be read that the
position of the peak of the chucking force is shifted in a direction in
whi ch the shortest distance X becomes shorter as the filmthickness of the
second insulating |ayer 6 becones snaller. Wen the dielectric constant of
the second insulating |ayer 6 beconmes higher, it is difficult that an
electric field fromthe first electrode |ayer 3 penetrates through the
circular holes Sc. Therefore, it is apparent that the peak of the chucking
force is shifted in a direction in which the shortest distance X becones

| onger. [PO833] [ Thi P8 TAIRPAISHn IECINPLEF - | h At Bse2bf 20K HEgRess of

el ectrode having the conb-shaped conductive portion 5b which is used to
from t héehsecorwbreld echsudetihgyeraysof 6t laadel Bod r dsflat i ThiodkokssX ph tiee fir st
cal cul ation exanple, a relationship between avalue L/ X and the chucking

force i gn¢akeulatedde kL VA Uy Lho¥ela ,abhabRthRASed POréde s AYed

di stance X between the adjacent opening portions 5a and a length L of a
s aseumbd s 2 FovheER el P el 1 PRaRPE R R  E SRR BT S B St
por t | onBCagsare pioj Lot BASt G1PRECREr Clcdadh et Fi. COFalarpaoteRl yo
enl arged view showi ng the pattern el ectrode having the conb-shaped
conduct subspentied 15bearalt e wallonggri bhanthe2 givor t ést adilst apte 2 Yaset ween
t he adj acent opening portions 5a (which corresponds to a width of one of
band- | i k& ehecdmslei pPricrans apbeblte coOrbraMmapedf 0.2 mm to 1.2 mm. When
the shortest distance X becomes equal to or longer than 1.6 mm,
the chucking force exponentially decreases. It can be read that
thepositionof the peak of the chucking forceisshiftedinadirection
inwhich the shortest distance X becomes shorter as the filmthickness
of the secondinsulating layer 6 becomes smaller. Whenthedielectric
constant of the second insulating layer 6 becomes higher, it is
difficult that an electric field from the first electrode layer
3penetratesthroughthecircularholesSc. Therefore, it isapparent
that the peak of the chucking forcé is shifted in a direction in
which the shortest distance X becomes longer.
[0035] [Third Calculation Example]

In a case of the pattern electrode having the comb-shaped
conductive portion 5b which is used to from the second electrode
layer 5 of the electrostaticchuck X in the first calculationexample,
arelationshipbetweenavaluel/Xandthe chucking forceiscalculated.

The value L/X is obtained based on the shortest distance X between

the adjacent opening portions 5a and a length L of a line segment.

26



conductive portion) and the width d of the each of the opening portions b5a
are  adj usted. For exanple, Fig. 9 ((1) to (3)) shows a condition in which
the width d of each of the opening portions 5a slightly changes as the
shortest distance X between the adjacent opening portions 5a significantly
changes in the order of (1), (2), and (3). In this case, while a distance Z
(including the wwdth d of each of the opening portion 5a) between the
center of a conductive portion (one of band-like el ectrode portions of the
conb-shaged conduptive'portioni in an area sandw ched by the two adjacent
openi ng"hEsr it BH takd PEPRRY b dat RNEf Shpetople i 35t5i& Kohd FUmed i xed,
the values of X and d are adjusted. A relationship between the value of L/ X
in a case hheaeviXrondl Ll ane ladjtkst éd nEl segientD)si hothedplaytene fedtectsr ode
havi ng t he conb-shaped conductive portion and the chucking force per unit

area onpkheechaiRhe aglRUGKs BE ssWHaer He bR ri/hen€ase o Wes 845 Beepaidgiing
el ectrode I's used as the second electrode |layer 6 is cal cul ated using

t wo- di f@%%{ﬁtt%ﬁ,'s S OFE x;og]%&%%?t?%ﬁee\y%\%{c?#g@%i c £&ld f&‘g ! :_f’ct'iaoﬂgg of

sof t wa respec condrtions ¢ calculati on, t'hi ckne
const AnETURGHSST VL FY TRt 316, DYREeBP & k5% BAYERHL L7 G SRR
insulating layer 6 is set to 3.5. The calculation is perforned in the case
wher e t kendiictkivespoot iphebBecdmd thesgparhhgtiaher tlee isharliesty HEtange 125m
and 200 m Oher conditions for the first insulating |ayer, the first
el ectrogtepkayeen the segenent! 6s&h0Ae payElon®Bh (which corresponds to
a width of one of band-like electrode portions of the comb-shaped
conductiveportion) and thewidthd of theeachof the openingportions
5a are adjusted. For example, Fig. 9 ((1) to (3)) shows a conditiocn
in which the width d of each of the opening portions 5a slightly
changes as the shortest distance X between the adjacent opening
portions S5a significantly changes in the order of (1}, (2), and
{3). In this case, while a distance Z (including the width d of
each of the opening portion 5a) between the center of a conductive
portion (one of band-like electrode portions of the comb-shaped
conductive portion) in an area sandwiched by the two adjacent opening
portions 5a and an end of each of the opening portions 5a is fixed,
the values of X and d are adjusted. A relationship between the value
of /X in a case where X and L are adjusted (L = X + D} in the pattern
electrode having the comb-shaped conductive portion and the chucking
force per unit area on the sample chucking surface 7 in the case

where the pattern electrode is used as the second electrode layer

6 is calculated using two-dimensional general -purpose
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the gl ass substrate (object to be attracted) are equal to those in a first
test exanple. [00361 Fig. 10 shows a result obtained by calculation in a
case of Z=1 mm Fig. 11 shows a result obtained by calculation in a case
of Z=0. 5mM As is apparent fromany of the cases, the chucking force
begins to increase at L/ X equal to or larger than 1.5 and a hi gh chucking
force can be exercised in a range of L/ X of 2 to 4. Wen L/ X becones | arger
than 5, an increase in chucking force saturates. In sone cases, a slight
reduction trend occurs. It can bhe observed that the trend is not al nost

af f ect e@LeF trRmagmetdifesEie bl O7d BHASHPN nSQf AYRARE - | ayttls. TRSgect) (kg

shows a distribution of a potential contour (40 V) acting the gl ass
subst r attenghiddons foondhis @aliowlattiicn t heclvi aitie sk off the hirgferdie oparag
portions 5a is 0.75 and L/Xis 2.5 in the case of Z =1 mm Fig. 12(2)

shows ar@uatartllmgt i gpe0fs iBesOtRNEbalm 6AAl DWW 14Q i AebhBgahhe: 1 Assf
substrate under condition in which the width d of each of the 28 openi ng
portion S 5cand rent
t hat , o Zsetthé:% <%)t gt a T\L'é?:%%‘?%%?g%e (Té%gse?y d‘?ﬁt'?z?%ut T, ]H% t‘::fml{s}gcj1
substra |n t he cas f Eir entlal contour |s rough
i Stri bABAITY f the SeEseCof B g Ths 43hEStBBRIT T AT FOCRT Gut et Bl o]
As shown |n Flg 1, the pattern electrode havi ng the nmesh-shaped conductive
porti on v3ietien tiwei thickaegbupll Py sFcend dulsrlafoing Isyerafeiar fahged 34 t hin
the flat area is used as the second el ectrode

um, 125 um, and 200 um. Other conditions for the first insulating

layer, the first electrode layer, the second electrode layer, and
the glass substrate {(object to be attracted) are equal to those
in a first test example.

[0036] Fig. 10 shows a result obtained by calculatiocon in a case
of Z =1 mm. Fig. 11 shows a result obtained by calculation in a
caseof Z=0.5mm. As is apparent fromany of the cases, the chucking
force begins to increase at L/X equal to or larger than 1.5 and
a high chucking force can be exercised in a range of L/X of 2 to
4. When L/X becomes larger than 5, an increase in chucking force
saturates. In some cases, a slight reduction trend occurs. It can
be observed that the trend is not almost affected by the thickness
of the second insulating layer 6. Fig. 12(1) shows a distribution
of a potential contour (40 V) acting the glass substrate under a
condition in which the width d of each of the opening portions 5a
is 0.75 and L/X is 2.5 in the case of Z = 1 mm. Fig. 12(2) shows
a distribution of the potential contour (40 V) acting the glass

substrate under a condition in which the width d of each of the
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| ayer 5. In this case, the same calculation as that in the third

cal cul ation exanple is perforned. As partially shown in Fig. 13, while the
shortest distance X between the adjacent circular holes 5c and the dianeter
d of each of the circular holes 5c are adjusted, a relationship between the
val ue of L/ X and the chucking force per wunit area on the sanple chucking
surface 7 in the case where the pattern electrode is used as the second

el ectrode layer 6 is obtained by calculation. Then, substantially the sane
result as that in the case of the third cal cul ation exanpl e i s obtained.
Fig. 1l40pepRisHomsrtacasste Bt iforSoRchd/Fotléntli-A idottheurcaso o %ctilng the
gl ass substrate under a condition in which the dianmeter d of each of the

ci rcul ammhol s bs appdrant arldat/ Xvhsld. the rpatentciasie aintdur 115 dammelfi g.
14(2) shows a distribution of the potential contour (40 V) acting the gl ass

subst r alig seRdelr@dC 9RAE hi 0d & s Vs £dree chrﬁmteeeasé @f pﬁgh pi he taid cul ar
holes 5¢c is 0.25 and L/ X is 1.1 in the case of = |s apparent

that, W?olt%ntt*l%lpé?éﬁf'&u? #98&8%%&&@1&?@ ¥19 é‘;%d%) Ea%dFiE 1hze(h L.ass

substra e in €@ case o ntour 1S r1ou
distributed in the ca Ther f in the case of the

e
mesh- shafd@d 7pat tern | F@Pé&@r@&égﬁéﬁﬁéophgxépp ar "holes as the openi ng

portions, a trend can be read in which the gradient force is concentrated
particul arly Aststwett eFégr dul bre hakeerhe Lidnd nosksehaf indeheimesll -ahapsice,
when the dianeter d thereof is set to a value larger than the wwdth d of
t he operbRguR@kie0Poi-hibhessorvahiaed Heablaia 18k§ChE 0fler ch D&F eholes Sc
are arranged within the flat area is used as the second electrode
layer 5. 1In this case, the same calculation as that in the third
calculation example is performed. As partially shown in Fig. 13,
while the shortest distance X between the adjacent circular holes
5¢ and the diameter d of each of the circular holes 5¢ are adjusted,
a relationship between the value of L./X and the chucking force per
unit area on the sample chucking surface 7 in the case where the
pattern electrode is used as the second electrode layer 6 is obtained
by calculation. Then, substantially the same result as that in the
case of the third calculation example is obtained. Fig. 14 (1) shows
a distribution of the potential contour (40 V) acting the glass
substrate under a condition in which the diameter d of each of the
circular holes 5¢ is 0.75 and L/X is 1.5 in the case of Z = 1.5
mm. Fig. 14(2) shows a distribution of the potential contour (40
V) acting the glass substrate under a condition in which the diameter

d of each of the circular holes 5¢ is 0.25 and L/X is 1.1 in the

caseof Z=1.5mm. It is apparent that, while the potential contour
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may be an advantage. First Enbodi nent [0038] Fig. 3 is an explanatory

expl oded perspective view showi ng a bipolar electrostatic chuck X according
to a first enbodinent. Fig. 4 is an explanatory view showing a part of a
cross-section A-A° of the bipolar electrostatic chuck X shown in Fig. 3. A
pol yi m de sheet which is 206 nmlong and 206 mmwi de is enployed in which a
copper surface layer having a filmthickness of 12 pmis provided on a
surface of a polyimde |ayer (nane of product nmanufactured by Mtsui

Chemi cal s, Inc.: NEOFLEX). The polyimde layer (50 pmin filmthickness and
3.5 in disePespely déshsianted snpklewi b asusd nateeid sbereaeci as i i ng

| ayer 4. An outer edge of the copper surface |layer is renoved by etching
to formigha }f,i nd$te gloretrtddd |ayarow (i20G ougtlongl st i200c evin im dg)e dasavhi ch
the entire flat area corresponds to the conductive portion. A chromumfilm

is depogitt edgat 1021 prwdrdhersurfnedcotablecpot i Mhekeh - SapayYYattern
(interelectrode insulating |ayer 4) of the polyimde sheet and a copper

filmwh fi tgﬁ ii%?[%& fargred _on th rcdy ' fil E%,yan
. Uy lal ) %gf
ion pl a%ﬁ%é:tr#eot@ﬁao TL’E 8?%?? acé or it he ?%r nmed go%éerﬁ?? mrl%s U jec@}e Ctlo
pr edet er m ned mask,gr Qcessi ng and, then_ etchi n% Br ocessi n% is perforned. As
a resul €298 HFGIR VIR the anatk et feFRe dIeEPREaRtRAT PRP I e ChYR- Shaped
conductive portion 5b in which the plurality of rectangular opening
porti ongbae whiecleirand agpbwde -at Innehendasaref athanyedcubay drodetl. Wan
pattern el ectrode
the diameter d thereof is set to a value larger than the width d
of the opening portion in the comb-shaped pattern electrode, there
may be an advantage.
First Embodiment
[0038] Fig. 3 is an explanatory exploded perspective view
showing a bipolar electrostatic chuck X according to a first
embodiment. Fig. 4 is an explanatory view showing a part of a
cross-section A-A' of the bipolar electrostatic chuck X shown in
Fig. 3. A polyimide sheet which is 206 mm long and 206 mm wide is
employed in which a copper surface layer having a film thickness
of 12 um is provided on a surface of a polyimide layer (name of
product manufactured by Miteui Chemicals, Inc.: NEOFLEX). The
polyimide layer (50 pm in film thickness and 3.5 in dielectric
constant) 1is provided as the interelectrode insulating layer 4.
An outer edge of the copper surface layer is removed by etching
to form the first electrode layer 3 {200 mm long and 200 mm wide)

in which the entire flat area corresponds to the conductive portion.

A chromium film is deposited at 0.1 umon the surface of the polyimide
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is used as the second electrode layer 5. In the forned pattern electrode,

t he» openi ng portions 5a are regqularly arranged within the flat area of 200
nm | ong and 200 mm wi de such that the opening w dth d of each of the
opening portions 5a is 1 nm and the shortest distance X between the

adj acent opening portions 5a is 1 nm and the barycenters of opening
portions 5a other than adjacent opening portions are |ocatedona straight
line includinga line corresponding to the shortest distance X between the
adj acent opening portions 5a. In_other words, in the case of the pattern

el ectrodéyer £intepmlgrirpAR inpulppdng] Laverstbonll i Ay Hyl dayedress whi ch
is a polyimde film whose length is 206 mm width is 206 nm filmthickness
is 125 amd aandpdeel ECimivhaondtidm tis ckressnameOoft pmodtsciormedfactareed by
Du Pont-Toray Co., Ltd.: Kapton) is lam nated on the surface of the pattern

el ect r ogerbaninng it hebgesandosl g_@ét QQﬁ_ ha¥Bbdd tArQuathca dhaeimop@sids
pol yam de adhesive sheet whose filmthickness is 31 20 pm (not shown) . The

first i i ver. 2 whi ' |.yi il th i 6 mm
w dth | SRER e Y ISR Ea O P a R e R BPBRE RS, T
(name of praoduct manufactured by Du Pont-Toray Co., Ltd.: Kapton) is
| ami nat 8FCEATONBTSGRFEERI bF Reriééqunieéjc- ePEctr tayé&s §1'1f3WPogﬁhF%%e 2,
adhesi ve sheet (not shown) . A cushion material (not shown) is |am nated on
each of the pppéernserlfate osieddayfinghdhee comd -ishspeat iarqdumytarves ramd it ower
surface side of the first insulating layer 2. Then, the resultant |am nate
5b in which the plurality of rectangular opening portions 5a, which

are opened at one end, are arranged is formed. The patternelectrode
is used as the second electrode layer 5. In the formed pattern
electrode, the opening portions 5a are regularly arranged within
the flat area of 200 mm long and 200 mm wide such that the opening
width d of each of the opening portions 5a is 1 mm, and the shortest
distance X between the adjacent opening portions 5a is 1 mm, and
the barycenters of opening portions 5a other than adjacent opening
portionsare locatedonastraight lineincludinga line corresponding
to the shortest distance X between the adjacent opening portions
5a. In other words, in the case of the pattern electrode, L = 2
mm and L/X = 2.

[0039] The second insulating layer 6 which is a polyimide film
whose length is 206 mm, width is 206 mm, film thickness is 125 um,
and dielectric constant is 3.5 (name of product manufactured by
Du Pont-Toray Co., Ltd.: Kapton) is laminated on the surface of
the pattern eilectrode forming the second electrode layer 5 through

a thermoplastic polyamide adhesive sheet whose film thickness is
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is set in a hot press and heated and pressurized under a condition in which
a thickness direction pressure is 2 MPa, a heat tenperature 1is 150C, and a
holding time is 5 mnutes. After that, the cushion materials are renoved to
produce an el ectrode sheet 9 having the lamnate structure in which the
first insulating layer 2, the first electrode layer 3, the interel ectrode
insulating layer 4, the second electrode |layer 5, and the second insul ating
| ayer 6 are successively |amnated. [0040] The obtai ned el ectrode sheet 9
is bonded to the alum num base 1 which is made of an al um num all oy (A5056)
and i nckddes (aotwsltewn ool fubetviissh dtsinpiayhvvwhwhiahorslerraly imide ai n
the flatness of the electrode sheet 9 to be finished, the el ectrode sheet
9 is | aminat @thogR aedidithade cfosa magr ausiteeriam2mg net, shiown)thiwhased liat ness
is miintained with a state in which the second insulating |ayer 6 of the

 cctod8 el g8y BUEGE tU, B 908 AT ShEE hBicad e

al um num base 1's” provi nsul ating Tayer
electrogF heet rou spacers (not %Qomm .. each of which is 0.7 in
et ght  SHADB. BT T EHeCe i riad@RSOT (1A G byl Lo L faCe
-adhesive liquid silicone rubber (nane of groduct.nanufactured by GE
Toshi bacSithe ntst @d.ectnagie 1T8EREEI)r QU thpamie iy e Heet daoctawirp
bet ween the al um num base |and the el ectrode sheet 9 which is fornedby the
spacer s Aaptsthe@as mangriad pectorshedminder lamiacined ofhescly aduwm nppex
performed through the porous ceramic to bring the electrode sheet 9 into
suffici@lf-face side of the second insulating layer 6 and a lower surface
gide of the first insulating layer 2. Then, the resultant laminate
is set in a hot press and heated and pressurized under a condition
in which a thickness direction pressure is 2 MPa, a heat temperature
is 150°C, and a holding time is 5 minutes. After that, the cushion
materials are removed to produce an electrode sheet 9 having the
laminate structure in which the first insulating layer 2, the first
electrode layer 3, the interelectrode insulating layer 4, the second
electrode layer 5, and the second insulating layer 6 are successively
laminated.
[0040] The ocbtained electrode sheet 9 is bonded to the aluminum
base 1 which is made of an aluminum alloy (A5056) and includes a
water-cooled tube which is not shown. In order to maintain the
flatness of the electrode sheet 9 to be finished, the electrode
sheet 9 is laminated on a surface of a porous ceramic (not shown)
whose flatness i1s maintained with a state in which the second

insulating layer 6 of the electrode sheet 9 is opposed to the porous

ceramic. After that, the aluminum base is provided on the first
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contact with the surface of the porous ceramc. It takes approximtely
twehty-four hours to cure the silicone rubber. Therefore, the bipolar

el ectrostatic chuck X is conpleted in which the electrode sheet 9 is

| am nated on the al um num base through a flexible |ayer (not shown) which
is made of a silicone rubber and has a thickness of 0.7 mm The surface
(sampl e chucking surface 7) of the second insulating layer 6 in the
conpleted electrostatic chuck Xis surface unevenness of up to approximtely
1 pm so IaEplng iis not particularly required. Second Enbodi nent [0041] The
pol yi ni dBS¥heEANONAAY ST 2pPEdlite MamtlBeter ¥aPey ° MAIZMITTHRAHS, (NHe.
NECFLEX) is used as in the case of the first enbodi nent and cut off at a

di anet eshofvn184 emmh Tfe whdlcyi disdd .[7ayier heisihir ewiddéd mas itrhel liamtedrest egtd ode
insulating |ayer 4. The outer edge of the copper surface |ayer is renoved

by et chihgaetsr Earadig e hhtstigh ectx gdesl a¥pes3vBavidit Bs dl apBherWhek82 M
in which the 33 entlre flat area corresponds to the conductive portion. A

chr om “%a[n' | %‘f at: E‘lﬂggllu%%c(%‘u R ?{‘%ﬁ‘% i JeEufch ghcto'heeso c)" mpqe | ayer

(interel'ectro ayer leet an copper
filmwhose film hlckness is 0,4 forned n the chron1un1 f|In1b
i on platﬁﬁ ﬁétthOtTﬂEﬁﬂlpﬁéd%?ég ﬁéd‘hﬁ§%a$ AR WP R e ®

processing are performed. As a result, as shown in Flg 1, the pattern

el ect r odehbviva g lens rogsishseipeuhe ohdurct ¢ vee pbr ttihere P &te ¥ mandidsy assd ng

plurality of circular holes 5c each having a di aneter
is performed under a vacuum. Then, vacuuming is performed through
the porous ceramic to bring the electrode sheet 9 into sufficient
contact with the surface of the porous ceramic. It takes
approximately twenty-four hours to cure the silicone rubber.
Therefore, the bipolar electrostatic chuck X is completed in which
the electrode sheet 9 is laminated on the aluminum base through
a flexible layer (not shown) which is made of a silicone rubber
and has a thickness of 0.7 mm. The surface (sample chucking surface
7) of the second insulating layer 6 in the completed electrostatic
chuck X is surface unevenness of up to approximately +1 um, so lapping
is not particularly required.
Second Embodiment
[0C41] The polyimide sheet (name of product manufactured by
Mitsul Chemicals, Inc.: NEOFLEX) is used as in the case of the first
embodiment and cut off at a diameter of 184 mm. The polyimide layer
is provided as the interelectrode insulating layer 4. The outer

edge of the copper surface layer is removed by etching to form the

first electrode layer 3 having a diameter of 182 mm in which the
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d of 1.2 mmare provided is fornmed. The pattern electrode is used as the
second el ectrode layer 5. In the pattern electrode, the plurality of
circular holes Sc are regularly arranged within the flat area whose
dianmeter is 182 mm Wen attention is focused on one of the circular holes
Sc, six of the circular holes Sc which are adjacent to the one of the
circular holes 5c are arranged such that the centers of the six circular
hol es Sc correspond to the vertices of the regular hexagon. The shortest

di stance X between the adjacent circular holes 5c is 1.0 mm In the case of
t he pat €&tdreef bat mgha cpreespongfdq FReconducthiee poadiosde AHaEom Yy
produced as in the first enbodi nent and then the bipolar electrostatic
chuck Xiilm denpkptsedtad an ¢ he iim rst térbedirfrece. of 00M2|pdFrisiddestyer
Exanpl e] The chucking force of the bipolar electrostatic chuck X obtained

i n each @ lhe1lddtslomMedimant and at/ke Q?C@Edtﬁ@bﬁgzﬁgtgldei shevel aag ed.
X

First, a test silicon wafer whose size is 20 mm mmis prepared from
a silicon_wafet. e ' ess: | ? m qng. I ﬁg En t C/M S5 t he
4 . .
sanpl e 5ﬁﬁ%%?hélgﬁr ég%p$ggﬂtﬁﬁﬁé§% %%gfbsfatlclgﬁﬁg 3?3%1gﬁels 6%%%$%ed in
each of the first enbaodinent and the second enbodi nent_ and provi ded under a
vacuum &f 180BY @foi P17 P eI Reb8Page #F % f S &HES ST IBEThN Sk PLAIRT TR
between the first electrode layer 3 and the second el ectrode layer 5 to
attract anideet¢ksng gidtdays ingf are pexinmiddg derengisnlitn aheleageiwidre. t he
test silicon wafer is pulled at a speed of 0. 5 mimnute in a
per pendilCUtBE pattern electrode having the mesh-shaped conductive portion
5b in which the plurality of circular holes 5S¢ each having a diameter
d of 1.2 mm are provided is formed. The pattern electrode is used
as the second electrode layer 5. In the pattern electrode, the
plurality of circular holes 5c¢ are regularly arranged within the
flat area whose diameter is 182 mm. When attention is focused on
one of the circular holes 5c, six of the circular holes 5c¢ which
are adjacent to the one of the circular holes 5¢ are arranged such
that the centers of the six circular holes 5c¢ correspond to the
vertices of the regular hexagon. The shortest distance X between
the adjacent circular holes 5¢c is 1.0 mm. In the case of the pattern
electrode, L=2.2 and L/X = 2.2. The electrode sheet 9 ig produced
as in the first embodiment and then the bipolar electrostatic chuck
X is completed as in the first embodiment.
[0042] [First Test Example]
The chucking force of the bipolar electrostatic chuck X

obtained in each of the first embodiment and the second embodiment

is evaluated. First, a test silicon wafer whose gize is 20 mm x
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direction to the chucking surface under roomtenperature is nmeasured by a
load cell. Atine for attracting the test silicon wafer is set to one

m nute. The sanme neasurenent is perfornmed on a test glass substrate (5.5 in
di el ectric constant) whose length is 20 mMm width is 20 mm and film
thickness is 0.7 um Table 1 shows respective results. [0043] [Table 1]
Silicon wafer for test G ass substrate for [gf/cnR] test [gf/cnR] First
enbodi mrent 60 6 Second enbodi nent 112 2.5 [0044] [Second Test Exanple] A
substrate tenperature in the case where the electrostatic chuck X obtained
in the 28cHdlenpeeRpaead Frome gHULFous¥d frar vARsSe BRIFHPEEAt A0 dEYiITER i s
eval uated. The electrostatic chuck X obtained in the second enbodi nent is
set in anbybilbdesican thpecenner35fi i asdmpie delvicleind st fage didf ertence
of 3000Vi s applied between the first electrode |ayer 3 and the second

el ectr ode &lcay¥e/st2 thi@ craldi 2ghiahSid d15105 Ned eh B dHaYi PHe & 1 @B q 1ferd00 MM

to the sanple chucking surface 7 of the electrostatic chuck X. Then, while
Co01 I N AtRLAL e SHPREE 1 Rnk e elCo0l SkyPE Pl die o8l uBb fpmase 1
at aratéo iters mnute, ion i antation i'S per ormed on the silicon

wafer 8 at an ion_beanpower of 450 Wand ani on inglantation
S ap

Then, a voltage difference of 3000 V 1 lied between the first
electrode layer 3 and the second electrode layer 5 to attract the
test silicon wafer. A chucking strength in the case where the test
siliconwafer ispulled at a speed of 0.5 mm/minute in a perpendicular
direction to the chucking surface under room temperature is measured
by a load cell. A time for attracting the test silicon wafer is
set to one minute. The same measurement is performedon a test glass
substrate (5.5 in dielectric constant) whose length is 20 mm, width

is 20 mm, and film thickness is 0.7 um. Table 1 shows respective

results.
[0043] [Table 1]
Siliconwafer fortest | Glass substrate for
[gf /cm®] test
[gf/cm?]
First embodiment 60 6
Second embodiment 112 2.5

[0044] [Second Test Example]

A substrate temperature in the case where the electrostatic
chuck X obtained in the second embodiment is actually used for an
ion implanting device 1s evaluated. The electrostatic chuck X

obtained in the second embodiment is set in a hybrid scan type ion
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dose of 1E15 ions/cm At this tinme, therno-labels are attached to the
center of the silicon wafer 8 and four points on the circunference of a
circle whose dianeter is 110 mm that is, five locations in total and then
tenperatures are neasured at the respective locations. As a result, an
average tenperature of the five locations is 90C. For reference, the
silicon wafer is attracted to the electrostatic chuck produced in the sane
way as in the second enbodi nent except for the fact that the flexible |ayer
made of silicone rubber is not provided. Then, the tenperature of the

si | i conit@fantingdicase Al e IneltsRTPREPAT 2P PBIY 12 apRLL6ARSI WARTer t he
same condition as above is neasured. As a result, it is found that the

aver age theeffpesdat elecofrodee Maywe 13ocatd die iseomogale ltex torodeariggrent Hartd20C.

[ 0045] The flexible layer provided in the electrostatic chuck X in each of
the firgtregbedinent: ahne Watersecradi egROd: BRBE Rl €11 566 mnf Bat £ Be \Wanipad

press contactor having a width of 10 nmsinks by 0.1 pmor nore (0.3 pmin
maxi mu [ ; r il I ar LS '

Young: 5 TS AR A0d o LHE pe R Ra il IRl 45" RS, Wi Reindd
Fig. 15 shows .,a result obtained by calculatjng.a relationship between the
degr ee SRLESNLECCUBELMES T ﬁglewéﬁaé:reréﬁc‘}’qlﬁg 531“’& é?gcr'f&\:axiaﬁd“ YL SE and
the tenperature of the wafer in the case where the electrostatic chuck X
obt ai ned atnat hateeebnd Ehvews Mehnute, seen | inntantani omplamerfpad con t o
attract an eighth-inch silicon wafer and ion inplantation is perf orned
under t h@eSATE @WaEEdR ASahhah 9dah pewseeF s ¢ ReindEx@iphéimplantation

dose of 1E15 ions/cm. At this time, thermo-labels are attached to
the center of the siliconwafer 8 and four pointson the circumference
of a circle whose diameter is 110 mm, that is, five locations in
total and then temperatures aremeasured at the respective locations.
As a result, an average temperature of the five locations is 90°C.
For reference, the silicon wafer is attracted to the electrostatic
chuck produced in the same way as in the second embodiment except
for the fact that the flexible layer made of silicone rubber is
not provided. Then, the temperature of the silicon wafer in the
case where the ion implantation is performed under the same condition
as above i1s measured. As a result, it is found that the average
temperature of the five locations is equal to or larger than 120°C.
[0045] The flexible layer provided in the electrostatic chuck
X in each of the first embodiment and the second embodiment premises
that a virtual press contactor having a width of 10 mm sinks by
0.1 um or more (0.3 pm in maximum) in the case where the silicone

rubber (hardness is 0.01GPa in Young's modulus) is used and the
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In the abscissa, the nunerical value 1 indicates a state in which the
entfre surface of the wafer is conpletely in contact with the sanple
chucki ng surface 7, and the nunerical value 0.01 indicates a state in which
an area with 10% of a flat area of the wafer is in contact wwth the sanple
chucking surface 7. Therefore, fromthe result obtained in the second test
exanpl e, the degree of contact between the sanple chucking surface 7 of the
el ectrostatic chuck X obtained in the second enbodi nent and the wafer may
be approximately 10%, 37 CLAIMS 1. An el ectrostatic chuck conprising a

| ami nat EPYEREBRELFRTGR WnFER &P APOr &t/ FhRsul HiPnglP SP&s & ¥ETett QR

| ayer, an interelectrode insulating |ayer, a second el ectrode |ayer, and a
second bpsedatulatimyer rat et souskigibediwedrahhaategream od eenbdchisdwaem an
order of increasing distance fromthe nmetal base, wherein: the second

el ectrodgel ay€ercanAr kses sampakt ehnceleet EAdE akaviTngnda cpleUtalmideya@firepeni ng
portions within a flat area; and a shortest distance X between nutually

ad] ace“BfogﬁQ'xPQfeP | ad %hle?@g{',ﬂeLeféc’@r&éf'gtfggé%ﬁkf)@@ﬂ%%i%édf eet
of perpendicul ars en barycenters of the adjacent opening portions are
projected to a virtual line which is a straight, line parallel _taq the

P hor £ oSt S aREEOROSBIPSRITERR 351 56T antt EHE 598 (M L3 EAR de B REGo A f
chuck according to claim1l, wherein the shortest distance X between the

adj acenttopestn@poeigbohb-isckqydliicon wafer and ion implantation is

performed under the same condition as that of the second test example.
In the abscissa, the numerical value 1 indicates a state in which
the entire surface of the wafer is completely in contact with the
sample chucking surface 7, and the numerical value 0.01 indicates
a state in which an area with 10% of a flat area of the wafer is
in contact with the sample chucking surface 7. Therefore, from the
result obtained in the second test example, the degree of contact
between the sample chucking surface 7 of the electrostatic chuck
X obtained in the second embodiment and the wafer may be approximately

10%.
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to or larger than 0.2 nm 3. An electrostatic chuck according to claim1l or
2, wherein at |least the barycenters of the adjacent opening portions are

| ocated on a straight line including the shortest distance X between the
adj acent opening portions. 4. An electrostatic chuck according to any one of
claims 1 38 to 3, wherein: the second el ectrode | ayer conprises a pattern
el ectrode formed to have a conb-shaped conductive portion in which a
plurality of rectangular opening portions, which are opened at one end, are
arranged; and a barycenter of an openin ortion other than adjacent opening
portions is |ocated ona straight |in®e L%%%Euding the shortest distance X

bet ween the adj acent opening portions. 5. An electrostatic chuck according
to any one of lclam esleltnast3it ikhehaick: cotpr setond eéhwinpsdestayeturenpri ses
a pattern electrode forned to have a nesh-shaped conductive portion in

whi ch awplighald t ¥iekt opening: doftiapsrw th €ireyl &l dralwsiar eagerangad; and
centers of six circular holes adjacent to one of the circular holes are

| ocat od g yentletendal Asioailag havagons Secblaslentipsiatifyehidda o

accordlng to any one of "Elar ms wher el e second

comr s & aliern electyofe lormed Wi (il b ckpess of 0.7 pmlo ©

in an order of increasing distance from the metal base, wherein:
the secondelectrode layer comprisesapatternelectrode having
a plurality of opening portions within a flat area; and
a shortest distance X between mutually adjacent opening
portions and a length I, of a line segment formed by feet of
perpendiculars when barycenters of the adjacent opening portions
are projected to a virtual line which is a straight line parallel

to the shortest distance X satisfy L/X =Z 1.5 and L < 2.6 mm.

2. An electrostatic chuck according to claim 1, wherein the
shortest distance X between the adjacent opening portions is equal

to or larger than 0.2 mm.

3. An electrostatic chuck according to claim 1 or 2, wherein
at least the barycenters of the adjacent opening portions are located
on a straight line including the shortest distance X between the

adjacent opening portions.

4. An electrostatic chuck accerding to any one of claims 1
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met hod. 7. An electrostatic chuck according to any one of clains 1 to 6,
further conprising a flexible layer which is |ocated between 39 the netal
base and the first insulating layer, has a filmthickness of 500 umto 1000
pm and is made of silicone rubber. 8. An el ectrode sheet for an

el ectrostatic chuck conprising a lamnate structure in which a first
insulating layer, a first electrode |ayer, an interelectrode insulating

| ayer, a second electrode |layer, and a second insulating |ayer are
successi vely |am nated, wherein: the second el ectrode |ayer conprises

apat t er f%Pect6d€/dving a plurality of opening portions within a flat
area; and a shortest distance X between nutually adjacent opening portions
and a | engt h thefsexdridel seynede Layersdnipy ifsssta pat tpen gdrditewidar fsomrth
barycenters of the adjacent opening portions are projected to a virtual

l'i ne whireghhbseaastbmbgbBhapefecpanattele porthensharviesth dh ssanee: Xpadd sfy
L/X? 1.5 and L < 2.6 nm 9. An electrode sheet for an electrostatic chuck

accor di l-ai ﬂng ' he,shay j.st t n &he jacent
openi ngr}'%grt{a?l nsl%ﬁr?%qeua 3:56(;5%151[ arger %Jﬁgﬁﬁ %% %ﬁ]gﬁ%é g%n e%ectro'dgﬂs eet

for an el ectrostatic chuck according to claim8 or 9, wherein at |east the
bar ycenferéi§F 4 hE"5dj acent opening portions are | ocated ona straight |ine

including the shortest distance X between the adjacent opening portions.
a barycenter of an opening portion other than adjacent opening

portionsislocatedonastraight line includingthe shortest distance

X between the adjacent opening portions.

5. An electrostatic chuck according to any one of claims 1
to 3, wherein:

the secondelectrode layer comprisesapatternelectrode formed
to have a mesh-shaped conductive portion in which a plurality of
opening porticns with circular holes are arranged; and

centers of six circular holes adjacent to one of the circular

holes are located at vertices of a regular hexagon.

6. An electrostatic chuck according to any one of claims 1
to5, whereinthe secondelectrode layercomprisesapatternelectrode
formed with a film thickness of 0.1 uym to 5 um by an ion plating

method.

7. An electrostatic chuck according to any one of claims 1

to 6, further comprising a flexible layer which is located between
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40 11. An electrode sheet for an electrostatic chuck according to any one

- of tlainms 8 to 10, wherein: the second el ectrode | ayer conprises a pattern
el ectrode formed to have a conb-shaped conductive portion in which a
plurality of rectangul ar opening portions, which are opened at one end, are
arranged; and a barycenter of an opening portion other than adjacent opening
portions is located on a straight line including the shortest distance X
bet ween the adj acent opening portions. 12. An el ectrode sheet for an

el ectrostati c_chuck accordjng..to any qne .of clains 8 to 10 erein: the
second PECPR5ae Ta5e ATCORBF S 5 LPRLHEI 1 LaVPBadFDrEdlm G HEESs
mesh- shaped conductive portion in which a plurality of opening portions
with ci cdul50 hot é9 gt Grimange® Ighdaskntel S ofiopmningPRRFti ons adj acent
to one of the opening portions are |ocated at vertices of a regul ar

hexagon. 13. An el ectrode sheet for an electrostatic chuck according to any
one of clains 8 to 12, wherein the second el ectrode | ayer conprises a

pattern el ect godgnf of gBd - ¥ht hsifedd I8 BiCkNees r8E+Qtlc PHULR SomSROViAD ion
pl ating nmethod. 41

a laminate structure in which a first insulating layer, a first
electrode layer, an interelectrode insulating layer, a second
electrode layer, and a second insulating layer are successively
laminated, wherein:

the secondelectrode layer comprisesapatternelectrodehaving
a plurality of opening portions within a flat area; and

a shortest distance X between mutually adjacent opening
portions and a length L of a line segment formed by feet of
perpendiculars when barycenters of the adjacent opening portions
are projected to a virtual line which is a straight line parallel

to the shortest distance X satisfy L/X 2 1.5 and L < 2.6 mm.

9. An electrode sheet for an electrostatic chuck according
to ¢laim 8, wherein the shortest distance X between the adjacent

opening portions is equal to or larger than 0.2 mm.

10. An electrode sheet for an electrostatic chuck according
to ¢laim 8 or 9, wherein at least the barycenters of the adjacent
openingportions are locatedonastraight line includingthe shortest

distance X between the adjacent opening portions.
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11. &n electrode sheet for an electrostatic chuck according
to any one of claims 8 to 10, wherein:

the secondelectrode layer comprisesapatternelectrode formed
to have a comb-shaped conductive portion in which a plurality of
rectangular opening portions, which are opened at one end, are
arranged; and

a barycenter of an opening portion other than adjacent opening
portions is locatedonastraight 1ine including the shortest distance

X between the adjacent opening portions.

12. An electrode sheet for an electrostatic chuck according
to any one of claims 8 to 10, wherein:

the secondelectrode layercomprisesapatternelectrode formed
to have a mesh-shaped conductive portion in which a plurality of
opening portions with circular holes are arranged; and

centers of opening portions adjacent to one of the opening

portions are located at vertices of a regular hexagon.

13. An electrode sheet for an electrostatic chuck according
to any one of claims 8 to 12, wherein the second electrode layer
comprises a pattern electrode formed with a film thickness of 0.1

um to 5 um by an ion plating method.
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