DESCRI PTI ON ELECTROSTATI C CHUCK AND ELECTRODE SHEET FOR ELECTROSTATI C CHUCK
TECHNI 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 produci ng process. DflsgxIpTICON |iquid crystal producing field,
the electrostatic chucks are used in order to attract/hold a gl ass
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enpl oye press-insert a qU|gﬁérysta et ween t I nsul ating
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 AECHHLGALaETIE2ZDM x 2 m has appeared. |In order to process such a |arge
substrate, it is inportant to further inprove a holding force and a

chucki ngoobaflce whi thegaredentexarehsednneIdteeetecdn estatiresehudk.cHudip004]
In contrast to this, the further inprovenent in processing performnce of

the ion,ihAPLANEL RGIBYELCEHREL! BB th® 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 ionrenderingdevice duringa 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 substrates,
an ion doping apparatus, or the like.

[0003] 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
2 mx 2 mhas 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 inprove 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 anDunt 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
accomodat e t he |ncrease That is, the substrate attracted by the

el ectrodPaPEE chuckINs CORFTASE y tQooFBESY hridigyh TATSARH e 1RREONER§ Sur iBce of
the electrostatic chuck by a cooling nmeans included in the electrostatic
chuck. piboeeesing pebsorabaceemfetiteurienfinardiing aewaderoorthe heikeke
tends to increase with an increase in anount of ions inplanted and there
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poor flatness of the sanple chucklng surface there is a problentthat
the sub f i 0 h,
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when it _is necessary to process the substrate in a predeterm ned pattern as
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of the substrate. However, when the substrate is not sufficiently cooled,
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film Therefore, the resist filmis 2 hardened, so it is difficult to
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be affected.
and the cooling performance of the electrostatic chuck for cooling
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 coolingmeans 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
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[ 0005] Wth an increase in size of a silicon wafer or a substrate nmde 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. [,9086heln adPijpoliar dqlf%qtcm%t Rl Gk dry anpl nﬂlms_ffaaa{eth@nd
negati ve voltages to two el ectrodes, a gradient force F produced 1n the

case of _a en electric field a ressed b e fallo formula (1)
rmybe ofGDSFTREEL or SRS EHRESRRPAE: PRECERSERe eunSer A4<CURE gr adi ant
force Fis groportlonal to the spatial differential of an electric field
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now, in order to increase the electric field intensity E, several

el ectr omtidti ofchlleks bavehbebnke eporpecblem whiln:hrémq:ﬁatﬂcertrheelc&nﬂrhdgas
each having a conb-shaped conductive portion are alternately arranged
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el ectrodes (for exanple, see JP Patent” Docunments 1 and 2) . However, when

the d het th t..el ectrod th it
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conb- shaped
surface. Also in this respect, it is essential to improve the

chucking force of the electrostatic chuck.

[0006] 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¢c V(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. In general, when the distance



pattern electrodes are alternately arranged is actually used, a voltage
| ower 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
insulatjng |layer, a_first electrode |ayer, interelectrode insulatjng
getu Eefge
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successively lamnated on a netal base in the order of increasing distance
f r om t h2 kvbt aHowayver( PR PR @3/c00458Ma tTechipk émevleteh sdhe ¢ osint shdmped | ayer
is provided between the first electrode |layer and the second el ectrode

| ayer, pQtthenekeeteestaki areCchutlkritaseaxceldremgd®lisahidddal W thse@spgct to
a dielectric breakdown strength and can exercise a high gradient force
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first electrode | ayer are arranged, in a thickness directjon of_the
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two el ectrode | ayers (see Patent Docunents 3 and 4). However, up to now,
such a typekohgeferteosbapattihudrrily motlargef fsubisénEte st udied in view of
the effective exercise of the gradient 4 force. Patent Docunent 1: JP
10- 2237480681 Under the circumstances, in the previous application,
the inventors of the present invention proposed a bipolar
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 theeffectiveexerciseof thegradient



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

Pat ent Docunment 4: JP 2003-243493 A DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO
BE SOLVED BY THE | NVENTI ON [ 0009] 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 lamnate structure in which a first electrode |layer and a second
eIectroﬁ%rFﬁyer are lam nated through an interelectrode insulating layer in
view of the further inprovenent in a chucking force and a holding force of
the el ectrostBeFenthbeRumastalr edfl £0-2287#8 Pound that, when shapes of

el ectrodes fornmng the electrode |ayers are optimzed, in particular, a
shape of an ebsténodeofamnenng2:thbe gecondoekbeet pode | ayer | ocated on a
sanpl e chucki ng surface side holding the substrate is optim zed, andwhen

the second el pstepRdepcbayehti 8.T9pnBeoELgamgsPattern el ectrode | ocated such
that a plurality of opening portions satisfy a predeterm ned rel ational

formula, a gradient _force can be_e tiyel y.exercised and the
electrostaticﬁaEﬁﬂ kDﬁﬁF@ﬁngxérc?geéggﬁ'gggé¥ﬁe chucki ng force can be
obtained. 5 Accordingly, the present invention has been acconpli 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 second 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, in particular, a shape of an electrode forming
the second electrode layer located on a sample chucking surface
sideholding the substrate isoptimized, andwhen the secondelectrode
layer is formed froma patternelectrode located such that aplurality
of opening portions satisfy a predetermined relational formula,
a gradient force can be effectively exercised and the electrostatic

chuck which exercises an excellent chucking force can be obtained.



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 insulating | ayer, a first el ectrode | ayer, an

| nuerel geLrodena psULaLl Ba laner s aseaand sleatsqde Laven  andsa second

i nsul at1'ng ar e successively Ianina Son & e ase in an order of

|ncrea5|n8 distance fronithe netal base, in which: the second electrode
| ayer i hEPUALs a pahEEPRIENELYr ot PRIAGY Of e RFPEPNtoLNYEBAILRG porEPoNs
within a flat area; and a shortest distance X between nutually adjacent

openi ngpporiders: ahelcardengt hclchofckawhl cmexeegisets droered 1hynteshuating
per pendi cul ars when barycenters of the adjacent opening portions are
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shortest distance X satisfy L/X >71.5 an 2.6 mm [0012] The present

i nvention rel at |l ectr r ectrostati chuck
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el ectrode layer, an interel ectrode |nsuIat|ng | aye a second el ectrode
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t he second el ectrode I|ayer includes a pattern electrode having a plurality
of openhobding 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
is a straight line parallel to the shortest distance X satisfy L/X
= 1.5 and L < 2.6 mm.

[0012] The present invention alsorelates toanelectrode sheet

for an electrostatic chuck including a laminate structure in which



portions within a flat area; andashortest distance X between nutually

adj acent opening portions and a length L of a |ine 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
invention, the second el ectrode layer includes the pattern electrode having

the plur of ope ortio he .fl.at area. .Shape of the
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or regular _polygon, such as a triangle, and a rectangle. The second

el ect r odBSULayARIERY S RC |aua@cgné@cl{e@rtr¥c&eeéw@ae A FedeEonfAavesplating
nmesh-shaped conductive portion in which a plurality of opening portions
each hauiysg ane sucpéasalekiyntsmdfiasddpedn selvch edtHe e ddred adiioae: 1sddpes
are arranged. Alternatively, the second el ectrode |layer may include a
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a plurali rectangular opening portions, whichare opened at” one end
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opening 7 portions of the plurali té’ of opening portions and the |length L of
the |ine@ddaghant OPeRHRE PYTEhens ld & LERgTPebpRhcR chie sSSFeRnt mmasht er s
of the adjacent opening portions are projected to the wvirtual line which is
t he strhygfget iofeppapahbékbularshehshdramstenters 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.

[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 portions 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, thesecondelectrode 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] With respect to the patternelectrode 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 mm nore preferably L 2.0 mm further preferably 0.3
mm< L < 1.3 mn 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 value L/ X
becones |l arger. \When the degree of opening increases, the distribution of a
potential which penetrates (penetration potential) fromthe first el ectrode
| ayer | B@ét’—é@lnénog sheie Yumea bl t b axfe ofiapa)ng dwsit idmen afige thec ot gtdl &cef ode

| ayer can be increased, so a gradient force is nore easily generated. Wen
L/ X i s shel lenhet kagmen®, fidiengaenst ridiée ofepot efft itdle dgrgraridicdidss whest r ode
| ayer is insufficient, so a sufficient chucking force and a sufficient
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concentrated in,a portion . extending t ofh the o ing_portion side and
Che. cortinbtas bont: uhiCh: i VEF 1 1l oF ah b T Lol SpRnFhE TRSTTER (edge
of the opening portion), that is, a boundary between the opening portion
and t hedisbadoetXvargoset osp afherefwrtd sfthdn/ X h@re. bs pnebperabdy hd¥i 5y a
certain size in view of a relationship between the two adjacent 8 opening

portiong,ahdat 4 2. ke biXfbeeBlysLl & gere mhgn moreapreffieadlolf oF geneg ati ng
the gradient force nmay be saturated. Wen the length L of the |ine segnment
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indicating a ratio of 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. When L/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 mMm a total gradient force acting the substrate
reduces, so it is difficult to exercise the sufficient chucking force and
the hol ding force. [0015] 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 Ia?%ﬂlﬁ ? Nchae SHOLARS! 1ok WG KX1h$ge@atRhn 0 oh d¥ & than
dlent orce can be efficiently gene?éte to exercise the

suff|C| nt chuckln ce_an e holdin force a net d of
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the length L of the line segment will be described with reference to an
exanpl elLo®f tHee paitteseamardc tiogmed phgn thesbamryeanbegadof paie )adbiassthow ng
the pattern electrode forned to have a nesh-shaped conductive portion 5b in
whi ch aopktiiabi pyrolonpearagppol écvad, tearle ofi mhixh hiase eromes aiquahape,
are arranged, that is, a plurality of circular holes Sc are arranged within

a flat apes 159§e§x@}{5}1 8. s Wit a8t & @R dlienkOfYsed aCQﬂr?J EhEGHIBYE Ml " A

in Fig. 1, the shortest di stance X between 9 nutually adjacent opening
portions (circular

ol b ipstfibeu B G0 58 BEkEknart sl eelrink. e REh R0 (R e

"A" and a circular hole B which is one of adjacent circular holes cl osest
to the &preqal apd 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 circular 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 |located at the shortest

di stance 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 |l th I.of the line segnent. fornmed. b he feet of_ .the
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projected to the virtual line which is the straight Iine parallel to the
short esPlyratlanye of iopai@d aegtthiansf (¢heculbzagneptes ob@bdlByapaueede&Pi ons

bet ween each of perpendiculars and a virtual line "1" when the barycenter

of the berguWhortwde diAtanardbebrebaryite diarcudfart helei raulaid boterBuaae
projected to the virtual Iine "1" which is a straight line parallel to the

shortes I - : : Ny ~A" i e B
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opened at one end, are arranged. In the present invention, as shown in Fig.
2, the phuralpryheie '@t el aFr Gpbar B9 Lsof t PorsT Culdky &ole B, gpehtdudfrone
end, may be arranged to formthe pattern electrode. Even in this case, the
short eshodestangc e ddetaveewltdhd, and a circular hole G which are located

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

the circular hole 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 hole B in, for

example, Fig. 1.

[0018] 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 |I|ine segnent forned by the

i ntersections between each of the perpendiculars at the tinme of projection
and the virtual line "1" 1is desirably obtained [ 0019] Even mhen the shapes

of the openi i ons arran hereof, and the |i
oo SPE DI LT 02 odd” 0P > TR et dstaaiC st the
length L of the |ine segnent are de5|rably obt ai ned based on the nethods

descri belown nifr {59 . 12 anehe. pasathbpesf oFeEhangpearn§PEHLNIGo RO TGO NBar i ng
the pattern el ectrode and the arrangenent nethod thereof are not

parti cullat¢ly dtenidptheddanevare €mi, edanplee ariraniglel cas¢oain the ppateenn

el ectrode forned to have the nesh-shaped conductive portion in which the
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portions are preferably arranged such that the barycenters of | east the
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portions. The opening 11 portions are nore preferably arran ed at
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portions other than the adjacent opening portions and not directly adjacent
t o eachlimé heid agtes eoatetht@yd hef stheaiaghbcleinte opetlindi peritiers Be 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 made
equal to one another are such that the barycenters of the opening portions
ot her tRARtiPRE Adjcadeiic dpenfeppbyt Aohanged Rdécarspeirermened r aeghlari ne
including the line corresponding to the shortest distance X between the

adj acentnepennng pochittrst theebawheanthbespaf t@yen ede plaradeond pehedeshanhol e,
an opening, or the like which do not substantially act as the opening

portiongha Xhﬁ&’f@%ﬁskﬁgn:ii r?le BRI RFRN G VRN ic?irhec%ﬂ? shpstest dhstapge X

and the | engt segnent are obtalned based on a subject which
substantjally act as the openin portion., [0020] W.th respect to the first

ol ect rOUBEPEY AT n hIRE THOOER PRGOS h: 1 HlRt LaHTG FHE 1R

el ectrode | ayer is preferably |ocated corresponding to the opening portions
such t heerraéppbdéndi & then sherdasdt elisfrangmh X he PRI Ped tPORS1IORSt he

pattern electrode 12 formng the second insulating |ayer. The first

el ectrodéethayaihd $1aprefed alfl yhe paattedn alattrpaetdmnsuecoheespoatkngbly t he
opening portions. The first electrode |layer nay be formed fromthe pattern

el ectrode NAYLAY. L NS OBSP2SARREE PLGGOTD- SHRREYA6QNAUELT ¥R POLELODE 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 one 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 a part of the first electrode layer is preferably
located corresponding to the opening portions suchthat 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 pal l adium or tantalum Copper or alumnumis preferably used in

vi ew of ¢ ngﬁpﬁ:ggtewé RdPEAGHELL Yhiys 2 b, ek%&%ﬁ@g@p@b &l ag rode

| ayer a second el ec sanme or erem - from each
ot her. | mt ness Qf  eac of t he flrst el ectrqde | and t he second
electrdﬂﬁe %ﬁ%PTXaﬁOB@tE IéEt@gl EorﬁbBPEprﬁfgsﬁﬁHdﬁ§gpF yi#ﬁbﬁ?%?%? $mto

20 pm In particular, the filmthickness of the second el ectrode |ayer is
furt herppreienabl yThe) firsim € best pade [ Inyaiemasskee dormesl §sovnthe Pedttesde
| ayer, it is |likely that the unevenness of the pattern electrode is

ref | ectetlecorolidarstiiqeedieshasissandr 86Hbashagefaysddet iIva@olritd cganpl e
chucki ng surface. However, in a range of 0. 1 pn1to 5 pm the flatness of

the sanple; ¢huycki cg%sé%ffﬁf‘e AL gy r@iéﬂ@éﬂf@ 438 Ol ARRIGXT MRS ¥nel pm

wi t hout“The need speci al processing suc applng [0022] Each of the
first electro ayer, and t se d 13 electrode |a y forned to
have a ‘?ﬁ%ﬁe‘?g Cﬁébc ﬁ@(ﬁiﬁ%@@ngﬁgﬁl @Eeptoar]f‘?%r?’&? r?f/ rg::i'l tﬁ’ﬁdgn&l T&ny one
of the nmetals described above or fornmed to have a predeterm ned conductive
porti onfbyt eaxdngs preferablKethei agndurtaivaapercmonhi ch the netal foil is

| am nat ed
[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 um to 20 um. In particular, the
film thickness of the second electrode layer is further preferably
0.1 um 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 umto 5 um, the flatness
of the sample chuckingsurfacecanbemaintained toRaof approximately
1 um without the need of special processing such as lapping.

[0022] 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 growt h nethod, plating processing, or the like and then
etched in a predeterm ned shape if necessary to formthe conductive
portion. _Alternatively, a nmetal paste._m e printed on a predetermned

Do f acoedGEarnn HAEShalien: K pheTEH oruRerer @ doH GRCSERt PG - SBRRECet a
such as nol ybdenum tungsten, or tantalummay be thermally sprayed onto a
pr edet ecpndald tdviefpriet 1 enusonma hel tvadec i seypora ¢bhheme ks deataibedhen
the thin second electrode |ayer whose filmthickness is 0.1 pmto 5 umis

to be &tboRebr EBemedrtphatkrgpreddodrinsnedidatductisedpol0033|oFaebhohgt he
first insulating layer, the interelectrode insulating |ayer, and the second

| nsul at gﬁ}gthéyf%gﬁl{sﬁﬁ%f’%ﬁ L ihad &% eﬁ%&%y%heoﬁ%t% pLyRal gki 0gs,of Jpesi ns

sel ected from exa polyim am de, polyester, polyethylene
made of one ormglu al

t erepht hal at e, Xy, and acrylic, a ceramc, |ayer

i e oP e Gh o B3 Sl T ERSF O LR SE Il e LA TR0 i ¢ SPGUnCER | on
carbide, silicon nitride, zirconia, and titania, or a |ayer nade of one or
14 two Kiidosmay heaferingbsondlhecsedfaremsidnyconeapt tdid v tdinxitet ingf
these, a resin |ayer nade of one or plural kinds of resins selected from
pol yi m dayepolttai deerplbyesbae,i il atinyg eageterapthdalediond idedl £poxy nmay

be preferably used in view of mass productivity. In

layer by a sputtering method, an ion plating method (ion plating
evaporationmethod), a vapor phase growthmethod, 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 molybdenum, tungsten,

or tantalum may be thermally sprayed onto a predetermined surface
to form the conductive portion. In particular, when the thin second
electrode layer whose film thickness is 0.1 uym 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 % nt er el ect | ayer .to 25 g mto 10 ggg! and set EP

t hi cknes5¥° 36* feP s ARG i F‘& PGPy EPMt 31 58P 3 [BEF4Sor
exanpl e, an al um num base made of an al um num al | oy mhlch is normal ly used
can be efipllmesd agsasia hayal maaksect Iona de plpredehindavehreshns @ efllestidsl e

| ayer which has a filmthickness of 500 pmto 1000 pmand is made of a

si | i coneromielry imydde pplgvindee, pelypestet hepdBiet hipbsee ard-drie Halste,
insulating layer. In general in the case where the second |nsulat|ng | ayer

form ng,the. I ch as

o I 95k AORP ey BRUGKLRD 3T %S”'easﬂf'%‘i. S Rar S SLoR SR, WE

el ectrostatic_chuc a contact ratio ee of cont act) betwee t he sanple
chucki ngStrPAcEP SRt T H! SIS ARCS & trl‘?élsdzadl{;re'ofpo WBREE s to

10% When the second insulating |ayer is nade 15 of polyimde, the contact

rati o nay Bentdduceeretenpploxiusetel y THeo fTher efigrsailathiory t hayet exithiee

| ayer is provided between the netal base and the first insulating |ayer as

descri bedrabevecttbee contatitingt idydel vaed die sammle ighickdtiqgsuaege and

t he substrate can

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 um to 300 um.

[0024] For example, an aluminum base made of an aluminum alloy
which is normally used can be employed as the metal base. In the
present invention, a flexible layer which has a film thickness of
500 pm to 1000 pm 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 is attracted by the
electrostatic chuck, a contact ratio (degree of contact) between

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

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
| ayer, 2hdPPheiBeeBndthRsGPALRRG FaYer BRY: RE Lestiehde FRPEME B RtY of

i ncreasing distance fromthe netal base, then sandw ching the flexible

| ayer bkt wedrhdrtesf omt alvhbastheafitlexhblefliaystr i npuoatiideg bayeeen theersesshry,
and perform ng therno conpression bondi ng under predeterm ned heating and

pressurpzad iy teenth +onmisdempt byelyas e @ atdd agldtd, Ct BB Udn thavd ng

the lamnate structure maybe f ormedby f orm ng, in advance, the el ectrode

sheet ipn_whi i i ti r first. electrad yer t he
interel%%?%% ee%§§%$agﬁ%gg$§§g%,cgﬁgkgé oﬁaggﬁggtﬁﬁﬁg%%%ﬂﬁﬁ%éﬁﬁé $ HéSecond
insulating | ayer are successively |lam nated, then sandw ching the flexible
| ayer HeR WEE VR el EOT B¥RMB LR etWhEY tﬁlﬁese‘ﬁ%‘{l‘allrk?&é]@qlfn%é@é@éfai‘?,m%

perform ng therno conpressi on bonding 16 under predeterm ned heating and
pr essurézgialoninciotel) tad drasverNAtieitt bdt fthascdesact et abovan hde rfdrestsed

el ectrode | ayer and the second electrode |ayer may be integrally forned in
advancetgwgébfggiﬁggelezghe first insulating layer, the interel ectrode

i nsul ati ng Tayer,
[0025] A method 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 1layer if necessary, and performing thermo
compression bonding under predetermined heating and pressurization
conditions. Alternatively, the electrostatic chuck having the
laminate structuremaybe formedby 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
rectangul ar shape as appropriate corresponding to the shape of the
substrat e_which s an ct to, be attracted,. the size thereof, and . the

like. BEERRTS DI RESTHTF R The P ‘%mn?nvétﬂtueon
the shape of the pattern el ectrode form ng the second el ectrode layer is
speci f itdtat , o teecpéieds abpua, porerfilizdt elemtrivdef Layereirdtimieccopsy
which 1is distributed on the sanple chucking surface side can be optim zed.
Ther ef adecttods popst bhgy tie obitaddrdie, d@atiddsiratad gl kviwt Gy one
efficiently generates the gradient force on the sanple chucking surface to

exer ci sor tiae pxeel lienty chusky gg%ét)f% dcbbe; exeeblientneliol g ibgrce.

t he eIectrostatrc c acc g to e present ravention

el ectrode_| Iocaved o¥ the surface side |n%Iu es the
pat t er PR er 8880H g4 %%9 ﬁflﬁe el ORI TR RISGTRS Uit P86 LRI
Coul onb force acts in addition to the gradient force. Therefore, the
excel | emay beruekf hormed ¢o bodmttie ek@etreﬁtathelﬁiu@ nerdrs caibed abryesi sed
to anyone of a sem conductor substrate such as a silicon wafer and an

i nsul atTh st bat ehe e @SrEs R IBES chaisthatiRe pteded iehegitrient,athe chuck
is sufficiently adaptable
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 asappropriate

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. 1In 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,
the contact 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 el ectrode (second el ectrode |ayer) fornmed to have a
nmesh- shaped conductive portion in whi ch a plurality of circular holes are
arranged within a flat area. [Fig dg . 21is apartially enlarged view
showi NgCREPANTIY LRt FOGR CP%@@# & %% BEGGelD é@érl)t ifer he dheoghadeent
conb-shaped conductive portion in which a plurality of rectangul ar opening
porti onSoruebl clTleee Hpeapdlad et ldecht ateckrirandedcs thontheféatel bera.
[Fig. 3] Fig. 3 is an explanatory exploded perspective view show ng an

el ectr ogbaki AgHe é‘&ﬁ%‘édéi@répsécﬁ‘%o%ﬁﬁéﬁé Jey %@Fﬂ'l%%ndu[c‘?&‘ s&ﬁsff&te“ s

an expl anat ory view showi ng (a part of cross-secfion A- of
| ect t h h h h
2 rel 5?8%@?&%%5?5@%98“%%%ar%gendm%%%g RobRthEErAL sa%@ata%osi%%@é’w "

portions in the pattern electrode having the conb-shaped conductive portion
and a chuBRFAgtef orTech mn kkd ecaseamadrie chuchal cepwl bl etenbdy adanisaileor
the electrostatic chuck (filmthickness of interelectrode insulating |ayer
is fixetp.the requirement for an increase in size of the held substrate.

Further, the contact characteristic of the substrate to the sample
chucking surface can be improved, so the substrate canbe efficiently

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 apartially 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. 3] 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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[Fig. 6] Fig. 6 is a graph showing a relationship 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 ationship between a shortest distance X between adj acent

por i on and alLhici mg T Forees & FREohLeatundY el S {RI AR 1 v
s T L O

i nsul at : 7 . i

rel ati onship between the shortest distance X between the adjacent opening
porti onsléptrbde hpating mhel ecnbodbahadi srndiet iness postiamed andnal wdickd ngor t i on
and the chucking force in the case where the pattern electrode is used for

the el egdrost ahi ehehudlsd futherrd ht BKNESS tefrnseqerd viguul B | iged | ayer the
fixed). 19 [Fig. 9] Fig. 9 (1) to (3) shows a state in which the shortest

di st ance, X.bel \een, oneRil o ROT ) Ol 8L e 1battenn Blagld 9de,1having the

conb- shapeéd con Ivé port eac e “openi ng
portions 5a are adjusted in a third calculation exanple of the present
i nventi oWeY Ay, L1889kt g. 10 shows a result obtained by cal cul ation for

[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 electrode 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=0.5mMm). [Fig. 12] Fig. 12 shows a

di stribution a potential contour _ (40 acting a glass substrate in the
third caIcuIatF&H e%t 9(@%tﬁé%§5ﬁdﬁ%%vgéiFﬁ@tgxﬁ¢gﬂﬁ%§}§' i 29PEhSH ng

t he cross-section A-A' of the electrostatic chuck shown in Fig. 3) . Fig.
12 (1) dhewenceh& basvesmecpelingl pemtimdng dich af dfheguit oérn hel epenpdg
portions 5ais 0.75 and L/Xis 2.5 and Fig. 12(2) shows the case where Z

=1 nm hhb@n?‘ dhe dopb-eached dobeieRERNNSRUtdrOda IWwidtR ofNdathX is
1.2. [Fig ] Fig. 13 (1) to (3) shows a state in which the shortest

R T S R i s

openlng ortions 5a are adjusted in a fourth cal cul ation exanple of the
present© n§€ﬁtp6§sePﬁlngfEF1PPg 14 shows a distribution of a potential
contour (40 V) acting a glass substrate in the fourth cal cul ati on exanpl e
(correspondi ngFig.thel ek .aidt shgwsiaweshow pypteliaec byseakctianion-For of
the electrostatic chuck showmn in Fig. 3) . Fig. 14 (1) shows
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 d of each
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the case where Z = 1.5 mm a dianeter d of each of circular holes Sc is
0.75 mMm and L/ X is 1.5 and Fig. 14(2) shows the case where Z = 1.5 mm the
di aneter d of each of the circular holes Sc is 0.25 mm and L/ X is 1.1.
[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: _bipol ar. el ectrostatic chuck, 1: t.al base,
> firsPE FRSUPREMAGSI Byarions o BReralifSat i a Tobii et s et
insulating layer, 5. second electrode |ayer (pattern electrode), 5a:

openi ngeBerPiBnofsphecprggeNty d WWEHEILOR,- 5¢: circular holes, 6: second
insulating layer, 7: sanple chucking surf ace, 8: substrate, 9: electrode
sheet. BEST MDBPEgFQR ICARBY| NG sBldkvsT BIEd 1 SRAENT ONon 24f p00@Oén tHea iaraftery
preferred enbodi nent nodes of the present invention will be specifically

describ QOV"@/‘% hadef 8F eNeR o} sCRlsehbl 0A ExanRh @St RNch BP0 1B IeSean PR30]
[ First | cul ation anple] As shown in Fig. 2, a second el ectrode l"ayer is

a patternO electkgdg igomg%gh a Plurglity q;NQ%ftan ul Qaqﬁgmlu%é§glions,
whi ch a#g 568%88 t8ne°ehd® R AP? %ﬁ%dﬂko oI M onb=s éﬁ%ﬂ conduct i ve
portion and the barycenters of openi ng portions other .

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 =1.5mm, 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 of
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 chuckingsurface, 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

Ianinat strrcture in mhlcP a first ins g&jgﬁ_l?égr %, awéigft el ectrode
| ayer 3.0 nt er el BR¥F 40 L ERRs TR TS §AFBPOAIMe T REARS S e EPPRIEEF S er 5,
and a second insulating |ayer 6 are successively |lam nated on a netal base
1 in théenvedeionofwihbr éssi spediidtiandd yf r desthré best avibhserdfevnte tte
shortest distance X between nutually adjacent opening portions 5a of the

pat t er ncgl el s0denf exampdethanseenpddimewicat.i ng layer 5 is made equal to a
width d of each of the openlng portions 5a, that is, while X =d is

nalntalg@g }he vaI éé?gglgt L ﬁghﬂéggi and the chucking force per

unit area on a sanp I'ng sur ace orresponding to a surface of

t he second insulatin Iayer 6 is obtained by calculation. [0031] Wth
respect to cohdli$FOWR 1BrFidt car adi ﬁcopﬁeeéﬁFFﬁQdQI¥%Y%£w%f(ﬁ HEIT st

el ectrode layer 3 is assuned to be a conductive portion, a thickness of the
first etkettoodel ayevhidchnd pherséddndofelrectrade leay @pehirng geiritiord, pm
and a potential difference between the electrode |layers is set to 3000 V.

Each Ofwﬁf@hiéf@rﬁbéﬁéﬂogﬁ ohB8sthat i Bgel ayebndednd d FR 1L GORbIIHAd NI

| ayer 6 is assune
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, arelationship between
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 insulating layer 2, afirstelectrode layer 3, aninterelectrode
insulatinglayer4, asecondelectrode layer 5, anda second insulating
layer 6 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

125" pr O TE0 R IS e SR S0 R TR T ET R A CRnne of (R Fihed > P
a

interelﬁctroge hagulating |l ayer 4 is fixed to 50 pm Fig. 6 shows

rel ati oR¥hFp-bBt #e&R™t he shortest distance X and the chucking force in a
case where the filmthickness of the interelectrode insulating layer 4 is
changed (08325 pm 50ipmresreds tpneohdieione fay ralenlekiess bhe et s ond
insulating layer 6 is fixed to 125 pm Note that Fig. 5 also shows a part
of a resuht aalaabnethdyirsslaid@itcate layarGse admmneatdited @aigridudtning ant

is set to 9 on 23 the assunption that the second insulating |layer 6 is nmade

of ceraglee;oh0032k, ¢ ﬂe%@%%ﬁgt%%&ﬂeﬁﬁﬁﬁ@ﬁ%ﬁr at ﬁgaytk’i@s%'%ﬁ of

the second insulating layer 6 ant _ ness of t I nterel ectrode
ot ot TgL PLEE ity BT AR AR 4 BEEXEL TS el auspae fgre (e
wi dth of each of the opening portions 5a) is substantially equal to or
| onger thareletyenle |layait tisoAetato peld 8f t RechheitKihey indiege laspeacs in a
range of 0.3 nmto 1.0 mm
insulating layer 4 and the second insulating layer 6 is assumed
to be made of polyimide. 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 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 um, and 200 um while a film thickness of the
interelectrode insulating layer 4 is fixed to 50 um. Fig. 6 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
chucking 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 |l ayer 6 becones smaller. Wien the dielectric constant of the
second insul ating Iayer 6 becones higher, it is difficult that an electric

por | ond PBut o e b7 op 15 EPE SecbE LntuPRRs PP ReShhR OF TR ChBRRRACr or ce

IS shlfted in a direction in which the shortest dlstance X becones | onger.
[0033] [[888&dd Cal céicalPoRPES®@ART T I FSigsn 5i AN g, At ae thdesnesa eétrode
layer 5 is a pattern electrode in which a plurality of circular holes Sc
are arr ahgedsesddi Anauflbati nar ebayar f 6r rarad neab- shidpedtadeidnesisverporhieon
5b. In this case, a relationship between the shortest distance X between

the adj ageatcoidcaulcate 11odeta SindndyLhe, chuakinion | Of f%g 9BriRe SeaRL 81 c2d

chucking surface 7 in a case mhere the pattérn electrode is used for the
el ectrostatic chu exa (th res o th C|r ular __hol es. Sc
when at EEE CGTS LAFEE IR BB LT S R Fabe Koo SB o/ BATedeRr FBFBSTE to G
adj acent to the circular hole "A" are arranged such that the centers of the
si x cirBPQraALonsl 63 dre A:oddcewisgtth v sath idlesthe @PeRyMY APOKHEX@FON52I N t he
case of the pattern electrode, while the shortest di stance X between the
adj acentisceubgtantialley eguailstonde &qugkrt @handioageimer. dinfaédachiofn,t he
circul ar hol es 5c,
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 can be read that
thepositionof thepeakof the chucking forceisshiftedinadirection
inwhich the shortest distance X becomes shorter as the filmthickness
of the secondinsulatinglayer 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
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 shortest distance X becomes longer.
[0033] [Second Calculation Example]
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
the chucking 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

h d 1 ' 0 i il
changedchOROplTbufPaRE) 1 188 SRadE0n il 02 B AN 200 I 0 d Ll
8 shows _a rel ationship between the shortest distance X and the chucking
force i ROFRECEES LIl IR EFK ASGHAKRES: of 1R SRS eFRECESHE THSAN at i ng

|l ayer 4 is changed to 25 pm 50 um and 75 pmwhile the filmthickness of
t he sechatlesnSal avhag hayentéonsifi fedusedl2d® pmciMotidatrhdtoll d'A",7 slxso0
shows a part of a result obtained by calculation in the case where a

di el ect gi ecG0RSIIed B 561G 58] ceAtthe tasSHIPEL DAr Hle the 35€6@HEnged
insulating layer 6 is nade of ceramc. 25 [0034] As is apparent fromFigs. 7

and 8, [ e _Sec I;ns4)at Lay il
t hi cknegécgwkf#; t%?%%él%@t %gd%ﬁignsu egtll ng %aaé[lygrglf,% §£ﬁ%ﬁg%%%€%%§}#gor ce
is exhibited in the case where the shortest distance X between the adjacent

ci rcul a¥eThéfres odca gyl arhee ¥ IRt erl HENBLATOPL tthe R FReTRL TGOS s
substantially equal to or longer than 0.2 mm In addition, a peak of the

chucki nghf be cehapieartsstn dd stamge &f bt 8eam tle la@j amentVenr culser dlodesest

di stance X becones equal to or longer than 1.6 nm
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 pym, and 200 uym while a film thickness of the interelectrode
insulating layer 4 is fixed to 50 um. 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 is changed to 25 um, 50 um, and 75 um while the film thickness
of the second insulating layer 6 is fixed to 125 uym. 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

ci rcul ar s Sc. herefore i.S _apparent._ that th eak_of 1he chugking
Force 1LOURRTTed | A8 1 ARBLTEHTY FERPFERSChE Bibtedt BTG ShLEHHEBEctes

| onger . é0035] [Thlrd Calculatlon Example] In a case of the pattern

el ect r oBBEhAHIRRG henewhdt sRgpddydontluédidvetpor fildm Sphiwkedss s odseldne o

fromthe second el ectrode Ilayer 5 of the electrostatic chuck X in the first
cal cul aithbarexaopkede imsdlatiranshyer hetaneeghavaldke rid Kandée he ethiicki ted f or ce
is calculated. The value L/ X is obtai ned based on the shortest distance X

bet ween; nthe Ay %e?ﬂ%@ﬂ&b@ﬂ&? ﬁ%%&ﬁlé@ﬂ‘@ﬁ@a'd]%fce%tldﬂec@ﬁagﬁ'em

6 Wien a stralght ne paral tot ortest distancé X is assuned to
be a V|rt Elne 1 e_segnent € the_feet of
perpend?% ?ﬁr i ac%as a?ﬁm?ggrbgfy r Po M?hglE&PiégnPQﬁ%ﬁﬁ
portions 5a are projected to the vertical line. Fig. 9is a partlally
enl ar gegulseanthaWl igeqwrl g ©0ar Aorpett tlodle had iy t B8 edAbLiRaped peak
conductive portion 5b. In the calculation, the shortest distance X between
the adjafettie epeitkiggo@biricenappaatshicha @ahgesp@n@lsza tngn t@ W. dthimof Wieen of
band-1i ke el ectrode portions of the conb-shaped
the shortest distance X becomes equal to or longer than 1.6 mm,
the chucking force exponentially decreases. It can be read that
thepositionof thepeakof thechuckingforceisshiftedinadirection
inwhich the shortest distance Xbecomes shorter as the filmthickness
of thesecondinsulating layer 6becomes smaller. Whenthedielectric
constant of the second insulating layer 6 becomes higher, it is
difficult that an electric field from the first electrode layer
3penetratesthroughthecircularholes5c. Therefore, it isapparent
that the peak of the chucking force 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 theelectrostaticchuck X in the first calculationexample,
arelationshipbetweenavaluelL/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.
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conductive portion) and the width d of the each of the opening portions b5a
are adjusted. 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

Con: SHAPRA < BORAGEREvEL BomA"GH S h CRn” 5P L Celing ered By o e 1 5 ol Foont

opening portions 5a and an _end of each of the opening portions 5a is fixed,
the valtesofa Xigidal diacad) ushedliner spamephshs pf pera@ery thee Vifiafe ofof L/ X
in a case where X and L are adjusted (L = X+ D) in the pattern electrode

havi ng péependbeushapet conskaheve Hioy baopcante e fadhkingcehoopenderg uni t
area on the sanple chucking surface 7 in the case where the pattern

el ectr %St‘joﬂ ed s EP‘éj%%E%adcc?kﬁét\fe%éaaiyﬂne 6 'I%&ab%& §E3%Q’tli%'1'1gf

t wo- di |ona gener purpose 27 electromagnetic field cal culation
software.. Wth.res

di f h | hi ck f
Phe 1o S il SR Bholi2na e IR ] 21 LR-RR RSV B0 1k cBpblsBaRRRD ©

constant thereof 1is set to 3.5. The dielectric constant of the second
i nsul at¢erRAutyée BYsigetch.o Insthahea kit 00 ot s shertestedishatige case
where the thickness of the second insulating layer 6 is set to 50 pm 125
pm andx 206 yren Geradiawint orerfiolg tdeertfiomsd Sansuhdidhngorraggondshed i r st
el ectrode | ayer, the second el ectrode | ayer, and
a width of one of band-like electrode portions of the comb-shaped
conductiveportion) andthewidthdof the eachof the openingportions
5a are adjusted. For example, 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 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. Arelationship 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. [0036] 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 high 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
reduct | BASCLERARGEEHIS fieédn CHC WA dSPRANaERe t r BhkL| FeFRECH mbSt
affected by the thickness of the second insulating layer 6. Fig. 12(1)
shows acdnstitilbuisi bor Ofis qedtcentatadlorcoat thik ckdds ¥)ofachiengnt dee jeassode
substrate under a condition in which the wwdth d of each of the opening

portiongnda1ak§nG Y@yapd kkXsés t2 Soiifh bhe é;aﬁeélcéc@rrc %o@i@ta’ﬁ*tgthéﬁégf

shows a distribuation of the potential contour (40 V) acting the glass
substra er_a,cendi %@ t? éh a f t? ni ng
portlonéSS§e?s£8 Sgand%tngigl EEQC ﬁ%g%%ég %F g %chnd ﬁsufgggg rent
that, while the potential contour is densely distributed in the glass
subst r at8YPK PhéScaSE &P Bi-§- 10¢ 192lcylatient éht PAFriesneduini hF otahey
distributed in the case of Fig. 12 (2) [0037] [Fourth Cal cul ati on Exanpl e]
As showwhemeFthe tihitheepat térrhelsxtomtia tmlatgindel agpsh-6shiapedt tondocti ve
portion Sb in which the plurality of circular holes 5¢c are arranged within
t he flahm?rfﬁshﬁnyﬁﬁﬂi@%Otﬁﬁ.saﬁgﬂQrQﬁﬁﬁifﬁ¥3hs 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 calculation 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 Sc 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

electro r ' taLn by C u i qn. The st ' t he sane
result gsr?e{x%? Pgrﬁgﬂgcgéeggf 0t' 8 ?hl r Eﬁ%{aﬁ%ullé?i gﬁ z%taérrpﬁ%e@’te: ?éol?t ai ﬁled.
Fig. 14(1) shows a distribution of the potential, contour (40 V)_ acting the
gl ass Whbsthtate FRRATE . %i SHYAE it PG AL P L HARIH LS he

circular holes Sc is 0.75 and L/Xis 1.5 in the case of Z=1.5 mm Fig.
14(2) shossrabdiedrihuthowlsfse sebsdiraitd an tbat oase(dd FAY. dct (INg tthe gl ass
substrate under a condition in which the dianmeter d of each of the circular

hol es aﬁoténﬂiiﬁ @ttt ddXikSrdudhl§ dite rigaseedinZt ke bax Y Figi 9 2appar ent
t hat , ile the potential contour 29 is densely distributed in the glass

subst raw%yﬂ] t he caiﬁoggtﬂg:‘@ﬁ%&féﬁ%%ﬁg%@gg%pti al contour is roughly

distributed in the case ore, in the case of the

mesh- shaped pattern electrode_using the circular holes as the_ openin
portions, a t%%ﬁ&owﬁdﬁ%bgréa&qerp%ﬁ?%WF @cﬁirSgieé‘r?tVJfrtﬂ@éeF‘?S@o'ﬁg‘é‘ﬁF t ed

particularly above the circular hole. In the case of the circular hole,

when thenduankverparthen édf linswhérht bhe pahvelibygef airildre haildish5¢  of

t he opening portion in the conb-shaped pattern el ectrode, there
are arranged within the flat area is used as the second electrode
layer 5. In 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
5c and the diameter d of each of the circular holes 5c 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 5c is 0.75 and L/X is 1.5 in the case of 2 = 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 5c¢c 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 (name of _product manufactured by M tsui

Cheni cal'$, dereelYNBOSLEXPULERe 1npbhgi 3 @ies | st ¥Ee phr it idahs RifcKAgss and
3.5 in dielectric constant) is provided as the interel ectrode insul ating

| ayer 414 (An ,outher pedgetafal heorcopperi surdagiel ¥y ayestrsbueadved bjteetebieng
to formthe first electrode |layer 3 (200 nmlong and 200 mmw de) in which

the entierfhat)grea corespesds, Lo the condugl ‘éﬁepﬂééhoghapédcﬁéié%k‘ﬂ‘ film
is deposited”™at 0. 1 pmon the surface of the polyimde 30 layer

(interel ectraode insulating |l.a eraé) oi t he | yimde _sheet .and a co r
F11'm whECEFEPR N CRACSE (56 16 G AT s oF G bl Son E RGP Ry ot itk £ 4 it B9 San
ion plating nmethod. A surface of the formed copper filmis subjected to
pr edet eFR¥Y reaskiprodedsthg Fmiienfoscen hopcerdssitag Parpernbamed. As
a result, as shown in Fig. 2, the pattern el ectrode having the conb-shaped
conduct abeveorheonirbhlianr Woileh t he pharahséyodf thecthangullar hpaai nghen
portions 5a, which are opened at one end, are arranged is forned. The
patternigkegibad@er 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 ym is provided on a surface of a polyimide layer (name of
product manufactured by Mitsui Chemicals, Inc.: NEOFLEX). The
polyimide layer (50 pum in film thickness and 3.5 in dielectric
constant) is 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)

inwhich the entire flat area corresponds to the conductive portion.

A chromium £film is deposited at 0.1 ym on the surface of the polyimide
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is used as the second electrode layer S. In the forned pattern electrode,
the opening portions 5a are reqgqularly 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 openi ng porti ons are |located on a straight

line including, a line corr spondl t t_.di st ance .X between the
ad] acent2¥pbnt HO BT LTORE S80: f%% 7 {ben O % i Bl SRR ¢

electrode, L = 2 nmmand L/X = 2 0039% The second i nsul ating Iayer 6 which
is a poRYiln REERGIT b ¥EasengiRm EhpgEneRs WHdP h4 | 1M 20% FAKTEG 98 tiieckness
is 125 um and dielectric constant is 3.5 (name of product nanufactured by

Du PonteHoomiucof i 1htioy : atajpdorglatsin@ametdicd. o tshe fand ade tofe fidlrengolat t ern
el ectrode form ng the second el ectrode layer 5 through a thernoplastic

pol yanmi &' }I%’Peﬂl\ﬁ? 1sheghbjuhosg {4 'p@eh@t‘é‘%‘?rﬁ%éd ﬁqasﬁlpggcé%iﬁé’tarﬁ"%‘ﬂéh The
first insulating |layer 2 which is"a polyimde filmwhose length is 206 mm

dth 06 fil hi ck 0 d di-el 3.5
190 15 S5 LI LI SHDgRS 5 10 U 200 AL Sl LRI A |

| am nated on the surface of the first el ectrode Iayer 3 throu h the

adhesi v’éh%hlé@'@t%mte%ﬁéﬁﬁ?de havénghtba ﬁﬁltﬂbrFéﬁpeﬁot:%lﬁ@\%)lvﬁsppéﬁllﬁﬁt ed on
each of an upper surface side of the second insulating |layer 6 and a | ower

sur f acesb sirdehothtttee ilush liinsubatiaw: dragiera? op&hdng phettearnldantvhliahi nat e

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
portions are locatedonastraight 1ine includinga 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 electrode 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
insul ating layer 4, the second electrode |layer 5, and the second insul ating
| ayer 6 are successively |am nated. [0040] The obtained el ectrode sheet 9

i s bond@d wo (nké shewihumTigaserstvinshlasinmdayelr awhdlohd awnpalyopifda5056)
and includes a water-cooled tube which is not shown. In order to maintain

the fl @ineswhoeket hengitéctirod®eshast widih bies f206 shed, f1he eheeknede isheet
9 is lamnated on a surface of a porous ceram c (not shown) whose flatness

s i nggied i Bi @) 8LaLe l soubi oh Uiessecqndy IS ULALL0 haYeE. B gL e

el ectrode She i'STopposed € porous ‘ceramc:

al um num base_i s _provided on the first 32 insu]atjng |ayer of th

ol oct 1o DHoBPHS TR gf apaders ‘ARt How® LU H HhF sSbt Ears
height and 5 nmin dianeter and nade of a flexible material. A

sel f - adp&giheef 1 T guied esitiriagenbay &b Berhr guginbhefadirasdiue shaabf@sttuskawby . GE
Toshiba Silicones Co., Ltd: TSE3663) (not shown) is injected to a gap

bet weenat Basalioal AueRase (hoandHdwe)eliectiredasteeton addiehof sah olipper by
t he spacers and degassing is performed under a vacuum Then, vacuumng is

per f or g, thE.QughaetBe AL WS-SR ANt i NAdIe ceLea! 1088, hegl - Pabdt o

sufficien

side 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 obtained 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 is 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
twenty-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 nm The surface
(sanpl e chucki ng surface 7) of the second insulating |ayer 6 in the

conpleted e ectros atic XIS surface nevenne of up to a mat el y
O ST PGS e REE 2 St (1 a0l ShTSE T TR T Sh oM et RHARSHS [ GBH1T The
pol yi m de sheet (nane of product manuf act ur ed by Mtsui Chemcals, Inc. :
NEOFLEXghoenusedagd pPhi whecbage 6f 7t he hedght emdodi mentirasd ameteof fand a

di aneter of 184 mm The polyimde |layer is provided as the interel ectrode

i nsul athage lbFy£rléxibhe miteriabdge 911 hedreppee 1suffiareil ayerne irnbwved
by etching to formthe first electrode layer 3 having a dianmeter of 182 mm

in mhlcpngﬁg o§3g§§5h5€ &ggg gggafgarEgﬁaﬁn§%shﬁrggglgﬁ@ﬂ#§§ porggpn. A

chromum Trlmi eposite the sur e polyi'm | ayer
(|nterelectrode {nsuliéé]g | ayer. 4 i the nlde sheet and a er
filmuhbSe3eem Rk T SO §rR G tloo‘i';l ﬁWﬁ@ncEP‘SrﬁthH‘“?W‘ ab’ip? an
ion plating nethod. Then, predeterm ned nmask processing and etching
pr ocessi agddrhe peeforodd shasta vesoht s farmsdtboy the fhaperdandklegpsistiawn
el ectrode having the nesh-shaped conductive portion 5b in which the
plurality qfr fdridd ahdRd asvbeuweach v Ngadudmangt €6 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
[0041] The polyimide sheet (name of product manufactured by
Mitsui 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 5¢c are regularly arranged within the flat area whose
diameter is 182 mm Wen attention is focused on one of the circular holes
Sc, six of the circular holes 5¢c which are adjacent to the one of the
circular holes 5c are arranged such that the centers of the six circular
holes Sc correspond to the vertices of the regular hexagon. The shortest

di st anceénkiget faﬁ@h angsecayraepandsi e hgr cppfect Breipprt PPiym A ghre@ivdise of
the pattern electrode, L = 2.2 and L/ X = 2.2. The el ectrode sheet 9 is
producedilasikndépesttedtaenbodiymenin and heitaidee olfi pakapotlent desiayee
chuck X is conpleted as in the first enbodi nment. [0042] [First Test

Exanpl ejy ipﬂtéﬁgﬁgﬁ'ﬁif?ﬂef 9&1&?&%‘;&&%3 &%?%gj an E'feEhéogé?%ﬁxti%%heét ghkaLned

in each o irst enbo second enb i s eval uate

First, a test sjlicon wafe ose size.s 20 mm.x _34 20 mm.is prepared from
STl CBRPREFer L HR S AT CkeaE S5 Sd S Lt 1 SOBBER P hecERRGRLBR ¢ he
sanpl e chucking surface 7 of the electrostatic chuck Xwhich is obtained in
each of fihas By pot ienipdditise meghddt heTker oy esleisdimisred aagkppovieesindder a
vacuum of 800 niforr. Then, a voltage difference of 3000 V is applied

bet weenahbeetfdlSig peloeeigsddey hayeierdr catkd he aseg andaltechsosieoayer Fdgt o
attract the test silicon wafer. A chucking strength in the case where the

test SEL' it[cﬁ)é] p\é{acfteerrri %lggltlr%gleaﬁagiﬁé’etqge lees?r— s%ag@dnjzgﬂﬁﬁcit@vé portion
per pendi éul ar
5b in which the plurality of circular holes 5c 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 5c 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 5c is 1.0 mm. In the case of the pattern
electrode, L=2.2and L/X =2.2. The electrode sheet 9 is 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 size 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 pim Table 1 shows respective results. [0043] [Table 1]
Silicon waferfor test 3 ass substrate for [gf/cnR] test [gf/cnR] First
enbodi Qt 60. 6 __Secand %T:bodi menrl.llz ‘%% [01844% 1£Sec]gnéj Test ﬁée] A
subst raf & TemsePRTHY S T GaSe hREPe " FAET el BRPT o5 T AT FRS SRt e X BT %I ned
in the second enbodinent is actually used for an _ion inplanting device is
eval uat @89 Theced et rigie sigrtehutk Bhe drmpfeshurking s%bliﬁﬂf%r?g&ﬁ R s
set in a hybrid scan type ion 35 inplanting device. A voltage difference of
3000 V eleappbeedt betthmen X vhich i sstbteliewtd tdeakaydrt13e Ahdst lkemboeid orecht
el ectrode layer 5 to attract a silicon wafer 8 having a dianeter of 200 mMm
to the saARlie sebueki BgLS8EhaRe dhPbrhe sleahhaast aAkicehtck 8bq Ly while
cooling water is supplied to the water-cool ed tube of the alum num base 1
of 2 liters/m. ion | tion is f.ormred o

vt or ' BheRn T ol BT MM s F56 WAAR e o gt Sre i heer bhe Hae ! OO
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 for test | 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 is 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 tine, 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 1BPLABEABIAMPES i s A Yot taFefidéerenret 8REerparRIded Betyaen
silicon wafer in the case where the ion inplantation is perforned under the

sane cohHet famstaslabtvedes laya@xuredndiAsie reestdnd eledatsrddeindayent St he
average tenperature of the five locations is equal to or larger than 120C.

[0045] Therflkexi t@l1611@a&wameqvedﬁ§viﬂgt$e1ehe@e&0§tfa§b@ mwthé samgaeh of
the first enbodi ment and t he second enbo i ment prem ses that a vi rtual

press cQ tor hav |nk nlor min
Pt s AR B8R 2ol HdeTret2gat i a1 Far dRESR! 0 SGTePhT TS
Young's nodul us) is used and t he 36 chucki force is set to 50 gf/cnR.
Fig. 15Wakesia PEBRIicEbtSi FbE Wiy €EalcOd lﬁyhﬁrQﬁeRhQnﬁ#ﬁ%ﬂ%@@d@%ﬁethe

degree of contact between the wafer and the sanple chucking surface 7 and
t he tenpeaatarsmteofof e Mafeers fomi rivnes € aisen wings art et ebect ¢ gsdaf doxmediuck X
obtained in the second enbodinment is set in the ion inplanting device to

attract + g s8h R edy 8idd £98 oW &im %B\Qek% A SPhaniPhh QBn' Sinp P&A £ OF 1E4

under the sanme condition as that of the second test exanple.

dose of 1E15 ions/cm. At this time, thermo-labels are attached to
the center of the siliconwafer 8 and four points on the circumference
of a circle whose diameter is 110 mm, that is, five locations in
total and then temperatures are measured 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 is 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 uym or more (0.3 um 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
entire 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 approx) &Rl Sl ¥ orkQa 30 Cleh 5 gfl/anf™n ebggt_ rostaldve §&ek comprihsing a
| am nate structure in which a first insulating layer, a first el ectrode

| ayer, .an _i-nterel.ectraode i.nsul ating layer, a second electrode |ayer, and a
senond TRSAARY P e Sl ST Byt s R S Rt et R an
order of increasing distance fromthe nmetal base, wherein: the second

el ect r odlee | gk compriBessamphet ehnckiBgt FY¥éaChaVi AgdatprutampPeyasfiitépeni ng
portions within a flat area; and a shortest distance X between nutually

adj acendf afeniwagf gaoritn ahe aadeawhengtthd alfe ot tsiegrdnickd or wbdabyeldeet of
per pendi cul ars when barycenters of the adjacent opening portions are

proj ectgd {19 as¥dbhdlabmbbAem¥bt Chsi se@ ShT 8h8Nton! ERB1RAERLLCLeQcENG o
shortest distance X satisfy L/X > 1.5 and L < 2.6 nm wheréin the pattern

eIeCtH%%%%gcgogge%ﬂéhtiygac silicon 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%.

37



mesh- shaped conductive portion in which a plurality of opening portions
with circular holes are arranged; and centers of six circular holes adjacent
to one of the circular holes are |ocated at vertices of a regular hexagon.
2. An electrostatic chuck accordi ngQlgdIMSai m 1, wherein the shortest

di stance X between the adjacent opening portions 1is equal to or larger than

0.2 mm 3. An, ehgCcklestabkeathlckregordinme g ad Mdmohate sBEusherei n at
| east the barycenters of the adjacent opening portions are |located on a

straight | e jngl g%g\g L, §hes Ea‘g;ftlafé'h uz%{‘gﬁc%%r?eé%@g{‘réﬁg @Qgé?enépa s 1

openi ng portlons n électros ding to an

to 3, mhereln the second e ectrod er co S att el ectrode

for med Gt AEGL T HrART CRAGLE RS0 L2Vt 6 SOy SEC Hithl AETRE, nBtiod. s
An el ectrostatic chuck according to any one of clains 1 to 4, further

conpri s ngeechd exinpibat ayar lakierhare Focaeedivebyweeninpsedepal abassaand t he
first insulating |ayer, has a filmthickness of 500 pmto 1000 pm and is
made ofb&sdi canen robder. ob. iArrel=acinpdsi sheete f oroan e che0st abhee¢chuck
conprising a lamnate structure in which a first insulating |layer, a first

el ectrogg-laygr, an interelectrode insulating layer, a second el ectrode
| ayer, and a second insul ating |ayer

the second electrode layer comprises 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 Dbarycenters 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, wherein the pattern electrode is formed to have a
mesh-shaped conductive portion in which a plurality of opening
portions 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.
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,
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are successively |l am nated, wherein: the second el ectrode | ayer conprises a
pattern el ectrode having a plurality of opening portions within a flat
area; and a shortest distance X between nutually adjacent opening portions
and a |lengtdih oft a ldaex segientbdeiomitdrs f et ahe padperdncul apsnwhegn
barycenters of the adjacent opening 39 portions are projected to a virtual

line V"‘i‘ﬂ?gP%in%qé‘Lééég%L%%tehi R %a@]{]ﬁ'gﬁto 116 sPori88ingi shanedoX¥caati sty

L/ X ? nm whereln the pattern electrode™is forned to have a
mesh- shaped condyctive portion in which a plurality.of opening portions

Wi th ci$£%T%?C%g¥e§e%Y%g%rF%ﬁg%ﬁ?aﬁﬁﬂtc%ﬂ?g?ggoPoﬁ%éﬂPﬁg portions adj acent
to one of the opening portions are |located at vertices of a regular

hexagon. 7. An el ectrode sheet for an electrostatic chuck according to
claim6, wherein the shortest distance X between the adjacent opening

portions is €£quah ¢beotrbargeict banck. 2conrdB8ngAnocebrgt bndeosheétifmer 1an
el ectrostatic chuck according to claim6 or 7, wherein at |east the

barycentgrs  ofyHdie i adi el RRRN d POFEAONS3EL |RGRIraGN & pheakght |ine
i ncluding the shortest distance X between the adjacent opening portions. 9.

ol ai me 6 PRCESIEnbr bR RACRER FA AP Ikl E Y Ll 8 B MncF

el ectrode forned with a filmthickness of
ion plating method.

5. An electrostatic chuck according to any one of claims 1
to 4, further comprising a flexible layer which 1is located
between the metal base and the first insulating layer, has a
film thickness of 500 um to 1000 um, and is made of silicone

rubber.

6. An electrode sheet for an electrostatic chuck
comprising 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 second electrode layer comprises 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
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0.1 pmto 5 pmby an ion plating nethod. 40

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; wherein the pattern electrode is 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.

7. An electrode sheet for an electrostatic chuck according
to claim 6, wherein the shortest distance X between the

adjacent opening portions is equal to or larger than 0.2 mm.

8. An electrode sheet for an electrostatic chuck according
to claim 6 or 7, 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.

9. An electrode sheet for an electrostatic chuck according
to any one of claims 6 to 8, wherein the second electrode layer
comprises a pattern electrode formed with a film thickness of

0.1 ym to 5 um by an ion plating method.
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