ELECTRODE SHEET FOR ELECTROSTATI C CHUCK, AND ELECTROSTATI C CHUCK TECHNI CAL
FIELD 5 [0001] The present invention relates to an electrostatic chuck

el ectrode sheet and an electrostatic chuck using the el ectrode sheet.
BACKGROUND ART 10 [0002] An electrostatic chuck which attracts and holds a
sem conductor substrate (e.g., silicon wafer) is used for various devices
(e.g., ion inplantation device, ion doping device, and plasma inmersion

device) utilized.J i tor tio r ) n the field of
l'iquid crystal %@%ﬁéﬁ%ﬂﬁﬁ@&?@&%&é%ﬁﬁ&ﬁ% hracts and holds a
15 gl ass substrate (i.e., i I is used for a substrate
bondi ng device utilized mﬁ@@%&ﬁ@@ crystal between the

i nsul ati ng substrates, an ion doping device, and the like. [0003] A device
using an el ectrostatic chuck nust reliably determ ne whether or not the 20

el ectro j h ﬁ# ﬂ | ds a substrate in order to enable a conti nuous or
aut onat :tﬁéidﬁgﬁﬁﬁ |}E) Bprocess. For exanple, ion inplantation or the |like
cannqt @Oﬁﬁrformad if the substrate is not attracted to the electrostatic
chuck. e other hand, if the substrate cannot be renoved fromthe

o cotr oSt al cnghtn e HERIRRA S SFIBI By SHARCHERRSE S8eC B BEzeuen
pr oduct i G E b RHETENEs B BN B ar el ectrostati c. chuck i oh affracts a
substrate due to the
BACKGROUND ART
10 [0002]

An electrostatic chuck which attracts and holds a semiconductor substrate (e.g.,
silicon wafer) is used for various devices (e.g., ion implantation device, ion doping
device, and plasma immersion device) utilized in a semiconductor production process.
In the field of liquid crystal production, an electrostatic chuck which attracts and holds a

15  glass substrate (i.e., insulating substrate) is used for a substrate bonding device utilized
when sealing a liquid crystal between the insulating substrates, an ion doping device,
and the like.

{0003]

A device using an electrostatic chuck must reliably determine whether or not the

20  electrostatic chuck holds a substrate in order to enable a continuous or automated
production process. For example, ion implantation or the like cannot be performed if
the substrate is not attracted to the electrostatic chuck. On the other hand, if the
substrate cannot be removed from the electrostatic chuck, the substrate cannot be
transferred to the subsequent step. It is important to check the presence or absence of

25  the substrate for the production process using such a device in order to achieve mass
production.

[0004]



potential difference between two el ectrodes, a substrate detection device is
generally used which detects whether or not the substrate is attracted to
the electrostatic chuck by neasuring the capacitance between the

el ectrodes. For exanple, JP-A-7-7074 (Patent 5 Docunment 1) discloses a

met hod which detects a case where a substrate is absent, a case where a
substrate is present but is not attracted, and a case where a substrate is
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recent years, along with an increase demand fo at panel displays, the
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liquid crystal "nother glass substrates have dinensions |arger than 2x2 m
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increase the attraction force (holding force) of 25 an electrostatic chuck.

The i nveRh&hé d?fot 1he cRIcESaAtic EINRRUFRER WRraRiseRa Telisd subsitfEt rRKhat i ¢ chuck
usi ng an el ectrode sheet obtained by stacking two el ectrode |ayers in the
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reaches a substrate held by the electrostatic chuck. Therefore, when a substrate having
a high dielectric constant (e.g., the relative dielectric constant of a silicon wafer is about

15 5.4) as compared with a vacuum is present, the capacitance between the electrodes
increases. FIG. 5 schematically shows such a state. Since a line of electric force
(partially indicated by a broken line in FIG. 5) produced between e¢lectrodes 10 and 11
reaches a substrate W, the capacitance between the electrodes differs depending on the
presence or absence of the substrate W.

20  [0005]

In recent years, along with an increase in demand for flat panel displays, the
panel size of flat panel displays has been increased. For example, some liquid crystal
mother glass substrates have dimensions larger than 2x2 m. In order to process such a
large substrate, it is necessary to further increase the attraction force (holding force) of

25 an electrostatic chuck. The inventors of the present invention have proposed an

electrostatic chuck using an electrode sheet obtained by stacking two electrode layers in

the depth direction of the electrode sheet through an inter-electrode insulating layer



2 instead of disposing two electrodes side by side in a plane, differing
froma known bipolar electrostatic chuck (see Patent Docunent 3). An

el ectrostatic chuck which has a high dielectric strength and exhibits an
attraction force sufficient for a |arge substrate can be obtai ned by
stacking two electrode |layers in the depth direction of the electrode 5
sheet through an inter-electrode insulating |ayer. [0006] Wien two el ectrode
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el ectrode are 15 stac epth direction of the el ectrode
sheet, Lﬂ@goﬂapaci tance between the electrodes does not differ to a large
extent dependi ng on the presence or absence of the substrate. As a result,
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using a substrate detection device utilizing the above-nentioned substrate
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10  opposite to each other. FIG. 6 schematically shows such a state. Specifically, lines of
electric force which occur between the electrodes are classified into a line of electric
force which reaches the substrate W (indicated by a broken line [) and a line of electric
force which occurs only between the electrodes (indicated by a broken line II). The
line of electric force (II) mainly occurs. Therefore, when two electrode layers are

15 stacked in the depth direction of the electrode sheet, the capacitance between the
electrodes does not differ to a large extent depending on the presence or absence of the
substrate. As a result, the presence or absence of the substrate may not be accurately
detected using a substrate detection device utilizing the above-mentioned substrate
detection method.

20  Patent Document 1: JP-A-7-7074
Patent Document 2: JP-A-2000-228440
Patent Document 3: WO 2005/091356

DISCLOSURE OF THE INVENTION
25  Problems to be Solved by the Invention
[0007]

The inventors conducted extensive studies in order to reduce erroneous detection



—

The inventors conducted extensive studies in order to reduce erroneous
detection 3 when using a known substrate detection device in the case where
two el ectrode |layers are stacked in the depth direction through an
inter-electrode insulating |ayer so that the electrostatic chuck exhibits a
high attraction force. As a result, the inventors found that the

above- nenti oned erroneous detection problemcan be solved by reducing the 5
capaci tance between the el ectrodes when a substrate is absent. This finding
has | ed when tdireg & dnpive tsilntraaf ddténdioprdesentin ithevease ivdere fvadel8trdiiedayas ngl y, an
obj ect of the present invention is to provide an electrostatic chuck

el ect r odwe stacletd mtthe Hepah doestianrtbradigh fagristec elettrodedpadatingnloperet thatethe t he

el ectrodes 10 due to the presence or absence of a substrate to be increased
to a | evaéctigsiatin chaek béhibitcahighehtjradémefirerd W3 agesultk tewmventbsst foand
detection device, and allows an el ectrostatic chuck to exhibit an excellent
at tract ithat therabeve-neo0@ied Amsmheys ddi¢ation meblemecaprtesenived by essucing the t o
provi de an el ectrostatic chuck using 15 the above el ectrode sheet. Means
for Sol wapacitahee betobtreths cldc00de] wispee silistrateliy absehe  prhesnding heselediton

provi des an el ectrode sheet having a |layered structure in which a first

i nsul at i thg cpmpletion af the prasewt|ipeantiode | ayer, an inter-electrode 20 insul ating
| ayer, a second el ectrode |ayer, and a second insulating | ayer are stacked
and attrl®808lhg a substrate on the first insulating |ayer, the first

el ectrode | ayer having a plurality of openings in a specific planar area,
and the secondcerdaglyodw obisgb et fhe, Pregentgpestion is 4oinrayide an rleaisostdtic pr ovi ded
at positions at which the openingé in the first, electrode |ayer are

proj ect eduskelscireds sheslomcl plRews Badlilfergrce n sappcaiserbeliveeadhs elctsrdes he
10 due to the presence or absence of a substrate to be increased to a level which can be
accurately detected using a known substrate detection device, and allows an electrostatic
chuck to exhibit an excellent attraction force.
[0009]
Another object of the present invention is to provide an electrostatic chuck using
15  the above electrode sheet.
Means for Solving the Problems
[0010]
Specifically, the present invention provides an electrode sheet having a layered
structure in which a first insulating layer, a first electrode layer, an inter-electrode
20  insulating layer, a second electrode layer, and a second insulating layer are stacked and
attracting a substrate on the first insulating layer, the first electrode layer having a
plurality of openings in a specific planar area, and the second electrode layer having
opening equivalent portions provided at positions at which the openings in the first
electrode layer are projected onto the second electrode layer in a depth direction of the
25  electrode sheet and having almost the same area as the projected openings, and
connection portions that connect the opening equivalent portions.

[0011]



25 el ectrode sheet and having al nost the sane area as the projected

openi ngs, and connection portions that connect the opening equival ent
portions. [0011] 4 The present invention also provides an electrostatic
chuck conprising a netal base and the above el ectrode sheet that is bonded
to the netal base. [0012] In the present invention, the first el ectrode

| ayer nust have a plurality of 5 openings in a specific planar area. A line
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shape of e opening is not particularly I'nmted. For exanple, the opening
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a shortest stance between acent openings in the st el ectrode | ayer

is refeffeshdl tﬁ%u%]mbstpﬁe kass@gg Mhe&fohdné B@i%%@tﬁrﬁ%ﬁ&%% Byt he feet

of perpendiculars en projecting the cente gravity of the~adjacent
openi NgSTROSHAPABS INERPEMAL Ys nétipaficAlkly!liiifed?a )l beimple, the 6&&@1@?&% bine al ong

whi ch the adj acent openings are provided at 20 the 'shortest stance X is

ref er r edeitiiddSoval. golifiohh (lg. AkishIAN G B0 EERMAiIRA! ITHElBEning/ X71. 5

and L<2.5 mm The ratio L/ X'is an index that " indicates the ratio of the
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openi ng
starting point, for example. Note that the first electrode layer may have openings

which differ in shape. It is preferable that the first electrode layer have openings
having an identical shape so that the electrode sheet exhibits a uniform attraction force
over the entire surface of the substrate, for example.

15 {0013]

When a shortest distance between adjacent openings in the first electrode layer is
referred to as X, and the length of a line segment defined by the feet of perpendiculars
when projecting the centers of gravity of the adjacent openings onto an imaginary
straight line parallel to a straight line along which the adjacent openings are provided at

20 the shortest distance X is referred to as L, the first electrode layer preferably satisfies
L/X>1.5 and L<2.5 mm. The ratio L/X is an index that indicates the ratio of the
opening to the shortest distance X between two adjacent openings. The opening
increases as the ratio L/X increases. The distribution of the potential from the second
electrode layer can be increased by increasing the ratio of the opening. Specifically,

25  the number of lines of electric force (line of electric force I in FIG. 6) which occur
between the first electrode layer and the second electrode layer and pass through the

substrate increases, whereby the gradient force (attraction force) with respect to the



increases as the ratio L/ X increases. The distribution of the potential from
the second electrode |ayer can be increased by increasing the ratio of the
opening. Specifically, 25 the nunber of lines of electric force (line of
electric force |l in FIG 6) which occur between the first el ectrode |ayer
and the second el ectrode | ayer and pass through the substrate increases,
whereby the gradient force (attraction force) with respect to the 5
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el ectrog@ k yer has the openi ng equival ent portions and the connection
porti ons. the el ectrode sheet having a | ayered structure in which the
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layer arg,skagisedit it PRIGAABIRE tRAGhHSYe regularly disposed so that the centers
of gravity of the adjacent openings are positioned on a straight line along the shortest
distance X between the openings. The attraction force with respect to the substrate can
be more uniformly produced by regularly disposing the openings in the first electrode
15 layer.
[0015]

The second electrode layer has the opening equivalent portions and the
connection portions. In the electrode sheet having a layered structure in which the first
insulating layer, the first electrode layer, the inter-electrode insulating layer, the second

20  electrode layer, and the second insulating layer are stacked, the opening equivalent
portions are provided at positions at which the openings in the first electrode layer are
projected onto the second electrode layer in the depth direction of the electrode sheet,
and have almost the same area as the projected openings. The connection portions
connect the opening equivalent portions. The opening equivalent portion having

25 almost the same area as the projected opening in the first insulating layer allows the
potential of the second electrode layer to reach the substrate therethrough. The

opening equivalent portion is required to obtain an attraction force with respect to the
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“portions are provided at positions at which the openings in the first

el ectrode layer are projected onto the second el ectrode layer in the depth
direction of the electrode sheet, and have al nost the sane area as the

proj ect ed openi ngs. The connection portions connect the opening equival ent
portions. The opening equival ent portion having 25 al nost the sane area as
the projected opening in the first insulating |ayer allows the potential of
the second el ectrode |ayer to reach the substrate therethrough. The opening
equi val substrgor t i ¢lre openirgopguinvalibnt portibn ad toodargetthe aembenvfiloes of elettticr espect to
the 6 substrate. |If the opening equivalent portion is too |arge, the nunber
of |i ne®oref (limkadtaldctric fasec d ipl Hl%e6bﬁvhé:|hemcni enlfydretwedn| the firf dea®odehi ch occur
only between the first electrode I|ayer and the second el ectrode |ayer

i ncr easkwer anddhesegond elpescasiedayed ifci¢ases. whewsby ét kecomehdiffignlitistdetecethasi ng a
known substrate detection nmethod based on the capacitance between 5 the

el ect r ozibstrate ggmg]a Igpwai subsaate detection methadepsed on ke egpapitange dgiwesal ent
portion is equal to or smaller than the area of the projected opening, the
nunber &k elacHedesof el ectric force (line of electric force Il in FIG®6; in
this case, a line of electric force other than a line of electric 10 force
whi ch olfk between the el ectrodes in the vertical direction is

di sregarded) which occur only between the opening equival ent portions and
the first el Seacifirglly)ifjhe arge ﬁgthe qnsainEtequivalsahporgienis cqyahtnpr Elallarf the area
of the gpenjng equjvalent portiqgn is larger than the area of the projected
openi ngthaprBe atsairdrthe projpeied opening.dhe mupiber pE dings phelegtric foresclling ©ff orce |11

in FIG 6) which occur only between the el ectrodes increases, whereby 15 the
capaci t glgetsic seresblan FliHeo:an it Fesaoa ling gl erdiaa foreg othethan a liae pheleeripet ween t he
el ectrodes in the absence qf the substrate increases, .erronequs, detection is
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than the openings is minimized. If the area of the opening equivalent portion is larger
than the area of the projected opening, the number of lines of electric force (line of
electric force Il in FIG. 6) which occur only between the electrodes increases, whereby

15 the capacitance between the electrodes increases. If the capacitance between the
electrodes in the absence of the substrate increases, erroneous detection is likely to
occur when using a known substrate detection device which detects the presence or
absence of the substrate based on the difference in capacitance that increases when the
substrate is present. Therefore, the opening equivalent portions are provided at

20  positions at which the openings in the first electrode layer are projected onto the second
electrode layer in the depth direction of the electrode sheet, and have almost the same
area as the projected openings. The expression “the opening equivalent portions have
almost the same area as the projected openings” includes the case where the area of the
opening equivalent portion is larger or smaller than the area of the projected opening to

25 a small extent. For example, the area of the opening equivalent portion may differ
from the area of the projected opening in an amount of +20% or less. It is preferable

that the opening equivalent portions have the same area as the projected openings. [t is



substrate is present. Therefore, the opening equival ent portions are

provi ded at 20 positions at which the openings in the first el ectrode | ayer
are projected onto the second electrode |layer in the depth direction of the
el ectrode sheet, and have al nost the same area as the projected openings.
The expression "the opening equival ent portions have alnost the sane area
as the projected openings" includes the case where the area of the opening
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first electrode layer and the secon el ectrode layer as descri bed above,
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sheet to a nmetal base, it is preferable that” a capacitance O 15 between the

firsiy el gpstibRdmdltRY Bfst BlRehrddeaye® GBRE 1Rh ke sR@dgsayer when the el ectrode
sheet attracts the substrate and a capacitance C2 between the first

el ectrodmolglyer and the

When forming an electrode sheet using the first electrode layer and the second
electrode layer as described above, and optionally forming an electrostatic chuck by
bonding the electrode sheet to a metal base, it is preferable that a capacitance C1

15 between the first electrode layer and the second electrode layer when the electrode sheet
attracts the substrate and a capacitance C2 between the first electrode layer and the
second electrode layer when the electrode sheet does not attract the substrate satisfy
(C1-C2)/C120.03, and more preferably (C1-C2)/C1>0.05. If (C1-C2)/C1>0.03, the
presence or absence of the substrate can be accurately detected using a known substrate

20  detection device.

[0019]

Examples of materials for the first electrode layer and the second electrode layer
include copper, tungsten, aluminum, nickel, chromium, silver, platinum, tin,
molybdenum, magnesium, palladium, tantalum, and the like. It is preferable to use

25  copper or aluminum from the viewpoint of conductivity or productivity. The first
electrode layer and the second electrode layer may be formed of the same material or

different materials. The thicknesses of the first electrode layer and the second



second el ectrode | ayer when the el ectrode sheet does not attract the
substrate satisfy (Cl1-C2)/CL0O.03, and nore preferably (Cl1-C2)/C1>0.05. If
(d-C2)/C1>0.03, the presence or absence of the substrate can be accurately
detected using a known substrate 20 detection device. [0019] Exanpl es of
materials for the first electrode |layer and the second el ectrode | ayer

i ncl ude copper, tungsten, alum num nickel, chromum silver, platinum tin,
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metal | ort e b WA O Fenti ned metal info a speci fic shape for
exanpl e.rqobpgy first el ectrode |layer and the second el ectrode |ayer may be
formed b e][chi ng netal layers of a lamnate in which a netal |ayer is

provigled on egpd fziidgeQiod@Nayd iy @Lg&oﬁd lefBctr6dd 1ayePGhay BE dBrhdd BY- The

above-nenti oned netal nay be” deposi
etching a metal foil formed of the above-mentioned metal into a specific shape, for

example. The first electrode layer and the second electrode layer may be formed by
etching metal layers of a laminate in which a metal layer is provided on each side of an
insulating film (e.g., polyimide film). The above-mentioned metal may be deposited
15 on the second insulating layer, the first insulating layer, the inter-electrode insulating
layer, or the insulating layer by sputtering, ion plating (ion plating deposition), vapor
deposition, plating, or the like, and the deposited metal layer may be optionally etched
into a specific shape. The electrode layer may be formed by printing a metal paste on
the surface of the above insulating layer. An electrode layer having a specific shape
20 may be formed by spraying a high-melting-point metal (e.g., molybdenum, tungsten, or
tantalum) on the surface of the above insulating layer. It 1s suitable to use ion plating
when forming a first electrode layer having a thickness of 0.1 to 5 pm.
[0021]
The first insulating layer, the inter-electrode insulating layer, and the second
25 insulating layer may be a resin layer formed of one or more resins selected from a
polyimide, polyamideimide, polyester, polyethylene terephthalate, an epoxy resin, an

acrylic resin. The first insulating layer, the inter-clectrode insulating layer, and the



15 on the second insulating layer, the first insulating |ayer, the
inter-electrode insulating |layer, or the insulating |layer by sputtering,
ion plating (ion plating deposition), vapor deposition, plating, or the

| i ke, and the deposited netal |ayer may be optionally etched into a
specific shape. The el ectrode | ayer nmay be fornmed by printing a netal paste
on the surface of the above insulating |ayer. An electrode |ayer having a
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pol yi m dgrg H]?Jg%%ﬁ% %‘gkﬂ?‘ﬂ%ﬁnteilgie)fﬁ‘g?&eei%sul&‘ﬂ{gy@gé}yluf‘d“tﬁe E%o?@ﬁﬁiﬁﬂtg,}ﬁaye and an

epoxy resin vi ewpol nt” of mass productivity. is pr eralgl e t hat

the ;4 irgd ﬁ?rﬁi%kl'ﬁt% @ggﬂrixﬁilﬁgrfgo&lhﬁei%&ﬁo?ﬁé@tg%ﬁ%&gﬁn%@ﬁ#leﬁiés”%d' G¥ffigarand the

second insul ating e fornmed o yim romthe viewpoint of

i nsul at i ng; eri ) Sin & Th kSt ta,pg | ayer,
the int e@lesﬁfelgét?r o@ieee?iﬁﬁﬂiﬂsél?{&ﬁg Fag'l)?lérﬂ,hgaln%t%ﬁgﬁogeeéorﬁﬁn?lﬁslg é'}fslléhg gyer may
be fornmegcghd iRGlafAE ayeRhEl B foPthe @RPHAPNM RhkridbeaffR priately selected

different materials.
[0022]

15 The thicknesses of the first insulating layer, the inter-electrode insulating layer,
and the second insulating layer may be appropriately selected. The thickness of the
first insulating layer 1s preferably 50 to 300 um. The thickness of the inter-electrode
insulating layer is preferably 25 to 100 um. The thickness of the second insulating
layer is preferably 25 to 100 pm.

20 [0023]

An electrostatic chuck can be formed by bonding the electrode sheet according
to the present invention to a metal base generally used for an electrostatic chuck. The
metal base may be an aluminum base formed of aluminum or an aluminum alloy, for
example. The electrode sheet may be bonded to the metal base using the second

25  insulating layer which exhibits seif-adhesion. The electrode sheet may be bonded to
the metal base through an adhesive film provided on the second insulating layer. A

flexible silicone rubber layer having a thickness of 500 to 1000 pm may be provided
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different materials. [0022] 15 The thicknesses of the first insulating

| ayer, the inter-electrode insulating |ayer, and the second insulating

| ayer may be appropriately selected. The thickness of the first insulating
| ayer is preferably 50 to 300 m The thickness of the inter-electrode
insulating layer is preferably 25 to 100 m The thickness of the second
insulating layer is preferably 25 to 100 m 20 [0023] An el ectrostatic
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Iayer and t he ectros
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L ik T A
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can be increas y pro ng a ase and
e oo BEh AL b Sl N A P BB 7 020 00 g
[0024] 100241
A method of producing the electrostatic chuck is not particularly limited. For
example, the second insulating layer, the second electrode layer, the inter-electrode
insulating layer, the first electrode layer, and the first insulating layer are stacked on the
metal base in this order from the metal base. A polyimide adhesive film is placed
15  between the layers, and a flexible layer is placed between the metal base and the second
insulating layer, if necessary. The layers are then thermocompression-bonded under
specific heating and pressurization conditions to obtain an electrostatic chuck having a
layered structure. Alternatively, after forming an electrode sheet in advance, a flexible
layer may be placed between the electrode sheet and the metal base, if necessary. The
20 layers may then be thermocompression-bonded under specific heating and
pressurization conditions. The process of forming the layered structure 1s not
particularly limited insofar as the first insulating layer, the first clectrode layer, the
inter-electrode insulating layer, the second electrode layer, and the second insulating
layer are provided in that order.
25  Effect of the Invention

[0025]

According to the present invention, when stacking two electrode layers in the
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A met hod of producing the electrostatic chuck is not particularly limted.
For exanple, the second insulating |ayer, the second el ectrode |ayer, the
inter-electrode insulating layer, the first electrode |layer, and the first
insulating | ayer are stacked on the netal base in this order fromthe netal
base. A polyim de adhesive filmis placed 15 between the |layers, and a
flexible layer is placed between the netal base and the second insulating

I , > h in- ded..und
cpeat f1 SRIEERRGRY e YRSt ol Tl btk g R R 8, AR s

huck hayi . : I ] | d
hoot i rh® sRubhECHE Aieh hfe, oh SR Kdlep SOt GLh PV e Toe O
sheet _ang Ll Tkl paRE folcl) DPGE SRR Yat2 LAKELAIBY bl NS0ubiing

t her noconpressi on- er Specl at1ng and ~press

condi t i %é'shzjit;be PrRC a5 g;eg{rr&gegil#,%% tagg ﬁl?ys%ﬁ %tercHS&e{Jga?g%,s ItOlﬁéeo%nlerf st

particularly Timted I ns Irrst 1nsul atrng

el ect O U derldify iR £RASPESubhaly ARG RYEE ca B 38R ) cotr ode

| ayer, e second 1 nsula l'ayer are provi n a 25
Ef f ect : | J RSH { i when
st ackin 85)5[ %ﬁ%hggﬁ%%g%t%&g (rggéll eﬁﬁ\tq ﬁé;ﬁﬂ;i %gg{é%%e}]ﬂg?r?ect I gtﬁeéoﬁ}{%l%ﬁ(a?% e

i nter-elgelinde dbgé}ég%rfgggogt@%e{s %yaggablg_he el ectrostatic chuck exhibits a
f ra

hi gh attraction force, an excellent rent force that provides the
attraction force (holding force) of the electrostatic chuck can be obtai ned
by optimzing the shape of the first electrode |ayer and the second

el ect r odgrIEYPESCNPPEROME OF BHEDRARINGsdet ecti on when using a known
substrate detection device can be suppressed by reducing the capacitance

bet wgen fohgeffi rst el ectrode layer and the second el ectrode layer in the
absence of a substrate as far as possible. BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is an exploded oblique view illustrative of a bipolar electrostatic chuck X
formed using an electrode sheet 1 according to the present invention.
FIG 2 is an oblique view illustrative of the relationship between a first electrode
layer and a second electrode layer according to the present invention.
15 FIG. 3 is a plan view (partially enlarged view) illustrative of a modification of a
first electrode layer.
FIG 4 is a plan view (partially enlarged view) illustrative of a modification of a
second electrode layer corresponding to the first electrode layer shown in FIG. 3.
FIG. 5 is a cross-sectional view (schematic view) showing a line of electric force
20  which occurs between electrodes of a known bipolar electrostatic chuck.
FIG. 6 is a cross-sectional view (schematic view) showing a line of electric force
which occurs between electrodes of a known bipolar electrostatic chuck in which the

electrodes are stacked in the depth direction.

25 EXPLANATION OF SYMBOLS
[0027]

X: bipolar electrostatic chuck, W: substrate, 1: electrode sheet, 2: first insulating layer,

12



10 [0026] FIG 1 is an exploded oblique viewillustrative of a bipolar

el ectrostatic chuck X forned using an el ectrode sheet 1 according to the
present invention. FIG 2 is an oblique viewillustrative of the

rel ati onship between a first electrode |ayer and a second el ectrode | ayer
according to the present invention. 15 FIG 3 is a plan view (partially
enl arged view) illustrative of a nodification of a first electrode |ayer.

FIG 4 18 grple fé&tr\éh Cy(e?a'é&' %é%ﬂin Nh QeI S ihédligﬁirgg?abigi’ te%oﬁefcﬁr 4

nodi fi cation o 'd el e e layer corres on

el ect rOde?eén%}igrtafé?he Opﬂeﬂ%@eﬁmvﬂeﬁ §rtlo cﬁSﬁt%‘?ﬁ&i ¥ Sohgehemati c

view) show ng a 0 mhic occur ween el ectrodes
of a kn J . [ C Vi ew
(schematr RIGHBFG, 7 RELEETHEL & shii %"é R ST
electrodg RErgaknown bipolar electrostatic chuck in which the electrodes
are stac eg |n the depth direction. 25 EXPLANATI ON OF SYMBOLS [0027] X

bi polsar el ectrostatic chuck, W substrate, 1: electrode sheet, 2: first
insulating | ayer, 12 3: first el ectrode | ayer, 3a: opening, 4:

| nt er - el BEST ISDEMTVR EARIGYINY T PHESRRANNrIg ect rode 1 ayer, Sa: - opening
equi val ent portion, connection portion, 6: second insulating |ayer, 7:
fl exi bl Obggpr 8: netal base, 9: direct-current power supply, 10 and 11:
el ectrode 5 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [0028] Preferred

embodi ment s Ofrefeli@d REMOEMienky WARE hrRBerd irfeHESE Ak RBekribRd AEa&kT bligvoW.
[0029]

10 FIG. 1 is an exploded oblique view illustrative of a bipolar electrostatic chuck X
formed using an electrostatic chuck electrode sheet 1 according to the present invention.
The electrode sheet 1 has a layered structure in which a first insulating layer 2, a first
electrode layer 3, an inter-electrode insulating layer 4, a second electrode layer 5, and a
second insulating layer 6 are stacked. The surface of the first insulating layer 2 forms

15  a substrate attraction surface that attracts a substrate (not shown). The electrode sheet
1 is bonded to a metal base 8 through a flexible layer 7 to form an clectrostatic chuck X.
A direct-current power supply 9 is connected to the first electrode layer 3 and the
second electrode layer 5 so that a potential difference occurs between the first electrode
layer 3 and the second electrode layer 5. The electrostatic chuck X may attract a

20 common substrate such as a silicon wafer or a glass substrate. Since such a substrate
has a relatively high dielectric constant as compared with a vacuum, the substrate can be
detected by the capacitance change rate depending on the presence or absence of the
substrate.
[0030]

25 The first electrode layer 3 of the electrode sheet 1 has a plurality of circular
openings (circular holes) 3a in a specific planar area. In FIG. 1, a patterned electrode

is formed in which the openings 3a are disposed in a grid pattern so that the openings 3a
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[0029] 10 FIG 1 is an exploded oblique viewillustrative of a bipolar

el ectrostatic chuck X forned using an electrostatic chuck el ectrode sheet 1
according to the present invention. The electrode sheet 1 has a |ayered
structure in which a first insulating layer 2, a first electrode |ayer 3,
an inter-electrode insulating |layer 4, a second electrode |ayer 5, and a
second insulating |layer 6 are stacked. The surface of the first insulating

(ot shouproie ERHAL SALRE | B B odBla Bl S oM BT 1 2
uppl y. o°ie2Y Ehes orkfins Yol ko bR 34 Bl fuch i sl & P e GReBER, PO
ol cot r oae® T HE R AR O afte BOLE R Boief bHIGEHEACEMEAMDIOTNI STRHE | " Shuck
ubst r ot SRR AAREDRCRNRIER' FaBd iR ol el el G oo "o st an
Change. ToLe R S hg P e LS e RO SO A AL e PR G0

25 The fifeShunfkeof 61%%‘31 %lﬁ‘?ﬁ the fl?lfst %l@%rcﬁﬂeQE)l}err@de ﬁl}?%@éen@ dMsrode [b!grla‘( ality of

circul ar openings cul ar hol es ainaspecific planar are In FIG 1,

a patter i ' L Gl j 1 ighsppsed in a
1 a8 pat T R S R S P R AR R Ces of

square. X@icﬁﬁﬁﬁé@peﬁieﬁfeﬁr&aﬁroh@%efonﬁe@_B?r ttlliheoﬁénﬁfé S ent rﬁ%ﬁfong shagqopeni ng

equi val ent” portlons 5a provided at positions at which the openings 3a in

the firsiheRbRfdliosBokiddEsh.3 AIGE2 BRAVEGE SfemRs Oqlidlef GRaiths Sheatidiode | ayer 5

in the depth direction of the el ectrode sheet 1 and having an identi cal

shapg t opidiRie@aPpRAiRE aPwAREThOGSeniis 33 e tHUTFBEl e @odO Rt B aregsibiev@lient
portions 5a is preferably the same as the nunber of openings 3a in the
first el ggorRdRchY8ectrbde THRr S & Hedepihaditecasieof @Y @lecBode sheet 1 and have
an identical shape to that of the projected openings 3a.
[0031]
FIG. 3 shows a modification in which the arrangement of the openings 3a differs
15  from that of the first electrode layer 3 shown in FIG. 1. The first electrode layer 3
shown in FIG. 3 has a plurality of openings 3a which are circular holes. A circular
hole A is adjacent to circular holes B, C, D, E, F, and G at a shortest distance X. 'In this
case, the circular holes B, C, D, E, F, and G are disposed corresponding to the positions
of the vertices of a regular hexagon. Note that a circular hole H is not adjacent to the
20  circular hole A at the shortest distance X. For example, the circular holes A, F, C, and
D in the first electrode layer 3 form a quadrangle, and may be considered to form a
grid-shaped patterned electrode.
[0032]
In FIG. 3, when a straight line ] parallel to a straight line along which the circular
25 holes A and B are adjacent at the shortest distance X is referred to as an imaginary

straight line, for example, the length L of a line segment defined by the feet of

perpendiculars is obtained by projecting the centers of gravity (centers) of the circular
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has a connection portion 5b that connects the adjacent opening equival ent
portions 5a. A grid-shaped patterned electrode is formed by the opening
equi val ent portions 5a and the connection portions 5b. FIG 2 shows the
openi ng equi val ent portions 5a which are 10 provided at positions at which
the openings 3a in the first electrode |ayer 3 are projected onto the
second el ectrode layer 5 in the depth direction of the el ectrode sheet |I and

Chows a HUST Rend® oRS TR kil hefho iR Jor bt SRR e Bnd il SR or s 13
fromt ga{heq{rstté?igcrt{folg% E{ygp hgg&gﬁ) (iil? F i@yf{s 1‘?’2 Fnr}r? War éﬂmf | 1Whl-gﬁmef éhro?‘tgste' ectrode
p y ‘of 0

| ayer shown ural pening a whichare circul ar

at a shot FRRE A bonleh Tf oledtfl FEARE shRT 1l IR BRRL S el T R ©
ogular REeD R E R RSB TRR  E hd Rt LK 2 AT 2%

n | F G POR S B kil PR SopizE PRGNl ot ey MMl B SRENIE ST oy “be
when o stoaran MheiqPhs fe PPanRgaRRIGEe Ll PraFRa o RFRE PR St ar

25 hol esghy %&eu&i@ragﬂ?ﬂ{tﬁ@ &1 dishRoSRUMIE I%ﬁ‘;ﬁﬁﬁ IifeisBerhfiqr isgd to as

an i magi nary strai Ine, for exanp a l'ine segnent

defined Bychibed asdd h hoPe%r&e?I?’én%ﬂsa’&zﬁich%uBQ&xﬁiaﬂ?dqué’ticR{ o el bpgiddae centers

of gravity (centers) of the circular 14 holes A"and B onto the inmaginary

st rai ght aédoﬁﬁnétotﬁ@grdg&ﬁme%ﬁoﬂf each circular hole in the first el ectrode

| ayer 3 shown in FIG3 is 1.2 nm for exanple. Wen the shortest distance X
bet ween jdug3pdj acent circular holes is 1.0 mm the Iength L of the line
segnent 1s 2.2 mm (i.e., L=0.6+1.0+0.6=2.2 mm), and the ratio L/ X is 2.2.

Wien a FIG. 3 shows a second electrode layer 5 corresponding to the first electrode layer

3 shown in FIG. 3. The second electrode layer 5 shown in FIG. 4 has circular opening
equivalent portions 5a provided at positions at which the openings (circular holes) 3a in
the first electrode layer 3 shown in FIG. 3 are projected onto the second clectrode layer
15 5 in the depth direction of the electrode sheet 1. The diameter of the opening
equivalent portion 5a is the same as the diameter (i.e., 1.2 mm) of the circular hole in
the first electrode layer 3. When focusing on one opening equivalent portion 5a, the
opening equivalent portions 5a adjacent to that opening equivalent portion 5a are
disposed at the positions of the vertices of a regular hexagon at a shortest distance X of
20 1.0 mm. The opening equivalent portions 5a are connected through the connection
portion 5b. For example, four connection portions 5b may be connected to one
opening equivalent portion 5a to form a grid-shaped second electrode layer 5, as shown
in FIG. 4(a), or one opening equivalent portion 5a may be connected to all of the
adjacent opening equivalent portions 5a through the connection portions 5b, as shown in
25 FIG. 4(b). Breakage of the second electrode layer 5 can be suppressed as far as
possible by increasing the number of the connection portions Sb. However, the

configuration shown in FIG 4(a) is preferable from the viewpoint of reducing the

15



5 hol e or an opening having a size which does not allow the hole or opening
to substantially function as the opening according to the present invention
is formed in the first electrode |layer 3, the shortest distance X and the

|l ength of the line segnent L are calcul ated based on hol es or openi ngs

whi ch substantially function as the openings according to the present

i nvention. 10 [0033] FI G 3 shows a second el ectrode |layer 5 corresponding to

Shown | FCORRGE RASeE] 05l el%%ﬁq“ﬂ“ A@Y“eféqﬂ%@%%?m%e FREHEISE B oTbed e
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ci roul ar tp?hgr'@n L) ah, SLRSHIAR |2y 6 c e G | 9080 90 openi ng

eqU|vaIe openi ng equi va por t-ons acent to that

openisng & ﬁ%fﬁahf‘ené S {:Q%eﬁ&; ff 1h ﬁgét%?aﬁﬁﬁe @%ﬁ%ﬁ%b&’ﬁﬁﬂ&:ﬂ%ﬁ@ Vertices

of a regu ar hexag nce e openi ng
eqU|vanQ%me%&k8§§ 5a are connected through the connection portion 5b. For
exa our connection portions 5b nay be connected to one opening
eqU|vaIent portion 5a to forma grid-shaped second el ectrode |ayer 5, as
shown in FIG 4(a), or one opening equivalent portion 5a may be connected to
all of tﬂg ﬁghacent openi ng equival ent portions 5a through the connection
portions %n as showmn in 25 FIG 4(b). Breakage of the second el ectrode

| ayer 5 w4 e suppressed as far as possible by increasing the nunber of

t he connection portions 5b. However, the configuration shown in FIG 4(a) is

pELA S, ARl eyl bt iy coBpo psibapeen (e
the conngged PEhRE fd PIG. SbandSthe t&F&paRliNg Secbnd @IRraddMiyer § shewik &l RIG vel y
4(b). A bipolar electrostatic chuck X was obtained using the electrode sheet 1. A
polyimide sheet (“Kapton” manufactured by Du Pont-Toray Co., Ltd.) having a length
of 206 mm, a width of 206 mm, and a thickness of 50 um was provided. Each side of
15 the polyimide sheet was subjected to an ion plating treatment (smoothing treatment) to
form a chromium layer having a thickness of 0.1 pum. A copper electrode layer having
a thickness of 0.4 pm was formed on each side of the polyimide sheet (inter-electrode
insulating layer 4) by ion plating. The first electrode layer 3 shown in FIG 3 was
formed by etching one of the electrode layers, and the second electrode layer 5 shown in
20 FIG 4(b) was formed by etching the other electrode layer. The first electrode layer 3
was formed so that a plurality of circular holes 3a having a diameter of 1.2 mm were
disposed in a 200x200 mm area. The circular holes 3a were formed so that a single
circular hole 3a was adjacent to the circular holes 3a positioned at the vertices of a
regular hexagon formed around that circular hole 3a at a shortest distance X of 1.0 mm.
25  The second electrode layer 5 was formed so that a plurality of opening equivalent

portions 5a having a diameter of 1.2 mm were provided in a 200x200 mm area

corresponding to the circular holes 3a in the first electrode layer 3, and the adjacent
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difficult to obtain a connection portion having a thickness of less than 0.1
mm by etching. On the other hand, if the thickness of the connection
portion 5b is larger than 5 0.5 mm the capacitance between the first

el ectrode | ayer 3 and the second el ectrode |ayer 5 increases. Exanple 1
[0034] 10 An electrode sheet | was fornmed as descri bed bel ow using the
first electrode layer 3 shown in FIG 3 and the correspondi ng second

el ectrode | ayer 5 shaown j.n FLG _4(b). A bipgolar glectrostatic. .chu X was
obt ai ned et et et u Tt Shimdired BRo R fis°GiroaRi RGeSt

manuf act by . t-Toray Co., Ltd.) having a length of 206 nm a wdth
of 206 nﬁéﬁ%%%égﬁﬁgg%%rgs of 50 gm was provided. Each side of 15 the
polyimd O%EEet was subjected to an ion plating treatnent (snoothing
treatnenﬁ% forma chromumlayer having a thickness of 0.1 gm A copper

el ect 1 ode | 2y 8! pAKIA0 i (RLFIICHinificlydh BIEROORIRA A1 ERGfepde of the

pol yi m de sheet er-e I nsu I'ng’ Iayer i gn plating. The

ol et oot T AgoF LB E A R Mbelfof 208 mi AERjau) BF PRE b AUTMIRBIEI) 1) e
was Tor meat 46t el iy e BURER Are MU TSt ME NG of 1
That o sigraras, bllymid A el Bing ATpekhey @20 PRty 47 BplfaReLg T =0
oo 3 B8 i (ERhiRGR by O ERA Tgfay Lo D00 SRR In A A SR Tover &

was for ”E&iﬁ%aw@h 8f Phehd, 12l widef o PPRD ﬁg )a(lgsl YitMRk&RE of RO gﬁﬂ QA4S bayedavi ng a

di anet er of 2 mmwere provided in a 200X200 mm area ¢ esponding to the

Circyd ar i @leefurfte bf i gechbhd %kcﬁ&@h&@? tiu%ﬁ%{ thd ab-théiRioRed agkAtve 16

openi ng equi val ent portions 5a were Connected through the connection

portionsgilt. A cushion material was respectively placed on the surface of the first insulating

layer 2 and the surface of the second insulating layer 6. The layered product was
placed in a hot press machine, and was hot-pressed at a pressure in the thickness
direction of 2 MPa, a heating temperature of 150°C, and a retention time of five minutes.

15 The cushion materials were then removed to obtain an electrode sheet 9 having a
layered structure in which the first insulating layer 2, the first electrode layer 3, the
inter-electrode insulating layer 4, the second electrode layer 5, and the second insulating
layer 6 were stacked. The first insulating layer 2, the inter-electrode insulating layer 4,
and the second insulating layer 6 had a relative dielectric constant of 3.5.

20 [0036]

The electrode sheet 1 thus obtained was placed on the surface of a flat porous
ceramic so that the first insulating layer 2 was opposite to the porous ceramic. An
aluminum base 8 was placed on the second insulating layer 6 through a silicone rubber
spacer having a height of 0.7 mm and a diameter of 5 mm. The aluminum base 8 was

25 made of an aluminum alloy (A5056), and included a water-cooled pipe having a
diameter of 184 mm. A self-adhesive liquid silicone rubber (“TSE3663” manufactured

by GE Toshiba Silicones Co., Ltd.) was injected into an opening between the aluminum
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having a width of 0.2 mm [0035] A polyimde film ("Kapton" manufactured by
Du Pont-Toray Co., Ltd.) (first 5 insulating layer 2) having a | ength of
206 mm a width of 206 nm and a thickness of 125 ismwas bonded to the
surface of the first fornmed el ectrode | ayer 3 through a thernoplastic

pol yi m de adhesi ve sheet having a thickness of 20 m A polyimde film
("Kapton" manufactured by Du Pont-Toray Co., Ltd.) (second insulating | ayer

P @trgd?zﬁaes{;‘%m}eﬁ‘@‘?éﬂ%m TG e b
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first insulati i nter- elnsulalng and the

d t t f 3.5. 20
[o036) Tha Pl 2 I %e.‘éﬁgﬂmfe‘c%f’gﬁé &on the surface of a

flat porg@gsy; ceramc so that the flrst insulating |ayer 2 was opposite to
the porous ceramc. An alum num base 8 was placed on the second insulating

L ayer 6 thr oughog b loenokhhSh, FMEoREYiyI ieh el Beckof and a
A Sl Yot e

di aneter of 5 um num bas T Ui hum af | oy
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mm and a thickness of 0.8 mm, and a capacitance C2 between the first electrode layer 3

and the second electrode layer 5 in the absence of the silicon wafer were calculated by

two-dimensional finite element analysis. The results are shown in Table 1.  As shown

15 in Table 1, the capacitance change rate ((C1-C2)/C1) due to the presence or absence of
the silicon wafer was 0.087, which can be sufficiently and accurately detected using a

known substrate detection device.

[0038]
TABLE 1
C1 (with wafer) C2 (without wafer)
C1-C2)/Cl

@F) ©F) “2
Example | 2750 2510 0.087
Comparative Example 1 10930 10670 0.024

20

[0039]

Comparative Example 1
A bipolar electrostatic chuck X was produced in the same manner as in Example
1, except that a planar electrode (length: 200 mm, width: 200 mm, thickness: 0.4 pm) of

25  which the entire planar arca served as an electrode was used as the second electrode

18



17 base 8 and the el ectrode sheet 1 fornmed by the spacer, and was defoaned
under vacuum The el ectrode sheet 1 was placed under vacuum through the
porous ceram c so that the electrode sheet 1 adhered to the surface of the
porous ceram c. The silicone rubber was then cured about overnight. The

el ectrode sheet | and the al um num base 8 were 5 thus bonded through the
flexible S|I|cone rubber | ayer 7 having a thickness of 0.7 mmto obtain a

i R oSl R A g 0
| ess. {%221] 5°0 &Bi@' #t?o%?a%cghgpf O?nC(EIH arhtiy SEX?IJnﬁst { Qfer! ﬁéﬁ%{?g and the

second el"€€t P ot e bi po ar el ec tat1i’c c when

causi ng &@e;f&;m'cml?k%t (3503 iy (X9 AALRRE cdhsBph LR M

(relative BCtTIE cons a dianeter M and a

é“: Sﬁsefﬁ@gélé%gﬁﬁ apeh, e qﬁ%@@%@mﬂﬁ ﬁ@!@%@s@? %@?F e ot er "ver e
gﬁo&vn in Jg%enc%%?&géﬁﬁ ‘Je’rél]'k%l fSrHt?he capacl ance cﬁ‘& giﬁgt gre

((Cl- ) ’i‘%ksﬁﬂf F“[ Oshto% 1Brﬁ% £e RE SRRSENEFanE Iégﬁusa?béﬂaﬁeé] cﬂ\ﬁf glrapas 0. 087,

whi ch can be suffticientl accur ately detect kno substrate
detectio € t

(G @) @F‘*?@&?}&%&?ﬁﬁ*&iﬁ%{% i S G LA n%‘a‘%d;%‘vg‘*éi%

10930 106¢6hdduddéecticd ILQQ&%Lr when using a known substrate detection device.
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Conparative Exanple 1 A bipolar electrostatic chuck X was produced in the
sane manner as in Exanple 1, except that a planar el ectrode (length: 200
mnm w dth: 200 mm thickness: 0.4 gn) of 25 which the entire planar area
served as an el ectrode was used as the second el ectrode 18 |ayer 5. A
capacitance C between the first electrode |ayer 3 and the second el ectrode
| ayer 5 of the electrostatic chuck X of Conparative Exanple 1 when causi ng
the electrostatic chuck X to attr@%%d%]ssilicon wafer (relative dielectric
constant: 5.4), and a capacitance etween the first electrode |ayer 3
and the second electrode layer 5 in 5 the absence of the silicon wafer were
calculated in the sane manner as in Exanple 1. The results are shown in

Tabl e 1. lh.AS SREWclrfde! dREChaking bﬁyE%B%&h{:tﬁfbcﬁ &B?H%%Eﬁh%ﬂagﬁzngg_qa#ﬁg) /C1)

due to the presence or absence of "the silicon wafer was erefore,

er r oneougrsfifegitddedBydFiih BR&G HlecdS intdlafitg ayeR WL SAPSIERbdR M Said #n devi ce.
19 CLAIMS 1. An electrode sheet having % I"ayered structure in which a first

i nsulsat | RQohP¥Shlatih lafdrad siitiRah@dRrabAYES sutdiate Dndhe Ble flsuREHR: la@él‘;" ating
| ayer, a second el ectrode layer, and a 5 second insulating | ayer "are stacked

and att ragtfirfiGlcudud syeehfifa pifalftl bf bpénissd iatd Pcilfidiinar afelCarldi the't
el ectrode layer having a plurality of openings in a specific planar area,

and the s6RPRIEERbRS ldyefl Balidy Sdpehimyi é@imﬁi;fwﬁ&ﬁug)mid%atatwsmo%sat provi ded
at positions at which the openings in the first electrode 1ayer are

proj ect egrhftthe bﬁ@uﬁ%qﬁ NHe kR CldcRE&e idyaly 8% prifedted @BiNthdisksdl QéctRlbet he
el ectrode sheet and having al nost the sanme area as the 10 projected

openi ngslayaid LAPALEitdcBon RO IR QEGErddb ahect aRd BSting AEnP Y fAtheel ¥Athent
portions. 2. The el ectrode sheet according to claim1, wherein the first

el ecto odgrojedy@r opéings! had opameaitsih @bsidas etlat Bomhed! ithe PPLRIAL Nequavierthe second
el ectrode layer 1s formed in a

portions.

2. The electrode sheet according to claim 1, wherein the first electrode layer has
the openings disposed in a grid pattern, and the second electrode layer is formed in a

15  grid pattern using the opening equivalent portions and the connection portions.

3. The electrode sheet according to claim 1 or 2, wherein, when a shortest distance
between the adjacent openings in the first electrode layer is referred to as X, and the
length of a line segment defined by the feet of perpendiculars when projecting the
20 centers of gravity of the adjacent openings onto an imaginary straight line parallel to a
straight line along which the adjacent openings are provided at the shortest distance X is

referred to as L, the first electrode layer satisfies L/X>1.5 and L<2.5 mm.
4, The electrode sheet according to any one of claims 1 to 3, wherein the openings

25  in the first electrode layer are circular holes, and the second electrode layer has circular

opening equivalent portions.
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15 grid pattern using the opening equivalent portions and the connection
portions. 3. The el ectrode sheet according to claiml or 2, wherein, when a
shortest distance between the adjacent openings in the first el ectrode

|l ayer is referred to as X, and the Ilength of a |line segnent defined by the
feet of perpendiculars when projecting the 20 centers of gravity of the

adj acent openings onto an imaginary straight line parallel to a straight

|l ine al ong i.ch the adjacent gpenings are provided a{ the shortest distance
X i's reterr ol eeods sheckacoordiae “é%}’c‘?’}edtfé?%‘@?érto ga SR CAPASKANCE  and

L<2.5 4. The el ectrode eet according.to an ne of cl ai 1 to 3

wher ei nm%h@ewsm%grst slge ?ffetqﬁgerfqnﬂstge srou reg‘-‘agog%@é@r hen therSgae hol es,

and the gsecond el ectrode | ayer has cir ar openi ng.equival ent portions. 20

5. The eTHEEHAERRS B SRESTRIBH A ABRTEIeH 2 S R verpntBFn

capaci tance be en the first electrode | ayer and . the second.el ectrode

| ayer V\/r@ﬁo‘i%gegtlr%‘%tmﬁéﬁﬁewp%gﬁaﬁ‘ftfqdﬁcgﬁ"@ett Séﬁébéf‘?ﬁf theafiystiate SBUY t ance 2
ectrode | ayer and the second el ectrode |ayer when the

bet ween e first
elecﬁrodgﬂéﬂégéﬁé%gg not attract the substrate satisfy 5 (Cl-C2)/C1>0.03.

6. An electrostatic chuck conprising a nmetal base and the el ectrode sheet
according to any one of clains 1 to 5 that is bonded to the netal base. 10

7. The electrostatic chuck according to claim,6, wherein the el ectrode sheet
"s Tbondba-t ok naeHERTHCh AuEY, R OaRne t kb et P cBisecleab SR er havi ng
a thic kna?cscgrdclgg toSa%())f o%g ofc ggnsn} tc:)25’L that is bonded to the metal base.

1 7. The electrostatic chuck according to claim 6, wherein the electrode sheet is

bonded to the metal base through a flexible silicone rubber layer having a thickness of
500 to 1000 pm.
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