
Description Title of Invention: BIPOLAR ELECTROSTATIC CHUCK Technical
Field [0001]The present invention relates to a bipolar electrostatic
chuck, and more specifically, to a bipolar electrostatic chuck which
has excellent substrate attracting/holding performance when a voltage
is applied, and is capable of canceling residual charges promptly
when voltage application is stopped. Background Art [0002]An
electrostatic chuck is used for attracting and holding 



a semiconductor substrate in various apparatuses such as an ion
implantation apparatus, an ion doping apparatus, and a plasma
immersion in a semiconductor manufacturing process, an exposing
apparatus using an electron beam or an extreme ultraviolet (EUV)
lithography, or a wafer inspection apparatus for silicon wafers or
the like. In addition, in a field of manufacturing liquid crystal
displays, the electrostatic chuck is used for attracting and holding
an insulating substrate in a substrate combining apparatus, which is
used for filling liquid crystal between glass substrates, or in an
ion doping apparatus. [0003]The electrostatic chuck usually attracts
a substrate via an upper insulating layer made of a high electric
insulating material such as a polyimide film or a ceramic material .
In addition,  the electrostatic chuck is used inside a vacuum chamber
or in the environment with very low humidity. Therefore, the
electrostatic chuck itself is apt to be charged easily. Therefore,
there is a problem that charged particles such as ions and electrons
that are used for processing of the substrate may be attracted by the
upper insulating layer so as to generate residual charges, which
maintains the substrate in the attracted state even after a long
period from power-off. In addition, there is also a problem that
charged and floating particles around the electrostatic chuck may be
attracted. [0004]In order to cancel residual charges of the
electrostatic chuck, it is necessary to provide a path for the
accumulated charges to flow easily to the earth (ground) or the like,
or to supply charges having opposite polarity to the portion where
the charges exist. However, in recent years, a structure of the
electrostatic chuck is apt to be complicated because of necessities
of improving attraction force of the electrostatic chuck or
processing substrates of increasing size. For this reason, it is
difficult to cancel the residual charges completely by leading the
charges to flow to the earth or by supplying charges having the
opposite polarity. 



[0005]Therefore, there is proposed a method, for example, in which a
part of the upper insulating layer on the substrate side is cut off
(step section is provided) corresponding to the part of the electrode
layer where no electrode exists so that the upper insulating layer
does not contact directly with the substrate in the part where no
electrode exists (see FIG. 1(c) of Patent Literature  1). In the
upper insulating layer corresponding to the part where no electrode
exists, there is formed a dielectric polarization along the
transverse direction connecting the end of the electrode existing
nearby and the substrate to be attracted. The charges accumulated in
this direction are hardly canceled by electric control after voltage
application is stopped. Therefore, the above-mentioned proposal
relates to a method of canceling charges that are hardly canceled by
electric control, by cutting off the upper insulating layer
corresponding to the part where no electrode exists.  [0006]However,
as described above, in recent years, an electrode having a
complicated shape such as a comb-shaped electrode is studied for
improving the attraction force , and hence it is actually difficult
to adopt the above-mentioned method for such electrode. In addition,
even if the above-mentioned method can be adopted, it is necessary to
supply appropriate and proper amount of charges having the opposite
polarity to the part where residual charges exist, in order to cancel
completely the charges accumulated once in the electrostatic chuck by
electric control or the like. The control or the like is very
difficult. Citation List 



Patent Literature [0007]Patent Literature 1: JP 06-314735 A Summary
of Invention Technical Problem  [0008]In such situation, the
inventors of the present invention studied to optimize an electrode
shape that is hard to form the residual charges instead of canceling
the residual charges of the electrostatic chuck afterward.Here, FIGS.
6 illustrate a conventional example of a bipolar electrostatic chuck
having two semicircle electrodes 8 and 9, in which FIG. 6(a)
illustrates a plan schematic diagram of the electrodes 8 and 9 viewed
from an attracting surface side for attracting a substrate 4, and
FIG. 6(b) illustrates a schematic diagram of the I-I cross section of
FIG. 6(a). First, when the electrode 8 is connected to a positive
electrode side of a power supply (not shown), and the electrode 9 is
connected to a negative electrode side of the power supply so as to
apply a voltage, electric flux lines E as illustrated in FIG. 6(b)
are formed on a substrate attracting surface 5 side by the dielectric
polarization of an upper insulating layer 1 . Further, if there exist
charged particles such as ions and electrons in the region where the
electric flux lines E are distributed, positive charged particles are
moved along the electric flux lines E to the negative electrode side
while negative charged particles are moved along the electric flux
lines E to the positive electrode side. It is considered that those
charged particles gather at the vicinity of the substrate attracting
surface 5 of the upper insulating layer 1 having very high electrical
resistance along the way. 



[0009]Next, when the voltage application is stopped, the electric
flux lines E are disappeared, and hence it is considered  that a part
of the charges accumulated in the upper insulating layer flows to the
ground side via the electrode or is canceled together with charges of
the different polarity. Here, for example, point A is closer to an
electrode 2 on the positive side than point B in the diagram.
Therefore, it is considered that charges accumulated at point Aare
canceled together with charges of the different polarity nearby in a
relatively easy manner. On the other hand, if the different pole is
relatively distant like the point B, it takes longer period until the
charges accumulated in the point B are canceled than the charges
accumulated in the point A. Therefore, unless the charges move to the
ground side to be disappeared, the charges may remain as residual
charges. [0010]Therefore, the inventors of the present invention have
studied earnestly to find a bipolar electrostatic chuck that is
capable of canceling the charges generated on the substrate
attracting surface when a voltage is applied, promptly when the
voltage application is stopped. As a result, it was found that the
electrostatic chuck in which charges of different polarities are
canceled efficiently so that residual charges are hardly formed and
which has excellent attraction force can be obtained by adopting such
an electrode shape that when voltages of different polarities are
applied, around one electrode having one polarity, the other
electrode having the other polarity is arranged. Thus, the present
invention is completed. [0011]Therefore, an object of the present
invention is to 



provide a bipolar electrostatic chuck, which has excellent substrate
attracting/holding performance when a voltage is applied, and can
cancel residual charges promptly when voltage application is stopped.
Solution to Problem [0012]Specifically, the present invention
provides a bipolar electrostatic chuck, at least including: an
electrode layer including a first electrode and a second electrode;
and an upper insulating layer which forms a substrate attracting
surface for attracting a substrate, in which in a case where a
surface of the electrode layer is regarded to be divided into a
plurality of virtual cells having a predetermined width (L) arranged
in an x direction and a y direction, first electrode sections forming
the first electrode and second electrode sections forming the second
electrode are alternately arranged in the plurality of virtual cells
in the x direction, and are alternately arranged in the plurality of
virtual cells in the y direction. [0013]In the present invention, the
electrode layer having the first electrode and the second electrode
is required to satisfy the following electrode shape condition on the
surface corresponding to the substrate attracting surface, as
illustrated in FIGS. 1 and 2, in the case where the electrode layer
is regarded to be divided into the plurality of virtual cells having
the predetermined width L in the x direction and the y direction.
Specifically, as to the 



virtual cells (Xn, Yin), (Xn+lr Ym), (Xn+2r Ym) f and so on arranged
in the x direction, first electrode sections 2a forming the first
electrode and second electrode sections 3a forming the second
electrode are required to be alternately arranged, while as to the
virtual cells (xn, Yip), (xn,Ym+1), (xn,YH+2),andso on in they
direction, the first electrode sections 2a and the second electrode
sections 3a are required to be alternately arranged (n and m are
integers of 0 or larger). Here, there is no specific limitation about
a plane shape of each electrode section. The plane shape of each
electrode section may be a circular shape, an elliptical shape, or a
triangular or other polygonal shape as well as the rectangular shape
as illustrated in FIGS . 1 and 2 . In addition, in the case of
thepolygonal shape, apexes thereof may be rounded by a predetermined
curvature radius so as to prevent discharge between neighboring
electrodes. Further, it is preferred that all the first electrode
sections 2a and the second electrode sections 3a have the same shape,
and be arranged in the same orientation so that barycenters of the
electrode sections are overlaid at the center of the virtual cells,
in order that the charges generated once are effectively canceled by
charges of the opposite polarity. [0014]As illustrated in FIG. 2, a
space d between the first electrode section and the second electrode
section arranged in the above-mentioned virtual cell may be designed
appropriately depending on a voltage to be applied, that is, may be
designed appropriately because the required attraction force is
different depending on  a type and a size of the substrate to be
attracted. For instance, in the case of the electrostatic chuck for
attracting a silicon wafer having a diameter of 300 mm, it is
preferred to set the space d to a value within the range of 0.5 to 2
mm considering the applied voltage (approximately 500 to 1500 V in
usual case). In addition, the cell width L as a premise of the
above-mentioned condition may be set appropriately in accordance with
a type and a size of the substrate to be attracted. For instance, in
the case of attracting a silicon wafer having a diameter of 300 mm,
it is preferred to set the cell width L within the range of 1 to 20
mm so that the first electrode section and the second electrode
section are arranged. 



[0015]The first electrode sections and the second electrode sections
arranged in the cells may respectively form the same potential
through connection parts. Specifically, as illustrated in FIGS. 1 and
2, the first electrode 2 has first connection parts 2b for connecting
the first electrode sections 2a to each other arranged in a plurality
of cells, and the second electrode 3 has second connection parts 3b
for connecting the second electrode sections 3a to each other
arranged in a plurality of cells. A plane shape of each connection
part is a band-like shape in the simplest case and a width thereof
may be approximately 0.2 to 2 mm, but the shape and the like thereof
are not limited in particular. However, if the first electrode 2 and
the second electrode 3 are formed on the same surface, the first
connection parts 2b and the second  connection parts 3b are arranged
so as not to cross each other.  [0016] The electrode layer obtained
by the above-mentioned electrode shape condition has, as understood
from the cross-sectional schematic diagram illustrated in FIG. 3, the
first electrode and the second electrode for generating a potential
difference when a voltage is applied, which are arranged so as to be
adj acent to each other both in the x direction and in the y
direction (both the II-II cross section and the II'-II' cross section
of FIG. 1 become as illustrated in FIG. 3). Therefore, after the
voltage application is stopped, the charges formed on the substrate
attracting surface of the upper insulating layer and its vicinity can
be effectively disappeared by being canceled with neighboring charges
having the opposite polarity. As a result, formation of residual
charges can be prevented as much as possible. In addition, according
to the electrostatic chuck having such electrode layer, as
illustrated in FIG. 3, most of the electric flux lines E are
generated to be tight on the substrate attracting surface and its
vicinity. This means that, for example, compared with a conventional
electrostatic chuck as illustrated in FIG. 6(b), the electric flux
lines E are formed within a range of a short distance. As a result,
this fact reduces probability of attracting floating charged
particles and other foreign substances to the electrostatic chuck.
[0017] In addition, the first electrode and/or the second electrode
may have an electrodeless portion where the electrode section does
not exist in the virtual cell, so as to have an insulating  layer top
where the upper insulating layer protrudes to the substrate side at
the position corresponding to the electrodeless portion as described
later. In other words , the electrodeless portion where the electrode
section does not exist is formed in at least one of the virtual cells
on the surface of the electrode layer, and the upper insulating layer
has the insulating layer top at the position corresponding to the
electrodeless portion, with a result that only this insulating layer
top contacts with the substrate so as to form the substrate
attracting surface. This electrodeless portion means that some of
electrode sections, which exist originally, are missing according to
the electrode shape condition of the present invention. For instance,
in the example illustrated in FIG. 4, places of cells (xl, y1), (x4,
yi), (xi, y4), and (x4, Y4) are electrodeless portions 2c and 3c,
which are places where the first electrode section 2a, the second
electrode section 3a, the second electrode section 3a, and the first
electrode section 2a are disposed in this order according to the
electrode shape condition described above. The amount and numbers of
such electrodeless portions are formed may be set appropriately in



[0018]According to the electrostatic chuck in which the electrode
forming the electrode layer has the electrodeless portion and the
upper insulating layer has the insulating layer top at the position
corresponding to the electrodeless portion, the electric flux lines E
do not pass through an insulating layer top la contacting with the
substrate as illustrated in FIG. 5 (both thecross section and the
III'-III' cross section illustrated in FIG. 4 become as illustrated
in FIG. 5). For this reason, the charges generated by the voltage
application and the number of charged particles such as ions and
electrons that are induced are decreased at least in the part of the
upper insulating layer where the substrate contact with (insulating
layer top). Thus, residual attraction force when the voltage
application is stopped can be further reduced.  [0019]The electrode
layer of the electrostatic chuck according to the present invention
may have the first electrode and the second electrode as described
above, and the first electrode and the second electrode may be formed
on the same surface in the electrode layer, or the first electrode
and the second electrode may be formed on the upper side and the
lower side of an inter-electrode insulating layer made of an
insulating film or insulating adhesive. However, it is preferred to
form the first electrode and the second electrode on the same surface
because it becomes difficult for the residual charges to be formed.
In addition, a gap between the electrodes maybe filled with
insulating adhesive such as epoxy resin or silicone resin, or a part
of thermoplastic polyimide adhesive sheet in any  one of the case
where the first electrode and the second electrode are formed on the
same surface and the case where the first electrode and the second
electrode are formed via the inter-electrode insulating layer. 



[0020]The method of forming of the first electrode and the second
electrode is not limited in particular. For instance, thermal-spray
or vapor deposition of metal such as copper, aluminum, nickel, or
tungsten may be performed with a mask so as to form a predetermined
electrode shape, or a metal layer may be formed by using metal foil,
plating, or ion plating and then a predetermined electrode shape may
be obtained by etching. A thickness of the electrodes depends on the
method of forming the electrodes, but it may be in the range that is
usually adopted. For instance, in the case where the electrodes are
formed of metal foil, it is mainly in the range of 5 to 30 pm. In the
case where the electrodes are formed by ion plating method, it is
mainly in the range of 0.1 to 2 pm. In the case where the electrodes
are formed by thermal-spray of metal, it is mainly in the range of 30
to 50 pm. [0021]In addition, the upper insulating layer in the
present invention may have the substrate attracting surface for
attracting a substrate, but its material and the like are not limited
in particular. It may be formed of an insulating film such as a
polyimide film, a silicone film, and a polyamide film, or formed of a
ceramic material such as alumina or aluminum nitride. A thickness of
the upper insulating layer depends on a material of the insulating
layer,  but it may be in the range that is usually adopted. For
instance, in the case where the insulating layer is made of a
polyimide film or the like, the thickness of the upper insulating
layer is mainly in the range of 25 to 200 pm. If the insulating layer
is formed by thermal-spray of a ceramic material, the thickness of
the upper insulating layer is mainly in the range of 100 to 500 pm.
[0022]If at least one of the electrodes forming the electrode 



layer has the electrodeless portion, the upper insulating layer is
provided with the insulating layer top la protruding to the substrate
side at the position corresponding to the electrodeless portion, with
a result that the insulating layer top la contacts with the substrate
for forming the substrate attracting surface 5. Thus, the number of
charges accumulated in the part contacting with the substrate can be
reduced as much as possible . It is preferred that the insulating
layer top la have a plane shape contained in the range of the virtual
cell corresponding to the electrodeless portion, considering
substrate attraction maintenance performance or reducing performance
of the accumulated charges , but it is possible that the insulating
layer top la is formed to exceed the cell size and overlap part of
neighboring cells. In addition, a height of the insulating layer top
la (i.e., depth of insulating layer recess lb) maybe in the range of
5 to 20 pm, from a viewpoint of maintenance of the substrate
attraction force, suppression of an unevenness or a swell of the
substrate back surface when the substrate is attracted, or
processability. As the method of forming the  insulating layer top la
on the upper insulating layer, for example, thermal-spray of a
ceramic material using a predetermined mask may be adopted, or is
possible to form the upper insulating layer with a polyimide film or
the like and then to form the insulating layer recess lb by an
etching process. [0023]In addition, the bipolar electrostatic chuck
according to the present invention may have the electrode layer and
the upper insulating layer laminated with adhesive or an adhesive
film between the electrode layer and the upper insulating layer, or
the upper insulating layermay be formed directly on the surface of
the electrode layer. Further, a lower insulating layer made of an
insulating film or a ceramic material similarly to the upper
insulating layer may be disposed on the underside of the electrode
layer (opposite side to the substrate attracting surface) so as to be
adhered to a metal substrate made of aluminum or the like the with
adhesive or the like, for obtaining the electrostatic chuck. In other
words, it is possible to adopt a technology such as a structure and a
manufacturing method that are adopted for a usual electrostatic chuck
can be adopted unless the technology does not affect the effect of
the present invention. Advantageous Effects of Invention
[0024]According to the present invention, charges generated 



on the substrate attracting surface when a voltage is applied to the
electrodes can be canceled efficiently with charges of the  opposite
polarity existing in the periphery. Therefore, residual charges can
be canceled promptly when the voltage application is stopped. In
addition, according to the electrode shape of the present invention,
electric flux lines generated by the voltage application can stay in
the vicinity of the substrate attracting surface. Therefore, an
amount of attracted charged particles such as ions and electrons can
be suppressed, with a result that the number of charges remaining on
the substrate attracting surface can be minimized. For this reason,
the bipolar electrostatic chuck of the present invention can reduce
the residual charges promptly after the voltage application is
stopped. In addition, the bipolar electrostatic chuck is also
excellent in the substrate attracting/holding performance when a
voltage is applied. In addition, it is possible to control the
formation of the electric flux lines to be at the vicinity of the
substrate attracting surface, with a result that amount of attracted
charged particles floating around the electrostatic chuck can be
reduced. Brief Description of Drawings [0025][FIG. 1] FIG. 1 is a
plan explanatory diagram of a first electrode and a second electrode
forming an electrode layer of the present invention. 



[FIG. 2] FIG. 2 is a partial enlarged diagram of FIG. 1. [FIG. 3]
FIG. 3 is a cross-sectional schematic diagram of a bipolar
electrostatic chuck of the present invention viewed from  the II-II
direction (II'-II' direction) of FIG. 1.          [FIG. 4] FIG. 4 is
a plan explanatory diagram of the case where the first electrode and
the second electrode forming the electrode layer of the present
invention have an electrodeless portion.          [FIG. 5] FIG. 5 is
a cross-sectional schematic diagram of the bipolar electrostatic
chuck of the present invention viewed from the direction (III'-III'
direction) of FIG. 4.          [FIGS. 6] FIGS. 6 are explanatory
diagrams illustrating a conventional example of the bipolar
electrostatic chuck, in which FIG. 6(a) illustrates a plan schematic
diagram while FIG. 6(b) illustrates a I-I cross-sectional schematic
diagram. Description of Embodiments 



[0026]Hereinafter, the present invention is described in more detail
with reference to examples. [0027][Example 1]        A polyimide
sheet (Kapton-H manufactured by Du Pont-Toray Co . , Ltd. having a
thickness of 125 pm) having a diameter of 298 mm was prepared as a
lower insulating layer 6, and a chrome layer having a thickness of
0.1 pm was formed on the surface thereof to make a smooth surface by
processing the surface in advance by the ion plating method. Next, an
electrode layer made of copper having a diameter of 296mm and a
thickness of 0.5 pm was formed on the chrome layer of the polyimide
sheet by the ion plating method, and a first electrode 2 and a second
electrode 3 as illustrated in FIGS. 1 and  2 were obtained by etching
using nitrate etchant. Here, a virtual cell width L was set to 5 mm,
and first electrode sections 2a and second electrode sections 3a each
have dimensions of 4.5 mmx4.5 mm. The first electrode sections 2a and
the second electrode sections 3a were arranged in cells alternately
in a x direction and in a y direction, and a space d between
neighboring electrode sections was set to 1 mm both in the x
direction and in the y direction (59 electrode sections were arranged
at most in the diameter direction). In addition, the first electrode
section 2 and the second electrode section 3 arranged in the virtual
cells were connected to each other to be the same potential,
respectively, with a first connection part 2b and a second connection
part 3b each of which has a band-like shape with a width of 0.5 mm.
[0028]Next, a polyimide sheet (Kapton-H manufactured by Du 



Pont-Toray Co., Ltd. having a thickness of 75 pm) having a diameter
of 2 96 mm was glued via thermoplastic polyimide adhesive sheet
having a thickness of 30 pm to the surface of the electrode layer on
which the first electrode 2 and the second electrode 3 were formed as
described above, so as to make an upper insulating layer 1. Next, a
cushion member was overlaid on each surface of the upper insulating
layer 1 and the lower insulating layer 6, and they were set together
in a hot press machine so as to perform a hot press process under the
condition of pressure of 2 MPa in the thickness direction, heating
temperature of 150C, and holding time of 5 minutes. Thus, an
electrode sheet constituted of the upper insulating layer 1, the
electrode layer (the first electrode 2 and the second electrode 3),
and the lower insulating layer 6 was obtained . Then, the obtained
electrode sheet was fixed to a metal base made of aluminum with a
stage surface having a diameter of 298 mm via a thermoplastic
polyimide adhesive sheet having a thickness of 30 pm, with a result
that a bipolar electrostatic chuck according to example 1 was
completed. [0029]Using the bipolar electrostatic chuck obtained as
described above, a silicon wafer having a diameter of 300 mm was
placed on the surface of the upper insulating layer 1 as the
substrate attracting surface, and the first electrode 2 was connected
to a positive electrode side of a DC power supply while the second
electrode 3 was connected to a negative electrode side of the DC
power supply so that a voltage of 750 V was applied for attracting
and holding the silicon wafer for one minute. After that, the power
supply was turned off so that the voltage application was stopped.
Then, one second later, the silicon wafer was separated from the
substrate attracting surface by using a lifting pin, and the silicon
wafer was able to be separated without particular force.
[0030][Example 2]        As to the first electrode 2 and the second
electrode 3 forming the electrode layer, as illustrated in FIG. 4,
electrode sections of apex portions of 4x4 virtual cells were
eliminated, with a result that the number of electrodeless portions
2c in which the first electrode section 2a was missing was the same
as the number of 



electrodeless portions 3c in which the second electrode section 3a
was missing on the surface of the electrode layer . Other structure
was the same as in example 1 for obtaining the electrode sheet. Next,
the surface of the upper insulating layer 1 was covered with a mask,
and etching was performed by using alkali etchant only for polyimide
(product name: polyimide etchant manufactured by Mitsubishi Paper
Mills Ltd.), so as to eliminate the polyimide sheet except for places
corresponding to the virtual cells of the electrodeless portions 2c
and 3c by a depth of 10 pm (corresponding to insulating layer recess
1c) . Thus, insulating layer tops la having a size of 5 mmx5 mm and a
height of 10 pm were formed. Next, the electrode sheet with the
formed insulating layer tops la was fixed to the metal base made of
aluminum similarly to example 1, with a result that a bipolar
electrostatic chuck according to example 2 was completed. [0031]As to
the bipolar electrostatic chuck obtained as described above ,
similarly to example 1 , a silicon wafer was attracted and held by
the substrate attracting surface constituted of the insulating layer
top la, and then the power supply was turned off so that the voltage
application was stopped. Then, one second later, the silicon wafer
was separated from the substrate attracting surface by using the
lifting pin. The silicon wafer was able to be separated without
particular force. Industrial Applicability  [0032]The bipolar
electrostatic chuck according to the present 



invention is suitable for attracting and holding a semiconductor
wafer of silicon, gallium arsenide, silicon carbide (SiC), or the
like, a glass substrate, or an insulating substrate such as a resin
sheet that is used for an organic EL or the like. In particular, the
bipolar electrostatic chuck is suitable for use in successive steps
of a semiconductor manufacturing process or the like, because the
bipolar electrostatic chuck is a bipolar electrostatic chuck that has
excellent substrate attracting/holding performance when a voltage is
applied, and excellent residual charges reducing performance when the
voltage application is stopped. As a matter of course, the
electrostatic chuck of the present invention can be applied to
various applications for attracting an object. Reference Signs List
[0033]1: upper insulating layer 2: first electrode 2a: first
electrode section 2b: first connection part 2c: electrodeless portion



3: second electrode 3a: second electrode section 3b: second
connection part 3c: electrodeless portion 4: substrate  5: substrate
attracting surface 



6: lower insulating layer 7: metal base 8, 9: electrode  Claims
[Claim 1] A bipolar electrostatic chuck, at least comprising: an
electrode layer including a first electrode and a second electrode;
and        an upper insulating layer which forms a substrate
attracting surface for attracting a substrate, 



wherein in a case where a surface of the electrode layer is regarded
to be divided into a plurality of virtual cells having a
predetermined width (L) arranged in an x direction and a y direction,
first electrode sections forming the first electrode and second
electrode sections forming the second electrode are alternately
arranged in the plurality of virtual cells in the x direction, and
are alternately arranged in the plurality of virtual cells in the y
direction. [Claim 2 ] A bipolar electrostatic chuck according to
claim 1 , wherein the first electrode includes first connection parts
for connecting the first electrode sections to each other arranged in
the plurality of virtual cells, and the second electrode includes
second connection parts for connecting the second electrode sections
to each other arranged in the plurality of virtual cells. [Claim 3] A
bipolar electrostatic chuck according to claim 1 or 2, wherein the
first electrode and the second electrode are formed on the same
surface of the electrode layer.  [Claim 4] A bipolar electrostatic
chuck according to any one of claims 1 to 3, wherein the cell width
(L) has a value within a range of 1 to 20 mm in a case where the
substrate is a silicon wafer having a diameter of 300 mm. [Claim 5 ]
A bipolar electrostatic chuck according to claim 4 , wherein a space
(d) between the first electrode section and the second electrode
section of neighboring cells in the x direction or in the y direction
has a value within a range of 0.5 to 2 mm. [Claim 6] A bipolar
electrostatic chuck according to any one of claims 1 to 5, wherein
the first electrode and/or the second electrode includes
electrodeless portions in which the plurality of virtual cells have
no electrode section, and the upper insulating layer includes an
insulating layer top protruding to the substrate side at a position
corresponding to the electrodeless portion, so that the insulating
layer top contacts with the substrate to form the substrate
attracting surface. 








