
DESCRIPTION  FEEDING STRUCTURE OF ELECTROSTATIC CHUCK, METHOD FOR PRODUCING
THE  SAME, AND METHOD FOR REGENERATING FEEDING STRUCTURE OF ELECTROSTATIC
CHUCK  Technical Field [0001] The present invention relates to a power
feeding  structure for feeding power to an electrode layer of an
electrostatic  chuck, which is provided to a plasma treatment apparatus, an
electron  beam lithography, an ion implantation apparatus or the like that
is used for a manufacturing process of a semiconductor device, or  to an ion
doping apparatus or the like that is used for manufacturing  a liquid
crystal panel. Background Art [0002] As to the plasma treatment apparatus,
the electron beam  lithography apparatus, the ion implantation apparatus or
the like  that is used for the manufacturing process of a semiconductor
device,  or the ion doping apparatus or the like that is used for
manufacturing  a liquid crystal panel, it is required to securely hold a
semiconductor  wafer or a glass substrate that is an object to be treated
without  damaging the semiconductor wafer or the glass substrate. In
particular, since contamination of the semiconductor wafer or the  glass
substrate to be treated should be controlled strictly these  1 days, most of
the systems for clamping the semiconductor wafer or  



the like mechanically as conventional techniques are being replaced  with
the electrostatic chuck systems that utilize an electrostatic  attraction
force. [0003] The electrostatic chuck includes a lower insulation  layer, an
electrode layer and a surface insulation dielectric layer,  which are formed
on a metal substrate. The surface insulation  dielectric layer constitutes
an attracting surface for holding the  semiconductor wafer or the glass
substrate. Then, a high voltage  potential is applied externally to the
electrode layer via power  feeding terminals disposed in through holes
formed through the upper  and lower surfaces of the metal substrate. Thus,
Coulomb force or  Johnsen-Rahbeck force is generated between charges
distributed on  the surface of the surface insulation dielectric layer
(i.e., the  attracting surface) and the charges polarized and induced by the
object to be treated on the attracting surface. Otherwise, agradient  force
is generated by the electrostatic field, so that the  semiconductor wafer or
the like as the object to be treated is  attracted and held. [0004] When
etching treatment is performed on the semiconductor  wafer by using a plasma
apparatus, for instance, the temperature  of the semiconductor wafer will
increase up to approximately 200C  to 400C. Therefore, in order to cool down
the wafer that is being  treated to an appropriate temperature, a
refrigerant is made to  2 



flow in a conduit line provided inside the metal substrate so that  the
temperature increase of the wafer is prevented. However, the  surface
insulation dielectric layer side of the electrostatic chuck  is exposed to
the high temperature while the temperature on the  metal substrate side is
kept substantially to be the temperature  of the refrigerant. Therefore, a
temperature gradient occurs  between them. For instance, a temperature
gradient of a few hundred  degrees at highest occurs between the surface
insulation dielectric  layer and the lower insulation layer. In addition, as
a matter of  course, a temperature gradient of a few hundred degrees at
highest  occurs in the electrostatic chuck itself between the time when the
apparatus is operating and the time when the apparatus is stopped.  [0005]
If a stress such as a heat cycle is applied to the  electrostatic chuck,
various problems may occur in particular with  respect to a power feeding
structure for supplying a voltage to  the electrode layer. More
specifically, since an electric conductor  such as the power feeding
terminal or the electrode layer has a  coefficient of thermal expansion
different from that of an insulator  such as the lower insulation layer and
the surface insulation  dielectric layer, a crack may occur easily in the
region around  the power feeding terminal where the electric conductor and
the  insulator contact with each other and are structurally complicated.
This crack may be a factor causing such problem as a local  deterioration in
temperature characteristics of the electrostatic  



3 chuck or particle generation or the like. [0006] FIGS. 4 illustrate a
conventional example of the power  feeding structure of the electrostatic
chuck. A through hole 7 is  formed in a metal substrate 1, and a power
feeding terminal 3 is  disposed in the through hole 7 via an insulation
holding member  2. As illustrated in FIG. 1 (b) , a tip of this power
feeding terminal  3 contacts with an electrode layer 5, so that a voltage
supplied  to the metal substrate 1 from the lower surface side is supplied
to the electrode layer 3. Here, the crack as described above is  likely to
occur at an edge of the portion where the tip of the power  feeding terminal
3 contacts with the electrode layer 5 (crack 8a) ,  for instance. In
addition, the crack is likely to occur also at  a portion where the power
feeding terminal 3, the insulation holding  member 2, and a lower insulation
layer 4 contact with each other  (crack 8b). [0007] Therefore, some methods
are proposed for reducing the  influence of the thermal load that is applied
to the electrostatic  chuck. For instance, a proposed method includes
brazing a power  feeding terminal for feeding power to an electrode layer
disposed  in a ceramic substrate, and providing a hollow portion on an end
surface of the power feeding terminal so that a stress relieving  member
having a coefficient of thermal expansion that is  substantially the same as
that of the ceramic substrate is inserted  



in the hollow portion (see Patent Document 1) In addition, another  4
proposed method includes disposing a power feeding terminal in a  through
hole formed in a substrate made of a metal and ceramic  composite material
via a casing portion made of a ceramic so that  an end surface of the power
feeding terminal is flush with the upper  surface of the substrate, masking
the end surface of the power feeding  terminal, forming an insulation layer
by thermal spraying treatment,  removing the masking so as to expose the end
surface of the power  feeding terminal, and performing thermal spraying of a
metal material  so as to form an electrode layer (see Patent Document 2) .
Further,  still another proposed method includes forming a through hole
formed  through an inner electrode layer of a ceramic substrate from the
lower side, forming a metalized layer on the inner wall of the through
hole, and brazing a power feeding terminal to be fixed in the through  hole
(see Patent Document 3). [0008] However, if the power feeding terminal is
fixed by  brazing as described in Patent Documents 1 and 3, a thermal load
is applied to a brazing material itself so that the problem may  be more
complicated. In addition, the brazing work itself is a manual  work and is
not completely reliable. On the other hand, according  to the method of
adjusting the end surface of the power feeding  terminal disposed in the
substrate to be flush with the upper surface  of the substrate, and forming
the electrode layer by the thermal  



spraying treatment so that the end surface of the power feeding  terminal
contacts with the electrode layer as described in Patent  5 Document 2, the
work efficiency may be improved. However, it is  necessary to improve the
reliability more with respect to the thermal  load. In other words, since
the power feeding terminal contacts  with the electrode layer by surface
contact, there is still a problem  remaining in terms of reliability when a
thermal load is applied.  Patent Document 1: JP 11-074336 A Patent Document
2: JP 2003-179127 A  Patent Document 3: JP 10-189696 A  Disclosure of the
Invention Problem to be solved by the invention [0009] The influence of the
thermal load applied to the  electrostatic chuck is related to a power
feeding structure of the  electrostatic chuck. Specifically, it relates to a
shape of an  interface between the power feeding terminal and the electrode
layer,  and to a manner in which a force is exerted among the metal
substrate,  the power feeding terminal, the insulation holding member, the
lower  insulation layer, the electrode layer and the surface insulation
dielectric layer when the thermal load is actually applied. A  relationship
between them has not been studied sufficiently up to  date. [0010]
Therefore, a task of the present invention is to provide  



a power feeding structure in which a crack hardly occurs in the  lower
insulation layer, the electrode layer or the surface insulation  6
dielectric layer by relieving a thermal stress generated in the  power
feeding structure when the thermal load or a heat cycle is  applied to the
electrostatic chuck, so as to avoid such problem  as a local deterioration
in temperature characteristics of the  electrostatic chuck or particle
generation as much as possible and  further to increase a lifetime of the
electrostatic chuck. Means for solving the Problem [0011] Therefore, it is
an object of the present invention to  provide a power feeding structure of
an electrostatic chuck in which  a crack hardly occurs in a lower insulation
layer, an electrode  layer or a surface insulation dielectric layer. In
addition, it  is another object of the present invention to provide a method
of  manufacturing such the power feeding structure of the electrostatic
chuck. Further, it is still another object of the present invention  to
provide a method of regenerating an electrostatic chuck power  feeding
structure in which a used electrostatic chuck can be reused  effectively by
regenerating the power feeding structure of the  electrostatic chuck that
has been used in various apparatuses.  [0012] Specifically, the present
invention resides in a power  feeding structure of an electrostatic chuck
including a lower  



insulation layer, an electrode layer and a surface insulation  dielectric
layer formed on an upper surface side of a metal substrate  7 in order from
the metal substrate, the power feeding structure  including: a through hole
formed through an upper surface and a lower  surface of the metal substrate;
a power feeding terminal disposed in the through hole for  supplying a
voltage supplied from a lower surface side of the metal  substrate to the
electrode layer formed on the upper surface side  of the metal substrate;
and an insulation holding member formed of an electric insulating  material
for insulating an inner wall of the through hole from the  power feeding
terminal and for holding the power feeding terminal, in which the power
feeding terminal includes a power feeding  end portion that protrudes to the
upper surface side of the metal  substrate, and a tip of the power feeding
end portion is positioned  at an electrode layer side with respect to an
interface between  the electrode layer and the lower insulation layer, and
on and under  an interface between the electrode layer and the surface
insulation  dielectric layer. [00131 The present invention also resides in a
method of  manufacturing a power feeding structure of an electrostatic chuck
including a lower insulation layer, an electrode layer and a surface  



insulation dielectric layer formed on a upper surface side of a  metal
substrate in order from the metal substrate, the power feeding  structure
including: 8 a through hole formed through an upper surface and a lower
surface of the metal substrate; a power feeding terminal disposed in the
through hole for  supplying a voltage supplied from a lower surface side of
the metal  substrate to the electrode layer formed on the upper surface side
of the metal substrate; and an insulation holding member formed of an
electric insulating  material for insulating an inner wall of the through
hole from the  power feeding terminal and for holding the power feeding
terminal,  the method including the steps of: forming the lower insulation
layer by thermal spraying of  ceramic powder onto the upper surface side of
the metal substrate  having the through hole in which the power feeding
terminal is disposed  via the insulation holding member, a part of the power
feeding terminal  protruding to the upper surface side of the metal
substrate; forming the electrode layer by thermal spraying of metal powder
so that a tip of a power feeding end portion of the power feeding  terminal
protruding to the upper surface side of the metal substrate  is embedded or
the electrode layer is flush with the tip of the  power feeding end portion;
and 



forming the surface insulation dielectric layer by thermal  spraying of
ceramic powder. [0014] Further, the present invention resides in a method of
regenerating a power feeding structure of an electrostatic chuck  9
including a lower insulation layer, an electrode layer and a surface
insulation dielectric layer formed on a upper surface side of a  metal
substrate in order from the metal substrate, the power feeding  structure
including: a through hole formed through an upper surface and a lower
surface of the metal substrate; a power feeding terminal disposed in the
through hole for  supplying a voltage supplied from a lower surface side of
the metal  substrate to the electrode layer formed on the upper surface side
of the metal substrate; and an insulation holding member formed of an
electric insulating  material for insulating an inner wall of the through
hole from the  power feeding terminal and for holding the power feeding
terminal,  the method including the steps of: removing the surface
insulation dielectric layer, the  electrode layer and the lower insulation
layer from the metal  substrate of a used electrostatic chuck; forming the
lower insulation layer by thermal spraying of  ceramic powder onto the upper
surface side of the metal substrate  



having the through hole in which the power feeding terminal is disposed  via
the insulation holding member, a part of the power feeding terminal
protruding to the upper surface side of the metal substrate; forming the
electrode layer by thermal spraying of metal powder  so that a tip of a
power feeding end portion of the power feeding  10 terminal protruding to
the upper surface side of the metal substrate  is embedded or the electrode
layer is flush with the tip of the  power feeding end portion; and forming
the surface insulation dielectric layer by thermal  spraying of ceramic
powder. Note that an object to be treated such as a semiconductor wafer  or
a glass substrate is placed and attracted on the side of the  surface
insulation dielectric layer of the electrostatic chuck in  the present
invention, and that the side of the surface insulation  dielectric layer on
which the object to be treated is placed is  referred to as a upper surface
side while the opposite side is referred  to as a lower surface side when
the upper or lower side of the metal  substrate is referred to. Effects of
the Invention [0015] In the power feeding structure of the electrostatic
chuck  according to the present invention, the tip of the power feeding  end
portion of the power feeding terminal is positioned at the  electrode layer
side with respect to the interface between the  



electrode layer and the lower insulation layer, and on and under  the
interface between the electrode layer and the surface insulation  dielectric
layer. Therefore, the power feeding terminal contacts  with the electrode
layer securely so that the occurrence of a crack  can be prevented. In
particular, the power feeding end portion of  11 the power feeding terminal.
is formed like a protrusion including  a top surface having a predetermined
area at the tip and decreasing  its diameter gradually toward the tip. Thus,
the stress that is  applied to the lower insulation layer can be dispersed,
and a crack  in the surface insulation dielectric layer, the electrode layer
and the lower insulation layer due to a thermal load caused by a  heat
gradient of the power feeding structure and a thermal load  caused by the
heat cycle can be suppressed, so that a durable  electrostatic chuck can be
provided, which can avoid such problem  as the local deterioration of the
temperature characteristics of  the electrostatic chuck or the particle
generation as much as possible.  In addition, it is possible to increase the
lifetime of the  electrostatic chuck. [0016] In addition, according to the
regeneration method of  the electrostatic chuck power feeding structure of
the present  invention, a used electrostatic chuck can be reused effectively
by applying the power feeding structure of the present invention  to the
electrostatic chuck that has been used in various apparatuses.  



It is also possible to increase its lifetime. Brief Description of the
Drawings [0017] [FIG. 1] FIG. 1 is a cross sectional explanatory diagram
illustrating a power feeding structure of an electrostatic chuck  according
to the present invention. 12 [FIGS. 2] FIGS. 2 are cross sectional
explanatory diagrams  illustrating positional relationships of the tip of
the power feeding  end portion 3a with respect to the electrode layer. [FIG.
3] FIG. 3 is a cross sectional explanatory diagram of  the power feeding
structure in which a part of the insulation holding  member (on the side of
the lower insulation layer 4) is formed of  a porous ceramic. [FIGS. 4] FIG.
4(a) is a cross sectional explanatory diagram  of a conventional
electrostatic chuck, and FIG. 4 (b) is a (partial)  enlarged view of a power
feeding structure. Description of Symbols [0018] 1: metal substrate, 2:
insulation holding member, 3:  power feeding terminal, 3a: power feeding end
portion, 3b: top surface,  3c: side surface, 4: lower insulation layer, 5:
electrode layer,  6: surface insulation dielectric layer, 7: through hole,
8a, 8b:  crack, 11: interface between electrode layer and lower insulation
layer, 12: interface between electrode layer and surface insulation
dielectric layer, x: position of tip of power feeding end portion  



Best Mode for carrying out the Invention [0019] Hereinafter, a preferred
embodiment of the present  invention is described in detail with reference
to the attached  drawings. 13 [0020] First, a power feeding structure of an
electrostatic  chuck of the present invention is described. FIG. 1 is a
cross  sectional explanatory diagram illustrating a power feeding structure
of the electrostatic chuck, and it is an enlarged view of the power  feeding
structure of the electrostatic chuck including a lower  insulation layer 4,
an electrode layer 5 and a surface insulation  dielectric layer 6 formed on
a upper surface of a metal substrate  1 in order from the metal substrate 1.
More specifically, this power  feeding structure includes a through hole 7
formed through the upper  surface and a lower surface of the metal substrate
1, a power feeding  terminal 3 disposed in the through hole 7 so as to
supply a voltage  supplied from the lower surface side of the metal
substrate 1 to  the electrode layer 5 formed on the upper surface side, and
an  insulation holding member 2 formed of an electric insulating material
for insulating the inner wall of the through hole 7 from the power  feeding
terminal 3 and holding the power feeding terminal 2.  [00211 Further, the
power feeding terminal 3 has a power feeding  end portion 3a protruding
toward the upper surface side of the metal  substrate 1. A tip of this power
feeding end portion 3a is positioned  



on the electrode layer 5 side with respect to the interface between  the
electrode layer 5 and the lower insulation layer 4, and on and  under the
interface between the electrode layer 5 and the surface  insulation
dielectric layer 6. In other words, when the interface  between the
electrode layer 5 and the lower insulation layer 4 is  14 denoted by 11
while the interface between the electrode layer 5 and  the surface
insulation dielectric layer 6 is denoted by 12, the  position x of the tip
of the power feeding end portion 3a satisfies  the relational expression
"11<x<-12" in the present invention.  [00221 This relationship is described
in detail with reference  to FIGS. 2. In FIG. 2(a), the position x of the
tip of the power  feeding end portion 3a is on the interface between the
electrode  layer 5 and the lower insulation layer 4 (x=11) , and x does not
satisfy  the above relational expression. On the other hand, in FIG. 2(d),
the position x is above the interface between the electrode layer  5 and the
surface insulation dielectric layer 6 (x>12), and x does  not satisfy the
above relational expression. If the tip of the power  feeding end portion 3a
reaches the inside of the surface insulation  dielectric layer 6, the
surface insulation dielectric layer becomes  thin at the position, so that
there is a possibility that the  insulating properties against high voltage
cannot be maintained.  On the contrary, in FIG. 2(b), the tip of the power
feeding end  portion 3a is positioned inside the electrode layer 5 (x>11),
and  



x satisfies the above relational expression. Further, in FIG. 2C,  the
position x is on the interface between the electrode layer 5  and the
surface insulation dielectric layer 6 (x=12) , and x satisfies  the above
relational expression. [00231 Further, in the present invention, as long as
the  position x of the tip of the power feeding end portion 3a satisfies  15
the above relational expression, a shape of the tip of the power  feeding
end portion 3a is not limited to a particular shape. It  may have a top
surface of a predetermined area or may have a vertex.  It is preferable that
the power feeding end portion 3a of the power  feeding terminal 3 should
include a top surface 3b having a  predetermined area at the tip thereof and
have a protruding shape  whose diameter decreases gradually toward the tip.
Since the power  feeding end portion 3a has the protruding shape and the top
surface  3b at the tip thereof, the power feeding terminal 3 contacts
securely  with the electrode layer 5 so that a possibility of occurrence of
a discharge or the like can be eliminated as much as Possible. Further,
since the power feeding end portion 3a has a diameter decreasing  gradually
toward the tip, a side surface 3c of the power feeding  end portion contacts
with the lower insulation layer 4 by a fit-in  relationship, so that a
stress caused by a thermal load can be  dispersed in a relatively wide range
for preventing occurrence of  a crack. Note that a concrete size of the
power feeding terminal  



3 depends on a size of the semiconductor wafer or the like to be  treated or
a shape of the apparatus equipped with the electrostatic  chuck, or the
like, though an outer diameter thereof is usually  [err]2 to [err]l0 mm. In
addition, if the top surface is formed at the tip  of the power feeding end
portion 3a, it is preferable to have a  circular shape having a diameter of
2 to 4.5 mm, for example.  [0024] In addition, it is preferable for the side
surface 3c  16 of the power feeding end portion that at least the portion
contacting  with the lower insulation layer 4 is a curved surface having a
predetermined curvature. Thus, the above-mentioned effect of  dispersing the
stress can be enhanced more. Here, a radius of  curvature of the curved
surface is not limited to a particular value.  Although it depends on a
length of the power feeding end portion  3a or a size of the top surface
formed at the tip thereof, it should  be determined from a viewpoint of
dispersing the stress or an overall  consideration of a contact area with
the electrode layer.  Specifically, a range of approximately R0. 25 to R1. 5
mm is preferable,  so that a risk of a discharge can be eliminated as much
as possible.  Note that the shape of the power feeding end portion 3a having
a  diameter decreasing toward the tip in the present invention means  to
exclude the case where the power feeding end portion 3a has a  diameter
increasing toward the tip. In other words, it is allowed  to have a part
having the same diameter. For instance, as to the  



power feeding end portion 3a disposed inside the electrode layer  5, its
diameter may be the same to the tip. [0025] Next, a manufacturing method for
the power feeding  structure described above is exemplified while the
present invention  is further described. First, the metal substrate 1
including the  power feeding terminal 3 disposed in the through hole 7 via
the  insulation holding member 2 is prepared. On this occasion, a part  of
the power feeding terminal 3 is made to protrude from the upper  17 surface
side of the metal substrate 1, so that the power feeding  end portion 3a is
formed. Then, ceramic powder such as alumina or  aluminum nitride is sprayed
thermally onto the upper surface side  of the metal substrate 1 so as to
form the lower insulation layer.  Here, a purity of the ceramic powder is
preferably within a range  of 99.9% to 99.99%. In addition, a film thickness
of the lower  insulation layer 4 depends on an environment in which the
apparatus  is used, though it is preferably within a range of 200 to 500 pm
in general. [0026] The material of the power feeding terminal 3 is not
limited to a particular material, though it is preferable to be  metal
titanium from a viewpoint of a corrosion resistance. Further,  it is
sufficient that the metal substrate is a normally used one  made of
aluminum, copper, stainless steel, various alloys including  them, or a
metal matrix composite (MMC) of ceramic and metal, for  



example. Inaddition, the power feeding terminal 3 andthe insulation  holding
member 2, as well as the insulation holding member 2 and  the inner wall of
the through hole 7 may be glued to each other,  respectively, by using epoxy
adhesive or silicon adhesive, for  example. [ 0 027 ] On the other hand, the
material of the insulation holding  member 2 may be resin, machinable
ceramic, alumina ceramic, alumina  ceramic formed by the thermal spray, or
the like, for example. It  is preferable that at least the part thereof
exposed to the upper  18 surface side of the metal substrate should be made
of porous ceramic.  FIG. 3 illustrates a cross sectional explanatory diagram
in the  case where a part of the insulation holding member 2 on the side  of
the lower insulation layer 4 is formed of a porous ceramic 2a.  In this way,
if the part exposed to the upper surface side of the  metal substrate 1 is
formed of the porous ceramic, and if the lower  insulation layer 4 is formed
by the thermal spray of the ceramic  powder, the ceramic powder is sprayed
thermally into the holes of  the porous material so as to form a firm joint
portion. Note that  the effect obtained when the part on the side of the
lower insulation  layer 4 is made of the porous ceramic so as to contact
with the  lower insulation layer can be obtained independently of a position
of the tip of the power feeding end portion or the shape of the  power
feeding terminal. However, if it is combined with the position  



or the shape of the tip of power feeding end portion according to  the power
feeding structure of the present invention, the effect  of suppressing
occurrence of a crack can be enhanced more. [0028] If the power feeding
terminal is made of metal titanium,  for instance, a coefficient of thermal
expansion of titanium is  8.6x10-6/C, which is usually larger than that of a
material forming  the lower insulation layer or the electrode layer
described later  (for example, 6.5x10-6/C of alumina, and 4.5x10-6/C of
tungsten).  Therefore, when a thermal load is applied to the power feeding
terminal  3, a stress is generated in the direction of the insulation
holding  19 member 2. Then, a force of separating the lower insulation layer
4 and the insulation holding member 2 from each other is generated,  which
may cause a crack. Therefore, as described above, the  insulation holding
member 2 and the lower insulation layer 4 are  made of equivalent materials,
and the joint at the interface between  them is made firmer, so that
occurrence of a crack can be prevented  effectively. In addition, a porosity
of the porous ceramic is  preferably within a range of 0. 5% to 30%. In
particular, a porosity  within a range of 5% to 10% is more preferable for
securing continuity  with the lower insulation layer 4 easily and from a
viewpoint of  sealing processability of pores using silicon, epoxy resin,
acrylic  resin or the like. Further, when the material of the insulation
holding member 2 is the porous ceramic, at least only the part  



contacting with the lower insulation layer 4 may be formed of the  porous
ceramic as illustrated in FIG. 3. Alternatively, the entire  insulation
holding member 2 may be formed of the porous ceramic.  [00291 Next, metal
powder is sprayed thermally onto the lower  insulation layer 4 formed as
described above so that the electrode  layer 5 is formed. On this occasion,
the electrode layer 5 is formed  so that the position x of the tip of the
power feeding end portion  3a of the power feeding terminal 3 protruding to
the upper surface  side of the metal substrate 1 satisfies the relational
expression  of "11<x>12", i.e., so that the tip of the power feeding end
portion  3a is embedded in the electrode layer 5, or so that the tip of the
20 power feeding end portion 3a forms the same plane as the electrode  layer
5. There is no particular limitation for the metal powder  that is used for
forming the electrode layer 5. However, it is  preferable to be a refractory
metal from a viewpoint of durability  or easiness of the thermal spray.
Specifically, molybdenum or  tungsten is preferably used. A purity of the
metal powder to be  used is preferably 99.99% or higher. In addition, a film
thickness  of the electrode layer 5 depends on the environment in which the
apparatus is used, but is preferably 20 to 60 pm in general. Note  that it
is possible to form the electrode layer 5 by applying paste  of the
refractory metal described above, but this method is inferior  to the
thermal spray in the viewpoint of durability. 



[0030] Then, the ceramic powder such as alumina, aluminum  nitride or the
like is sprayed thermally onto the electrode layer  5 so that the surface
insulation dielectric layer 6 is formed. Thus,  the electrostatic chuck
having the power feeding structure of the  present invention can be
obtained. A purity of the ceramic powder  forming the surface insulation
dielectric layer 6 is similar to  the case of the lower insulation layer 4.
In addition, a film  thickness of the surface insulation dielectric layer 6
depends on  the environment in which the apparatus is used, but is
preferably  200 to 500 pm in general. Further, the surface of the surface
insulation dielectric layer 6 for attracting a semiconductor wafer  or the
like is preferably processed by flattening treatment so that  21 the
flatness thereof is within a range of 5 to 10 pm. In addition,  the exposed
surfaces of the lower insulation layer 4, the electrode  layer 5 and the
surface insulation dielectric layer 6 maybe processed  by vacuum
impregnation treatment using silicon resin, epoxy resin,  or acrylic resin,
for example, for a purpose of sealing pores formed  by the thermal spray.
[0031] In addition, it is possible to utilize the manufacturing  method of
the power feeding structure of the present invention for  regenerating the
power feeding structure of a used electrostatic  chuck. More specifically,
the surface insulation dielectric layer  6, the electrode layer 5 and the
lower insulation layer 4 are removed  



mechanically or chemically from the metal substrate 1 of the used
electrostatic chuck, so as to prepare a metal substrate including  the power
feeding terminal disposed in the through hole and a part  of the power
feeding terminal protruding to the upper surface side  of the metal
substrate. Then, the lower insulation layer 4, the  electrode layer 5 and
the surface insulation dielectric layer 6  are formed similarly to the
manufacturing method of the power feeding  structure, so that the
electrostatic chuck having the power feeding  structure of the present
invention can be regenerated. [00321 Prior to the step of forming the
electrode layer, a height  of the power feeding end portion of the power
feeding terminal may  be adjusted, or it may be shaped to be like a
protrusion including  a top surface having a predetermined area at the tip
thereof and  22 a diameter decreasing gradually toward the tip. In addition,
when  the surface insulation dielectric layer 6, the electrode layer 5  and
the lower insulation layer 4 are removed from the used  electrostatic chuck,
the insulation holding member 2 may also be  removed so as to exchange it
with a new one. In this case, at least  the part exposed to the upper
surface side of the metal substrate  1 may be made of porous ceramic. Note
that the used electrostatic  chuck includes one that has been used in a
certain apparatus for  a predetermined period of time and finished its
lifetime as a product,  and one in which the surface insulation dielectric
layer 6 is  



deteriorated or a crack has occurred due to a certain trouble, or  that
cannot be used any more due to another damage or wearing out  before
reaching the lifetime. Example 1 [0033] An example of the electrostatic
chuck having the power  feeding structure illustrated in FIG. 1 is
described. A metal  substrate 1 made of aluminum having a diameter of p230
mm and a  thickness of 48 mm was prepared. A upper surface side of this
metal  substrate 1 has a flatness of 10 [err]m or smaller. The through hole
7 having a maximum diameter of [err11]. 1 mm is formed in the metal
substrate  1 so as to pierce the upper surface and the lower surface
thereof.  In addition, a plurality of conduits (not shown) are formed. Some
of the conduits are used for cooled water to pass through so as  to cool the
metal substrate 1 directly while others are used for  23 leading gas such as
helium to the underside of the object to be  treated such as a semiconductor
wafer or the like disposed on the  electrostatic chuck. [0034] The power
feeding terminal 3 is obtained by machining  a titanium material, which has
a maximum outer diameter of [err]5 mm  and a length of 47 mm. In addition,
the top surface 3b having a  diameter of 3 mm is formed at the tip of the
power feeding end portion  3a, and the side surface 3c of the power feeding
end portion 3a  is a curved surface having a radius of curvature R of 1 mm.
This  



power feeding terminal 3 is disposed in the through hole 7 via the
insulation holding member 2 made of resin so that the power feeding  end
portion 3a is formed protruding to the upper surface side of  the metal
substrate 1 by 350 pm. The power feeding terminal 3 and  the insulation
holding member 2, as well as the insulation holding  member 2 and the inner
wall of the through hole 7 are respectively  glued to each other by an epoxy
adhesive (not shown) Note that  an outer diameter of the insulation holding
member 2 illustrated  in FIG. 1 is 11 mm. [0035] As described above, the
power feeding terminal 3 was  disposed in the through hole 7, and alumina of
a purity of 99.99%  was sprayed thermally onto the upper surface side of the
metal  substrate 1 from which the power feeding end portion 3a of the power
feeding terminal 3 was protruded so that the lower insulation layer  4
having a thickness of 300 pm was formed. Next, tungsten of a purity  24 of
99.99% was sprayed thermally for forming the electrode layer  5 having a
thickness of 50 pm so as to be the same height as the  top surface 3b of the
power feeding terminal 3. Note that unnecessary  alumina was removed before
the step of forming the electrode layer  5 because alumina that had been
used for forming the lower insulation  layer 4 was deposited on the power
feeding terminal 3. [0036] Next, alumina of a purity of 99.99% was sprayed
thermally  onto the electrode layer 5 so as to form a surface insulation  



dielectric layer 6 having a thickness of 300 pm. After that, the  surface
insulation dielectric layer 6 was treated so that its surface  flatness
would fall within a range of 5 to 10 pm. In addition, the  vacuum
impregnation treatment was performed using silicon for  sealing the exposed
surfaces of the lower insulation layer 4, the  electrode layer 5 and the
surface insulation dielectric layer 6  so that the electrostatic chuck was
completed. Note that atmospheric  thermal spray was performed as the thermal
spray onto the lower  insulation layer 4, the electrode layer 5 and the
surface insulation  dielectric layer 6. Example 2 [0037] Next, an example of
the case where the power feeding  structure of the used electrostatic chuck
is regenerated is described.  First, the surface insulation dielectric layer
6, the electrode  layer 5, and the lower insulation layer 4 were removed
from the  used electrostatic chuck by mechanical cutting that included a
manual  25 work partially. When the lower insulation layer 4 was removed
from  the metal substrate 1, the upper surface side of the metal substrate
1 was removed by a thickness within a range of 0.1 to 0.5 mm to  obtain the
flatness of 10 [err]m or smaller. [0038] Next, as illustrated in FIG. 1, the
power feeding end  portion of the power feeding terminal was processed by
using a ball  end mill, so that the top surface 3b having a diameter of 3 mm
was  



formed at the tip thereof. In addition, the side surface 3c having  a radius
of curvature of Rl mm was formed. Then, the lower insulation  layer 4, the
electrode layer 5 and the surface insulation dielectric  layer 6 were formed
similarly to Example 1 except that a film thickness  of the lower insulation
layer 4 was made to be 300 pm + a (a corresponds  to the thickness by which
the upper surface side of the metal substrate  1 was removed), so that the
electrostatic chuck having the power  feeding structure of the present
invention was regenerated. Note  that the above-mentioned a is a thickness
adjustment amount of the  metal substrate between before and after the
regeneration. For  instance, if the metal substrate is ground to remove a
thickness  of 0.5 mm, the lower insulation layer 4 is formed as a=0.5 mm. As
a result, the capacity of the electrostatic chuck can be made equal  between
before and after the regeneration. Example 3 [0039] An example of the
electrostatic chuck having the power  feeding structure illustrated in FIG.
3 is described. The metal  26 substrate 1 and the power feeding terminal 3
that are similar to  those of Example 1 were prepared, and the power feeding
terminal  3 was disposed in the through hole 7 of the metal substrate 1 via
the insulation holding member 2. On this occasion, the insulation  holding
member 2a made of alumina having a porosity of 5-10% was  used for the lower
insulation layer 4 side. This insulation holding  



member 2a made of alumina is made of the same material as that of  the lower
insulation layer 4 to be formed later, and has an outer  diameter of 11 mm
and a length of 10 mm. Other conditions were the  same as Example 1. [0040]
Next, alumina powder having a purity of 99.99% was  sprayed thermally onto
the upper surface side of the metal substrate  1 from which the insulation
holding member 2a made of alumina is  exposed, so that the lower insulation
layer 4 having a film thickness  of 300 pm was formed. On this occasion, a
part of the lower insulation  layer 4 contacted with the insulation holding
member 2a made of  alumina so as to form a firm joint surface. After that,
similarly  to Example 1, the electrostatic chuck having the power feeding
structure of the present invention was completed. Example 4 [0041] An
example of regenerating the electrostatic chuck  having the power feeding
structure illustrated in FIG. 3 by using  the electrostatic chuck of the
conventional example illustrated  in FIGS. 4 is described. 27 First,
similarly to Example 2, the surface insulation  dielectric layer 6, the
electrode layer 5, and the lower insulation  layer 4 were removed from the
used electrostatic chuck. After that,  the used power feeding terminal and
the used insulation holding  member were removed from the through hole 7 of
the metal substrate  



1. Next, the upper surface side of the metal substrate 1 was ground  to
remove a thickness within a range of 0.1 to 0.5 mm to obtain  the flatness
of 10 pm or smaller. In addition, similarly to Example  2, the power feeding
end portion of the power feeding terminal was  processed by the ball end
mill so as to form the top surface 3b  having a diameter of 3 mm at the tip.
In addition, the curved surface  3c having a radius of curvature of R1 mm
was formed on the side  surface. [0042] Then, the power feeding terminal was
disposed in the  through hole 7 of the metal substrate 1 via the insulation
holding  member 2. On this occasion, the insulation holding member 2a made
of alumina having a porosity of 5% to 10% was used for the lower  insulation
layer 4 side. This insulation holding member 2a made  of alumina is made of
the same material as that of the lower insulation  layer 4 to be formed
later, and has an outer diameter of 11 mm and  a length of 10 mm. Other
conditions were the same as Example 1.  [0043] Next, alumina powder having a
purity of 99.99% was  sprayed thermally onto the upper surface side of the
metal substrate  1 from which the insulation holding member 2a made of
alumina was  28 exposed, so that the lower insulation layer 4 was formed
with a  film thickness of 300 pm + a (a corresponds to a thickness by which
the upper surface side of the metal substrate 1 was removed) . On  this
occasion, a part of the lower insulation layer 4 contacted  



with the insulation holding member 2a made of alumina so as to form  a firm
joint surface. Subsequent processes were performed similarly  to Example 1
to regenerate the electrostatic chuck having the power  feeding structure of
the present invention. Industrial Applicability [0044] According to the
present invention, it is possible to  provide the power feeding structure in
which a crack hardly occurs  in the lower insulation layer, the electrode
layer or the surface  insulation dielectric layer by relieving a thermal
stress generated  in the power feeding structure when a thermal load or a
heat cycle  is applied to the electrostatic chuck. Therefore, it is possible
to avoid such problem as a local deterioration in temperature
characteristics of the electrostatic chuck or particle generation  as much
as possible and further to increase a lifetime of the  electrostatic chuck.
Therefore, not only manufacturing of a new  electrostatic chuck but also
regeneration of an electrostatic chuck  having the power feeding structure
of the present invention is  possible by utilizing a used electrostatic
chuck. Thus, the used  electrostatic chuck, which has been discarded in some
cases  29 conventionally, can be reused effectively. In addition, without
limiting to the power feeding structure of the electrostatic chuck  in
particular, the present invention can be applied also to the  power feeding
structure of other device such as an engine of an  



automobile, a high heat furnace, or an electric power turbine, to  which a
similar thermal load or a similar mechanical load may be  applied. 30 CLAIMS
1. A power feeding structure of an electrostatic chuck including a lower
insulation layer, an electrode layer and a surface  insulation dielectric
layer formed on an upper surface side of a  metal substrate in order from
the metal substrate, the power feeding  structure comprising: a through hole
formed through an upper surface and a lower  surface of the metal substrate;
a power feeding terminal disposed in the through hole for  supplying a
voltage supplied from a lower surface side of the metal  substrate to the
electrode layer formed on the upper surface side  of the metal substrate;
and an insulation holding member formed of an electric insulating  material
for insulating an inner wall of the through hole from the  power feeding
terminal and for holding the power feeding terminal, wherein the power
feeding terminal includes a power feeding  end portion that protrudes to the
upper surface side of the metal  substrate, and a tip of the power feeding
end portion is positioned  at an electrode layer side with respect to an
interface between  the electrode layer and the lower insulation layer, and
on and under  



an interface between the electrode layer and the surface insulation
dielectric layer. 2. A power feeding structure of an electrostatic chuck  31
according to claim 1, wherein the power feeding end portion of the  power
feeding terminal includes atop surface having a predetermined  area at the
tip and has a protruding shape whose diameter decreases  gradually toward
the tip. 3. A power feeding structure of an electrostatic chuck  according
to claim 2, wherein a side surface of the power feeding  end portion of the
power feeding terminal that contacts with at  least the lower insulation
layer is a curved surface having a  predetermined curvature. 4. A power
feeding structure of an electrostatic chuck  according to claim 1, wherein
the power feeding terminal is made  of metal titanium. 5. A power feeding
structure of an electrostatic chuck  according to claim 1, wherein at least
a part of the insulation  holding member exposed to the upper surfaces ide
of the metal substrate  is made of porous ceramic, and ceramic powder is
sprayed thermally  so that the lower insulation layer contacts with the
porous ceramic. 6. A method of manufacturing a power feeding structure of
an electrostatic chuck including a lower insulation layer, an  electrode
layer and a surface insulation dielectric layer formed  



32 on a upper surface side of a metal substrate in order from the metal
substrate, the power feeding structure including: a through hole formed
through an upper surface and a lower  surface of the metal substrate; a
power feeding terminal disposed in the through hole for  supplying a voltage
supplied from a lower surface side of the metal  substrate to the electrode
layer formed on the upper surface side  of the metal substrate; and an
insulation holding member formed of an electric insulating  material for
insulating an inner wall of the through hole from the  power feeding
terminal and for holding the power feeding terminal,  the method comprising
the steps of: forming the lower insulation layer by thermal spraying of
ceramic powder onto the upper surface side of the metal substrate  having
the through hole in which the power feeding terminal is disposed  via the
insulation holding member, apart of thepower feedingterminal  protruding to
the upper surface side of the metal substrate; forming the electrode layer
by thermal spraying of metal powder  so that a tip of a power feeding end
portion of the power feeding  terminal protruding to the upper surface side
of the metal substrate  is embedded or the electrode layer is flush with the
tip of the  power feeding end portion; and forming the surface insulation
dielectric layer by thermal  



spraying of ceramic powder. 33 7. A method of manufacturing a power feeding
structure of  an electrostatic chuck according to claim 6, wherein at least
a  part of the insulation holding member exposed to the upper surface  side
of the metal substrate is made of porous ceramic, and the lower  insulation
layer is formed so as to contact with the porous ceramic. 8. A method of
regenerating a power feeding structure of an  electrostatic chuck including
a lower insulation layer, an electrode  layer and a surface insulation
dielectric layer formed on a upper  surface side of a metal substrate in
order from the metal substrate,  the power feeding structure including: a
through hole formed through an upper surface and a lower  surface of the
metal substrate; a power feeding terminal disposed in the through hole for
supplying a voltage supplied from a lower surface side of the metal
substrate to the electrode layer formed on the upper surface side  of the
metal substrate; and an insulation holding member formed of an electric
insulating  material for insulating an inner wall of the through hole from
the  power feeding terminal and for holding the power feeding terminal,  the
method comprising the steps of: removing the surface insulation dielectric
layer, the  electrode layer and the lower insulation layer from the metal  



34 substrate of a used electrostatic chuck; forming the lower insulation
layer by thermal spraying of  ceramic powder onto the upper surface side of
the metal substrate  having the through hole in which the power feeding
terminal is disposed  via the insulation holding member, apart of the power
feeding terminal  protruding to the upper surface side of the metal
substrate; forming the electrode layer by thermal spraying of metal powder
so that a tip of a power feeding end portion of the power feeding  terminal
protruding to the upper surface side of the metal substrate  is embedded or
the electrode layer is flush with the tip of the  power feeding end portion;
and forming the surface insulation dielectric layer by thermal  spraying of
ceramic powder. 9. A method of regenerating a power feeding structure of an
electrostatic chuck according to claim 8, further comprising the  step of
processing the power feeding end portion of the power feeding  terminal so
as to include a top surface having a predetermined area  on the tip and to
have a protruding shape whose diameter decreases  toward the tip, prior to
the step of forming the electrode layer.  35 


