
SPECIFICATION ELECTROSTATIC CHUCK AND VACUUM PROCESSING APPARATUS
[Technical Field] [0001]The present invention relates to an
electrostatic chuck which is suitable for holding a translucent
substrate to be processed (hereinafter referred to as a
to-be-processed substrate), e.g., mainly a glass substrate, a
sapphire substrate, and the like. The invention also relates to a
vacuum processing apparatus using this electrostatic chuck.
[Background Art] [0002]As the electrostatic chuck, there is
conventionally known one  which is provided with: a chuck plate made
of a dielectric material; and a first electrode and a second
electrode, both electrodes being disposed in the chuck plate such
that a voltage is applied between the first and the second electrodes
to thereby attract a to-be-processed substrate to the surface of the
chuck plate (see, e.g., patent document 1). In case the
to-be-processed substrate is an insulating substrate, the
to-be-processed substrate gets attracted to the surface of the chuck
plate due to a gradient force that is generated by applying a voltage
between the first and the second electrodes. In case the
to-be-processed substrate is a non-insulating substrate, the
to-be-processed substrate gets attracted to the surface of the chuck
plate due to Coulomb force that is generated by applying a voltage
between the first and the second electrodes.  [0003]By the way, if a
substrate having translucency such as glass substrate, sapphire
substrate and the like is subjected to plasma etching processing or
plasma CVD processing, light from the plasma is irradiated to the
to-be-processed substrate, and this light is incident into the chuck
plate  



through the to-be-processed substrate. Then, part of the dielectric
material that forms the chuck plate becomes electrically conductive
through photoelectric effect, resulting in lowering in the attraction
(or suction) force.  [0004] However, there has conventionally been
taken no measures against this kind of lowering in attraction force.
The lowered attraction force has become a factor in the occurrence of
a positional deviation of the to-be-processed substrate on the
electrostatic chuck. [Prior Art Document] [Patent Document]
[0005]Patent Document 1: JP-A-2004-31502 [Summary of the Invention]
[Problems to be Solved by the Invention] [0006]In view of the above
points, this invention has a problem of providing an electrostatic
chuck which is arranged to positively hold a to-be-processed
substrate even if the attraction force may have decreased due to
photoelectric effect, and also has a problem of providing a vacuum
processing apparatus using the above-mentioned electrostatic chuck.
[Means for Solving the Problems] [0007]In order to solve the
above-mentioned problems, an electrostatic chuck of this invention
comprises: a chuck plate made of a dielectric material; and a first
electrode and a second electrode. Both the electrodes are disposed in
the chuck plate such that a voltage is applied between the first and
the second electrodes to thereby attract a to-be-processed substrate
to a surface of the chuck plate. The electrostatic chuck further
comprises, on part of the surface of the chuck plate, a substrate
holding section having   



an adhesive force with respect to the to-be-processed substrate.
[0008]A vacuum processing apparatus according to this invention
comprises: a vacuum processing chamber; and an electrostatic chuck
disposed inside the vacuum processing chamber such that a translucent
to-be-processed substrate is held by the electrostatic chuck to
thereby subject the to-be-processed substrate to processing
treatments accompanied by irradiation of light thereto. As the
electrostatic chuck, the one as described hereinabove is used.
[0009]According to the electrostatic chuck of this invention, even if
the  attraction force of the electrostatic chuck lowers due to
photoelectric effect, the to-be-processed substrate can surely be
held on the surface of a main body of the electrostatic chuck due to
the adhesive force of the substrate holding section. Therefore, in
the vacuum processing apparatus of this invention, despite the fact
that the processing treatments are accompanied by irradiation of
light to the translucent to-be-processed substrate, the
to-be-processed substrate can be prevented from positionally
deviating on the electrostatic chuck. [0010]Further, according to the
electrostatic chuck of this invention, preferably the surface of the
substrate holding section, in a free state thereof, is projected out
of the surface of the chuck plate by a predetermined height and, when
the to-be-processed substrate is attracted to the surface of the
chuck plate by applying a voltage between the first and the second
electrodes, the substrate holding section is compressed such that the
surface of the substrate holding section becomes flush with the
surface of the chuck plate. According to this arrangement, as a
result of compression of the substrate holding section at the time of
attraction of the to-be-processed substrate, the substrate holding
section is strongly urged against the to-be-processed substrate. The
to-be-processed substrate can thus be surely adhered to the substrate
holding section.  [Brief Description of the Drawings] 



[0011]      FIG. 1 is a schematic cross section showing a vacuum
processing apparatus according to one embodiment of this invention.
FIG. 2 is an enlarged sectional view of an electrostatic chuck which
is disposed inside the vacuum processing apparatus of FIG. 1. FIG. 3
is a plan view of the electrostatic chuck of FIG. 2. [Embodiments for
Carrying Out the Invention] [0012]FIG. 1 shows a vacuum processing
apparatus for performing plasma etching (dry etching) processing on a
to-be-processed substrate S having translucency such as a glass
substrate, a sapphire substrate, and the like. This vacuum processing
apparatus is provided with a vacuum processing chamber 1 the inside
of which is evacuated by a vacuum pump (not illustrated). An upper
part of the vacuum processing chamber 1 is formed of a side wall la
of a dielectric material. By means of three magnetic field coils 21,
22, 23 disposed along an outside of this side wall la, there are
formed annular magnetic neutral lines inside the chamber. Between the
intermediate magnetic field coil 22 and the side wall la of
dielectric material, there is disposed a high-frequency antenna coil
3 for plasma generation. The high-frequency antenna coil 3 is
connected to a high-frequency power supply 4 and alternating electric
field is applied along the above-mentioned magnetic neutral lines,
whereby discharge plasma is generated. [0013]On a lower part of the
vacuum processing chamber 1, there is mounted a substrate electrode 5
via an insulating material 5a. To the top of this substrate electrode
5 there is fixed an electrostatic chuck 6 which holds and cools the
to-be-processed substrate S. The substrate electrode 6 is connected
to a high-frequency power supply 7 which applies high-frequency bias
power to the substrate electrode through a blocking    



condenser 7a. A top plate lb of the vacuum processing chamber 1 is
fixed to an upper flange of the side wall la of dielectric material
in a hermetically sealed manner. An opposite electrode is constituted
by the top plate lb which becomes potentially floating. On a lower
surface of the top plate lb   there is provided a gas introduction
part 8 which introduces an etching gas into the vacuum processing
chamber 1. Then, the etching gas is converted to plasma so as to
perform a predetermined etching processing to the to-be-processed
substrate S which is placed on the electrostatic chuck 6.  [00141The
substrate electrode 5 has formed therein a passage 51 for circulating
therethrough cooling water, and a gas flow passage 52 for causing a
cooling gas (e.g., helium gas) to flow in order to cool the
to-be-processed substrate S on the electrostatic chuck 6. The cooling
gas is supplied from outside the apparatus through an introduction
pipe 53 which is connected to a lower surface of the substrate
electrode 5. [0015]The electrostatic chuck 6 has a chuck plate 61
formed by using, e.g., a ceramic material which is a dielectric
material. With reference to FIGS. 2 and 3, the chuck plate 61 has
formed therein a plurality of gas discharge holes 62 which discharge
the cooling gas from the gas flow passage 52 toward a rear surface of
the to-be-processed substrate S. [00161The chuck plate 61 has buried
therein a first electrode 631 and a second electrode 632. The first
electrode 631 and the second electrode 632 are formed into the shape
of comb's teeth and are disposed so that the teeth come into
engagement with each other in a manner to be free from contact with
each other. By applying a DC voltage between the first electrode 631
and the second electrode 632 from a power supply (not illustrated),
the to-be-processed substrate S is arranged to be attracted to the
surface of the chuck plate 61. A glass substrate and a sapphire
substrate are insulating substrates, and are attracted to the chuck
plate 61 by the gradient force that is generated by the application
of a voltage between both the first and the    second electrodes 631,
632. 



[00171At the time of performing plasma etching processing, the light
from the plasma is irradiated onto the to-be-processed substrate S,
and this light will be incident into the chuck plate 61 through the
to-be-processed   substrate S. Then, at the surface layer portion of
the chuck plate 61, part of the dielectric material which forms the
chuck plate 61 will become electrically conductive through
photoelectric effect. There is accordingly a case in which the
attraction force lowers in the course of the etching processing.
[0018]As a solution, the chuck plate 61 is provided on a part of the
surface thereof with a substrate holding section 64 which has an
adhesive force with respect to the to-be-processed substrate S. In
this embodiment, the chuck plate 61 has formed on the peripheral
surface portion thereof a counter-bored portion 65. An adhesive tape
attached to the counter-bored portion 65 constitutes the substrate
holding section 64. The surface of the substrate holding section 64,
in a free state thereof, is projected, as shown by an imaginary line
in FIG. 2, from the surface of the chuck plate 61 by a predetermined
height (e.g., 100 rim). [0019]According to this arrangement, when the
to-be-processed substrate S is attracted to the surface of the chuck
plate 61 by applying a voltage between the first and the second
electrodes 631, 632, the surface of the substrate holding section 64
will be compressed so that the surface of the substrate holding
section 64 becomes flush with the surface of the chuck plate 61. Due
to the compression by the to-be-processed substrate S, the substrate
holding section 64 will be strongly urged or pressed against the
to-be-processed substrate S. The to-be-processed substrate S will
thus be surely adhered to the substrate holding section 64. As a
result, even if the attraction force of the electrostatic chuck 6 is
lowered due to photoelectric effect in the course of the etching
processing, the to-be-processed substrate S    can surely be held, by
the adhesive force of the substrate holding section 64, to the
surface of the chuck plate 61 without giving rise to positional
deviation. 



[0020]The outside diameter of the chuck plate 61 is slightly smaller
than the outside diameter of the to-be-processed substrate S and,
therefore, the peripheral portion of the to-be-processed substrate S
will overhang beyond the outside of the chuck plate 61. In a manner
to face the rear surface of that peripheral portion of the
to-be-processed substrate S which overhangs beyond the chuck plate 6,
the substrate electrode 5 has inserted therethrough a plurality of
lift pins 54 in a manner to be moveable up and down. After having
finished the etching processing, the lift pins 54 are moved up by a
driving source (not illustrated) to peel the to-be-processed
substrate S off from the substrate holding section 64. The
to-be-processed substrate S is thus lifted above the electrostatic
chuck 6 so that it can be handed over to a transfer robot (not
illustrated) in a state as it is. [00211A description has so far been
made of an embodiment of this invention with reference to the
drawings. This invention is, however, not limited thereto. For
example, in the above-mentioned embodiment, the substrate holding
section 64 was disposed in a front peripheral surface portion of the
chuck plate 61. The substrate holding section may alternatively be
disposed by distributing it in a plurality of portions on the surface
of the chuck plate 61. In addition, the electrostatic chuck 6 in the
above-mentioned embodiment is to hold a single piece of
to-be-processed substrate S on the chuck plate 61. This invention may
also be applied to an electrostatic chuck having the following
construction, that is: a plurality of island-like chuck portions are
disposed in a projecting manner on the upper surface of the chuck
plate; and electrodes are buried in each of the chuck portions so
that a to-be-processed substrate can be held in each of the chuck
portions, on condition that each of the chuck portions is provided,
on a    part of the surface of each of the chuck portions, with a
substrate holding section. [00221In addition, the above-mentioned
embodiment is an application of this invention to a vacuum processing
apparatus in which plasma etching  processing is performed. This
invention may also be widely applied to a vacuum processing apparatus
in which processing is performed of irradiating light to a
translucent substrate, such as a plasma CVD apparatus, and an
apparatus having a lamp for heating a to-be-processed substrate. 



[Description of Reference Numerals and Characters] [0023]
Sto-be-processed substrate 1vacuum processing chamber 6electrostatic
chuck 61chuck plate 631first electrode 632second electrode
64substrate holding section  WHAT IS CLAIMED IS:  1. An electrostatic
chuck comprising: a chuck plate made of a dielectric material; and 



a first electrode and a second electrode, both the electrodes being
disposed in the chuck plate such that a voltage is applied between
the first and the second electrodes to thereby attract a
to-be-processed substrate to a surface of the chuck plate,
wherein the electrostatic chuck further comprises, on part of the
surface of the chuck plate, a substrate holding section having an
adhesive force with respect to the to-be-processed substrate.  2. The
electrostatic chuck according to claim 1, wherein a surface of the
substrate holding section, in a free state thereof, is projected out
of the surface of the chuck plate by a predetermined height and, when
the to-be-processed substrate is attracted to the surface of the
chuck plate by applying a voltage between the first and the second
electrodes, the substrate holding section is compressed such that the
surface of the substrate holding section becomes flush with the
surface of the chuck plate.  3. A vacuum processing apparatus
comprising: a vacuum processing chamber; and        an electrostatic
chuck disposed inside the vacuum processing chamber such that a
translucent to-be-processed substrate is held by the electrostatic
chuck to thereby subject the to-be-processed substrate to processing
treatments accompanied by irradiation of light thereto,
wherein, as the electrostatic chuck, the electrostatic chuck
according to claim 1 or 2 is used. 


