[DESCRIPTION]
[Title of the Invention]

SIC MATERIAL AND SIC COMPOSITE MATERIAL
[Technical Field]

The present invention relates to an SiC material and an SiC composite material
using the same.

[Background Art]

Generally, when a carbon material which has been used in a semiconductor
process of the related art is still used for a susceptor, a focus ring, or an electrode, there
is a problem in that foreign matters are generated from the carbon material.

In consideration of the problems, a method of coating SiC or TaC on a surface
of a carbon material structure has been used.

SiC is highly available because of a strong heat resistance, chemical resistance,
and high physical strength. However, when SiC is used in the semiconductor field, a
surface is etched under a plasma environment and the etching by the plasma has a
different etching amount depending on a crystal orientation of SiC. Therefore, a
product stability of an SiC material is lowered due to the different etching amount and
frequent replacement of the SiC material causes the increase of a manufacturing cost of
a semiconductor.

[Detailed Description of the Invention]
[Technical Problem]

The present invention has been made to solve the above-mentioned problems
and provides an SiC material and an SiC composite material which are stably and
evenly etched in a plasma environment.

Further, the present invention provides an SiC multilayer composite material.
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Technical problems of the present invention are not limited to the above-
mentioned technical problems, and other technical problems, which are not mentioned
above, can be clearly understood by those skilled in the art from the following
descriptions.

[Technical Solution]

An aspect of the present invention relates to an SiC material in which a
diffraction intensity ratio I of an X-ray diffraction peak calculated by the following
Formula 1 may be less than 1.5.

[Formula 1]

Diffraction intensity ratio (I) = (peak intensity of plane (200) + peak intensity of
plane (220)) / peak intensity of plane (111)

According to an exemplary embodiment of the present invention, the diffraction
intensity ratio I may be 1.21 or less.

According to an exemplary embodiment of the present invention, the diffraction
intensity ratio I may be 1.0 or less.

According to an exemplary embodiment of the present invention, the diffraction
intensity ratio I may be 0.9 or less.

According to an exemplary embodiment of the present invention, the diffraction
intensity ratio I may be 0.8 or less.

According to an exemplary embodiment of the present invention, a value of 20
of the peak of the plane (111), a value of 20 of the peak of the plane (111) may be 35°
to 36°, a value of 20 of the peak of the plane (200) may be 41° to 42°, and a value of 20
of the peak of the plane (220) may be 60° to 61°.

Another aspect of the present invention relates to an SiC composite material

including a base, and an SiC coating layer formed on at least one surface of the base in
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which the diffraction intensity ratio I of the SiC coating layer is less than 1.5.

Another aspect of the present invention relates to an SiC multilayer composite
material including a base, a first SiC coating layer formed on at least one surface of the
base, and a second SiC coating layer formed on the first SiC coating layer in which the
first SiC coating layer and the second SiC coating layer have different diffraction
intensity ratios I of an X-ray diffraction peak calculated by the following Formula 1.
[Formula 1]

Diffraction intensity ratio (I) = (peak intensity of plane (200) + peak intensity of
plane (220)) / peak intensity of plane (111)

According to an exemplary embodiment of the present invention, a diffraction
intensity ratio I of the first SiC coating layer may be more than 1.21.

According to an exemplary embodiment of the present invention, a diffraction
intensity ratio I of the first SiC coating layer may be more than 1.21 and less than 1.5.

According to an exemplary embodiment of the present invention, a diffraction
intensity ratio I of the first SiC coating layer may be 1.5 or more.

According to an exemplary embodiment of the present invention, a diffraction
intensity ratio I of the second SiC coating layer may be less than 1.5.

According to an exemplary embodiment of the present invention, a thickness
ratio of the first SiC coating layer to the second SiC coating layer may be 1 : 0.1 to 1 :
0.95.

[Effects]

The present invention may provide an SiC material and an SiC composite
material having a stable and uniform etching amount in a plasma environment by
forming a plane (111) having a low etching amount by the plasma in a portion exposed

to the plasma as a preferred growth crystal orientation.
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The SiC material and the SiC composite material of the present invention may
lower the occurrence frequency of cracks or holes in the plasma environment to increase
the lifetime of the material.

The present invention shifts the preferred growth crystal orientation into a plane
(111) by changing a process condition such as a supplying rate of a source gas and a
growth rate so that economic efficiency and productivity for manufacturing an SiC
material and an SiC composite material having a plane (111) as a preferred growth
crystal orientation.

[Brief Description of Drawings]

FIG. 1A exemplarily illustrates a cross-section of an SiC material of the present
invention according to an exemplary embodiment of the present invention.

FIG. 1B exemplarily illustrates a cross-section of an SiC composite material of
the present invention according to an exemplary embodiment of the present invention.

FIG. 1C exemplarily illustrates a cross-section of an SiC multilayer composite
material of the present invention according to an exemplary embodiment of the present
invention.

FIG. 2A exemplarily illustrates an X-ray diffraction pattern of an SiC material
of the present invention according to an exemplary embodiment of the present invention.

FIG. 2B exemplarily illustrates an X-ray diffraction pattern of an SiC material
of the present invention according to an exemplary embodiment of the present invention.

FIG. 3 exemplarily illustrates an X-ray diffraction pattern of an SiC multilayer
composite material of the present invention according to an exemplary embodiment of
the present invention.

[Best Mode for Carrying out the Invention]

Hereinafter, exemplary embodiments of the present invention will be described
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in detail. In the description of the exemplary embodiment, a detailed description of
known configurations or functions incorporated herein will be omitted when it is
determined that the detailed description may make the subject matter of the present
disclosure unclear. Further, terms used in the present description are used in order to
appropriately represent preferred embodiments of the present invention and may be
construed in different ways according to the intention of users or operators, or
customary practice in the art to which the present invention pertains. Therefore, the
definitions of terms used in the present description should be construed based on the
contents throughout the specification.

The present invention relates to an SiC (silicon carbide) material and the SiC
material grows a plane (111) as a preferred growth crystal orientation of a plasma
exposed surface to provide a surface having an improved stability for the plasma
environment and a uniform etching amount.

According to an exemplary embodiment of the present invention, when
referring to FIGS. 1A to 1C, 2A and 2B, FIGS. 1A to 1C exemplarily illustrate cross-
sections of an SiC material, an SiC composite material, and an SiC multilayer
composite material according to an exemplary embodiment of the present invention and
FIGS. 2A and 2B exemplarily illustrate an X-ray diffraction pattern of an SiC material
according to an exemplary embodiment of the present invention. As suggested in
FIGS. 2A and 2B, an SiC material 1 of FIG. 1A has X-ray diffraction peaks of a plane
(111), a plane (200), a plane (220), and a plane (311) as main peaks and among the
peaks, the SiC 1 is grown with the plane (111) as a preferred growth crystal orientation
and has a maximum diffraction intensity.

As an example of the present invention, the X-ray diffraction pattern of FIGS.

2A and 2B may be obtained using an X-ray diffraction measuring method applied in the
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technical field of the present invention. Even though not specifically mentioned in this
specification, for example, a thin film or a powder X-ray diffraction measuring method
may be used and desirably an X-ray is irradiated on a surface or a cutting plane of an
SiC material and the composite material. As an X-ray analysis device, “Rigaku Dmax
2500 is used and an X-ray pattern with a diffraction intensity on a vertical axis and a
diffraction angle 26 on a horizontal axis is obtained and is applied to FIGS. 2A to 3.

As an example of the present invention, a diffraction intensity ratio I of the X-
ray diffraction peak is calculated by the following Formula and a diffraction intensity
ratio I of the X-ray diffraction peak may be less than 1.5 and desirably, may be 1.21 or
less; 1.0 or less; 0.9 or less; or 0.8 or less.  For example, referring to FIGS. 2A and 2B,
FIG. 2A may be an SiC material having a diffraction intensity ratio I of 1.21 and FIG.
2B may be an SiC material having a diffraction intensity ratio I of 0.7. When the
diffraction intensity ratio I is less than 1.5, the surface is evenly etched in a plasma
environment and an etching amount of the plane (200) and the plane (220) of the related
art is small and the occurrence of cracks and holes may be reduced as compared with
the SiC material having a preferred growth crystal orientation.

[Formula 1]

Diffraction intensity ratio (I) = (peak intensity of plane (200) + peak intensity of
plane (220)) / peak intensity of plane (111)

As an example of the present invention, a value of 20 of the peak of the plane
(111) may be 35° to 36°, desirably, 35.2° to 35.8° or 35.6° to 35.8° and the peak of the
plane (111) may have a maximum diffraction intensity.

As an example of the present invention, a value of 20 of the peak of the plane
(200) may be 41° to 42°. A value of 26 of the peak of the plane (220) may be 60° to

61°.



As an example of the present invention, the SiC material 1 may be formed to
have a thickness of 50 um or larger, desirably 500 wm or larger, or 1 mm to 10 mm.
When the thickness is included within the range of the above-mentioned thickness, a
stability of the material is maintained in the plasma environment and the lifetime is
increased to be used for a longer time.

The present invention relates to an SiC composite material and an SiC coating
layer in which a crystal orientation which is least etched in the plasma environment is
first grown is formed so that a stability of the composite material may be improved.

According to an exemplary embodiment of the present invention, referring to
FIG. 1B, an SiC composite material 2 of the present invention may include a base 10
and an SiC coating layer 20 formed on one surface, both surfaces, or the entire surface
of the base.

As an example of the present invention, the SiC composite material 2 may be
exposed to the plasma through one surface, both surfaces, or the entire surface. The
SiC coating layer 20 formed on a surface exposed to the plasma has X-ray diffraction
peaks of a plane (111), a plane (200), a plane (220), and a plane (311) as major peaks
and among the peaks, the plane (111) is grown as a preferred growth crystal orientation
and has a maximum diffraction intensity. Further, the diffraction intensity ratio I of
the X-ray diffraction peak calculated by Formula 1 may be less than 1.5 and desirably,
1.21 or less; 1.0 or less; 0.9 or less; or 0.8 or less.

As an example of the present invention, the base 10 is an SiC base material or a
carbon base material. The carbon base material includes a material formed of carbon
which is applied to a semiconductor process and for example, may be black lead,
isotropic graphite, graphite, or a carbon fiber reinforced carbon composite material and

desirably graphite.



As an example of the present invention, the SiC coating layer 20 may be
formed to have a thickness of 5 um or larger, desirably, 50 wm or larger; 1 mm or
larger; or I mm to 10 mm. When the thickness is included in the range of the above-
mentioned thickness, the stability of the product is maintained in the plasma
environment and a damage of the base due to unevenly etched SiC coating layer may be
prevented, and the lifetime of the material is increased.

The present invention relates to an SiC multilayer composite material and a
plurality of SiC coating layers is formed on the base by changing a diffraction intensity
ratio I so that the productivity of the product may be improved while lowering the
etching amount in the plasma environment.

According to an exemplary embodiment of the present invention, referring to
FIG. 1C, an SiC multilayer composite material 3 of the present invention may include a
base 10, a first SiC coating layer 20a formed on one surface, both surfaces, or an entire
surface of the base, and a second SiC coating layer 20b formed on the first SiC coating
layer 20a.

As an example of the present invention, the base 10’ is an SiC base material or
a carbon base material as mentioned above.

As an example of the present invention, the first SiC coating layer 20a and the
second SiC coating layer 20b may have different values of the diffraction intensity
ratios I calculated by Formula 1.

For example, referring to FIG. 3, the first SiC coating layer 20a in FIG. 3 has
X-ray diffraction peaks of the plane (111), the plane (200), the plane (220), and the
plane (311) as major peaks and among the peaks, the plane (200) and the plane (220)
may be grown as a preferred growth crystal orientation. Further, the diffraction

intensity ratio I of the first SiC coating layer 20a calculated by the above Formula may
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be 1.5 or higher or 1.54 or higher and desirably, as illustrated in FIG. 3, the diffraction
intensity ratio I may be 1.54. This is because the plane (200) and the plane (220)
which are rapidly grown are grown first as the preferred growth crystal orientation and
then the second SiC coating layer 21b which has a relatively low growth rate is formed
so that the productivity of the SiC multilayer composite material may be ensured.

As another example, the first SiC coating layer 20a has the X-ray diffraction
peaks of the plane (111), the plane (200), the plane (220), and the plane (311) as major
peaks and among the peaks, the plane (111) is grown as the preferred growth crystal
orientation and the plane (111) has the maximum diffraction intensity and also has a
diffraction intensity ratio I which is different from that of the second SiC coating layer
20b. For example, the diffraction intensity ratio I is more than 1.21, and desirably,
may more than 1.21 and less than 1.5 to improve the productivity of the composite
material and the stability of the product in accordance with the plasma etching.

As an example of the present invention, the first SiC coating layer 20a may be
formed to have a thickness of 5 um or larger, desirably, 50 um or larger; 1 mm or
larger; or 1 mm to 10 mm or 5 mm to 7 mm. When the thickness is included in the
range of the above-mentioned thickness, a damage of the base in the plasma
environment may be prevented and the productivity of the composite material and an
economical manufacturing cost may be ensured.

As an example of the present invention, the second SiC coating layer 20b has
the X-ray diffraction peaks of the plane (111), the plane (200), the plane (220), and the
plane (311) as major peaks and among the peaks, the plane (111) is grown as the
preferred growth crystal orientation and has the maximum diffraction intensity.
Further, the diffraction intensity ratio 1 of the X-ray diffraction peak calculated by

Formula 1 may be less than 1.5 and desirably, 1.21; 1.0 or less; 0.9 or less; or 0.8 or less.
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Since the second SiC coating layer 20b is formed on a plasma exposed surface, a low
etching amount and an evenly etched surface may be provided as compared with the
plane (200) and the plane (220).

As an example of the present invention, the second SiC coating layer 20b may
be formed to have a thickness of 5 um or larger, desirably, 50 um or larger; 1 mm or
larger; 1 mm to 10 mm; or I mm to 5 mm. When the thickness is included in the range
of the above-mentioned thickness, the stability of the product in the plasma environment
is maintained and the lifetime of the composite material is increased because the plasma
exposed surface is evenly etched.

As an example of the present invention, the thicknesses of the first SiC coating
layer 20a and the second SiC coating layer 20b are different from each other and a
thickness ratio of the first SiC coating layer 20a to the second SiC coating layer 20b is
1:0.1 to 1:0.95, desirably, 1:0.1 to 1:0.7, 1:0.1 to 1:0.5, or 1:0.1 to 1:0.4. When the
ratio is included in the above-described thickness ratio, the first SiC coating layer 20a is
formed to be thicker than the second SiC coating layer 20b at a relatively high growth
rate so that the degradation of the productivity due to the formation of the second SiC
coating layer which has a relatively low growth rate may be prevented and a composite
material having a uniform etching amount in the plasma environment may be provided.

The present invention provides a manufacturing method of an SiC material and
an SiC composite material of the present invention.

According to an exemplary embodiment of the present invention, an SiC
material 1 and an SiC composite material 2 may be manufactured by a method applied
in the technical field of the present invention and for example, may be formed using a
CVD and may be formed by applying an Si source gas, a C source gas, and a normal

carrier gas such as hydrogen, nitrogen, helium, or argon. For example, the CVD may
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be performed under a process condition applied in the technical field of the present
invention and for example, the SiC material 1 may be manufactured using a deposition
device used in the technical field of the present invention.

The present invention provides a manufacturing method of an SiC multilayer
composite material of the present invention. According to an  exemplary
embodiment of the present invention, the SiC multilayer composite material 3 may be
manufactured by a method applied in the technical field of the present invention and for
example, formed using a CVD and may be formed by applying an Si source gas, a C
source gas, and a normal carrier gas such as hydrogen, nitrogen, helium, or argon. For
example, when the first SiC coating layer and the second SiC coating layer are formed,
the growth rate is adjusted to change the preferred growth crystal orientation of the SiC
coating layers to change the diffraction intensity ratio I. The main growth crystal
orientation may be easily adjusted by adjusting the growth rate and the temperature of
SiC rises at 50°C or higher by the rate.  After forming the first SiC coating layer which
is in contact with the base at a high growth rate, the second SiC coating layer which is
strong to the plasma etching is formed by lowering the growth rate so that the
degradation of the productivity of the SiC multilayer composite material may be
prevented.

The present invention may provide an SiC material, an SiC composite material,
and an SiC multilayer composite material which are evenly etched with a low etching
amount in the plasma environment and provide an SiC material, an SiC composite
material, and an SiC multilayer composite material by adjusting a process condition at
the time of manufacturing SiC, for example, a growth rate.

Although description has been made with reference to the exemplary

embodiment of the present invention, the present invention is not limited thereto and
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modified and changed in various forms without departing from a spirit and the scope of
the present invention described in the following claims, the detailed description of the

present invention, and the accompanying drawings.
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[CLAIMS]
[Claim 1]

An SiC multilayer composite material, comprising:

a base;

a first SiC coating layer having a thickness of more than 1 mm to less than 10
mm formed on at least one surface of the base; and

a second SiC coating layer having a thickness of more than 1 mm to less than
10 mm formed on the first SiC coating layer,

wherein the first SiC coating layer and the second SiC coating layer have
different diffraction intensity ratios | of an X-ray diffraction peak calculated by the
following Formula 1.
[Formula 1]

Diffraction intensity ratio (1) = (peak intensity of plane (200) + peak intensity of
plane (220)) / peak intensity of plane (111)
[Claim 2]

The SiC multilayer composite material of claim 1, wherein a diffraction
intensity ratio I of the first SiC coating layer is more than 1.21.
[Claim 3]

The SiC multilayer composite material of claim 1, wherein a diffraction
intensity ratio | of the first SiC coating layer is more than 1.21 and less than 1.5.
[Claim 4]

The SiC multilayer composite material of claim 1, wherein a diffraction
intensity ratio | of the first SiC coating layer is 1.5 or more.
[Claim 5]

The SiC multilayer composite material of claim 1, wherein a diffraction
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intensity ratio | of the second SiC coating layer is less than 1.5.
[Claim 6]
The SiC multilayer composite material of claim 1, wherein a thickness ratio of

the first SiC coating layer to the second SiC coating layer is 1:0.1 to 1:0.95.
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