MANUFACTURING METHOD FOR SPHERICAL YOF-BASED POWDER, AND
SPHERICAL YOF-BASED POWDER AND YOF-BASED COATING LAYER

MANUFACTURED THEREBY

5 CROSS REFERENCE TO RELATED APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2021-0147735, filed November 01, 2021, the
entire contents of which is incorporated herein for all purposes

10 by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
15 The present disclosure relates to a method for manufacturing
a spherical YOF-based powder. The present disclosure relates to
a method for manufacturing a spherical YOF-based powder, the
method controlling the density and component ratio of particles
through spheroidization of the YOF-based powder, thereby enabling
20 a coating film formed from the powder to be improved density,

hardness, and plasma resistance.

2. Description of the Related Art
Recently, high integration of semiconductor processes and

25 ultra-fine line width technology require plasma etching processes
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under extreme environments such as high-density plasma, high
cleanliness, and excessive electrical impact. In particular, the
plasma etching process using a reactive gas including a halogen
element such as F, Cl, or Br, which has strong chemical
reactivity, etches various deposition materials on the wafer
surface and, at the same time, chemically and physically reacts
with metal or ceramic components inside the chamber. This causes
damage to the surface of the part and the generation of non-
volatile contaminants.

Therefore, recently, interest in coating a ceramic material
having excellent plasma resistance on a surface of a ceramic
component has been significantly increased, and yttrium oxide
(Y203) coating has been widely applied.

Yttrium oxide (Y203) exhibits a high melting point (2,450°C),
chemical stability, and crystallographic stability up to 2300°C.
In particular, Y203 exhibits excellent plasma resistance due to
excellent chemical stability against F radical, high ion
collision resistance according to the high atomic mass of yttrium,
and excellent mechanical properties of YF3, which is a reaction
product.

However, when the upper surface of the Y203 coating layer
reacts with plasma gases such as SFs, CF4, CHF3, and HF at the
beginning of the etching process, a change in the fluorine-based
gas concentration in the chamber occurs, increasing the seasoning

time of the etching process. Contamination particles including
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fluorine are formed by the reaction between the surface and the
plasma gas, and when Y03 is subjected to a thermal cycle, stress
is generated due to a difference in thermal expansion coefficient
between the contaminated particles and Y203, and there is a problem
in that the contaminant particles are removed.

YF3 with excellent corrosion resistance was introduced to
solve this problem. However, The YF3 is melted by ultra-high
temperature plasma during an atmospheric plasma spraying (APS)
process, and a part of the fluoride is oxidized to form a coating
layer partially mixed with fluoride and an oxide. In addition,
cracks in the coating layer and particles in the etching chamber
may cause many problems as compared to the Y03 thermal sprayed
coating layer.

In order to solve the problems of Y03 and YF3, a Y-O-F
coating layer having intermediate properties of Y203 and YF3 was
introduced.

For example, in Korean Patent Application Laid-Open No. 10-
2019-0017333 (published on February 20, 2019), disclosed is a
method for manufacturing a YOF-based powder that may be applied
to coating semiconductor equipment due to low generation of
contaminated particles and excellent plasma resistance by mixing
yttrium oxide (Y203) powder and YF3 powder in a weight ratio of
1:2 to 2:1. However, in the case of the preceding literature,
only the particle size of YOF is reduced, and the improvement of

shape and porosity is not disclosed at all. Therefore, in the



10

15

20

25

case of the coating layer made of the YOF-based powder described
above, the porosity is formed as high as 3% or more, and thus the
density 1is reduced, thereby also reducing the mechanical
strength.

Therefore, in order to improve the problems of the YOF-based
powder, research 1is being conducted to improve the physical
strength and chemical stability of the coating layer using the
YOF-based powder by improving the porosity and component ratio.

As an example, in Korean Patent Publication No. 10-2019-
0082119 (published date: 2019.07.09), disclosed is a coating film
with high etching resistance to corrosive gases and high-velocity
collision ion particles and excellent plasma resistance by
forming a YOF coating film on a substrate using a mixed powder
containing Y, O, and F, but the Y:0:F component by XPS is 1:1:1,
reducing porosity to 0.01% to 1.0%, improving hardness to 6 to
12 GPa. However, in the case of the preceding literature, the
component ratio of Y, O, and F is 1:1:1, and the content of F is
still high, so in the case of a coating film using the same, F-
ion gas 1s mixed into the semiconductor process during some
etching processes, causing problems such as increasing the
etching rate.

Therefore, when the content ratio of F and the porosity of
the YOF-based powder is adjusted and applied as a coating film,
the development of the YOF-based powder with excellent chemical

stability, plasma resistance, and improved strength even in the



10

15

20

25

process of using oxygen radicals and fluorine-based plasma gas
at the same time, is required.

[Description of the Related Art]

[Patent literatures]

(Patent literature 1), Korean Patent Application Publication
No. 10-2019-0017333 (published date: 2019.02. 20.)

(Patent literature 2), Korean Patent Application Publication

No. 10-2019-0082119 (published date: 2019.07. 09)

SUMMARY OF THE INVENTION

A first solution of the present disclosure is to provide a
method for manufacturing a spherical YOF-based powder that not
only has plasma resistance with chemical stability but also
stabilizes the YOF-based powder coating layer by improved
hardness in the process of simultaneously using oxygen radicals
and fluorine-based plasma gas by densifying these particles and
controlling the F component content while maintaining high plasma
resistance of a conventional YOF-based powder.

In addition, a second solution of the present disclosure is
to provide a spherical YOF-based powder manufactured by the method
for manufacturing the spherical YOF-based powder.

In addition, a third solution of the present disclosure is
to provide a YOF-based coating layer manufactured by APS coating

the YOF-based powder.
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In order to solve the above problem, a method for
manufacturing a spherical YOF-based powder, the method includes:
(a) melting YOF-based powder by introducing the YOF-based powder
into a plasma jet; (b) manufacturing a spherical YOF-based powder
by spraying the molten YOF-based droplets to a refrigerant; and
(c) removing the refrigerant after step (b) and drying the
spherical YOF-based powder.

In one embodiment, in step (b), when the molten YOF-based
droplet is sprayed, the separation distance from the injection
outlet to the surface of the refrigerant body may be 400 to 600
mm, and the refrigerant may be at least one selected from water,
N2, and Ar.

In one embodiment, the YOF-based powder may be a powder
having a formula of YxOyF. (where x and z are numbers greater than
or equal to vy).

In addition, the present disclosure provides a spherical
YOF-based powder manufactured by the method for manufacturing the
spherical YOF-based powder.

In one embodiment, the particle size of the spherical YOF-
based powder may be 10 to 60 um.

In addition, the present disclosure provides a YOF-based
coating layer, which is manufactured by coating the spherical
YOF-based powder on a substrate by an atmospheric plasma spraying
(APS) method.

In an embodiment, the F content of the YOF-based coating



10

15

20

25

layer may be 20% to 40% by weight, and the porosity of YOF-based
coating layer may be less than 2%.

In the case of the present disclosure, by spheroidizing the
YOF-based powder through a simple process, the structure may be
densified to prepare a high-density yttrium compound powder.

In addition, when the spherical densified YOF-based powder
is coated on the substrate by the APS coating method, the porosity
is reduced to form a dense and stable coating film, and in
particular, a coating layer formed by a spherical YOF-based powder
exhibits an effect of improving hardness compared to a
conventional non-spheroidized YOF-based powder. This improvement
in mechanical strength means that resistance to ion bombardment
generated in the dry etching process is increased.

In addition, by appropriately controlling the content of F
of the yttrium compound powder of the coating layer, the yttrium
compound powder may have excellent chemical stability and plasma
resistance even 1in the process of simultaneously using oxygen

radicals and fluorine-based plasma gas.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a method for
manufacturing a spherical YOF-based powder according to an
embodiment of the present disclosure;

FIG. 2 is a flowchart showing a method for manufacturing a
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spherical YOF-based powder according to the present disclosure;

FIG. 3 shows an SEM photograph of YOF powder before/after
spheroidization according to an embodiment of the present
disclosure;

FIG. 4 is an XRD graph showing the crystal structure of
spheroidized and non-spheroidized YOF powder according to an
embodiment of the present disclosure; and

FIG. 5 shows a SEM photograph of YOF coated cross-section
before/after spheroidization according to an embodiment of the

present disclosure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood by those
of ordinary skilled in the art to which this disclosure belongs.
In general, the nomenclature used herein 1is well-known and
commonly used in art.

When a part of the present specification "includes" a
component throughout the present specification, this means that
it may further include other components rather than excluding the
other component unless otherwise opposed.

In addition, "non-spheroidization" throughout this
specification means a state that has not undergone the

spheroidization process described in the present disclosure.
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One embodiment of the present disclosure provides a method
for manufacturing a spherical YOF-based powder, the method
includes: (a) melting by introducing the YOF-based powder into a
plasma Jjet; (b) manufacturing a spherical YOF-based powder by
spraying the molten YOF-based droplets to a refrigerant; and (c)
removing the refrigerant after step (b) and drying the spherical
YOF-based powder.

FIGS. 1 and 2 show a schematic diagram and flowchart of a
method for manufacturing a spherical YOF-based powder according
to an embodiment of the present disclosure; with reference to
this, it will be described in detail below.

In the present disclosure, step (a) 1is melting by
introducing the YOF-based powder into a plasma jet.

When generating thermal plasma in a plasma device, an arc
discharge is made between the cathode and the anode while flowing
a large amount of gas so that the plasma is ejected in a jet
state. This is called a plasma jet or a plasma torch, and in
step (a), the YOF-based powder is injected into the plasma Jjet
to melt the YOF-based powder within a short time. In this case,
the YOF-based powder may be a powder having a formula of YxOyF:
and is not limited to specific material, but the YOF-based powder
may be a formula of YxOyF;, where x and z may be greater than or
equal to y and may be YOF, YsOsF7, YsOsFg, Y706F9. The plasma
apparatus may have a temperature sufficient to melt the YOF-based

powder, and preferably, may be an atmospheric plasma spraying
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(APS) apparatus.

Next, step (b) is manufacturing a spherical YOF-based powder
by spraying the molten YOF-based droplets into the refrigerant,
in which a spherical YOF-based powder is manufactured by quickly
spraying the melted YOF-based droplets into the refrigerant with
a separation distance of 400 to 600 mm from the injection outlet
to the refrigerant surface and a refrigerant is using any one or
more selected from water, Nz, and Ar.

Specifically, the separation distance refers to the distance
from the injection outlet of the plasma spray gun to the surface
of the refrigerant, and the separation distance is set to 400 to
600 mm so that the molten YOF-based droplets can be sprayed toward
the refrigerant without loss to exhibit a rapid cooling effect
while improving the yield. When the separation distance is less
than 400 mm, the loss of solvent and powder due to the injection
pressure is significant, and when the separation distance exceeds
600 mm, the yield is degraded due to the spraying angle, and it
is difficult to achieve a sufficient quenching effect of the
melted powder, and thus the separation distance is desirably 400
to 500mm.

In addition, the refrigerant is to rapidly cool the sprayed
molten yttrium compound droplets to make them spherical and high-
density. Specifically, the molten YOF-based droplets quickly
sprayed into the refrigerant are quenched by rapid cooling, and

the YOF-based droplets are formed in a spherical shape to minimize

10
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surface energy and are highly densified, thereby improving
hardness. In this case, the refrigerant may be any one or more
selected from water, Nz, and Ar, and the composition ratio of the
spherical YOF system manufactured according to the refrigerant
may be adjusted. For example, when molten YOF-based droplets are
rapidly sprayed to distilled water (H20) and quenched by rapid
cooling, the F component of the YOF-based yttrium compound reacts
with the H component of the distilled water to form hydrogen
fluoride, and the F content is reduced. When N; is used as a
refrigerant, a reaction does not occur with the YOF-based yttrium
compound and is rapidly cooled, thereby not causing a reduction
in the F content. 1In this way, by adjusting the refrigerant, the
composition ratio of the YOF-based powder to be manufactured can
be adjusted, and the refrigerant is generally distilled water at
room temperature.

Next, step (c) is removing the refrigerant after step (b)
and drying the spherical YOF-based powder. The refrigerant
removal and the drying of the spherical YOF-based powder may be
performed by a conventional method and thus will not be described
in detail.

In addition, in the manufacturing method of the spherical
YOF-based powder of the present disclosure, the YOF-based powder
may contain the F component. Therefore, to ensure corrosion
resistance to HF that may occur during spheroidization, the

container used is applied with a Teflon coating of 50 um or more
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or is made of a ceramic material.

The spherical YOF-based powder manufactured by the above
method has a spherical particle size of 10 to 60 pym. In general,
the smaller the diameter of the YOF particles, the more denser
the coating layer can be formed. However, when the diameter of
the particles is less than 10 um, a technical problem in which
feeding is not performed occurs due to a cohesive force generated
due to a close distance between particles. Therefore, the
spherical YOF-based powder of the present disclosure may form a
high-density film without agglomeration during coating while
densifying the density by setting the particle size to 10 to 60
pum, preferably 25 to 45 pm.

In addition, the manufactured spherical YOF-based powder
has a structural difference from the non-spheroidized YOF-based
powder. For example, when non-spheroidized YOF is spheroidized,
the specific gravity of YF3, which is an orthorhombic structure,
is decreased, and the specific gravity of YOF, which is an
orthorhombic structure, is increased.

In addition, the present disclosure provides a YOF-based
coating layer, which is manufactured by coating the spherical
YOF-based powder on a substrate by an atmospheric plasma spraying
(APS) method.

Atmospheric plasma spraying (APS) is a type of thermal spray
technology that converts powder or linear material into molten

liquid through a high-temperature heat source and collides with
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a substrate at high speed to rapidly cool and solidify to form a
laminated film. Specifically, it is a film-forming technology
in which a gas such as Ar, He, and N2 is converted into arc plasma
and emitted from a nozzle to use an ultra-high temperature and
high-speed plasma jet as a heat source. While the molten spraying
material collides with the substrate at high speed and thus, a
high adhesion strength and high-density film may be manufactured,
since the spraying is performed under an atmosphere of atmospheric
pressure, surrounding air is mixed into the plasma jet flame,
thereby having high porosity and, according to the film material,
an oxide or impurities may be mixed.

The YOF-based coating layer manufactured by coating the
manufactured spherical yttrium compound powder on a substrate by
this APS method has a porosity densified to less than 2% and a
hardness of 550 Hv or more, which significantly improves
mechanical properties compared to the non-spheroidized YOF-based
coating layer, thereby increasing resistance to ion bombardment
generated in a dry etching process.

Specifically, the increase in resistance to ion bombardment
is due to a change in the crystal structure. This is because a
coating layer having an F content while having a crystal structure
close to that of Y203 is formed of the YOF-based powder due to the
oxidation generated during the spheroidization process of
manufacturing spherical YOF-based powder, which is a feeding

material for forming the coating layer, and additional oxidation
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generated during coating by the APS. That is, the YOF coating
layer, according to the present disclosure, has a crystal
structure close to the crystal structure of Y203 and also has F
replaced with a part of the O site, and thus is coated in a kind
of solid solution form, such that physical characteristics are
close to Y203 and chemical characteristics are close to YOF.

In addition, the F content of the YOF coating layer is 20%
to 40% by weight, and the oxygen content may be changed according
to the F content, and preferably the oxygen content may be 30%
to 50% by weight.

Since oxidation 1is generated as the spherical yttrium
compound, YOF powder is melted by high-temperature plasma when
the YOF coating layer is formed, although the oxygen content tends
to be increased, and the F content tends to be reduced, the oxygen
content increase and the F content decrease are controlled to
include F in an amount of 20% to 40% by weight.

When the F content is less than 20% by weight, the corrosion
resistance of the coating layer to CFs gas decreases. When the
F content exceeds 40% by weight, the etching rate of the wafer
increases 1in the etching process, resulting in additional
customer process conditions change, at the same time, the hardness
of the coating layer is lowered and resistance to physical etching
may be reduced. 1In this case, the content of O of the spherical
YOF-based powder may be 30 to 50 at%$ as a value changed according

to the content of F.

14



10

15

20

25

Hereinafter, the present disclosure will be described in
detail through Examples, but the present disclosure is not limited
by the Examples.

<Example>

1. Spheroidization of YOF powder

Preparation Example 1: Spheroidization of YOF

According to the schematic diagram of FIG. 1 and the process
flowchart of FIG. 2, a spheroidizing treatment was performed on
commercially available YOF powder.

According to FIGS. 1 and 2, a plasma was first formed in a
plasma apparatus, and then YOF powder was injected into the plasma
stream to uniformly heat the YOF powder. In this case, conditions
such as plasma formation conditions and powder injection angle,
etc., were performed according to Table 1 below.

Thereafter, the heated YOF powder was sprayed in the form
of molten droplets toward the cooling medium water at a separation
distance of 200 to 800 mm. The YOF droplets were quenched by
contact with water, and YOF was manufactured as densified spheres
by the above process.

Finally, the densified spherical YOF was separated from
water and dried. The densified spherical YOF powder was
manufactured through the above process, and they were
manufactured in Preparation Examples 1 to 7 according to the
separation distance.

[Table 1]

15
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Volta| Electr |Elect |Inject| Injecti|Inject| Inject Powder Powder
ge ic ric ion on gas ion ion Injection |Injecti
\Y curren | power | gas 1 gas gas method on

t (kw) 1. Injecti 2. 2. angle
A. on Inject
volume ion
(NLPM) volume
(NLPM)

75 to| 600 to|44 to Ar 40 to Hy 9 to |Single/Dou| 90 to

78 610 48 44 13 ble 105

Control 1: Non-spheroidized YOF

Commercially available YOF used in Preparation Example 1

was used as Control 1.

Control 2: Non-spheroidized mixed method YOF (YF3 + Y203)

A YOF obtained by mixing commercially available YF3 powder

and commercially available Y03 powder in a ratio of 1:1 was used

as Control 2.

Table 2 below shows the yield,

spheroidization rate,

and

separation distance during manufacturing of Preparation Examples

1 to 7 and the spheroidization of Controls 1 and 2.

[Table 2]
Yttrium Separation Yield (% Spheroidiza
compound distance tion
(mm)
Preparation YOF 200. Not X
Example 1: measurable
Preparation 300. 70. o
Example 2:
Preparation 400. 84. o

16




Example 3:

Preparation

Example 4:

Preparation

Example 5:

Preparation

Example 6:

Preparation

Example 7:

500.

90.

600.

87.

700.

80.

800.

75.

Control 1:

YOF

Control 2:

Mixed YOF
(YF3+Y203=1:1)

2. YOF coating layer formation

<Example

1>

spherical YOF

Using the manufactured densified

(Preparation Example 4),

Formation

of

coating layer

by densified

spherical YOF powder

a YOF coating layer was formed by the

APS method under the conditions shown in Table 3 below.

[Table 3]
Volt [Elect|Electr| Gas |[Injecti|Gas 2| Inject|Rotati |[Transfe|Separati
age ric ic 1 on ion on r on
V |curre| power volume volume | speed |pressur|distance
nt (kW) (NLPM) (NLPM) (%) e (mm)
A. (NLPM)
75 600. | 44 to | Ar 40 to Ho 11 to | 25 to | 3.5 to| 110 to
to 48 44 13 30 4.0 130
78

<Comparative Example 1> Formation of non-spheroidized YOF

coating layer

17
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A YOF coating layer was formed in the same manner as in
Example 1, except that the non-spheroidized YOF powder (control
group 1) was used.

<Comparative Example 2> Formation of non-spheroidized mixing
method YOF (YF3+Y203) coating layer

A YOF coating layer was formed in the same manner as in
Example 1, except that the non-spheroidized mixing method YOF
powder (control group 2) was used.

3. YOF powder analysis

(1) Analysis of sphericity and physical properties of YOF
powder

FIG. 3 shows SEM images of the prepared spheroidized YOF
(Preparation Example 4) and non-spheroidized YOF (control group
1).

The spheroidized YOF powder in FIG. 3 has a D 50 of 26.8
um, whereas the non-spheroidized YOF powder has a D 50 of 28.8
um. Since the diameter is reduced, the volume is reduced, and
the density is increased, it may be seen that the YOF powder is
densified by spheroidization.

(3) Structural analysis of YOF powder

FIG. 4 shows XRD images of the prepared spheroidized YOF
(Preparation Example 4) and non-spheroidized YOF (control group
1).

In FIG. 4, 1in the non-spheroidized YOF before the

spheroidization treatment, YFs3 and YsOs4F7 of orthorhombic structure

18
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had 51% and 30%, respectively, but by the spheroidization
treatment, YF3; and Ys04F7; of the orthorhombic structure had their
structures changed to 39% and 60%, respectively.

Through this, it can be seen that the structure of YOF is
changed by the spheroidization process.

4. YOF coating layer analysis

(1) Analysis of coating layer properties before/after
spheroidization

FIG. 5 shows a SEM photograph of a coated cross-section of
Example 1 and Comparative Example 1 in which a coating layer was
formed with APS using spheroidized YOF (Preparation Example 4)
and non-spheroidized YOF (control group 1), and Table 4 is a

comparison of their physical properties.

[Table 4]
<Example 1> <Comparative
Example 1>
Hardness (Hv) > 550 < 400
Porosity (%) < 2 > 5
Roughness (/m) 3 to 4 4 to 5

The YOF coating layer (Example 1) formed by the APS method
using the YOF powder spheroidized through FIGS. 5 and Table 4
above had a surface roughness of 3 to 4 um and a porosity of less
than 2%. It may be seen that the coating layer is formed to be
uniform and high-density, and the hardness is improved to more
than 550 Hv as the coating layer is highly densified.

On the other hand, the YOF coating layer formed by the APS

19
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method using non-spheroidized YOF powder (Comparative Example 1)
had a surface roughness of 4 to 5 pym and a porosity of more than
5%. It may be seen that a non-uniform and non-dense coating layer
is formed, and thus hardness is also lowered to less than 400 Hv.

From the above results, when the YOF coating layer is formed
with the APS method using the spheroidized YOF powder, it may be
seen that the surface roughness and porosity are reduced to form
a relatively uniform and densified high-density coating layer,
and the hardness of the coating layer by densification can also
be improved.

(2) Analysis of coating layer properties before/after
spheroidization

Table 5 below shows the XPS analysis results for the yttrium
coating layer (Example 1, Comparative Examples 1 and 2) coated
with the spheroidized or non-spheroidized yttrium compound with

the APS method.

[Table 5]
Yttrium Sphero O (at.%) F(at.%) Y (at.
compound idizat
ion
<Example YOF o 45. 20. 35.
1>
<Comparat YOF x 30. 40. 30.
ive
Example
1>
<Comparat Mixed YOF x 15. 55. 30.
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ive (YF3+Y203=1:1)
Example
2>

In Table 5, both Example 1 and Comparative Example 1, which
are YOF coating layers coated with the APS method wusing
spheroidized YOF and non-spheroidized YOF, contain appropriate F
contents of 20% and 40% by weight, so has sufficient corrosion
resistance to the halogen etching gas. However, while the YOF
coating layer (Example 1) coated with the APS method using the
spheroidized YOF was formed as a uniform and high-density coating
layer to improve physical properties, in the case of the YOF
coating layer (Comparative Example 1) coated with the APS method
using non-spheroidized YOF, as shown in Table 5, the YOF coating
layer is formed as a non-uniform and non-dense coating layer and
thus has low physical properties.

On the other hand, the YOF coating layer (Comparative
Example 3) coated with the APS method using the non-spheroidized
mixed YOF contains excessively F at 55% by weight, which rather
increases the etching rate of the wafer, resulting that the wafer
etching process conditions are distorted, and the hardness of the
coating layer is reduced, thereby reducing resistance to physical

etching.
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WHAT IS CLAIMED IS:

1. A method for manufacturing a spherical YOF-based powder,
the method comprising:

(a) melting YOF-based powder by introducing the YOF-based

powder into a plasma jet;

(b) manufacturing a spherical YOF-based powder by spraying

the molten YOF-based droplets to a refrigerant; and

(c) removing the refrigerant after step (b) and drying the

spherical YOF-based powder,

wherein in step (b), when the molten YOF-based droplets are
sprayed, a separation distance from an injection outlet to a

surface of the refrigerant is in a range of 400 to 600 mm.

2. The method of claim 1, wherein the refrigerant is any

one or more selected from water, Nz, and Ar.

3. The method of claim 1, wherein the YOF-based powder has

a formula of YxOyF; (where x and z are numbers greater than or

equal to y).

4. A spherical YOF-based powder manufactured by the method

of any one of claims 1, 2, and 3.

5. The spherical YOF-based powder of claim 4, wherein the

22
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spherical YOF-based powder has a particle size of 10 to 60 um.

6. A YOF-based coating layer manufactured by applying the
spherical YOF-based powder of claim 4 on a substrate through an

atmospheric plasma spraying (APS) method.

7. A YOF-based coating layer manufactured by applying the
spherical YOF-based powder of claim 5 on a substrate through an

atmospheric plasma spraying (APS) method.

8. The YOF-based coating layer of claim 6, wherein the

content of F in the YOF-based coating layer is 20% to 40% by

weight.

9. The YOF-based coating layer of claim 6, wherein the YOF-

based coating layer has a porosity of less than 2%.
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