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SPECI FI CATI ON
TI TLE OF | NVENTI ON:  PLASMA- RESI STANT TWO- LAYER COATI NG FI LM

STRUCTURE AND MANUFACTURI NG METHOD THEREOF

TECHNI CAL FI ELD
[ 0001] The present inventionrelatesto atwo-layer coating film
structureformedonasurfaceof aceram cor netal substratetoreduce
etching by plasma and a manufacturing nethod thereof.
BACKGROUND ART

[ 0002] It is generally known that for process conponents exposed
to plasma during the sem conductor process, etching occurs
preferentially in locally recessed areas (grooves; hereinafter

referred to as pits) on the surface of the process conponents, and
as ti ne passes, etching progressestothe entire process conponents,

and etching that starts locally spreads to the entire surface of the
process conponents (Byung-Kuk Lee et al., Non-Patent Docunent 1).

[ 0003] Inaddition, aprotectivelayer agai nst pl asma et chi ng has
been f or med by coati ng t he surfaces of t he process conponent s exposed
to plasma during the sem conductor process with a material that is
resistant to plasma (e.g. Y203, Junichi Iwasawa et al., Non-Patent

Docunment 2).



10

15

20

[ 0004] As an exanpl e, the technol ogy di scl osed i n Korea Pat ent
No. 10-2213756 (Patent Document 1) is a technology for formng a
pl asma protective coatinglayer onthe surface of asubstrate (process
conponent) using a thermal spray nethod. However, there have been
di sadvant ages t hat coating |l ayers fornmed by t he t hernal spray net hod
al ways contai n cracks and pores, and pl asnma et chi ng begins |locally
fromthese cracks and pores as starting points and spreads to the
entire process conponent.

[ 0005] I n addi tion, the technol ogy di scl osed i n Korea Pat ent No.
10- 0938474 (Pat ent Docunent 2) is atechnol ogy for form ng a coati ng
| ayer with no cracks and al nost no pores on the surface of a process
conponent using an aerosol deposition (AD) nethod to produce a
protective |ayer against plasma etching.

[ 0006] The t echnol ogy di scl osed i n Korea Pat ent Publication No.
10- 2013- 0044170 (Patent Docunent 3) is a technol ogy for providing
intersecting scratches with a depth of 1 to 2 um on the surface of
an aer osol depositionlayer, inadditiontothe technol ogy di scl osed
i n Patent Docunent 2 for form ng an aerosol deposition|ayer exposed
to pl asnma.

[ 0007] The technol ogy di sclosed in Korea Patent No. 10-1563130
(Pat ent Docunent 4) is a technol ogy for renoving vall eys and peaks

on the surface of process conponents, formng a coating film and
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t hen renovi ng val | eys and peaks on the surface of this coating film
in addition to the technol ogy di sclosed in Patent Docunment 3, and
sothisisatechnol ogy t hat exhi bits nore i nproved pl asma resi stance
than the technol ogi es disclosed in Patent Docunents 1, 2, and 3.
[ 0008] The coating films (|l ayers) of Patent Docunents 1to 4 are
comonl y produced by appl yi ng a technol ogy for spayi ng and coati ng
powder: Patent Docunment 1 is by a thermal spray nethod; Patent
Docunents 2 and 3 are by an aerosol deposition nethod, and Patent
Docunent 4 is by a spray-coating nethod other than a thernal spray
met hod.

[ 0009] Meanwhi | e, coating nethods other than a thermal spray
met hod for formng a plasma protective |ayer include ion-assisted
deposition (I AD), plasna reactive deposition (PRD), plasma enhanced
chem cal vapor deposition (CVD), plasma enhanced evaporation,
physi cal vapor deposition (PVD), and plasma i rmersion i on process
(PI'l'P) technol ogy (Korea Patent No. 10-1309716, Pat ent Docunent 5),
and other nethods for formng a plasm protective |ayer include
pl asma- enhanced CVD (PECVD), PVD, CVD, and atonic | ayer deposition
(ALD) technologies (Korea Patent Publication 10-2016-0143532,

Pat ent Docunent 6).
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[ 0010] The technol ogies of Patent Docunents 1 to 6 commonly
i ncl ude a single-layer plasma protectionlayer formed onthe surface
of a process conponent exposed to plasnma

[0011] Meanwhi | e, there are technol ogi es i n which an addi ti onal
coating layer is fornmed between the surface of a process conmponent
exposed to plasma and a plasnma protection |ayer.

[0012] The technology disclosed in Korea Patent 10-1108692
(Pat ent Docunent 7) i s atechnol ogy for form ng an aerosol deposition
| ayer of Patent Docunent 2onthethermal spray coatingl ayer of Pat ent
Docunent 1 to have pl asna resi stance, and a uni que feature thereof
isthat inthe processing of the surface of the coating |ayer fornmed
on t he process conponent, the roughness (average surface roughness
of 0.4 to 2.3 um) was increased through sand blasting so that the
aerosol deposition | ayer adheres well to the thermal spray coating
| ayer.

[ 0013] The technol ogy di sclosed in Korea Patent No. 10-2182690
(Patent Docunent 8) is a technology for formng a thermal spray
coatinglayer onthe surface of aprocess conponent exposedt o pl asma,
formng a surface nolten |l ayer by nelting a part of the surface of
the thermal spray coating |l ayer, and form ng a surface suppl enentary

| ayer on the nolten | ayer by an aerosol deposition nethod.
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[ 0014] The technol ogy di scl osed in Korea Patent No. 10-1817779
(Pat ent Docunent 9) is the sane as t he t echnol ogy di scl osed i n Pat ent
Docunent 7 in the sense that the aerosol deposition | ayer of Patent
Docunent 2 is forned on the thermal spray coating | ayer of Patent
Docunment 1 to achieve plasma resistance, but it is different from
t he technol ogy di scl osed i n Patent Docunent 7 in the sense that the
thermal spray coating |ayer and the aerosol deposition |ayer are
subj ected to hydration treatnent.

[ 0015] The technology disclosed in Korea Patent No.
10- 2019- 0057753 (Pat ent Docunent 10) is the sane as the technol ogy
di sclosed in Patent Docunent 7 in the sense that the aerosol
deposition | ayer of Patent Docunent 2 is forned on the thermal spray
coating | ayer of Patent Docunent 1 to achi eve pl asna resi stance, but
it isdifferent fromthe technol ogy di scl osed i n Patent Docunent 7
inthe sense that the surface of the thermal spray coating | ayer is
pol i shed.

[0016] As nenti oned above, the technol ogi es di scl osed i n Pat ent
Docunents 7 to 10 are common technol ogies for reducing locally
initiated plasma etching by formng a thermal spray coating film
(layer) (Patent Docunent 1) with pores and cracks and an aerosol
deposition | ayer (Patent Docunents 2 and 3) reducing the pores and

cracks on the surface of process conponents exposed to pl asna.
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[ 0017]

DETAI LED DESCRI PTI ON OF THE | NVENTI ON

TECHNI CAL PROBLEM
[ 0018] The purpose of the present invention is to provide a
pl asma-resi stant two-|ayer coating filmstructureincludingafirst
coating |l ayer formed on a surface of a ceram c substrate and a second
coating layer forned on the first coating layer to significantly
reduce pl asma et ching.
[0019]

TECHNI CAL SOLUTI ON
[ 0020] To solve the technical problem the present invention
provides a plasma-resistant two-layer coating film structure
including: a ceramc or netal substrate having pits on a surface
thereof; afirst coatinglayer whichisaceramccoatinglayer forned
wi t hout cracks on the surface of the substrate by a spray coating
nmet hod ot her than thermal spray, the |l ayer being coated to fill the
pits onthe surface of the substrate, fine pits acconpanying ceramc
particl e bondi ng being formed onthe surface, andthe |l ayer i ncl udi ng
ceram c pol ycrystal |l i ne bodi es havingacrystallitesizeof | essthan
300 nm and a second coating |l ayer whichis aplasnaresistant ceram c

fil mcoat ed by one net hod of chem cal vapor deposition (CVD), physi cal
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vapor deposition (PVD), and atoni c | ayer deposition (ALD), the | ayer
being formed to have a surface roughness (Ra) of 0.2 um or less without
a separate grindi ng process and coated to cover thefinepitstoform
a surface in which positions that may serve as starting points of
pl asma et ching are m ni m zed, and the | ayer being crystalline or in
a m xed state where both a crystalline phase and an anor phous phase

are present.

[ 0021] A sem conduct or process conmponent may be applied as the
substrate.
[ 0022] The first coating | ayer nay be fornmed of one or nore of

Al 2Gs, Y203, TmOs, Gd20s, Dy20s, Er.0Gs;, and SmpO; to be free of cracks
and have pores in an anount of 1%by volune or | ess and a thi ckness
of 20 um or less.

[ 0023] The second coating | ayer may be fornmed as a ceramc film
including yttrium (Y) or a ceramc filmincluding a nmetal oxide.
Specifically, the second coating | ayer may be fornmed of one or nore
of Y20, YF3, yttrium oxyfluoride (YOF), yttrium alum num (YAG
yttriumal um numperovskite (YAP), and yttri umal um nummnonoclinic
(YAM or may be forned of one or nore of TmQ;, Gd20s;, Dy20s, Er20s,
and SmO; to be free of pores and have a thickness of 15 um or less.
The second coating |ayer nmay be fornmed to have surface hardness

(Vi ckers hardness, Hv) of Hv 500 to Hv 1, 500.
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[ 0024]

[ 0025] The present invention provi des a manufacturing net hod of
a pl asnma-resi stant two-1layer coating fil mstructure, including: (a)
a step of formng a first coating | ayer by sprayi ng ceram c powder
by a spray coating nethod other than thermal spray onto a ceramc
or netal substrate having pits on a surface thereof sothat thelayer
iscoatedtofill the pits onthe surface of the substrate, fine pits
acconpanyi ng ceranm c particle bondi ng being formed on the surface
and the layer including ceramc polycrystalline bodies having a
crystallite size of less than 300 nm and (b) a step of formng a
second coating | ayer which is coated by one net hod of chem cal vapor
deposition (CVvD), physical vapor deposition (PVD), and atom c | ayer
deposition (ALD) to cover the fine pits to forma surface in which
positions that may serve as starting points of plasma etching are
m nim zed, thelayer beingcrystallineor inamxed state where both
a crystalline phase and an anor phous phase are present and nmade of
a ceramc filmincluding yttrium(Y) or a netal oxide and having
surface roughness (Ra) of 0.2 um or less.

[ 0026] The nmet hod nay further include Step (a-0) of grindingthe
surface of the substrate beforethe Step (a), andinthe Step (a-0),
t he surface of t he substrate nmay be groundto have a surface roughness

(Ra) of 0.2 uym or less.
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[ 0027] The net hod may further i nclude Step (a-1) of grindingthe
surface of the first coating | ayer between the Step (a) and the Step
(b), and inthe Step (a-1), the surface of the first coating | ayer
is ground to have a surface roughness (Ra) of 0.2 um or less.
[ 0028] The nmethod may further include Step (a-2) of increasing
t he t hi ckness of the first coating layer; and Step (a-3) of grinding
the surface of the first coatinglayer with the increasedthickness,
following the Step (a-1). In the Step (a-2), the thickness of the
first coating | ayer may be i ncreased al so by a spray coati ng net hod
ot her than thermal spray. Inthe Step (a-3), the surface of the first
coating layer with the increased thi ckness may be ground to have a
surface roughness (Ra) of 0.2 um or less.
[ 0029] The nethod may further include Step (c) of heat-treating
a two-layer coating filmstructure, following the Step (b).
[ 0030]

ADVANTAGEQUS EFFECTS
[ 0031] By formng a plasma-resistant two-layer coating film
structure on the surface of a ceram c or netal substrate according
to the present invention, the follow ng effects can be obtai ned.
[ 0032] 1. Afirst coating layer is fornmed on the surface of a
substrate where pits of several micrometers (um) to tens of

m croneters are present, a plasma resistant ceram c nenbrane is
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formed by ceram c coating on the first coating | ayer on which fine
pits (starting points where etching by plasma may be concentr at ed)
that arerelatively small conpared to the pits on the surface of the
substrate are present, and a second coating layer with no or
significantly reduced pits where pl asma et chi ng nay be concentrat ed
isformedsothat the pl asmaresi stance of the substrate are ensur ed.
[ 0033] 2. Sem conductor process conponents on which the
pl asma-resi stant two-|ayer coating filmstructure is formed have
reduced particle adhesion in processes where plasnma is applied.
[ 0034] 3. Through t he above-descri bed pl asma et chi ng and particle
reduction, sem conductor manufacturing and processing are be
conduct ed conti nuousl y and st ably, thereby i nprovi ng t he production
yield.
[ 0035] 4. The product defect rate i s reduced after manufacturing
and processi ng of sem conductors or the I|ike.
[ 0036] 5. The external cleaning cycle due to replacenent of
cerami c or netal substrate is extended.
[ 0037]

DESCRI PTI ON OF THE DRAW NGS
[ 0038] FIG 1 shows a cross-sectional schematic diagram of a
pl asma-resi stant two-layer coating filmstructure according to the

present invention.

10
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[ 0039] FIG 2 shows a cross-sectional schematic diagram of a
single-layer coating fil mforned by a conventi onal PVD, CVD, or ALD
met hod, which is forned according to pits that are present on the
surface of a substrate.
[ 0040] FIG 3 shows a cross-sectional schematic diagram of a
coating filmof a conventional thermal spray coating | ayer and an
aer osol deposition |l ayer forned by an aerosol deposition nmethod on
the surface of a substrate.
[ 0041] FIG 4 shows a detail ed cross-sectional schematic di agram
of a plasma-resistant two-layer coating fil mstructure accordingto
the present invention.
[ 0042] FI G 5 shows a process fl owchart of a manufacturi ng net hod
of a plasma-resistant two-layer coating fil mstructure accordingto
the present invention.
[ 0043]

BEST MODE
[ 0044] A plasma-resistant two-layer coating film structure
including: a ceramc or netal substrate having pits on a surface
t her eof ;
[ 0045] a first coating layer which is a ceram c coating |ayer
formed without cracks on the surface of the substrate by a spray

coating net hod ot her than thermal spray, the | ayer being coated to

11
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fill thepitsonthe surface of the substrate, fine pits acconpanying
ceram c particle bonding being forned on the surface, and t he | ayer
i ncl udi ng ceram c pol ycrystalline bodies having a crystallite size
of less than 300 nm and
[ 0046] a second coating |l ayer whichis aplasnmaresistant ceram c
fil mcoat ed by one net hod of chem cal vapor deposition (CVD), physi cal
vapor deposition (PVD), and atoni c | ayer deposition (ALD), the | ayer
being formed to have a surface roughness (Ra) of 0.2 um or less without
a separate grindi ng process and coatedto cover thefinepitstoform
a surface in which positions that may serve as starting points of
pl asma et ching are m ni m zed, and the | ayer being crystalline or in
a m xed state where both a crystalline phase and an anor phous phase
are present.
[ 0047]

Modes of the Invention
[ 0048] The technical concept of the present invention may be
clearly conpared with t he above-descri bed Patent Docunents 1 to 10.
[ 0049] The above-descri bed Patent Docunent 1 is a thermal spray
met hod, and a coating |l ayer formed by thi s technol ogy i ncl udes cracks
and pores, and plasma etching through the cracks and pores is

significant.

12
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[ 0050] The above-nmenti oned Patent Docunents 2 to 4 attenpt to
i npl enent pl asmaresistanceinasinglelayer by powder spray coating
ot her than thernmal spray. According to this group of technol ogi es,
an effect of preventing al nost all pores and cracks fromoccurring
inacoating layer is inplenented, but fine pits are fornmed on the
surface due to bondi ng bet ween powder particles during the coating
process. The fine pits becone weak points where plasna etching is
concentrated, and the wi dth and depth of the pits increase at those
points as starting points, thereby affecting the substrate.

[ 0051] The above-nentioned Patent Docunents 5 and 6 are
t echnol ogi es for i npl enenting plasma resi stance by form ng a single
coatingl ayer usi ng a net hod ot her t han a powder spray coati ng net hod.
According to this group of technol ogi es, dense coating is achi eved,
but the coatinglayer isformedasathinfilmw thasmll thickness,
so the coating layer is fornmed according to the shape of the pits
rather than filling the pits on the surface of a substrate, and t he
nor phol ogi cal features of this coating|layer serve as vulnerability
to pl asna.

[ 0052] The above-nenti oned Patent Docunents 7 to 10 attenpt to
i npl emrent plasma resistance with a double layer (thernmal spray
coating |l ayer + aerosol coating | ayer) by powder spray coating. On

the surface of the aerosol coatingl ayer, whi ch becones a second | ayer

13
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coating |l ayer, the problemof generating fine pits as described in
Pat ent Docunents 2 to 4 is present, and since cracks and pores are
i nevi tably acconpani ed by the thermal spray coating |ayer, which
becones a first |layer coating | ayer, the first | ayer coating | ayer
may not sufficiently prevent the spread of etching that starts from
the fine pits forned on the second | ayer coating |ayer.

[ 0053] On the contrary, in a plasma-resi stant two-1ayer coating
filmstructure of the present invention, a first coating layer is
f ormed by powder spray coati ng ot her than thernmal spray, and a second
coating layer is formed by nmet hods such as CvD, PVD, and ALDi n whi ch
a coating layer is formed to be relatively dense (e.g., |am nated
inunits of atons) conpared to the first coating |ayer.

[ 0054] The present inventionallows afirst coatinglayer tofill
pits on the surface of a substrate even when there are rel atively
large pits of several micrometers (um) to tens of micrometers on the
surface of the substrate, and fine particles forned on the surface
of the first coating |l ayer are covered with a densely coat ed second
coating layer, thereby mnim zing the points where plasma etching
is concentrated on the surface of the second coating |ayer and
resulting in significantly superior plasma etching resistance

conpared to the prior arts (Patent Docunents 1 to 10).

14
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[ 0055] Hereinafter, the present invention will be described

together with the attached draw ngs.

[ 0056]
[ 0057] |. Plasma-resistant two-layer coating filmstructure
[ 0058] The present invention provides a plasma-resistant

two-layer coating film structure including: a ceramc or neta

substrate having pits on a surface thereof; a first coating |ayer
whichis aceramc coatinglayer formedw t hout cracks onthe surface
of the substrate by a spray coati ng net hod ot her than t hernal spray,

thel ayer beingcoatedtofill thepitsonthesurface of the substrate,
fine pits acconpanyi ng ceram c particl e bondi ng being forned on the
surface, and the layer including ceram c polycrystalline bodies
having a crystallite size of | ess than 300 nm and a second coating
| ayer which is a plasma resistant ceramc fil mcoated by one net hod
of CvD, PVD, and ALD, the layer being forned to have a surface
roughness (Ra) of 0.2 um or less without a separate grinding process
and coated to cover thefinepitstoforma surfaceinwhich positions
that may serve as starting points of plasma etching are m nim zed,

and the | ayer being crystalline or in a mxed state where both a
crystalline phase and an anor phous phase are present.

[ 0059] The pl asma-resi stant two-1ayer coating fil mstructure of

the present invention may be manufactured as described in 'I1I.

15
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Manuf act uri ng net hod of a plasma-resistant two-layer coating film
structure,’” which will be described |ater.

[ 0060] The structure of the present i nvention consists of afirst
coating |l ayer and a second coating | ayer sequentially | am nated on
a ceramc or netal substrate as illustrated in FIG 1.

[ 0061] As shown in FIG 1, a plasma-resi stant two-1ayer coating
filmstructure provided by the present inventionis a coating film
structure consisting of afirst coating |layer fornmed on the surface
of a ceramc or nmetal substrate and a second coating | ayer forned

on the first coating |ayer.

[ 0062]
[ 0063] 1. First coating |ayer
[ 0064] The first coatinglayer isaceramcfil mincludingceramc

pol ycrystal Il i ne bodies having a crystallite size of |ess than 300
nm

[ 0065] That the first coating layer includes ~ceramc
pol ycrystal line bodies neans that the first coating | ayer may be
formedtobeentirely formedto be polycrystallineor may be partially
anor phous.

[ 0066] I n ot her words, by the powder spray coati ng net hod, which
isanethod of formngthe first coating | ayer, powder particles nay

collidewiththe substrate at a high speed (or initial speed) or the

16
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particl es may be crushed by col |i si ons bet ween t he powder particl es,
causingtheparticlestolosecrystallinityandchangetoananorphous
phase, so that an anorphous phase is partially present between
crystals.

[ 0067] In addition, unlike a coating film fornmed by nelting
ceram c powder particles by a thermal spray coating nethod, the
pol ycrystalline bodies of the first coating |ayer are forned as
ceram ¢ powder particles are crushed by collision between the
particles and the substrate and between the particles, formng
pol ycrystal |l i ne bodies having a crystallite size of |ess than 300
nm

[ 0068] The crystallite size of the polycrystalline bodi es nay be
confirmed through a transmssion electron mcroscopy (TEM
phot ograph, and a conponent analysis of the ceramc film may be
confirmed through an energy dispersive X-ray (EDX) anal ysis.

[ 0069] The first coating | ayer nmay be fornmed of one or nore of
Al 203, Y203, TmQOs, Gd20s;, Dy20s, EroG, and SmGs.

[ 0070] Meanwhi | e, unli ke a powder spray coating nethod, ceram c
films formed by a PVD, CVD, or ALD nethod are generally forned
accordingtothe pits on the surface of a substrate as shownin FIG

2.

17
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[0071] However, as shown in FIG 4, the first coating layer is
formed by filling the pits on the surface of a substrate. However,
finepits my be formed onthe surface of afirst coatinglayer during
t he process of conbi ni ng ceram ¢ powder particles to forma coating
| ayer.

[0072] Inaddition, afirst coatinglayer accordingtothepresent
invention has a thickness of 20 uym or less. The thickness of the first
coatinglayer may be confirmedthrough ascanni ng el ectron m croscope
(SEM phot ogr aph.

[ 0073] On the other hand, as shown in FIG 3, a thermal spray
coating |layer on the surface of a substrate inevitably acconpany
cracks by the nethod of nelting powder and spray coating, and the
first coating |l ayer onthe surface of the substrate accordingtothe
present inventionis free of cracks unlike a thermal spray coating
| ayer. The presence of cracks in the coating | ayer may be confirnmed
t hrough a scanning el ectron m croscope (SEM photograph.

[ 0074] In addition, the first coating | ayer includes pores in an
anount of 1%by vol unme or | ess. There are no pores, or even when t here
are pores, the anmount is 1%by vol une or | ess. The presence of pores
inthefirst coatingl ayer nay be confirned by a SEMor TEMphot ogr aph.
[ 0075]

[ 0076] 2. Second coating |ayer

18
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[0077] The second coating layer is a plasma-resistant ceramc
filmformed onthe first coatinglayer. To ensure pl asnma resi st ance,

it my beformedas aceramc filmincludingyttrium(Y) or aceramc
filmincluding a netal oxide.

[ 0078] Aceramc filmincluding yttrium(Y) nay be forned of one
or nore of Y23, YFs3, yttriumoxyfluoride (YOF), yttriumal um num(YAG

Y3Al sO12) yttrium alum num perovskite (YAP, YA &), and yttrium
al um num nonoclinic (YAM YAl 2O).

[ 0079] The ceram c fil mincluding a netal oxide may be fornmed of

one or nore of Al 20, Y205, TmG;, Gd20;, Dy20s, Er20;, and SmpGs.

[ 0080] The second coating | ayer may be entirely crystalline, or

may be i nam xed stat e where bothacrystalline phase and an anor phous
phase are present. Wien the ceramc filmis fornmed by a nmet hod such
as CVD, PVD, or ALD, a filmthat is in a m xed state where both a
crystal | i ne phase and an anor phous phase ar e present may be obser ved,

and when the filmin such a state is heat-treated, it becones an
overall crystalline film Wether the ceramc filmof the second
coating layer is crystalline or in a mxed state where both a
crystal | i ne phase and an anor phous phase are present nay be confi rned
usi ng a TEMphot ograph or asel ectedarea (el ectron) diffraction ( SAD,

SAED) pattern.

19
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[ 0081] As descri bed above, the first coating |l ayer is coated to
fill the pits onthe surface of a substrate, but fine pits are forned
on the surface, and the fine pits of the first coating | ayer are
covered by the second coating | ayer so that positions that may serve
as starting points of plasmaetchingaremnimzed, therebyinproving
pl asma resi stance.

[ 0082] The second coating | ayer is forned to have a t hi ckness of
15 um or less, but the surface hardness (Vickers hardness, Hv) is
Hv 500 to Hv 1,500. As the surface hardness increases, plasm
resi stance (plasma etchi ng resi stance) tends to i nprove. The second
coating layer is formed to have a surface roughness (Ra) of 0.2 um
or |ess.

[ 0083]

[ 0084] 1. Manufacturing nmethod of plasma-resistant two-I|ayer
coating filmstructure

[ 0085]

[ 0086] The present i nvention al so provi des a manuf act uri ng net hod
of a plasnma-resistant two-1layer coating fil mstructure, including:
(a) astepof formngafirst coatinglayer by sprayi ng ceram c powder
by a spray coating nethod other than thermal spray onto a ceramc
or netal substrate having pits on a surface thereof sothat thelayer

iscoatedtofill the pits onthe surface of the substrate, fine pits

20



10

15

20

acconpanyi ng ceranm c particle bondi ng being fornmed on the surface
and the layer including ceramc polycrystalline bodies having a
crystallite size of less than 300 nm and (b) a step of formng a
second coating | ayer which is coated by one net hod of chem cal vapor
deposition (CVvD), physical vapor deposition (PVD), and atom c | ayer
deposition (ALD) to cover the fine pits to forma surface in which
positions that may serve as starting points of plasma etching are
m nim zed, thelayer beingcrystallineor inamxed state where both
a crystalline phase and an anor phous phase are present and nmade of
a ceramic filmincluding yttrium(Y) or a netal oxide and having
surface roughness (Ra) of 0.2 um or less.

[ 0087] The above-described section of 'I. Plasma-resistant
two-l ayer coating filmstructure' described the characteristics of
the plasma-resistant two-|ayer coating filmstructure provided by
t he present invention and the phenonena and effects caused by the
characteristics. Hereinafter, a manufacturing nmethod of the
pl asma-resi stant two-|ayer coatingfil mstructurew || be descri bed.
[ 0088] The plasma-resistant two-layer coating film structure
accordingtothe present inventionis manufactured by form ngafirst
coating | ayer and a second coating | ayer in the process sequence as

shown in [FIG 5].
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[ 0089] The Step (a) is a step of formng a first coating | ayer
by spray coating ceram c powder onto a cerami c or netal substrate.
As descri bed above, the substrate nay be applied to sem conductor
processi ng conponents.

[ 0090] Inthe Step (a), the first coating |l ayer may be formed by
appl yi ng a spray coati ng net hod (ALD net hod, etc.) ot her thanther nal
spray.

[ 0091] Before the Step (a), Step (a-0) of grinding the surface
of the substrate may further be included to make the pit depth of
the surface of the substrate shallow, and in the Step (a-0), the
surface of the substrate nay be ground to have a surface roughness
(Ra) of 0.2 uym or less.

[ 0092] Between the Step (a) and the Step (b), Step (a-1) of
grinding the surface of the first coating layer may further be
i ncluded to nake the depth of the find pits on the surface of the
first coating | ayer shall ower and make the wi dth narrower. Even in
the Step (a-1), the surface of the first coating | ayer may be ground
to have a surface roughness (Ra) of 0.2 um or less.

[ 0093] Follow ng the Step (a-1), Step (a-2) of increasing the
t hi ckness of the first coating | ayer and Step (a-3) of grindingthe
surface of the first coating layer with the i ncreased t hi ckness may

further be included. In the Step (a-2), the thickness of the first
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coatinglayer may be i ncreased al so by a sprayi ng coati ng net hod ot her
than thermal spray, and in the Step (a-3), the surface of the first

coating layer with the increased thi ckness may be ground to have a
surface roughness (Ra) of 0.2 um or less so that the depth of the
fine pits on the first coating layer with the increased thickness
is mnimzed.

[ 0094] The Step (b) is a step of form ng a second coating | ayer
consisting of aceramic filmincludingyttrium(Y) or aceramc film
i ncl udi ng a nmetal oxi de by a spray coati ng net hod ot her than t her nal

spray coating on the first coating |ayer.

[ 0095] In the Step (b), a second coating | ayer may be forned by
one nmet hod of CvD, PVD, and ALD, and the | ayer bei ng may be forned
to have a surface roughness (Ra) of 0.2 um or less without a separate
grindi ng process

[ 0096] In the Step (b), the second coating | ayer nay be forned
to have a thickness of 15 um or less and a surface hardness (Vickers
har dness, Hv) of Hv 500to Hv 1, 500. Ast he surface hardness i ncreases,

pl asma resi stance (plasm etching resistance) tends to inprove.

[ 0097]

[ 0098] Various nodifications and variations of the present

i nvention are possi bl e w thout departing fromthe gi st of t he present

i nvention, and the present invention may be used in various fiel ds.
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Therefore, the clai ns of the present i nventionincl ude nodifications

and variations falling within the true scope of the previous

i nvention.
[ 0099]
| NDUSTRI AL APPLI CABI LI TY
[00100] A pl asma-resi stant two-1layer coating filmstructure and

a manuf acturi ng nmet hod t her eof provi ded by t he present i nventi on can

be applied to sem conductor industry.
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CLAI M5

1. A plasma-resistant two-layer coating film structure
conpri si ng:

a ceramc or netal substrate having pits on a surface thereof;

afirst coating |l ayer which is a ceram c coating | ayer forned
wi t hout cracks on the surface of the substrate by a spray coating
nmet hod ot her than thermal spray, the |l ayer being coated to fill the
pits onthe surface of the substrate, fine pits acconpanying ceramc
parti cl e bondi ng bei ng formed onthe surface, andthelayer i ncl udi ng
ceram c pol ycrystal |l i ne bodi es havingacrystallitesizeof | essthan
300 nm and

a second coating |l ayer whichis aplasmaresistant ceramc film
coated by one net hod of chem cal vapor deposition (CVD), physical
vapor deposition (PVD), and atoni c | ayer deposition (ALD), the | ayer
being formed to have a surface roughness (Ra) of 0.2 um or less without
a separate grindi ng process and coatedto cover thefinepitstoform
a surface in which positions that may serve as starting points of
pl asma et ching are m ni m zed, and the | ayer being crystalline or in
a m xed state where both a crystalline phase and an anor phous phase

are present.
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2. The plasma-resistant two-layer coating film structure
accordingtoclaiml, whereinthesubstrateis asem conduct or process

conmponent .

3. The plasma-resistant two-layer coating film structure
according to claiml, wherein the first coating |layer is formed of

one or nore of Al 20 Y205, TmG;, Gd20;, Dy20s, Er20;, and SmGs.

4. The plasma-resistant two-layer coating film structure
according to claim1, wherein the first coating layer is free of

cr acks.

5. The plasma-resistant two-layer coating film structure
accordingtoclaiml, whereinthe first coatinglayer includes pores

in an anount of 1% by volume or |ess.

6. The plasma-resistant two-layer coating film structure

accordingtoclaiml, whereinthe first coatinglayer has athickness

of 20 um or less.
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7. The plasma-resistant two-layer coating film structure
according to claiml, wherein the second coating | ayer is a ceram c

filmincludingyttrium(Y) or aceramc fil mincludinganetal oxide.

8. The plasma-resistant two-layer coating film structure
according to claiml, wherein the second coating | ayer is fornmed of
one or nore of Y2Qs, YFs, yttriumoxyfluoride (YOF), yttriumal um num
(YAG yttrium alum num perovskite (YAP), and yttrium al um num

nmonocl i nic (YAM

9. The plasma-resistant two-layer coating film structure
according to claiml, wherein the second coating | ayer is fornmed of

one or nore of Tm®;, Gd20s, Dy2Gs, Er20;, and SmG:s.

10. The plasma-resistant two-layer coating film structure
according to any one of clainms 1 to 9, wherein the second coating

| ayer is free of pores.

11. The plasma-resistant two-layer coating film structure

according to claim 10, wherein the second coating |ayer has a

thickness of 15 um or less.
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12. The plasma-resistant two-layer coating film structure
accordingtoclai ml10, whereinthe surface hardness (Vi ckers hardness,

Hv) of the second coating layer is Hv 500 to Hv 1, 500.

13. A manufacturing nethod of a plasnma-resistant two-|ayer
coating filmstructure, conprising:

(a) astepof formngafirst coating |l ayer by spraying ceram c
powder by a spray coating nmethod other than thermal spray onto a
ceram c or netal substrate having pits on a surface thereof so that
the layer is coatedtofill the pits onthe surface of the substrate,
fine pits acconpanyi ng ceram c particl e bondi ng being forned on the
surface and the layer including ceram c polycrystalline bodies
having a crystallite size of |ess than 300 nm and

(b) a step of form ng a second coating | ayer which is coated
by one method of chem cal vapor deposition (CVD), physical vapor
deposition (PVD), and atom c | ayer deposition (ALD) to cover the fine
pits toforma surface in which positions that may serve as starting
poi nts of plasma etching are m nim zed, the | ayer being crystalline
or inamxed state where both a crystalline phase and an anor phous
phase are present and made of a ceramc filmincluding yttrium(Y)

or a metal oxide and having surface roughness (Ra) of 0.2 um or less.
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14. The manuf acturi ng net hod of a pl asna-resistant two-1ayer
coatingfilmstructure accordingtoclaiml3, further conprisingStep

(a-0) of grinding the surface of the substrate before the Step (a).

15. The manufacturing nmet hod of a pl asma-resi stant two-1| ayer
coating filmstructure according to claim214, wherein in the Step
(a-0), the surface of the substrate is ground to have a surface

roughness (Ra) of 0.2 um or less.

16. The manufacturi ng net hod of a pl asna-resistant two-1ayer
coatingfilmstructure accordingtoclaiml3, further conprisingStep
(a-1) of grinding the surface of the first coating | ayer between t he

Step (a) and the Step (b).

17. The manufacturi ng net hod of a pl asna-resistant two-1ayer
coating filmstructure according to claim116, wherein in the Step
(a-1), the surface of the first coating |layer is ground to have a

surface roughness (Ra) of 0.2 um or less.

18. The manufacturing nmet hod of a pl asma-resi stant two-1| ayer

coating filmstructure according to claim117, further conpri sing:
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Step (a-2) of spraying ceram c powder by a spray coati ng net hod
other than thermal spray to increase the thickness of the first
coating |l ayer; and

Step (a-3) of grinding the surface of the first coating | ayer

with the increased thickness, followng the Step (a-1).

19. The manuf acturi ng net hod of a pl asna-resistant two-1ayer
coating filmstructure according to claim18, wherein in the Step
(a-3), the surface of the first coating layer with the increased
thickness is ground to have a surface roughness (Ra) of 0.2 um or

| ess.

20. The manufacturing net hod of a pl asna-resistant two-1ayer
coating filmstructure according to claim213, further conpri sing:
Step (c) of heat-treating a two-1ayer coating filmstructure,

following the Step (b).
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