PONDER FORA SPRAY- COATI NG PROCESS AND METHOD OF FORM NG THE POWDER,
SPRAY- COATI NG LAYER USI NG THE POADER AND METHOD OF FORM NG THE SAME
5 BACKGROUND OF THE I NVENTION 1. Field of the Invention Exanple
enbodi ments of the present invention relate to a powder for a
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density and a nethod of formng the sanme. 2. Description of the

Rel ated Art 15 In a general plasma processing system source gases
are changed into plasma and a substrate such as a sem conduct or

waf ef is processed by theéBAGHGROUNDSFaTHERBNENITION pl asma causes
damage to an inner surface of a process chanber of the plasm

processi ng sy9dt Efald of saddint/estiort 0 processi ng the substrate. For that
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having a reduced number of voids therein and a method of forming the same, and a
spray-coating layer using the powder having an improved layer density and a method
of forming the same.
2. Description of the Related Art
15 In a general plasma processing system, source gases are changed into
plasma and a substrate such as a semiconductor wafer is processed by the source
plasma. The source plasma causes damage to an inner surface of a process
chamber of the plasma processing system in addition to processing the substrate.
For that reason, a protective layer for preventing damage to the process chamber is
20  coated on the inner surface of the process chamber. A spray-coating layer is most
widely used as the protective layer in the plasma processing chamber so as to
prevent etching of the inner surface of the process chamber due to the source
plasma. The spray-coating layer is formed by a spray-coating process using a
powder comprising yitrium oxide (Y20s3), aluminum oxide (Al,O3), silicon oxide (SiO,)
25  boron carbide (B4C), efc.

FIG. 1A is a picture showing a cross-sectional area of a conventional spray-
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coating layer, and FIG 1B is an enlarged picture show ng a portion
of the picture shown in FIG 1A Referring to FIGS. 1A and 1B, the
conventional spray-coating |layer has a crystalline structure and has
a lot of voids or spaces therein. The source plasna in 5 the
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chanmber. 10 SUMVARY OF THE | NVENTI ON Accordi ngly, the present '
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anor phous structure and a | ess space therein. Another exanple
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enbodi ment, a weight ratio of the yttriumoxide with respect to 25

t he!&l uminumoxide is in a range of about 1:0.4 to 1. According to an

aspect of the present invention, there is provided a spray
SUMMARY OF THE INVENTION

Accordingly, the present invention provides a powder for a spray-coating
process having an amorphous structure and a less space therein.
Another example embodiment of the present invention provides a method of

15 forming the above powder for a spray-coating process.

Another example embodiment of the present invention provides a spray-
coating layer using the above powder having an improved layer density.

Another example embodiment of the present invention provides a method of
forming the above spray-coating layer.

20 According to an aspect of the present invention, there is provided a spray
powder for a spray-coating process. The spray powder comprises coarse-grained
particles including yttrium oxide and aluminum oxide and having an average diameter
of about 20 pm to about 60 um.

In an example embodiment, a weight ratio of the yttrium oxide with respect to

25  the aluminum oxide is in a range of about 1:0.4 to 1.

According to an aspect of the present invention, there is provided a spray
2



2 powder for a spray-coating process. The spray powder i ncl udes
particles having an average di aneter of about 20 pmto about 60 pm
and generated froma slurry mxture including a first slurry and a
second slurry. The first slurry includes yttrium oxide particles
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al um num oxi de particles, and a second solvent into which the

al uns nuageri te ywaifarindy eispersieg dbe ottiudi opétes pagictesera firsdrimbridivey sgeontor
bondi ng agent are dissolved. In an exanple enbodi nent, the first

di sper sbopdiagethe yttriurodedde phaiias, amt arfirst selwent o seiemdhdiverans bride
agent includes an acidic material. Aratio of the 15 first
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about 0.3%to about 0.5% and a ratio of the second di spersing agent
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first and the second slurries is in a range of about 20%to about
30% re8peRRd Selvent inip whichdieRldminie dxiashpartiglage fhghsesand dispersing agent
yttriumoxide with respect to 25 alum numoxide is in a range of
about 180d4he gegonthbendinglagenyara sisselved.
In an example embodiment, the first dispersing agent includes a basic
material and the second dispersing agent includes an acidic material. A ratio of the
15 first dispersing agent with respect to the first slurry is in a range of about 0.3% to
about 0.5%, and a ratio of the second dispersing agent with respect fo the second
slurry is in a range of about 0.3% to about 2%.
In an example embodiment, a ratio of the first bonding agent with respect to
the first slurry is in a range of about 2% to about 3%, and a ratio of the second
20  bonding agent with respect to the second slurry is in a range of about 2% to about
3%.
In an example embodiment, a ratio of solid materials with respect to the first
and the second slurries is in a range of about 20% to about 30%, respectively.
In an example embodiment, a weight ratio of yttrium oxide with respect to

25  aluminum oxide is in a range of about 1:0.4 to 1 in the slurry mixture.

According to an aspect of the present invention, there is provided a method
3



According to an aspect of the present invention, there is provided a
method 3 of formng a spray powder for a spray-coating process. A
first slurry is formed to have yttriumoxide particles, a first

di spersing agent for dispersing the yttriumoxide particles, and a
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enbodi nE%'E“,C g @ SRACNAUHSRAISNE gaantifer disrarsing Hie alveraye oxide aadisiasepnd
of about 0.01 pmto about 2 pmand the al um num oxide particles have
an ‘avefagrcanidagelvent. oh wsyitmiBiuge pi foomadoby mixma then fisgi axditbe esecond
enbodi nent, the first dispersing agent includes a basic material.

The firslurigspihsany athentanidne lspaesdaing pesdessrendnathent fbatiey eodaads are
fromthe group consisting of a carboxyl-based material, an

est er - bpeAdrmiad @n e slafryami@igre] 3o hagrebyNaAr ¢dlrséafiainBd qRIMEIBaIhO0Ging
thereof, and a ratio of the first dispersing agent wth respect to

the firgtrighWxide bad afurAintAN8Qdef about 0.3%to about 0.5% In an
exanpl e” enbodi nent, the second di spersing agent includes an acidic
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material. The first dispersing agent includes at least one material selected from the
group consisting of a carboxyl-based material, an ester-based material, an amide-
15 based material and in combinations thereof, and a ratio of the first dispersing agent
with respect {o the first slurry is in a range of about 0.3% to about 0.5%.

In an example embodiment, the second dispersing agent includes an acidic
material. The second dispersing agent includes at least one material selected from
the group consisting of a carboxyl-based material, an ester-based material, an

20 amide-based material and in combinations thereof, and a ratio of the second
dispersing agent with respect to the second slurry is in a range of about 0.3% fo
about 2%.

In an example embodiment, the first slurry has basic properties and the

second slurry has acidic properties. The yttrium oxide particles in the first slurry have

25  a negative surface charge and the aluminum oxide particles in the second slurry have

a positive surface charge, and the yttrium oxide particles and the aluminum oxide
4



25 a negative surface charge and the al um num oxi de particles in the
second slurry have a positive surface charge, and the yttrium oxide
particles and the alum numoxide 4 particles are bonded to each

ot her by electrostatic attraction. In an exanple enbodinent, a ratio

of soli dapRisy b é%ﬂ&éﬂor@a%@\e&hg@b%g/@gfa% afifcidre second sl urres

is in a range of about 20%to abo respectively. In an exanple
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further include a second bondj ng a?ent_for bondi ng the al um num oxi de
particles to Neait BXa8emds emhpdiments g dirgt| andeiisosr Ganst solveris finglygde one of
bondi ng agent conprises one of polyvinyl-based material and

acrybi capayganiganaterial arthanaqueols sofutiphe first bonding agent with
respect to the first slurry is in a range of about 2% to about 3%

and the secodndabosdimpleageibodimoeny itse Sirsheluofy fotheri ingludeas efttst bonding
material and acrylic-based material and a ratio of the second

bondi ng a@gﬁﬂfoz‘\/\béﬁdil}gscﬁécﬁﬁrmn @i paftitibs kdllidaghi Gthel aindnthe §&6HIR1 8lurry
about 2% to about 3% In an exanpl e enbodi nent, a weight ratio of

yttri umagyedankiidene sbedrid bhdihgYaget i 58ﬁ@ﬁ§tthéoanawmrﬁwﬂd@<h§.%cié}, to
the second slurry is in a range of about 1:0.4 to 1 1nthe slurry
m xt ur eeabﬂo%rgaxarrpl e enbodi nent, the heat treating process to the

slurry mxture'is 20 performed at a tenperature of about 800C to
2004 111500 AP G BRI e 8, SRS et 575ers uppe of
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agent with respect to the first slurry is in a range of about 2% to about 3%, and the
second bonding agent comprises one of polyvinyl-based material and acrylic-based
material and a ratio of the second bonding agent with respect to the second slurry is
15  in arange of about 2% to about 3%.

In an example embodiment, a weight ratio of yttrium oxide in the first slurry
with respect to aluminum oxide in the second slurry is in a range of about 1:0.4 to 1
in the slurry mixture.

In an example embodiment, the heat treating process to the slurry mixture is

20  performed at a temperature of about 800°C to about 1,500°C.

In an example embodiment, the formation process including the steps of
forming the first slurry including yttrium oxide particies, forming the second slurry
including aluminum oxide particles, forming the slurry mixture and performing the
spray-drying process and the heat treating process may be performed in an

25  atmosphere of one of air, hydrogen, oxygen and nitrogen and a mixture thereof.

According to an aspect of the present invention, there is provided a method
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spray-drying process and the heat treating process nmay be perforned
in an 25 atnosphere of one of air, hydrogen, oxygen and nitrogen and
a mxture thereof. According to an aspect of the present invention,
there is provided a nethod 5 of formng a spray powder for a

spray- Ceﬁtfbmnglrglcﬁﬁ’égltpforl R ra’ﬁbrpg‘é&g%%? wrprﬁeé’és??ég%ﬁg geﬂ)wder having
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aspect of the present invention, there is provided a nethod of
fornming a sprly a@oa/a@mpfamendomayt,ctb@t FRIGRYpPOWESE is Spyed byoaderofi gn
prepared 10 using a slurry mxture including a first slurry and a

second stroospheritheaspaaspraplEs) ipnodasdea ghtveldciy dxguenduan HARF ageray
di anmeter of about 20 pmto about 60 pm the first slurry including

yttri unpmdede, antiwhesadiadispenyd\PE] Bioseoé aph aindtiddpaingrécesshout 2

pm a first dispersing agent for uniformy dispersing the yttrium

oxide parti cheéordaqd td 8h A@%ei aﬁtrfégs@sehprnvaﬁﬂ&ﬁ NBetd® npwcim PdiHed

particles, and a first 15 solvent into which the yttrium oxid
Bre. di o e Ry HRRRTRE, ARER %'Sé’géF@méﬁL%t%&r?W&%?%ﬁ?%pmd
0, QA o AR T QRN o BeeBad SR S P
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di spersi, n(% agent!_le}nglI t he seconclj bondi ng agent are dissolved. Then,
the spr 855t paviein¢ladiagr wiram 1axics Peplices Naying diaseeipreef abaue 0.0 M to
exanpl e enbodi nent, the first dispersing agent includes a basic
about 2 pm, a first dispersing agent for uniformly dispersing the yttrium oxide
particles, a first bonding agent for bonding the ytirium oxide particles, and a first
15 solvent into which the yttrium oxide particles, the first dispersing agent and the first
bonding agent are dissolved. The second slurry includes aluminum oxide particles
having diameters of about 0.5 pym to about 2 pym, a second dispersing agent for
uniformly dispersing the aluminum oxide particles, a second bonding agent for
bonding the aluminum oxide particles, and a second solvent into which the aluminum
20 oxide particles, the second dispersing agent and the second bonding agent are
dissolved. Then, the spray powder is sprayed to an object in a dissolved state.
In an example embodiment, the first dispersing agent includes a basic
material and the second dispersing agent includes an acidic material. A ratio of the
first dispersing agent with respect to the first slurry is in a range of about 0.3% to

25 about 0.5%, and a ratio of the second dispersing agent with respect to the second

slurry is in a range of about 0.3% to about 2%.
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material and the second di spersing agent includes an acidic material.
Aratio of the first dispersing agent with respect to the first
slurry is in a range of about 0.3%to 25 about 0.5% and a ratio of

t he second dispersing agent with respect to the second slurry is in

a range of ab ué %xérﬁ;ﬁdé)eﬁ%ﬂ imé&ree atlhaltl h‘é)?ﬁgpiagnﬁﬂ&%%'eﬁfmw réspect to
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inara ' Q_abou % a rati.o ese

bondi ng Tgdiet SREH s 34\ e U bt LRBF e s o arﬁﬁﬂgﬂ g secae
about 2% about n exa | e, epbodj nent, a i 0 of

mat er i alégnalnﬁhag%p‘%ﬁﬂ r@Qpe(qt,Z O%EF"?%'SS'BC%IS%P%‘? B‘% Apayt ?@ tonaQOUt
range of about 20% to about 30% respectl vely. In an exanpl e

enbodi mee-, a wei ght ratio of yttriumoxide in the first slurry and

al um num oxide in the second slurry is in a range of about 1:0.4 to 1

in the slurryln amexamgle eéhbodirnanieaargibecfesdliddnatanials witb reppagt tpdhe dirst
is sprayed by one of an APS process, an HVOF spray process, a VPS

pr ocess aaddha sktoed slindes Byin @ @egef abAat20%W togaticut 30%aFpSséctivbivt he
present invention, there is provided a spray coating |ayer conprising
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that is formed by a spray-coating process. 15 In an exanple

enbodi meRy, alﬁrﬂ%m'& etl}‘z thg%%ﬁ@ﬁd %ﬁ]rgﬁsadhey ge(gf 2RO }90% Et/ol 1ﬁ;ﬂﬁe slurry

about 2% I n an exanp I ment e strengt
at Ieastm% t 13 NPa In an exanpl e enbodi nent, the hardness
thereof is at’ | east about 650 HV. 20 In an exarrpl e enbodi nent, a
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process, an HVOF spray process, a VPS process and a kinetic spray process.

According to an aspect of the present invention, there is provided a spray-
coating layer comprising vitrium oxide and aluminum oxide and having an
amorphous structure that is formed by a spray-coating process.

15 In an example embodiment, the porosity thereof is in a range of about 0.5%
to about 2%.

In an example embodiment, an adhesive strength thereof is at least about 13
MPa.
In an example embodiment, the hardness thereof is at least about 650 HV.

20 In an example embodiment, a weight ratio of yttrium oxide in the first slurry
and aluminum oxide in the second slurry is in a range of about 1:0.4 to 1 in the slurry
mixture, and a spray powder having an average diameter of about 20 um to about 60
pm is used in the spray-coating process.

In an example embodiment, the spray-coating layer is positioned on a surface

25 of an inner member of a process chamber in which a plasma process is performed

on a subsirate.



m xture, and a spray powder having an average di aneter of about 20 pm
to about 60 pmis used in the spray-coating process. In an exanple
enbodi nent, the spray-coating |layer is positioned on a surface 25 of
an i nner menber of a process chanber in which a plasma process is

per formed OnAéC(ﬁ’ldnglt foaé%mgle%-gfr%&*iﬂytté 8t BARLENERDeRSEY §pr§g doMier

present invention, spray po ornmed Tnto coarse-grain
particles.includin ttriumoxide and. al um num.oxi de. and, havi.ng an .
Dver age SaloHEPE G Potsster it koo Bl YRR &foe i, A0 Bxice
| ayer is fqrmed by a spray-coatin rocess using, the spray powder, .
and t hu8N &K éﬁaﬁwgﬂ%&a@?f%agfﬁ@ér@ 4 i PpBHESPEYT. frepiaysoating
when the spray-coating |layer is fornmed on the inside of a plasna

pr ocess|aygr @é}cf@\ﬂd ky dspraeceptintaraaeys msings tiver spra¥mawdes: ave Hiusdhas an
frompenetrating the spray-coating layer. As a result, the spray-

coat’ ngahmayehoumgtrpetese andtah ove porasitypThsredore; evharattiensprdiyroeating layer is
contact with the plasnma processing system In addition, the

Spr ay- cfmtrigtlg ohadher iriskles wf fa qilggrhd yoradbsdingl siBidm, theowcaspiasma may be
processi ng system for preventing the separation of the spray-coating

layer f sofficichay Wr@?éﬁe@f@ﬁ?ééhél@atﬁi@ﬂ@@pré?—cbbﬁﬁ@télgeﬁiA‘é Biré8ult, the spray-
contam nation caused by the spray-coating |ayer. Particularly, the
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syst em [aYgE PEERIORESSING syater.dpdherspygniisirecepntamingtion caused

penetrati nc};1 t he spray-coating |ayer. 20
by the spray-coating layer. Particularly, the spray-coating layer may sufficiently

prevent etching of the plasma processing system caused by the source plasma, to
thereby remarkably improve the lifespan of the plasma processing system.

15 The spray-coating layer is formed by a spray-coating process using the spray
powder including coarse-grained particles of which the average diameter is about 20
um to about 60 pm. Therefore, when the spray-coating layer is formed on the inside
of the plasma processing system, the source plasma may be sufficiently prevented
from penetrating the spray-coating layer.

20

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other features and advantages of the present invention will
25 become readily apparent by reference to the following detailed description when

considering in conjunction with the accompanying drawings, in which:
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BRI EF DESCRI PTI ON OF THE DRAW NGS The above and ot her features and
advant ages of the present invention will 25 becone readily apparent
by reference to the follow ng detail ed description when considering
in conjunction with the acconpanying drawings, in which: 8 FIG 1A is
a picture shoWw@glAizegEstuseshowimg a aress-séctmnabaweEnof ar@nveptiaal spray-
coating layer, and FIG 1B is an enlarged picture show ng a portion

of the pbating dayeshana BIG. ABGs &A erffhigedZpictura dhiowling & pHAMINNGf the picture
powder for a spray-coating process in 5 accordance with an exaine
enbodi meppwAfin G, pAesent invention; FIG 3 is a flowhart
illustrating processing steps for a nethod of formng the spray

Pﬁ&%ﬁg | LE; acﬁf@'a?ci%%;??@a%ﬁ?ﬁmb?| %@?@??ﬁgbaf%c%dléﬁég%ﬁ@é%m%?s ain
i . i ) i FIG.3: 10 FI 5
?FE ha%?cérﬁéﬁggg’é .ﬁb%%@@%%@“ﬁé%%ﬂ%%‘?’ B?%ﬁ{ NEENEPE or i ngI fhg

second slurry o) in Fl 3, FIG 6 is aviewilJustrating a .
bondi ng nechaﬁfé‘nf?/vg?fag@%ﬁ@ﬁl'%t@ém&rﬁf‘m%%ﬁg siRRsoRr denethodn@ fermingythe
m xture shown in FIG 3; FIG 7 is a flowhart illustrating a nethod

of f or nBRPYPAWIRLD @sePIdRNCEAVET an gxanpleaerdodinert afithe psesant inwengon;
enbodi nent of the present invention; FIG 8A is a picture show ng a
cross- sect i onklG.shiisf adlowshattHbustating-proaessing stepseior armethodr afdfooaing the
wi th an exanpl e enbodi rent of the present invention, and FIG 8B is
an enl afiggtdlyncshoven 8hBME. 18y a portion of the spray-coating |ayer

showmn in FIG 8A; 20 FIG 9 is a viewillustrating an inner

strugture of KRB $isaMBwWRHAASHEARIngIOEESIhG s%ﬁ)%%ﬂ@%étﬁ@dté\‘ fBFning the
exanpl e enbodi nent of the present invention; an
second siurry shown in FIG. 3;

FIG. 6 is a view illustrating a bonding mechanism of yttrium oxide and
aluminum oxide in the slurry mixture shown in FIG. 3;

FIG. 7 is a flowchart illustrating a method of forming a spray-coating layer in

15  accordance with an example embodiment of the present invention;

FIG. 8A is a picture showing a cross-sectional surface of the spray-coating
fayer in accordance with an example embodiment of the present invention, and FIG.
8B is an enlarged picture showing a portion of the spray-coating layer shown in FIG.
8A;

20 FIG. 9 is a view illustrating an inner structure of the plasma processing
system in accordance with an example embodiment of the present invention; and

FIG. 10 is a view illustrating an X-ray diffraction pattern of the spray-coating

layer in accordance with an example embodiment of the present invention.

25 DESCRIPTION OF THE EMBODIMENTS

The invention is described more fully hereinafter with reference to the
9



FIG 10 is a viewillustrating an X-ray diffraction pattern of the
spray-coating |ayer in accordance with an exanpl e enbodi nent of the
present invention. 25 DESCRIPTION OF THE EMBODI MENTS The i nvention

is described nore fully hereinafter with reference to the 9
acconpaagdorgpaimang riyswirigs, \Whiwthick ndrabbdierdrds aff thbeinvenitont izoe shoen. This
shown. This invention may, however, be enbodied in many different
forns aiﬂﬂeﬁf'@ﬂ|rﬁaWQﬁov{&@verC©@Sémﬁéﬂie@lsm| hidriyedifieforft Fer et gﬁ@@la ﬁ&t be

forth herein. Rather, these enbodinents are provided so that th

di scl os ﬁﬂdéd adPm tQG"ﬁS’H@ %’B@d F%&?)‘orﬁ'ﬂ er‘@%‘ir‘.'Rét"lbrl Yhessecé’ifﬁ\éﬁéﬁnlié]ﬂs

scope o elnventlontot ose Inthe art n’the draw ngs,
the sizg, & %tsth%e&sBosh ﬁbae o'rSQ R B tSX %"ﬁtﬁfﬂy
for clafity e unders e PP

oo et s?s%'op% Qdfie fveaiip 28&63%%&'"%8%%?@@ 'a%em%%st e sige

ot her elenent or |ayer or intervening elenents or ]yers 10 may be
present ang ﬁeI@BYﬁ PESE of \gysrs and &PPIRBARIMINDS @F@@Q%@t O5§lapiEy. ng
"directly on, dlrectly connected to" or "directly coupled to"

anot her el entivill oe urgieestood eatavhere anelemankoniayemg refesrashtosasobeing “on,”
| ayers present. Like nunbers refer to like elenments throughout. As
used hetainngctede ta"eom “canpledr to”i anbdthde slamgnairmadt Blykr, cibndamadte direcidf on,
one or nore of the associated listed itens. 15 It will be understood

that, atdmeegéd bheotigledsofihe Hithersglenitht or Myed ctistervBiindelentistd or layers
hereln to describe various elenents, conponents, regions, |ayers

and{or nsChé PRéserithfse R FEWPIS asl 8
sections shoul%g neot be O%ﬁf{agﬁ@gy&?hese@?ﬁer%rr% Thegéeatselié/rrgéage oﬁ%n

used t o« gishi RgRhadeans” 6t %Féytlgc Q%%@%Pﬁbﬁ %otﬁ@rgéigﬁt’eng g}’ Efye?rthﬁﬁfﬁfé) Ho

from anot her”region, |layer or s first

g R e LS Pt W R R

fromt hﬁ']roughout. As used herein, the term “and/or’ includes any and all combinations of
one or more of the associated listed items.

15 It will be understood that, although the terms first, second, third etc. may be
used herein to describe various elements, components, regions, layers and/or
sections, these elements, components, regions, iayers and/or sections should not be
limited by these terms. These terms are only used to distinguish one element,
component, region, layer or section from another region, layer or section. Thus, a first

20 element, component, region, layer or section discussed below could be termed a
second element, component, region, layer or section without departing from the

teachings of the present invention.

ELI 1] L 1]

Spatially relative terms, such as “beneath,” “below,” "lower,” "above,” “upper”
and the like, may be used herein for ease of description to describe one element or
25  feature's relationship to another element(s) or feature(s) as illustrated in the figures. It

will be understood that the spatially relative terms are intended to encompass
10



teachi ngs of the present invention. Spatially relative ternms, such as
"beneath,"” "below, " "lower," "above," "upper"” and the like, may be
used herein for ease of description to describe one elenent or 25
feature's relationship to another elenent(s) or feature(s) as

Il lustr aFff%qeﬁt”oﬁé]ﬁa{iét%UB‘thOF bbvitk!ih & Hlng%l%glﬁﬁqnt itidr"fo SR LriBhiafon

relative terns are 1 ntended to enconpass ferent orientations

f th j I: . ti i iti to t.he prientatjon
e ox BB ERT B TREeCPERP A A ek L8, OLER' Bl Lt cver
bl enont SIEheTts HEEFERed, a5 BOPHAR Hoenesth NeHo R ot fFRuGsHEPUId then be

el enents or features. Thus, the exenplary term "bel ow' 5 can ) ,
enconpa8&episth adever thaothsrtledrniber aiesodinng: e exaevwiang taay "below
otherwi se oriented (rotated 90 degrees or at other orientations) and

t he Spatial eycompdss ibogh das corigrtatian udedbdner eind ibelaw.pilbtedevice may be
accordingly. The term nol ogy used herein is for the purpose of

descr i biotierpiset boahiad (retdtedigteoegresy wr andother Reieniatibaseddt thebepatially
limting of the invention. As used herein, 10 the singular forns

"a," " apglavildeddiptom sddheBreftdrprdtad bbderdiigy.pl ural forms as wel |,
unl ess the context clearly indicates otherwise.” It will be further

under st ood t 'Tﬁle Eé?ﬁinéi@ég‘éugﬁrﬁ%ﬁe% faRdher 89&%@ bﬁic;aggfiarf(ggﬁaﬂwar

in this specifticatlon, Cl presence stated

or eol waem R By 2k K e FRETRY ?do%%"“ﬁﬁﬁ’mﬁ%ﬁzﬁi?%- (nbeasén
t neflor e BhEHEr 1T Wt Aheari, S aaHnfERERgaS b ued M Plurdll GDR as wel
reference to cross- section il lustrations that are schenatic

i |1 ust r dplesadhgrcanded) slealy ndiciesdirarvismdt Wit per velies Ledsisioed thaishe

of the invention. As such, variations fromthe shapes of the
i || ust r #8MEnTomprisase ANGOr feompsisiiigy| whearf usethir 4us wpiesticatiemnsreraily the
and/or tolerances, 20 are to be expected. Thus, enbodi nents of the
i nvent i pressincal dfnattated dfeattresiedntegers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other
15  features, integers, steps, operations, elements, components, and/or groups thereof.
Embodiments of the invention are described herein with reference to cross-
section illustrations that are schematic illustrations of idealized embodiments (and
intermediate structures) of the invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing techniques and/or tolerances,
20  are to be expected. Thus, embodiments of the invention should not be construed as
limited to the particular shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufacturing. For example, an
implanted region illustrated as a rectangle will, typically, have rounded or curved
features and/or a gradient of implant concentration at its edges rather than a binary

25 change from implanted to non-implanted region. Likewise, a buried region formed by

implantation may resuit in some implantation in the region between the buried region
11



limted to the particular shapes of regions illustrated herein but
are to include deviations in shapes that result, for exanple, from
manuf acturing. For exanple, an inplanted region illustrated as a
rectangle will, typically, have rounded or curved features and/or a

gr adi e”én@fthbrr@uﬁn%e GRRRBAL WA Ih&tind #I%J%&r?stak@é 'b? cd. MRS HLen%%lans
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illustrate the actual shape of a region of a device and are not

i nt ende®CARS ¢ hetnyamdionscope of the invention. 5 Unl ess ot herwise
defined, all terns (including technical and scientific terns) wused
heréin have Untessaotbenwiani defined, atitatms ((inchutting teduide) andesdientific terms)
ordinary skill in the art to which this invention belongs. It wll

be furt beed inedsinSianedtichasmeemeaningsas toaambhigsendizéiond oy Bneosmomlinary
used dictionaries, should be interpreted as having a neaning that is

consi st gkill imiHehadt he Whicre e fH/enfioh HRICHRL EXill He ﬁJHﬁeF Qhéét%fﬁodl@]a@'férms
and will not be interpreted in an idealized or overly formal sense

unl ess gx@H @8StbseSBefledd NRA 48RRI, UEL rfesP HollE bh vk et%d as

& diétid
powder for a spray-coating processin acciorlcﬁance w th an exa

embodi ”ﬁQ\Fme gr{é%nm el s bgi{ﬁgtte'nf’w ]tﬁeﬁ%%ﬁxbggatﬂfe Eérgtegﬁpf g’\eopewgnt

fOI’ a spray-=co I’OCGSS erel na ter

ST ORFy affehe GulsR Secitrrpirioh i n HsalrBierdBou et S RE Yiipsk expressly
slurry may %nclﬁ ttrlumOX|de particles, a first dispersing

agent, 80 figfiagd lF'F‘di-ng agent and a first solvent. 20 For exanple, the
yttrium oxide particles may have dianmeters of about 0.01

FIG. 2 is a picture showing a powder for a spray-coating process in
accordance with an example embodiment of the present invention.

15 Referring to FIG. 2, a powder for a spray-coating process (hereinafter
referred to as spray powder) may be provided from a slurry mixture including a first
slurry and a second slurry.

In an example embodiment, the first slurry may include yttrium oxide particles,
a first dispersing agent, a first bonding agent and a first solvent.

20 For example, the yitrium oxide particles may have diameters of about 0.01
um to about 2 pm. When the diameter of the yitrium oxide particles is smaller than
about 0.01 pm, the average diameter of the spray powder may be decreased
because the spray powder has a coarse-grained structure of the yitrium oxide
particles, so that the yttrium oxide particles may be difficult o accurately control, and

25  thus the spray powder may be difficult to form into a spherical grained structure of the

yttrium oxide. In contrast, when the diameter of the yitrium oxide particles is greater
12



pmto about 2 pm Wen the dianeter of the yttriumoxide particles is
smal l er than about 0.01 pm the average dianeter of the spray powder
may be decreased because the spray powder has a coarse-grained

structure of the yttriumoxide particles, so that the yttrium oxide

parti cl ?r?a OQFQ gl'nf\ Qh%%mbfo?ﬁ% Waiaky n%lm:érﬂhe” Cgile?r%rtvmﬁaﬁg%ther to

spray po r ficu fforminto-a Sp grain

structute of th triy , contr when the diameter of

t he ytttth%ﬂ{%l%s cﬁ.g?gc ni%ﬁagln&%gqrg? vo@atttﬁan about 2 pm the
yttrium oxi de |cles conblnet r vvlth one other to the
grai n-structur Ptyg'ﬁaf“‘r ?Hﬁmamaé{rtﬁ'ﬂ d dispersg, thepdtriyn gxide partlcles
di spersi n(R:] ent may uni formy disperse the yttrium oxide particles

in the N Re Tiestuslly. Imaarexanpip @meediowanteiie, fitshslisnarsingdragdmoendave
agent may have 5 basic properties. For exanple, the first dispersing
agen$ mbgsicopprpestieq basiexampier the firsht dispaisieg  adeat fmagtcampiss si bgsic
agent may be formed into a basic mxture in such a manner that a

sol i d omatetiaiq@tHedvispetheifirgt digpotsing adesisnby &g fonnedanteas ibaisic mixture in
sol vent. Exanples of the first dispersing agent may include a

mat eri alybR\d ﬁ‘lgarﬂwerctﬁéb%x%hcg'b@@1I[q§xdnaﬁsﬁé#s%g hiéhi G @rss%we%r ;r@é Q#Basm
and a material having an am de 10 group. These may be al one or

conbi na t
T ange oeRg  ERafles BEME Wit lsplroind s 2RA) ShBgend hatefR) '%%'”d‘a
of the f i ng . 0 0 e ri ide. .
par 1 ol SEF Ty B ORARL A PRy RET hayifio B0 el yalP i &' WA B o an amice
di spersing agent. Wien a ratio.of the first dis sin i.S.nore
thahs abGUHUR Esemarooralpas of iEcemimayions tasisel s i PExdtdae g
are difficult tog forminto a spherical shape in the spray
havi ng BEENEBRAYRE Gy araeae et gkeul 10 iveakaut e I the Areses eagbnalfrperhfgthe pH
process. For exanple, when the spray-drying process is perforned at
an exce9§iheefingt dmpgrslm@ﬂg@marsmb@ut flleThp NERUmadXide pasticrslteve Aaegative (-
di fferent hardness between an inner portion and an outer surface of
t he sphesudate shage ipdine dasicdirat dibperstriteagent.
When a ratio of the first dispersing agent is more than about 0.5% in the first
15 slurry, the yttrium oxide particles are difficult fo form into a spherical shape in the
spray powder having the coarse-grained crystalline structure in a spray-drying
process. For example, when the spray-drying process is performed at an excessively
high temperature, the spherical spray powder has different hardness between an
inner portion and an outer surface of the spherical spray powder, and thus the
20  solvent in the spray powder penetrates the outer surface thereof and pours outward
out of the spherical particles of the spray powder, to thereby form craters on the outer
surfaces of the spray powder particles. In contrast, when the ratio of the dispersing
agent is excessively high in some portions of the spray powder, and thus the
evaporation rate of the solvent may be locally different in the spray powder and the

25 solvent may locally pour out of the spherical spray powder. Accordingly, the spray

powder may be formed into a non-spherical shape.
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20 solvent in the spray powder penetrates the outer surface thereof
and pours outward out of the spherical particles of the spray
powder, to thereby formcraters on the outer surfaces of the spray
powder particles. In contrast, when the ratio of the dispersing

agent is exceggy (o] R s rii f r,

t hus the evag@béﬁﬂt%en%g% & h%pé@@rgglédﬁﬁ&%ysp})r%ﬁq%%@ﬁ;ﬁeﬁﬁ%&%ﬂ%g?nof
the spr owder and the 25 solvent nay |locally r.out_ of the

spher | c11° B S Giher 18R SleRgitipatp sy, the Ml aenepiey puger
into a non-spherical shape. 13 Wien the non-spherical spray powder is

spr ayed et Bet %ter'ﬂwé@dséﬁ}df thespray pRWASF seas $10¢ peniaifonnyy ssyppisddnto a
treating process, the fluidity of the spray powder may be

det er i oPESEWR £htD. t Heersforay aptueidayeragoated be thai inoenisyriagppdfli B ipmasess
a plasma gun. Therefore, a thin |layer coated on the inner surface of

t he pr ochamber bhdhndeprayycadimgspoagss (srrayngopiing lEyer)(lsgs ayn-coddinm graterial
| ayer) has non-uniformmaterial properties and there is a danger

that a pupmrilepiape therd kea plaageriigm FBYpHP et e tivd pRgath wukmaPeecome
spray powder. In addition, when the spray powder has a | ot of voids

and Spa%ﬁgg\é}ﬁmmtﬁg y&{a@'dd\mr.swéuaiﬁtsrﬁsmhéhmﬁleswrﬁywﬂiérfi*ﬂas' a?‘bb_%gaf ¥BMs

al so have a lot of voids and spaces, to thereby iInhcrease an voi
ratio i o i ; rafl i
i sper g Rocas WP SRS SEhct e MG cRal Bhbthd laeh Fidy 15 have = Lo
Vi SCosi .t Ir l.ur be significantly increased duye to
anexc Rl ePlsia AR Rttty e p e AL e P ERD Bl 45t
Therefore, th ttriumoxide_ particles may cohere with each other _
Anaihe. £1 rst MAHPHEUAGEAES s} URRSTBE0 Sannt e e gy aback Qupda iprine st
yttrium oxi de particles, so that the coarse-grained 15 structure of
yt t ri umsBEedhaayiseesiyast Ithe plirsk &fimn ray ke sighificandlyr inglrasesl dugetsk an
bond strength in the coarse-grained structure. Further, the fluidity
of a sl exegssively wneall amount of ithe firs{rdisparsingdagenir Mhesefaeey the sitriber oxide
deteriorated, and thus there may be a problemin that a spray dryer
may becpeadiaddogoay auhiehe twith sdadhr ptharxaod ethienfitdhebonding agent may not be
sufficiently reacted with the yttrium oxide pariicles, so that the coarse-grained
15  structure of yitrium oxide may be easily broken in the spray powder due to a weak
bond strength in the coarse-grained structure. Further, the fluidity of a slurry mixture
of the first and second slurries may also be deteriorated, and thus there may be a
problem in that a spray dryer may become clogged with the slurry mixture in the
spray-drying process when a ratio of the first dispersing agent is less than about
20 0.3% in the first slurry.
For that reason, the ratio of the first dispersing agent in the first slurry may be
in a range of about 0.3% to about 0.5%.
In an example embodiment, the first bonding agent may improve the bond
strength between the ytirium oxide particles in the first slurry. When a ratio of the first

25 bonding agent is less than about 2% in the first slurry, the yttrium oxide particles are

not sufficiently bonded to each other, so that the spray powder having the coarse-
14



spray-drying process when a ratio of the first dispersing agent is

| ess than about 20 0.3%in the first slurry. For that reason, the
ratio of the first dispersing agent in the first slurry may be in a
range of about 0.3%to about 0.5% In an exanple enbodi nent, the

first bandinad sigoturenelythenplttue adide panitles mangohbbdomeed intoea spherical
yttriumoxide particles in the first slurry. Wen a ratio of the

first 2hapenth cgnteagptnivhes d etie ¢fithe fabiobdndPbigiagehbés frioré thah ubodt 3% in
the yttriumoxide particles are not sufficiently bonded to each

ot her, sige tfifgt sl B A¥cHWIBF tt’i@‘f’fsﬂ%lwﬂﬁ rEBRINS Brcrddscd akt h the spray
structure of the yttriumoxide particles may not be formed in
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agent Is nore t OUt SCco$
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Set or i orRtahingr MBSt AdBeB Vi JE SRy TBRbaRdn the SHE-dpANG prasess.
slurry mixture in the spray-drying process. Accordingly, the ratio

of the ARG Matheyradigedit theall’sbdonding pasfemay kdue Emoect abalt2%oto

in the first slurr The first bondi ng agent may conprise a

vi nyl - babeut Natierthel firshelusry. alovey firss - rereidag regest inady odfwpisehe Vinylshased
bondi ng agent includes the 10 vinyl-based material, the first sol vent
may i ncimateriahand ganiberyiatbased| matecial.ad/ren thet ﬁmtlcmnda@lagbﬁmmchﬁies the
first bonding agent includes the acrylic-based naterial, the first

sol vent vimy-bhsed udsatesial, a8 efrys s6RbHE hidy wEJWEJEaﬁSor@fanIchﬁlaYéﬁB{'s&ﬁS@Q an

material may include et hyl ene vinyl acetate (EVA) resin, polyvinyl

chl ori det4Adp) aﬁ@s.fbﬁbn trﬁ@lr.vstl Md.rgqra@bhm%d@qok %"aEWEICEHa%%B%a[Iﬁ%'i Nihe

pol yvi nyl butyral pol yvi nyl acet yvi nyl et’her

may be %Eﬁ A\ n%¥ arfbl&@é@h”%dggg%%ﬂgk xa'ﬁ%‘ﬂ?? ofihd nyﬁ B&sed material

acrylic sed mater acry I C aci

gg'rgl(gfg%l F%{@{hg @bé%gge%rn%&ﬁfé%y é:{/r}d\)t rrésllﬁ p%?yv}/r{yl cl:%fon)(ée (PVC) resin,

polyvinyl pyrolidine, polyvinyl alcohol resin, polyvinyl butyral, polyvinyl acetate,
15 polyvinyl ether, etc. These may be use alone or in combinations thereof. Examples of
the acrylic-based material may include poly(methacrylic acid), poly(methyl
methacrylate), polyacrylonitrile, poly(n-butyl acrylate), poly(styrene-co-methyl
methacrylate), etc. These may also be used alone or in combinations thereof.
in an example embodiment, the first slurry may include the first solvent. The
20  first solvent may include the organic solvent or an aqueous solution.

The first slurry may be formed by a ball mill. A ratio of solid materials in the
first slurry (hereinafter referred to as solid ratio) is proportional to the ratio of the first
dispersing agent. When the solid ratio is less than about 20% in the first slurry, the
yttrium oxide particles are hardly dissolved into the first solvent, to thereby reduce a

25 grain size of the coarse-grained structure. In contrast, when the solid ratio is more

than about 30% in the first slurry, the viscosity of the first slurry may be so high that
15



nmet hacryl ate), etc. These may al so be used al one or in conbinations
thereof. In an exanple enbodinent, the first slurry may include the
first solvent. The 20 first solvent may include the organic sol vent

or an aqueous solution. The first slurry may be forned by a ball

mll. Atheprecass feoforchingtlee isaray powdaremayi be tos rapid o (dvenstalyfcantrol. In
referred to as solid ratio) is proportional to the ratio of the first
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second bondi ng agent and a second solvent. For exanple, the alum num
oxi de pain IQ:Bg@utr%yﬂhHVhe@I@rém%ebﬁf hisclumun pwideop@rtjolas i® spyaller than
When the diameter of the alum num oxide particles is snaller than
about 0aboph{.i pwm, theecaegregdidiamatier obfthe bprayrawderande bendocrbesed because
decreased because 10 the spray powder has a coarse-grained structure

of the shaispraymowdeehaantdoskrasgraited BRUCIURS oftheThRMIhoN shedd patidtdL S0
may be difficult to accurately control, and thus the spray powder

nmay be %étﬁh@%l&m‘irﬁmfl dxiad ﬁéﬁc%s%ﬁﬁ?rUeC@t\‘flcﬂﬁtetb”é’c@u%téWdﬂtﬁJl Ay thus the
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greater bﬂﬁ}‘ 8@89%%}% i tih?d sl %X rR3 gtaqelh&? S%¥ mﬁ' &ﬁﬂrast
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the alu

aluminum oxide particles may combine together with each other to the grain-
15 structured crystal having a large void ratio.

The second dispersing agent may uniformly disperse the aluminum oxide
particles in the second slurry. In an example embodiment, the second dispersing
agent may have acid properties. For example, the second dispersing agent may
comprise an acidic material. Otherwise, the second dispersing agent may be formed

20 into an acid mixture in such a manner that a solid or a liquid dispersing agent is
dissolved into an acid solvent. Examples of the second dispersing agent may include
a material having a carboxyl group, a materiai having an ester group and a material
having an amide group. These may be alone or in combinations thereof. The pH of
the second dispersing agent may be in a range of about 2 to about 4. In the present
25 embodiment, the pH of the second dispersing agent is about 2. The aluminum oxide

particles have a positive (+) surface charge in the acid second dispersing agent.
16



particles in the second slurry. In an exanple enbodi nent, the second
di spersing agent may have acid properties. For exanple, the second
di spersing agent may conprise an acidic material. O herw se, the
second di spersing agent may be forned 20 into an acid m xture in such
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mor e5t han abodYh@¥henratibeof tbe sendnd Idispeysing lgyeat isnensithanxadeut 0.3% in the
particles are hardly formed into the spherical grained structure in

the spragcpaeirimbihd bearsanpainedssiruohsrel df dlb@iraas @xideals ddly brékdroinothe
the first dispersing agent is nore than about 0.5%in the first

slurry. sprafheawdee Bakhe é%fmé heases o n@“tﬁ@eéé"ée“%a?gﬁl@t rath b?slﬁetﬁ’dﬂ)nd

about 0.3%’in the second slurry, the coarse-grained structure of

al um nu@iéﬂ?é'rgﬁ lRepR {e\é Qﬁ?ﬁ%obpoté"ﬁ in SRS 3O ﬁfrlap)f:u%%r Stﬁg‘?lwdltty of

reason as in t e “case he Ta of the secon i spersi’n
of ¢ nothy SR i e %‘t"&ﬁﬁ??é?gﬂ%é'uiri%%wdaﬁ§%fﬁ%?eﬁ@a?e& ané Al ¥rere
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ratio of the second di sPer Si In ent is |ess tihan about 0.3% in the
second §rYiRg progess winen h%@é@rpft aseeand gisperying agenbisdess dmeyahauy 0.3%
agent in the second slurry my be in a range of about 0.3%to about
2% 15 Imthenseseasiglénsnbodi ment, the second bondi ng agent may i nprove
the For that reason, the ratio of the second dispersing agent in the second slurry
may be in a range of about 0.3% to about 2%.

15 In an example embodiment, the second bonding agent may improve the
bond strength between the aluminum oxide particles in the second slurry. When a
ratio of the second bonding agent is less than about 2% in the second slurry, the
aluminum oxide particles are not sufficiently bonded to each other, so that the spray
powder having the coarse-grained structure of the second oxide particles may not be

20 formed into a spherical shape. In contrast, when a ratio of the second bonding agent
is more than about 3% in the second slurry, the viscosity of the second slurry rapidly
increases although the spray powder may be sufficiently formed into a spherical
shape. Therefore, the fluidity of the slurry mixture of the first and second slurries is
deteriorated, and thus the spray dryer is clogged with the slurry mixture in the spray-

25  drying process. Accordingly, the ratio of the second bonding agent may be in a range

of about 2% to about 3% in the second siurry. The second bonding agent has
17



bond strength between the al um num oxi de particles in the second
slurry. When a ratio of the second bonding agent is | ess than about
2% in the second slurry, the alum num oxide particles are not
sufficiently bonded to each other, so that the spray powder having
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the fluidity B anhexample empsdimedtothe mecpnd sslubydmayciiesdids dhe jsesond
is deteriorated, and thus the spray dryer is clogged with the slurry
m xt ur espivenhd heprappnd sotent mpwinekidesin Agasicdsaivgnt ortameaguadus ssiutidne
second bondi ng agent nmay be in a range of about 2% to about 3% in

t he $econd sl Uiheysecthd setynthybbedomyeddena biadsmilllA salidistadiot afathkysechad
sane structure and function as the first bonding agent, and thus any

det ai | ediufgsis iropdRibRaid thBeatie et b@é‘td‘idlaisél%ﬁﬁgf hgehto WigerPthd &I/ ratio
hereafter. In an exanpl e enbodi nent, the second slurry may include

the secangssIRhY eBbut 309, FEGHRNERANVENy, Y diGidide o%f(‘ie%%?lie% are hgyrdly

sol vent or an aqueous solution. 5 The second slurry may be forned
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reduce a grain size of, the coarse- grained structure. | n contrast,
nelS ¢ needed B s Visoaaneot e sespat STy bhEoTob daghednipkss for

the viscosity of the second slurry nmay be so high that the process
for fof9fiMgd theeskisyRPYWHRIdBRY BEOBEaRIEJO Bept@tely caatal dp edgitiontheoratio
In addition, the ratio of the second dispersing agent in the second
sl urry phjhdeesontidigpersing agent épiths sepond sturnamayebd sonighithebthe spray
non-spherical shape. For those reasons, the solid ratio in the
second sbudey meybdéomredint@agmnesprabizat sEA%6.tForghosed reii¥ns, the solid ratio
in the second slurry may be in a range of about 20% to about 30%.
15 When a weight ratio of yttrium oxide to aluminum oxide is in a range of about
1:9 to about 4:6 in a first slurry mixture, the spray-coating layer including the spray
powder of the first slurry mixture is characterized by aluminum oxide to such
properties of high mechanical strength and weak adhesive strength. In contrast,
when a weight ratio of yttrium oxide to aluminum oxide is in a range of about 8:2 to
20 about 2:1 in a second slurry mixture, the spray-coating layer including the spray
powder of the second slurry mixture is characterized by yitrium oxide to such
properties of weak mechanical strength and adhesive strength. Accordingly, the
weight ratio of yttrium oxide to aluminum oxide is in a range of about 5:5 to about 7:3
in the slurry mixture. In the present embodiment, the weight ratio of yttrium oxide to

25 aluminum oxide is about 5:5 in the slurry mixture. In such a case, the spray-coating

layer formed from the spray powder including the slurry mixture is characterized by
18



15 When a weight ratio of yttriumoxide to alumnumoxide is in a
range of about 1:9 to about 4:6 in a first slurry mxture, the
spray-coating |layer including the spray powder of the first slurry

m xture is characterized by al um num oxide to such properties of
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fromthe r wder including the slurry mxture is characterized
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hi gh mechani cal strength and adhesive strength. The spray powder is
fornmed M sREpMARRETSINSCRGN npestasesd bandia agerdiandrthe secrpdselverhe
slurry mxture may include the first slurry which is a mxture of the
5 yttrium oxi eapaxamilesmbaediment, she dicspes-graigecdgoray, powdef pagicles may
bondi ng agent and the first solvent and the second m xture which is a
m xt ur eirnsludengtratnmixivenarek allenipant oxilesyWhehltre seemud diba@tesofitbe coarse-
agent, the second bondi ng agent and the second solvent. In an exanple

enbogli Mgreined f@r%wmr@ém@[@ssi@r R¥s PPeHeabed RO ClifS theYsizé | thdespray
yttrium oxi de and al um num oxi de. Wen the average di aneter of the

coar se- pd{lder %Eﬂﬁﬂ’essg 8Y sPOWIgat RAE @p?éf?og@egm h?ﬁﬂ%ea&ﬁﬁ’éier%ﬂ/ Bffayed

the size of the spray powder particles at the spray

poveer BB, BB SR i SORBIC A e BT LR D Ul e
powder B%aril%(ia(? ls%?ayi/ %or\Fdere? 6ahrﬁ&e%b18“r%or6e° than atbgﬁt %-Ozﬁmc,)fthtehéalzes porfa%e spray
powder particles is so large that the spray powder may be agglomerated on the
15  surface of an object, to thereby deteriorate the uniformity of the spray-coating layer

on the object.

Accordingly, the coarse-grained particles of the spray powder may have an
average diameter in a range of about 20 um to about 60 pm. In the present
embodiment, the particles of the spray powder may have an average diameter in a

20 range of about 30 pm to about 40 ym.

The spray powder is formed into the spray-coating layer on the object
through a spray-coating process, to thereby improve mechanical strength and
adhesive strength and to reduce the voids or spaces within the grained crystalline
structures in the spray-coating layer.

25 FIG. 3 is a flowchart illustrating processing steps for a method of forming the

spray powder in accordance with an example embodiment of the present invention.
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powder particles is so large that the spray powder nay be

aggl onerated on the 15 surface of an object, to thereby deteriorate
the uniformty of the spray-coating |ayer on the object.

Accordi ngly, the coarse-grained particles of the spray powder may
have an aver RgéerdnartetdG. Bnthe fissigdurof isabooted2iditpm moxtareoot yteinpraxide,
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solvent (step S110). In an exanpl e enbodi ment the first slurry
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about 2 pm the first di sger5| ng agent for 5 uniformy dispersing

t he ytt bpoghstengd petweiesitos yiirinm ¢xide pabinies isgsuligantly siromwtadtorgbinedhe
yttrium oxide particles and the first solvent into which the yttrium
oxi de pgittiurol @dde panticlés tedetbes pithséawh athent thanfitst BRirfyi maly dwtnidcinge the
agent are dissolved. In case that the bond strength between the

yttirg unfm@glbdﬁdp@rgggﬁtes is sufficiently strong to conbi ne the
yttrium oxide particles together with each other, the first slurry

may not i ncl U@*ﬁetﬁlﬁunﬂgmﬂerpﬁﬁr@@é‘dﬂh@%r@ﬂ@”@.berg %eﬁtr ‘tﬁ’é'\‘l@f'b@ﬁdlngn%gent

particles, the fi'rst dispersing agent ondi ng agent
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powder that is described in detail with reference to FIG. 2, and thus any further
detailed descriptions on the yttrium oxide particles, the first dispersing agent, the first

15  bonding agent and the first solvent is to be omitted.

Hereinafter, the processing steps for a method of forming the first slurry are
described in detail with reference to FIG. 4.

FIG. 4 is a flowchart illustrating processing steps for a method of forming the
first slurry shown in FIG. 3.

20 Referring to FIG. 3, the first solvent is prepared at first for formation of the
first slurry (step S111). For example, the first solvent may include an organic solvent
such as ethanol. Yttrium oxide particles are provided into the first solvent (step $112).
Then, the first dispersing agent is provided into a mixture of the first solvent and the
yttrium oxide particles (step $113). In an example embodiment, the first dispersing

25 agent may comprise basic carboxyl materials. The vyttrium oxide particles have a

negative (-) surface charge due to the first dispersing agent. For example, a ratio of
20



powder that is described in detail with reference to FIG 2, and thus
any further detailed descriptions on the yttrium oxide particles,
the first dispersing agent, the first 15 bonding agent and the first
solvent is to be omtted. Hereinafter, the processing steps for a

met hod : ' : fi urk | ' t.ai it h

rot orentie 1§t PIsBrifS ackhPlo fe il & il bORD ey REF el ppout
steps faqr nethod of . farmng the, first slurry sho in FIG. 3. 2
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carboxyl materials. The yttrium oxide particles have a negative (-)
surface char ge/tilee the dbtfel ekainpth sHebSdiR@EnadgiBtlosESrthakare! ¢iridn oxide
ratio of 20 the first dispersing agent to the m xture of the first
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ageHt and thgjfh?fﬂ,stﬁ%aﬁapﬁg Oé@@ntpaﬁl%e%ef@@eﬂﬁta‘ﬁ?@/er%}goﬁgaﬁh ae e et
first solvent, the actual sequence may be varied in accordance wth
pr ocessPagdipg egient arsmixed wish icmepanathemin the fissiesobrens by anbal) mikitp theneby
the art. 10 Then, the yttrium oxide particles, the first dispersing
agent afwm aenikiure of thedfirdt slgrigent are mixed with one another in the
first solvent by a ball mll, to thereby

Referring again to FIG. 3, the second slurry is formed into a mixture of
aluminum oxide, the second dispersing agent and the second bonding agent in the

15  second solvent (step $120).

In an example embodiment, the second slurry may include aluminum oxide
particles having diameters of about 0.5 uym to about 2 um, the second dispersing
agent for uniformly dispersing the aluminum oxide particles, the second bonding
agent for bonding the aluminum oxide particles and the second solvent into which the

20 aluminum oxide particles, the second dispersing agent and the second bonding agent
are dissolved. In case that the bond strength between the aluminum oxide particles is
sufficiently strong to combine the aluminum oxide particles together with each other,
the second slurry may nat include the second bonding agent.

The aluminum oxide particles, the second dispersing agent, the second

25  bonding agent and the second solvent in the second slurry are substantially the same

as those of the spray powder that is described in detail with reference to FIG. 2, and
21



forma mxture of the first slurry. Referring again to FIG 3, the
second slurry is formed into a mxture of alum num oxi de, the second
di spersing agent and the second bonding agent in the 15 second
solvent (step S120). In an exanpl e enbodi nent, the second slurry nmay

i ncl ude uyg i apart i.cl ayi ' 0
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al um num oxi de particles, the second bondi agent, for bonding th
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al um num oxi de partjcles, the second dispersing gﬁent and the second
bondi ng agent NeEHRARRTs R PERFESPINGCHERS fPlad NBIBOH ATdosNINEniGErsaseNiedHTY
the al um num oxide particles is sufficiently strong to conbine the

al um nuéicosteesibedrin detalkwith prferanceviptiGeich other, the second slurry
may not include the second bondi ng agent. The al um num oxi de

parti cl es, thElGdcisna fldwspert sliustraéigg mrocadsing siepsdor 2 métbodigidomgeagtthe
and the second solvent in the second slurry are substantially the

same aseddmssunt shbandprag. powder that is described in detail with
reference to FIG 2, and 21 thus any further detailed descriptions

on the al umi ”R@Té??ihg?’% Fdﬁf_-‘-.té,%é%ecbﬁ@ sORRANE prdhares & st ??zcgﬁﬂatfoheof the

second bondi ng agent and the second solvent is to be om
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sol vent such as ethanol. Al um num oxide particles are provided into
t he secHifdseerrsbrobgnt eadethesalpminumpaxdet prstigles daterdSdgétsinngn syxample
is provided into a m xture of
embodiment, the second dispersing agent may comprise acidic carboxyl materials.
The aluminum oxide particles have a positive (+) surface charge due to the second
dispersing agent. For example, a ratio of the second dispersing agent to the mixture

15 of the second slurry may be in a range of about 0.3% to about 2%. Then, the second
bonding agent is provided into a mixture of the second solvent, the aluminum oxide
particles and the second dispersing agent (step $124). For example, the second
bonding agent may comprise polyviny! butyral at a ratio of about 2% to about 3% with
respect to the mixture of the second slurry.

20 While the above example embodiment discloses that the aluminum oxide
particles, the second dispersing agent and the second bonding agent are sequentially
provided into the second solvent, the actual sequence may be varied in accordance
with processing conditions, as would be known to one of ordinary skill in the art.

Then, the aluminum oxide particles, the second dispersing agent and the

25  second bonding agent are mixed with one another in the second solvent by a ball mill,

to thereby form a mixture of the second slurry.
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t he second sol vent and the al um num oxi de particles (step 5123). In
an exanple enbodi nent, the second di spersing agent may conprise
aci di c carboxyl materials. The alum num oxide particles have a
positive (+) surface charge due to the second dispersing agent. For
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second di spersing agent and the 25 second bondi ng agent are m xed

wi t h onelumistiepxida in the soopmixtoe sbownby FAGbAI I nmill, to thereby
forma mxture of the second slurry. 22 Referring again to FIG 3,

the first sl uReyerangd tohElG.e6onitrisinubkideanas i xedathid i-) eadhcotcharge bad
thereby formthe slurry mxture (step S130). In an exarrpl e

enbodi neimintife okide tass hUsdaitivan k)t iafmecemstgs! 46 rtMaﬁWnurﬂ]X&Qdé s SH6Agly
a manner that the weight ratio of yttrium oxide to alum num oxide i5
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1:0.4to 1. FIG IS a viewl ustralnga ondi ng mechani sm of
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grained structure including yttrium oxide and aluminum oxide (step $140). That is,

the particles are formed through sequential processing steps of the spray-drying

15 process on the slurry mixture and the heat treating process on the dried slurry
mixture.

The spray-drying process is performed at a temperature of about 60°C to

about 110°C in a dry chamber while the slurry mixture is injected into the dry chamber.

When the spray-drying process may be performed at a temperature less than about

20 60°C, organic solvents in the slurry mixture may not be sufficiently volatilized, to

thereby increase a process time of the spray-drying process. Particularly, when

neutral solvents such as pure water and alcoholic solvents such as methanol and

ethanol are used as the organic solvents for the slurry mixture, the organic solvents

are significantly difficult to be volatilized at a temperature of less than about 60°C, to

25 thereby remarkably reduce the efficiency of the spray-drying process. In addition,

when the spray-drying process may be performed at a temperature of more than
23



10 bonded with al um num oxi de by electrostatic attraction. Referring
again to FIG 3, a spray-drying process and a heat treating process
are perfornmed on the slurry mxture, to thereby form particles having
a coarse- grained structure including yttrium oxide and al um num

oxi de (abept Bl0*Q) thd bedanis solveh® ipahé istires matierd Miaiyasd kpidiyigblatilized and
sequenti al processing steps of the spray-drying 15 process on the

slurry fug Hruring, bheolugals éér@é}btélglrpﬂ%?%ﬁﬁayoﬁoﬁrﬂér qﬂ(dc%@'dlﬁlt;w e spray-

m xture. The spray-drying process is performéd at a tenperature of
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sol vents such as nethanol and ethanol are used as the aorganic

sol vent temperatyre 15| thery mhambey, ta Mereby dnpeoveohaeiness oért@e spray powder.
significantly difficult to be volatilized at a tenperature of |ess

t han ab¥therslig, heas temtinherrebgss isneerfabied atealtereperéurefldwer tharyalefutt30e°
spray-drying process. In addition, when the spray-drying process may

be perf Q;ntbd apray pewper as wifficakt toohevé harsuffidemtbbatdnks®Go tthaet spherical
organic solvents in the slurry mxture may be rapidly volatilized and

thus a phiichd diythefspray @owider aes erekerdahd flaiensdr AY alewdr  the pipe through
Accordingly, the spray- drying process is perfornmed at a tenperature
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spheri Carl)ray powder are chemically reacted with each other, and thus the spray powder is
grown into a lump of powder. Accordingly, the heat treating process is performed at
15 a temperature of about 800°C to about 1,500°C, and the spray powder may have a
sufficient hardness. After completion of the spray-drying process and the heat
treating process, the above slurry mixture is changed into the spray powder having
the coarse-grained particles of yttrium oxide and aluminum oxide of which the
average diameter is ranged from about 20 um to about 60 ym.
20 As a result, the slurry mixture of the first slurry including yitrium oxide and the
second slurry including aluminum oxide may be formed into the spray powder having
the coarse-grained structure of which the average diameter is in a range of about 20
um to about 60 um.
The formation process of the spray powder may be performed in an

26  atmosphere of one of air, hydrogen, oxygen and nitrogen and a mixture thereof. That

is, step S110 for forming the first slurry, step S120 for forming the second slurry, step
24



particles of the spray powder are broken and flattened. As a result,
t he pi pe through 10 which the spray powder is provided to the plasm
gun may becone clogged with the spray powder. In contrast, when the
heat treating process is perforned at a tenperature higher than
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at nosphere of one of air, hydrogen, oxygen and nitrogen and a m xture

t her eof partiRds intRidirg ?ﬂ&uﬁﬂ;kﬁld@én&l Qi MUint BRidel k8tthat %erré(pra§1<:%ﬂt|§é2®er
for formng the second slurry, step 24 S130 for formng the slurry

m xt ur engdhrshpRrsHAS bR/stdfd %fr[]bﬁ“uge e gReavcay Wuﬂ%er%@?&% *¢baces

the heat treating process to the slurry mxture may be pertorned I'n
i i o AT ShBorGRe vilerie oo E00RR, 102 BVAAABE oM RAMEE: )R orpe
Eéifeffeg@ﬁ%’ e %e%%%ﬁ”“iﬁggﬁ%iw%at Rociliventigerayenteg from
pr ayhﬁﬁévé%nga%ge%?%ﬂ& idbeee AR BOG; 4 pray-coating Taver may be
sufficiently adhered to the inner surface of the process chamber and the separation
of the spray-coating layer from the inner surface of the process chamber may be
15 sufficiently prevented in the plasma processing system. As a result, etching of the
plasma processing system caused by the source plasma may be sufficiently

prevented by the spray-coating layer.

Hereinafter, a method of forming the spray-coating layer using the spray
20 powder and the spray-coating layer including the spray powder are described in
detail.
FIG. 7 is a flowchart illustrating a method of forming a spray-coating layer in
accordance with an example embodiment of the present invention.
Referring to FIG. 7, a spray powder is prepared at first (step S210). The
25  spray powder includes a plurality of coarse-grained particles of yttrium oxide and

aluminum oxide and the coarse-grained particles have diameters of about 20 um to
25



particles including yttrium oxide and al um num oxi de, so that the
spray-coating |ayer has an anorphous crystalline structure and a
reduced nunber of voids or spaces 10 therein. Therefore, when the
spray-coating layer is formed on the inner surface of the plasm

process zphabeum.! IAeark 644 S PIPEMDEBIAEM, B Sttal/i fdvddr! Mapbavierhed thicgh
penetrating the spray-coating |layer. Accordingly, the spray-coating

llayer mmgy, ﬁ%-gr?ﬁg%i?ﬂgtgéeﬁsls%sigg%eélﬁﬁytr@@?ﬁ iﬁ(ﬂ@(ﬁﬁgfffl’étfé’rfbesé’éor{d@ugées. The

process cna par ati on e spray-coating | ayer rom

the inn r { . ch . 1 ffieient

pr event SEt Lk B el REREE 3ok B9iEles Tokang ofitudids ERBRMY ogpum to
the plasma, processi system caused t he. source pl as may_be :
Surti oi GRONY Y iy Bl S5PERICE 08Pt dintMigTs, SRoRrERg: et Fuim, oxide
met hod of formng the scﬁr ay-coat i n%ﬁl ayer using the spray 20 powder.
and fhe p@ﬁp&gﬁ,@gwngom narageant | fadPrgdingethep vEJUPOOKiIES RaTHClass andl e dirst
in detail. FIG 7 is a flowhart illustrating a nethod of formng a
spr ay- céatvieny intayerich the adumdaxide particieanthextispdisperdingiiagent aod théedirst
present invention. Referring to FIG 7, a spray powder is prepared at
first ($dbeging2b@ent Hre diSokpdaylhmovedeondnsiungesnay phelode i alynmofum oxide
coarse-grained particles of yttriumoxide and alum num oxide and the
coar se- @éﬁlcﬂ@h@ﬂh]@; ididrastehevealb @B 58I tohbabp2tun? (s B4 didpe@hgent
60 pm In an exanple enbodi nent, the spray powder may be forned

t hrough foay SiRs ity lié/ﬁé?gingrt@l%ﬁilﬁmmrﬂgo)gﬁié'ﬁé’rﬁdeé‘,‘ étslélr(:%gﬁ ’Eddb%gﬂ%gent for

first and second slurrie first

urry may include yttri
: . havi - ¢
Frdf GREhuRahe R A BaRlcleaiarhR Socbn sderd ot BRth BePurinum

par 1! g EHeRls 8BS0 P ool A 15 MALERATRANE agent aro

B i s SHspbES. ¥hanseiEmmlo Ao ey o) PAGKEIGE. H11ns h R e © alarminum
oxide is in a range of about 5:5 to about 7:3 in the slurry mixture, that is, in a range of
about 1:0.4 to 1.

15 Then, the spray powder is dissolved and sprayed onto the object (step S220).
In an example embodiment, the melting and spray of the spray powder may be
performed by an atmospheric plasma spray (APS) process, a high-velocity oxygen-
fuel (HVOF) spray process, a vacuum plasma spray (VPS) process or a kinetic spray
process. Accordingly, the spray-coating layer is formed on a surface of the object.

20 FIG. 8A is a picture showing a cross-sectional surface of the spray-coating
layer in accordance with an example embodiment of the present invention, and FIG.
8B is an enlarged picture showing a porticn of the spray-coating layer shown in FIG,
8A.

Referring to FIGS. 8A and 8B, the spray powder of which the particles has

25 the coarse-grained structure including yttrium oxide and aluminum oxide is formed

into the spray-coating layer on the object, so that the spray-coating layer has an
26



particles having dianeters of about 0.5 pmto about 2 pm a second
di spersing agent for uniformy dispersing the alum num oxide
particles, a second bondi ng agent for 10 bonding the yttrium oxide
particles, and a second solvent into which the alum num oxide

ti ol . ; _
A B R R
the o upr ST BB ried B b é"%(%?”ﬁégﬁ% aav%abfgut?eaew FARGE pofagly of the
Then, the s owder di ssol ved and sprayed onto the obj ect ste
5220). SPi? ?P% nBYE" frﬂfo%ﬁ%?:‘? S EPIAVT QG IalAYes Prayh %Ye éﬂ%}'
powder nay be erformedzg)/ an at nospheric plasma spray

(8

PS)
pr ocess abauhOghZov s @EPHY 28%y gBR-mpiRe|pa Y, S¥r ajour 8 sstO abadclitm In
pl asma spray (VPS) process or a kinetic spray process. Accordingly,
t he Spr agditioat theysprayeroatisgflayercthayrhavesam fadbesive strengibjgesdter faarFaiGut
8A is a picture showi ng a cross-sectional surface of the

spray- cadt Mia ahdyerdhessgeeatdaiiean wbbht 860enempice grartidilaent grebtdrhthan
present invention, and FIG 8B is an enlarged picture show ng a

portionagbu{?@oway coating layer shown in FIG 8A. Referring to
FIGS. 8A and 8B, the spray powder of which the particles has 25 the

coar se- gr ai neg§t pugt Hrﬁewnmhgﬁamq Yrf hrdp ?(ﬁu&ﬁré‘“&‘ﬁ tﬁéu SN B@&%s.ng

is formed into the spray-coatin ayer on

esal . Sfehtn BRI, @aeﬁ%?w%ﬁyfqoi#ﬁ@ ﬁ*s[b‘?‘a%'ﬁ}"ﬁgé“'g
mohgLzed | Qog"e?qaﬂpzéﬁ&a R bt 1B e zq“a%ﬁ@%g%;ﬁ Setem
have t he por about 0.5%to about 2% and nore particularly,

of aboufnzg’ @%SL{U@ %wuierl@@mbﬁréwdaﬁ&aﬂ% in e PSR PERRASSIY ySiem ard a

have an adhesive strength greater than about 13 MPa and har dness
gr eat er SPRnceaingtla 400N fhe BneamearobeatiGs, greater than

In an example embodiment, the inner member 110 may be positioned in the

process chamber (not shown) of the plasma processing system. A substrate is

15 loaded into the process chamber and the process chamber includes an inner space

for performing the plasma process to the substrate. A source gas is supplied into the

process chamber and is transformed into a source plasma, and the substrate is

processed in the space of the process chamber using the source plasma during the

plasma process. For example, the source gas may include a deposition gas for

20  coating a thin layer on the substrate or an etching gas for etching the thin layer from

the substrate. The substrate may include a semiconductor substrate for

manufacturing a semiconductor device or a glass substrate for manufacturing a flat
display device.

In an example embodiment, the inner member 110 may include a chamber

25 liner, a baffle, and a shield ring in the process chamber. The chamber liner is

positioned along the inner surface of the process chamber and may prevent damage
27



about 700 HV. FIG 9 is a viewillustrating an inner structure of the
pl asma processing systemin accordance with an exanpl e enbodi nent of
the present invention. 10 Referring to FIG 9, the inner structure

100 of the plasma processing system nmay incI ude an inner nmenber 110

i nstal lﬁtHé“arH%‘? 3%‘% fpfz[%cﬁélhﬂgr E‘Xﬁé&{n GoL?rBé ad’a 5 ndte & Qﬁiem}‘ﬁ@ is

120 on € 1 nner I'n an exa

The ol abgatigs Al Aar@PETh dRrtidh of PLEERAS Sfoﬂ%%&a& tenéﬁb%%“r%e in the
nber i ngl udes an |nnerb§§eace for

process chanber and the process ch

per f or nPW&eﬁﬁé’i‘ﬁ Nor'Pe¥ SEeYNL Mg iq g ehudk eaeded pgurce gas.
supplied into the process chanber and is transforned into a source

pl asma, TEaderemensr ridfempy inglude e éwersuiseesidbe pspcessecharpbesiself,
chanber using the source plasma during the plasma process. For

exarpl eas woeldbakoewnds ameyofiardinadeskill drefresarti on gas for 20 coating a
thin layer on the substrate or an etching gas for etching the thin

layer from tTike sphst-codtihg [Eper 3209 patitionsy onnbeudeemeibarondudher is,
substrate for manufacturing a sem conductor device or a gl ass

subst r afte é;ﬂﬁf\{f@éﬁﬁg%y@ﬁ 0 ?nef Bé& po‘éit%ﬁbé%rd% %er'sﬂur@@e@’éﬁ%hﬁ of the
enbodi nent e i nnér nenber 0 may include a chanber 25 I|iner,

bal {1 ¢, cilnge Al Ol 8B&ts ctgpghanber | ner

is positioned ong t e |th§es:rﬁ)a§%ﬁ]§ce opgt e process chanmber and may

Sour ce. giimgﬁae <Fprebopfing g 4 B duosPPRE IS e, B Sve B

of a ch k for ortin he subs in_ he roc a
o Tor 08 s B sy e e atrscribey i e ings T Thala a2,
menber 110 may |nclude t he inner surface of the process chanber

itself, an@ﬂw A fatafed desaiiptiansgether srepwicaaling aver N1204ds pRuttegt .

15

The spray-coating layer 120 may prevent the source plasma from making

direct contact with the inner member 110. In addition, the spray-coating layer 120

may be sufficiently adhered to the inner member 110 for preventing the separation of

the spray-coating layer 120 from the inner member 110, to thereby minimize

contamination caused by the spray-coating layer 120.

Experiments on particle sizes of yttrium oxide and aluminum oxide

Table 1
Particle Adhesive
Y203 | AlOs Spray Hardness | Porosity
Size Strength
{um) | (pm) Atmosphere (HV) (%)
(Hm) (MPa)
Experiment
5 - 35 Atmospheric 7-10 400-450 4-6
1
Experiment - 4 25 Atmospheric 7-10 700-800 4-6
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The spray-coating |ayer

120 is positioned on the inner

nmenber 1

10.

That is, the spray-coating |ayer 120 nmay be positioned on the inner
surfaces of each of the chanber liner, the baffle, the shield ring
and the process chanber. The spray-coating layer 120 has
substaptial by the sang structure angd 10 funct]on as the
spray-coating | ayer described with teference tp FIGS. 7, 8A_and 8B,
and thlﬁg@%}"nﬁe ttai | ed |descriptions on the spray-coating |ayer 120 is
omtted. e 531 ay- goatl n Iaye O12 Q ﬁsrevent t,| e sour%g pl asrra6
from maki ng., dirdctcont att t he’y hefber P10 Qdi t on,
the sp ay-céatl ng | ayer 120 may beisufficient|y adheréd to the|inner
menber [ TT0 Tor prlevent|ing tHE separation of 15/ The spray-coating
| ayer LEXPEfiBNtHe i nner menper 110] to thereby minimze
contamni nation caused by tdhe spra§-codimnpgpherer 120. Expelid@ents ot
particle sides of yttri um oxJj de and}al um num oxi de Table 1 Parficle
Adhesi ye—¥203—A1203—SprayHaradness—Poerosity—Sze—Strength—(pm—(pm)
At nosphéh@etihént (%9 (pm (MPa) Experinment 5 -| 35 Atnospheric 7-10
400-450 4-6 1 EXpesinenys 4 28 At lmsgﬁhgﬁh@nc? 10 g00-800 5406 R8 2
Experiprent § 4 40 Atnospherigc 10 550
Experiment
2 4 30 Atmospheric 10 550 4
6
Experiment
2 2 35 Atmospheric 13 650 2
7
Experiment
2 0.5 35 Atmospheric 13.5 680 2
8
Experiment
0.01 4 30 Atmospheric 10 550 3
9
Experiment
0.01 2 35 Atmospheric 13 650 1.2
10
Experiment
0.01 0.5 30 Atmospheric 14 700 0.8
11
The spray powder was formed by the same spray-drying process as
described in an example embodiment of the present invention at various particle
sizes of aluminum oxide and yitrium oxide, as shown in Table 1, and the spray-
5 coating layer was formed by the same spray-coating process as described in an

example embodiment of the present invention using the spray powder. The spray
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3 Experinment 5 2 38 Atnospheric 11 530 4 4 Experinent 5 0.5 35

At mospheric 9 550 3 5 Experinent 2 4 30 Atnospheric 10 550 4 6
Experinent 2 2 35 Atnospheric 13 650 2 7 Experinent 2 0.5 35

At nospheric 13.5 680 2 8 Experinent 0.01 4 30 Atnospheric 10 550 3

A0SO S, S ORI LRt BB B

spray- dEXerﬂnBH?%%%Sth%sparﬁcle size of each spray powder and the adhesive strength,

the mechanical strength and the porosity of each spray-coating layer were measured

in each of the experiments. Table 1 shows the measured results of the particle size of

5 the spray powder and the adhesive strength, the mechanical strength and the
porosity of the spray-coating layer.

Table 1 indicates that the adhesive strength, the mechanical strength and the
porosity in Experiments 7, 8, 10 and 11 (referred to as Experimental Group 1) were
much better than those in Experiments 1-6 and 9 (referred to as Experimental Group

10 2). The particle size of yttrium oxide was in a range of about 0.01 ym to about 2 um
and the particle size of aluminum oxide was in a range of about 0.5 um fo about 2 ym
in Experimental Group 1, while the particle size of yttrium oxide and aluminum oxide
was greater than about 2 pm in Experimental Group 2.

The above experimental results on Table 1 show that the adhesive strength,

15 the mechanical strength and the porosity of the spray-coating layer may be optimized
when the spray powder for forming the spray-coating layer includes the yttrium oxide
particles of which the sizes are in a range of about 0.01 um to about 2 um and the
aluminum oxide particles of which the sizes are in a range of about 0.5 um to about 2
um.

20

Ekperiments on the weight ratio of yttrium oXxide to aluminum oxide

Table 2
Particle Adhesive
Y203 Al,O3 Spray Hardness
Size Strength
(wt%) | (wit%) Atmosphere (HV)
(Hm} (MPa)
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described in an exanpl e enbodi nent of the
various particle sizes of alum num oxide
in Table 1, and the spray 5 coating |ayer

present invention at
and yttrium oxide, as shown
was fornmed by the sane

spray-coating process as described in.an _exanple enhodinent of the
present kR é’r%bﬁm u<>| ngot he sgpay; powger .| APy | 29 qpowder

the spfay- ﬁéoatl ng laver were ?%r =d E@ t he abos\?zl prdcess in each
experi [re e|pakticle gize ach owder d the

adhesi y E&??@ﬂg {15 hgéma:haa ca s?’ engt /Etpn%ﬂ%hg por ity |of 7esé]ch
spray-foatin re neasyred| in_eadh of the experinents. Table
1 shows Eﬁ%e'%ﬁﬁgﬁged r%@ul 1 s g@ the partichEnagprenss| 5 tie spr ay720
powder [and the adhesi ve st Th, [ The meghanical strengtit ang the

por osi [ yEspetimentpr ay- 48at ng tDaynr . 4¥abl|Atmaspiiedat|es tlAat tlhe 720
adhesi pe—strengt-h—fhe—rmechanicatstrengtih—and-the—porosttyn
Experi reBkgerimeBt 510 afdl 11 (H@f efreB5t o |aktntogpberiognt al13G oup 1j00
were pueh—better—thanrthose-in-Experinents 1-6-and 9 (refery

Experi negj(ﬁém%ﬁp@ 10 ). Theggpar! rcbg Si| Z&Qnsphietit! um\ gxi de (wasgggn a
range pf about pmta about 2lpm and the parficle size gf

al um np i n range,@f abo 0./5 gut Z4pm [in
Expeyl mnﬁté‘%m@}}gﬁ% 1, ile t (2 particl e si ze %0?‘ ;ﬁlptl’l um oxi de aGnOC?
?—LzmaBoU%QéérﬁﬁPnﬁﬁm ) Bceli 1880n TabPe 1 SRABATVEE |t ho Bdneqi ves20
strength 15 the m=chan| cal strepgth anc the porosifty of the

spray- m%ﬁ’%@“?ﬁ&%r nma¥0be| opf ¥ mi zed33when imRspdsrisy poider flor 430
form ng the spray-coating | ayer i nct udes the yttriunt oxi de artictes

of which the sizes are in a range of about 0.01 pmto about 2 pm and
the alum num oxide particles of which the sizes are in a range of
about 0.5 pm Theabpray Powder R8s Bopersdmbyt sheorsdre swraghiryingt booadss as
yttrium oxide to al um num oxi de
described in an example embodiment of the present invention at various weight
ratios of aluminum oxide and yttrium oxide in the slurry mixture, and the spray-
coating layer was formed by the same spray-coating process as described in an
example embodiment of the present invention using the spray powder. The spray
powder and the spray-coating layer were formed by the above process in each
experiment, and the particle size of each spray powder and the adhesive strength
and the mechanical strength of each spray-coating layer were measured in each of
10 the experiments. Table 2 shows the measured resuits of the particle size of the spray
powder and the adhesive strength and the mechanical strength of the spray-coating
layer.

Table 2 indicates that the adhesive strengths in Experiments 5-7 (referred to
as Experimental Group 3) were much better than that in Experiments 1-4 (referred to
15

as Experimental Group 4). The weight ratio of yitrium oxide to aluminum oxide was in

a range of about 5:5 o about 7:3 in Experimental Group 3, while the weight ratio of
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Table 2 Particle Adhesive Y203 Al 203 Spray Hardness Size Strength
(Mt (w% Atnosphere (HY) (pm) (MPa) 30 Experinent 1 10 90 30
At nospheric 10 750 Experinent 2 20 80 35 Atnospheric 10 750
Experinment 3 30 70 33 Atnospheric 11 720 Experinent 4 40 60 40

At ”DSph?fthiﬁmléxsZi%Oto BRI U Nxide 59335%35 r%thSBP%ﬂa'oﬁt 139 790 about 4:6 in
Experi méent 40 35 Atnospheric 13 650 Experinment 7 70 30

Etxﬁi?ﬂ%ﬁ‘?%@&ﬁéﬁ%@*ﬁf‘%ﬁ%ﬁc 03‘%33‘%3@5%5%*%%‘995@3% Pashaica
enbod: meREna e grrieeel totR g BRrartudt pafer kBrghese i herments 80

alun1nun1 [ and yttrium oxjde | the slurry nlxture and the spray
5 coat | H& A%FEF Ewsrlwféﬁﬁﬁowe arBe Yriaht @889 ngrigroewde valsium oxide
described in an exanpl e enbodi ment of the present invention using

t he Spr &yalrigen oxipe Wwesriay rapeadé abartis 2He amuw ‘ciodtxpaginmental GrawmeS.
formed by the above process in each experinent, and the particle

si ze of each $peapbgrevelqeriamhtalhesaliseni 'lhbietZremcgﬂhhataEﬂnd adtesive strength
mechani cal strength of each spray-coating | ayer were neasured in each

of 10 t hadekpenecmarical stakigth 2f sthowsrdyheodtirsiayed nigsbid optifizdd@hen the

particle size of the spray powder and the adhesive strength and the

mechani ggtaystgoRrrhftf féiaing PIHRY -¢Pa-thting layer includes yttrium oxide and
aluminum oxide in such a composition that the weight ratio of yttrium oxide to

10 aluminum oxide is in a range of about 5:5 {o about 7:3, that is in a range of about

1.04to01.

Experiments on the ratio of the dispersing agents and solid materials in

the slurry
15 Table 3
Second
First Dispersing Spherical/Non-
Dispersing Solid
Agent Spherical
Agent Materials (%)
(%) Particle
(%)
Experiment 1 2 2 40 X
Experiment 2 1 1 30 X
Experiment 3 2 1 35 X
Experiment 4 1 2 35 X
Experiment 5 0.5 1 30 O
Experiment 6 0.3 2 30 O
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| ayer.

Table 2 indicates that the adhesive strengths in Experinents

-7 (referred to as Experinental Goup 3) were nuch better than that
in Experinents 1-4 (referred to 15 as Experinental Goup 4). The

wei ght
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Xpespent eri al 8-39% (9 Particle
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15

The spray powder was formed by the same spray-drying process as
described in an example embodiment of the present invention at various ratios of the
first dispersing agent in the first slurry, at various ratios of the second dispersing
agent in the second slurry and at various ratios of the solid materials of the first and
vsecond slurries in the slurry mixture. The spray powder was formed by the above
process in each experiment, and whether the spray powder was formed into
spherical particles or non-spherical particles was detected in each of the experiments.
Table 3 shows the detected results of the particle shape of the spray powder.

Table 3 indicates that the spray powder was detected to be spherical in
Experiments 5-8, 12 and 13 (referred to as Experimental Group 6), and to be non-
spherical in Experiments 1-4, 9-11 and 14 (referred to as Experimental Group 7). In
Experimental Group 6, the ratio of the first dispersing agent in the first slurry was in a
range of about 0.3% to about 0.5%, the ratio of the second dispersing agent in the
second slurry was in a range of about 0.3% to about 2%, and the ratio of the solid
material in the first and second slurries was in a range of about 20% to about 30%. In
contrast, in Experimental Group 7, the ratio of the first dispersing agent in the first

slurry was greater than about 0.5%, the ratio of the second dispersing agent in the
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(%9 Experiment 1 2 2 40 X Experiment 2 1 1 30 X Experinent 3 2 1 35
X Experiment 4 1 2 35 X Experinent 5 0.5 1 30 O Experinent 6 0.3 2
30 0 32 Experinent 7 0.5 2 30 0 Experinent 8 0.3 1 25 0 Experi nent
9 32 45 X Experinent 10 3 1 40 X Experinent 11 3 0.5 35 X

0 55 sacoerkhsie, do@ chaler (AT SPulRRte chd il B SR o S g in e

process .a? gescriaeg .h_an exarrﬁl? enbgdl of the present

i nvent i 9Pt ANA\FECPBASIYERS Y@sdreries than pReUtRer sing agent in the
first slurry,_at various ratios of the second dispersing 5 agent in
the second sl dheyaRawe sKP&EPEBIA resulioenofaklfed siowy thalt mashicf the spray
first and second slurries in the slurry mxture. The spray powder

was for pewdsy is fismeolpebe grehesical ahape hndepthd oemditiormoh whishhibe ratie of
spray powder was formed into spherical particles or non-spheri cal
parts cl Hee Viesds digtersingdagentdacthedfrst BRirgxpasiimentsnge dakibeud 0s3%evwe Attt
detected results of the particle shape of the spray powder. 10 Table

3 i ndi cetgsg, theatatib e th®kakoMPIRDEINAG adeherl e deeohe shrRehiagah d fainge of
Experinments 5-9, 12 and 13 (rg?’gr réeaggtg as Experinmental G oup 6), gnd

to be N@Rout 0.3% to about 2%, and the ratio of the solid material in the first and second

slurries was in a range of about 20% to about 30%.

10 Experiments on the ratio of the bonding agent and heating temperature
variation
Table 4
Bonding Agent | Heating Temperature Spherical/Non-
(%) (°C) Spherical Particle
Experiment 1 0.2 700 X
Experiment 2 0.2 800 X
Experiment 3 0.2 1,400 X
Experiment 4 0.2 1,500 X
Experiment 5 0.5 700 X
Experiment 6 0.5 800 X
Experiment 7 0.5 1,400 X
Experiment 8 0.5 1,500 X
Experiment 9 1 700 X
Experiment 10 1 800 X
Experiment 11 1 1,400 X
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spheri cal

Experi

0.3%to about 0.5% the ratio of the second dispersing agent in the
15 seco sl urr $ in a range of labout Q.3%to abgut 2% apd the
ratio );Ei’ipr?é'n%%%%a nat er i Aﬁa in the fi rstqaﬁjﬁsecond slurrieé was in
a range of apout 20% to about 30% [In contrast, 1 n [Experinental
G oup V.Baesimentils of the f4rst di $per si ng %ent infthe firs slurry
was greatertham abgut 0. 5% the Tatio of the second dispersrng agent
in the| B®asisoentd4dsliurry wds greateér than 8Bdut 2% |and the Eatio of
t he soH-d—rmatert+at—in—the—FH+rst—aftd—second—sturrites—was—greater—than
about B(@&pefingergbiave experigrental rnesultsigpglrabl e 3 show that nost
of thelspray powderd is formed to § i
condi t %ér%g}lﬂq@ the ratjo of 5% the firgjg di sperising agegy in the
first slurry was inla range of about 0.3%{o about 0.5% the ratio of
t he se‘qgg ng agent,in the|second rry was| in a rargge of
about Egbiﬁﬁout 2% d3the rati o of tﬁ%§80|ld material ih the
first and second urrles was in a range gé about 20%to abeyt 30%
10 Experf ey 18(he rati o of the|bondi ng®®ent and heating
tenperature variatijon Tabl e 4 Bondi ng Agent Heat i ng| Tenper at ur e
Spheri ¢cdPrpasimentod® (C) Sphetical Particle®.48erinent 1 0.2 ¥0 X
Experi pent—20-2 800 X—Experiment 3021400 X—Experiment4 02
1,500 X Expegrememtedt (5 0.5 70 X 1500 O
Experiment 21 4 1,600 O
The spray powder was formed by the same spray-drying process as
described in an example embodiment of the present invention at various ratios of the
first bonding agent in the first slurry, at various ratios of the second bonding agent in
5 the second slurry and at varicus heating temperature of the heat treating process to
the slurry mixture including the first and second slurries. The spray powder was
formed by the above process in each experiment, and whether the spray powder was
formed info spherical particles or non-spherical particles was detected in each of the
experiments. Table 4 shows the detected results of the particle shape of the spray
10  powder.
Table 4 indicates that the spray powder was detected o be spherical in
Experiments 14-16 and 18-21 (referred to as Experimental Group 8), and to be non-
spherical in Experiments 1-13 and 17 (referred to as Experimental Group 9). In
Experimental Group 8, the ratio of the first bonding agent in the first slurry was
15 greater than about 2%, the ratio of the second bonding agent in the second slurry

nment al

G oup 7).
first dispersing agent

In

G oup 6,

in Experinents 1-4, 9-11 and 14 (referred to as
Experi nment al
inthe first slurry was in a

the ratio of the

range of about

35




Experinment 6 0.5 800 X Experinent 7 0.5 1,400 X Experinent 8 0.5
1,500 X Experiment 9 1 700 X Experinment 10 1 800 X Experinent 11 1
1,400 X 34 Experinent 12 1 1,500 X Experinent 13 2 700 X Experinent
14 2 800 O Experinent 15 2 1,400 0 Experinent 16 2 1,500 O

Experi ment Exper t perinment 19

Expor | nEe 2% Bidalgn fopn TR P e wsp%%cmﬁgeto a
formed by the sane I ng process as & described in an exa

enbod! MEMPYRNTR! AL AO0) S /BN ToR00 b 1 §oMIFaEh G5 ESPeqREnd (GTeup O
bondi ng agent in the first slurry, at various ratios of the second

bondi ngthggestio ¢frihg farﬁéomag@mtuﬂrtbe dinet Aurry aeisdess Hheu abapt 2%, the ratio

tenperature of the heat treating process to the slurry mxture
i ncl udi nfjtheheedandsbordidg sgeahih Bleusedorsl sllig veqw algopessl drarmakoutf 2emadd
by the above process in each experinment, and whether the spray powder

was 5 f otheeleattiaatmghsotesd wasddritreedat nmSdrat e tahePidahi a00es 8083C or
detected in each of the experinents. Table 4 shows the detected
resul t s nretthan PAduLC, 808TRPH/ N tHEE fifRIhdih® RRWESNd the second bonding
agent are more than about 3% in the first slurry and the second slurry, respectively,
and the heat treating process was performed at a temperature of about 800°C to
about 1,500°C, the fluidity of the slurry mixture including the first and second slurries
10  was deteriorated despite the spherical particles of the spray powder, so that there
was a problem in that the spray dryer for the spray-drying process was frequently
clogged with the slurry mixture.
The above experimental resuits on Table 4 show that most of the spray
powder is formed to be a spherical shape under the conditions in which the first
15 bonding agent and the second bonding agent are in a range of about 2% to about 3%
in the first slurry and the second slurry, respectively, and the heat treating process
was performed at a temperature of about 800°C to about 1,500°C.
FIG. 10 is a view illustrating an X-ray diffraction pattern of the spray-coating
layer in accordance with an example embodiment of the present invention. In FIG. 10,
20 a horizontal line indicates a diffraction angle (26) of the X-ray diffraction and a vertical
line indicates an intensity of the X-ray.
FIG. 10 does not show a particular diffraction angle (28) corresponding to a
high intensity of the X-ray which indicates a crystalline structure of the spray-coating
layer. That is, FIG. 10 indicates that the spray-coating layer is formed to have an

25  amorphous structure.

According to the example embodiments of the present invention, a spray
36



Table 4 indicates that the spray powder was detected to be spheri cal
in Experinments 14-16 and 18-21 (referred to as Experinental G oup

8), and to be non- spherical in Experinents 1-13 and 17 (referred to
as Experinmental Goup 9). In Experinental Goup 8, the ratio of the

o PP 0 SR RO T G 98 A

al so greater th about 2% and..the, he

per { of moich, aad TibAh, A¥edF BBt IR E ot 1o Houe el im. A sray-
contrast, in Experimental Goup 9, the ratio of the first bonding
agent i RoakRg faves(s QIriiedyoY A SPras SORMEhPIISEES USINg heeSrray POWdSH, nflethus
second bondi ng agent in the second slurry was al so | ess than about

2% andhsstareamgapheuseaticiyre aod es Hwipererityf dheeafow, whareisesptayreating
| ower than about 800C or nore than about 1,500C. Wen the first

bond$ nglagens fanmed be theduside mmplagmaamessing systean t haousdzopkasttd may

the first slurry and the second slurry, respectively, and the heat

treat i npepsaecieatl e @ el p&;tne@at;ﬁgnﬁéaéméﬁc@ém? er8B8@Ga trasult, the
about 1,500C, the fluidity of the slurry mxture inc |ngthef|rst

and secgpghystaHtiigeRydP n%'spl@%ﬁf Y %&@eqﬁéﬁ‘né Q’r&rﬁ%@%grdlr‘é% contact with

particles of thes pray powd so that there was a lemin

h

w th e pEERa o] ?Egﬁgss%%“ﬁaﬂébﬁg%mﬂ%ﬁﬁe @@é@%@%& %ﬁ%ﬂ%%ﬂv
o OB oA, o e e B o tnéhs%'?av-
0 BORS P Do HEFSE RSBt vl e e

treating process perforned at a tenperature of about 800C to
about 1Csoees by dhqmqr@y-aoeimv layeus Pesiquieyhanthe regyapticoptiagt layer may
pattern of the spray-coating |ayer in accordance with an exanple
enbodi neufficiehtly reperisetehingnefketite plasmanpRicessing, systdmacausedzontha source
line indicates a diffraction angle (29) of the X-ray diffraction and
a verti glsma, to thereby remarkably improve the lifespan of the plasma processing system.
Although the example embodiments of the present invention have been
15 described, it is understood that the present invention should not be limited to these
example embodiments but various changes and modifications can be made by one
skilied in the art within the spirit and scope of the present invention as hereinafter

claimed.
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line indicates an intensity of the X-ray. FIG 10 does not show a
particular diffraction angle (20) corresponding to a high intensity
of the X-ray which indicates a crystalline structure of the
spray-coating layer. That is, FIG 10 indicates that the
Spr ay- Coatl l &y i ormed to have an 25 anorphous structure.
Accor di %P@%h@'@yﬁ%ll% enbodi nents of the present invention, a
spray 36 powder is forned into coarse-grained particles including
yttrium oxi de and al um num oxide and havi ng an average di aneter of
about 20 pmtq about 60 pm A spray- coating |ayer is fornmed by a
spray- coat i ng 'pr océsSPIRY mPWIR P & SpHGeratinghrepess. Higs spray powder
anor phous structure and a | ow porosity. Therefore, when the
spr ay- c6aMptiging ¢cearee-drainedrpasticles indleding itidamppxide pirgk atunpnooedde gnd
system a source plasma may be sufficiently prevented from
penef r ahanigpgtdreasgragy -diaraeiengf bhpet 20 Am @ alesutl®0, yhhe  spray-coating
| ayer may prevent the source plasnma from nmaking direct contact with
the plasnma processing system In addition, the spray-coating |ayer
may be sufficiently adhered to the plasm processing system for
preventing the sepamal 5eayOhowler SPCRIMLY, GPdEIA%D Wdight FtiBMbe e ytirium
pl asma processing system “to thereby m nimze contamnation causéd
by the P i r i ; t - i ayer nmay
Ut 1 oi Sy B et LUl PRI R et g BB BB PD A | Y e
by the source plasma, to thereby remarkably inprove the |ifespan of
the plasnma processing system Although the exanpl e enbodi nents of the
present inventﬁi on g}e]lve been (ﬂé (?escri bed, it, is understgod that the
pred@nt invention ShRW MAWEE Phid SRrRGCeAlE Pragesmh| M Mpbal mawder
but various changes and npodifications can be made by one skilled in
t he art CRMPISHS Pretigles havingman srepacstiamgtens @bent 20 mr i albeuthd um,
hereinafter clainmed. 37

and generated from a slurry mixture including a first slurry and a second

slurry, the first slurry including yttrium oxide particles having diameters of about 0.01
um to about 2 ym, a first dispersing agent for uniformly dispersing the yttrium oxide
15 particles, a first bonding agent for bonding the yttrium oxide particles, and a first
solvent into which the ytirium oxide particles, the first dispersing agent and the first
bonding agent are dissolved, and the second slurry including aluminum oxide
particles having diameters of about 0.5 ym to about 2 uym, a second dispersing agent
for uniformly dispersing the aluminum oxide particles, a second bonding agent for
20  bonding the aluminum oxide particles, and a second solvent into which the aluminum
oxide particles, the second dispersing agent and the second bonding agent are

dissolved.

4. The spray powder of claim 3, wherein the first dispersing agent

25 includes a basic material and the second dispersing agent includes an acidic material.
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WHAT IS CLAIMED IS: 1. A spray powder for a spray-coating process,

the spray powder conprising coarse-grained particles including
yttrium oxi de and al um num oxide and 5 having an average di ameter of
about 20 pmto about 60 pm 2. The spray powder of claim1l, wherein a
wei ght ratio &f thdhgt spiaynpowsderdel aleim 4.edbersin worativeofathenfivsl dispereiag
is in a range of about 1:0.4 to 1. 10 3. A spray powder for a

spr ay- cagenhgith resms to thee fisgh shynypievid &r rangengfralsiun §. 394 b iabloas O1E%] agd a
an average di aneter of about 20 pmto about 60 pm and generated from

a sl urryatio st theesdovnudispegrsimglf adeit vaihidspeanid thesRROAE sIEhis M a Fdi@e of
f| rst slurry including yttrium oxide particles having dianeters of

about 0gB3ut PRE & aboutoy pm a first dispersing agent for uniformy
di spersing the yttriumoxide 15 particles, a first bondi ng agent for

bonding the yttrium oxide particles, and a first solvent into which
the yttriumoxide particles, the first dispersing agent and the first
bondi ng agent .are ssol ved he S d slurry. i udi al um num
oxide particPes h \ﬂensd)ra}’gwgﬂ S 8[13"'333 JEEEE %Fﬁflpoor}jbgqqsqg)%mgaagem
second d| per si a or uniformy dispersing the alum num oxi de
ar 11t B6TTEoBeAdndE Birsishihaan e 109 58 BOHIE Hol o AROUA B ANSh GRIIET the

particles, and a second solvent into which the alum num oxide

parti cl 8§CORthBoRdingrROST My rEispEChigeihe sasandrRluseisoinda banal Afakoer?% to
are dissolved. 4. The spray powder of claim3, wherein the first

di sper siahgulgbnt 25 includes a basic material and the second

di spersing agent includes an acidic material. 38 5. The spray powder
of thaim4, wherein a ratio of the first dispersing agent with
respect to the first slurry is in a range of about 0.3%to about

0.5% and a vatioTek éhraysReandt 6ff SBRA 3, MehaegRNh z‘é‘hé fbfr@ﬁe%btér%lé ddh
second slurry is in a range of about 0.3%to about 2%
respect to the first and the second slurries is in a range of about 20% to about 30%,

respectively.

15 8. The spray powder of claim 3, wherein a weight ratio of yttrium oxide in
the first slurry and aluminum oxide in the second slurry is in a range of about 1:0.4 to

1 in the slurry mixture.

9. A method of forming a spray powder for a spray-coating process,
20 comprising:
forming a first slurry including yttrium oxide particles, a first dispersing agent
for dispersing the yttrium oxide particles, and a first solvent;
forming a second slurry including aluminum oxide particles, a second
dispersing agent for dispersing the aluminum oxide particles, and a second solvent:
25 forming a slurry mixture by mixing the first and the second slurries with each

other; and
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5 6. The spray powder of claim3, wherein a ratio of the first

bondi ng agent w th respect to the first slurry is in a range of

about 2% to about 3% and a ratio of the second bonding agent with
respect to the second slurry is in a range of about 2%to about 3%
10 7. The spragfponiagra gpray-divingBprogess eing a hest iteabingsybeesaria the allgry
with respect to the first and the second slurries is in a range of
about 208xtuce.albouthe3éBy formas peatsergiaynedl Spdiiciébeirngudiyg petivilen okide and
claim3, wherein a weight ratio of yttriumoxide in the first slurry
and al uglumimuexogéel N the second slurry is in a range of about 1:0.4
to 1 in the slurry mxture. 9. A nethod of formng a spray powder

for a spray-coating process, 20 conprising: formng a first slurry
including yttriumoxide particles, a first dispersing agent for

di spersing theyytt rTHé”h‘l%’fH&f P dilnCh EfhelIA tﬁefc)ft{rﬁltm %gc‘déegéraicfe%r AL an
a second slurry includi ng al um num oxI de particles, a secon

di sper si ent. for di sper.si the alum pum oxi particles, .and
Second Surrm damsiy g ARG.02 i fo BhBIL & B CRe st B Bafgres
the second slurries \gith eacg ott}gé; and 39 performng a

spr ay- dPVRGNAVGERER Jigetsr AbaROUt batimh P ﬁP%‘é@sH”‘to the slurry

m xture, to thereby form coarse-grained particles including yttrium
oxi de and alum num oxide. 5 10. The nethod of claim9, wherein the

yttrium oxi de particles have an average di aneter of about 0.01 pmto
about 2 pm antii.t he Taleumiethod ok cémarwheneds the first dispersing agent includes a

10 basic material.

12. The method of claim 11, wherein the first dispersing agent includes at

least one material selected from the group consisting of a carboxyl-based material,

an ester-based material, an amide-based material and in combinations thereof, and a

15 ratio of the first dispersing agent with respect to the first slurry is in a range of about

0.3% to about 0.5%.

13. The method of claim 9, wherein the second dispersing agent includes
an acidic material.
20
14. The method of claim 13, wherein the second dispersing agent
includes at least one material selected from the group consisting of a carboxyl-based
material, an ester-based material, an amide-based material and in combinations
thereof, and a ratio of the second dispersing agent with respect to the second slurry

25 isin a range of about 0.3% to about 2%.
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have an average di anmeter of about 0.5 pmto about 2 pm 11. The

met hod of claim9, wherein the first dispersing agent includes a 10
basic material. 12. The nethod of claim 11, wherein the first

di spersing agent includes at |east one material selected fromthe
group consi stifg ofl g Bthesof ciged, wheesindhe firshslesydhaphesig properties
material, an am de-based material and in conbinations thereof, and a
15 rat i @ndfthelsecénd sturgi kaseacidicgpraperieswi t h respect to the first
slurry is in a range of about 0.3%to about 0.5% 13. The nethod of
claim9, wherein the second dispersing agent includes an acidic
material. 20 14. The nmethod of claim 13, wherein the second

di spersing agemt ITHd mdefoPéf HISMS Y 500Per®h ehé iRl SGAEHaficRB hBe first
group consisting of a carboxyl-based naterial, an ester-based

mat e i als)yrdNh A Qﬁgegﬁ\%js%@é bﬁérg%{b‘hvc\:fn t{ﬁﬁcé?m'irﬂﬁn io?fgi%t%atrﬁaég% Hweaé&o%d

rati o of tHe second di spersing ag respe e Sécon

slurry | Sailk ' 0.3%to about 2% 40 15. The net hod
of clai r%ﬁ‘@n} %%$%%Hgﬁﬂg%%ﬁ?§$%§%{ﬁ%y has basic properties and the
second slurry has acidic properties. 16. The nethod of claim 15,

wherein the yttriumoxide particles in the first 5 slurry have a
negative surface charge and the al um num oxi de particles in the

second sl urr}/havd g pedhad ok claims He.ewbargingdhe yitriumhexigetnesticles and the

claim 16, wherein the yttriumoxide particles and the al um num oxide
parti cl @uraingnbexidedariclesiare bemdad toyeathectheo by alaatrostaticaattraction. 10
18. The nethod of claim9, wherein a ratio of solid materials with
respect
18. The method of claim 9, wherein a ratio of solid materials with respect
to the first and the second slurries is in a range of about 20% to about 30%,

respectively.

15 19. The method of claim 9, wherein the first and the second solvents

include one of an organic material and an agueous solution.

20. The method of claim 9, wherein the first slurry further include a first
bonding agent for bonding the yttrium oxide particles to each other and the second
20  slurry further include a second bonding agent for bonding the aluminum oxide

particles to each other.

21. The method of claim 20, wherein the first bonding agent comprises
one of polyvinyl-based material and acrylic-based material and a ratio of the first
25  bonding agent with respect to the first slurry is in a range of about 2% to about 3%,

and the second bonding agent comprises one of polyvinyl-based material and acrylic-
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to the first and the second slurries is in a range of about 20%to
about 30% respectively. 15 19. The nethod of claim9, wherein the
first and the second solvents include one of an organic material and
an aqueous solution. 20. The nethod of claim9, wherein the first
slurry Pasethanraterial ane aaratioreft thesarenddpongbng apent wihdenpeetie thetssacond
oxide particles to each other and the second 20 slurry further

i ncl udeskureyss amd rbogeiohgbagic2fte tb@bobbB.ng t he al um num oxi de
particles to each other. 21. The nethod of claim 20, wherein the

first bondi ng agent conprises one of polyvinyl-based material and
acrylic-based material and a ratio of the first 25 bondi ng agent

with respect po thaHel mathod f EMinh 9, iheRenPd SRight ARBWE AULP oRRRYh the
3% and the second bondi ng agent conprises one of polyvi'nyl-base

mat ef | a%irs@%%rﬁ?ﬁv}‘[hir@?sp%& tgﬁgﬂiﬁﬁ ?é(ié%lniaatﬂg S%CE)@& SRRl istifiS ?agrf‘:g%ggf about

bondi ng agent wth respect slurry is i'’n a ran

atio of GRS EHETE. TS 17l sl urry with reepect to o

al um num oxide in the second slurry is in a range of about 1:0.4 to

1inthe slurry mxture. 23. The nethod of claim9, wherein the heat

treating process to the slug&fyI mxture is perforned at a tenperature
.clal

of about 800G%o0 abégtmethng 0" Q4whetedn ke Reat Beatincapiacess i dheslnrmy
formng the first slurry including yttriumoxide particles, form ng

t he seconiduss isrperiormduat antprapenaturaral ebode89RtE tachkboyt 1,6001G.ng t he
slurry mxture and perform ng the spray-drying process and the heat-
treadi ng process are be performed in an at nosphere of one of air,

hydr ogen, oxygen 15 and nitrogen and a m xture thereof.

24.  The method of claim 9, wherein forming the first slurry including
yttrium oxide particles, forming the second slurry including aluminum oxide particles,
forming the slurry mixture and performing the spray-drying process and the heat-
treating process are be performed in an atmosphere of one of air, hydrogen, oxygen

15  and nitrogen and a mixture thereof.

25. A method of forming a spray-coating layer, comprising:
preparing a spray powder having coarse-grained particles comprising yttrium
oxide and aluminum oxide, the average diameter of the particles being in a range of
20 about 20 ym to about 60 ym; and

spraying the spray powder to an object in a dissolved state.

26. The method of claim 25, wherein spraying the spray powder is
performed by one of an atmospheric plasma spray (APS) process, a high-velocity
25  oxygen-fuel (HVOF) spray process, a vacuum plasma spray (VPS) process and a

kinetic spray process.
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25. A nmethod of formng a spray-coating |ayer, conprising: preparing

a spray powder having coarse-grained particles conprising yttrium

oxi de and al um num oxi de, the average dianeter of the particles being
in a range of 20 about 20 pmto about 60 pm and spraying the spray
powder to an object in a dissolved state. 26. The nmethod of claim 25,
wherein spraying the spray powder is perforned by one of an

at nospheri c p¥éasma Aspetio Wl?feymblgc&es@,y-@a‘hiingﬂaym] oemnpyising’s
oxygen-fuel (HVOF) spray process, a vacuum plasna spray (VPS) process
and a ki neti preyarimg psprgssowda @sing A statrpodixtuire firatloding aafirst slurry and a
spray-coating |ayer, conprising: preparing a spray powder using a
slurry sesbdmnd &lUrRg thdispeay pblvdet isdiuding mdltlcies KRARNAnShErEYe difMeter of
spray powder including particles having an average di aneter of 5

abous 2@pB[t bO |#RWaYit B u@hghé;ﬂ{s?éllgh}'gfo}'udiﬁggg%ﬁgo%&érdg?@Ié’é;%\geing

particles having dianeters o mto ut 2 plm

ai . ¢ . . : tr . ; .

par 1 o1 SemaRRTof Ao AE" I Yo, AR AT agfMEn ey argded g unitormiy
parti cl and

S first solvent into which the yttri oxi de, ,
ot o1 Gpefiifo fne oftfugT SuiBobatlege i iahboniin: phet B hardipe gugnytrium
are dissolved, and the second slurry 10 incl udi ng al um num oxi de )
par ti cl 85198aparigles: Anst ar Wshsolsshiinie. whish the yHdwn oxigm pariclesc g first
di spersing agent for uniformy dispersing the al um num oxi de
parti cl igpessing exgend assinientirsadonding ageoharediashbyed| @mdnthe ssdanel slurry
particles, and a second solvent into which the al um num oxi de
par t9 cl @ssluding abevinnd dkisperasticigs dgeimy diathatbe ofsEman d. Handiogbagehtum,
are dissolved; and 15 spraying the spray powler to an object in a
di ssol vedsedonidedisg8rsirhagert fapclrformlyadisparsingviies elluminbeh bikidst particles, a

di spersing agent includes a basic material and the second di spersing
agent i BEESEE DoMIRS iadlefit T8f ®ohalng the aluminum oxide particles, and a second
solvent into which the aluminum oxide particles, the second dispersing agent and the

second bonding agent are dissolved; and

15 spraying the spray powder to an object in a dissolved state.

28.  The method of claim 27, wherein the first dispersing agent includes a

basic material and the second dispersing agent includes an acidic material.

20 29.  The method of claim 28, wherein a ratio of the first dispersing agent
with respect to the first slurry is in a range of about 0.3% to about 0.5%, and a ratio of
the second dispersing agent with respect to the second slurry is in a range of about

0.3% to about 2%,

25 30.  The method of claim 27, wherein a ratio of the first bonding agent with

respect to the first slurry is in a range of about 2% to about 3%, and a ratio of the
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20 29. The nmethod of claim 28, wherein a ratio of the first

di spersing agent wth respect to the first slurry is in a range of
about 0.3%to about 0.5% and a ratio of the second dispersing agent
with respect to the second slurry is in a range of about 0.3%

about 28¢con Bondingeagast Ml weperhionthesecpRerdymy I8 inad rangst of ﬁ@owh F%tto
bondi ng agent with respect to the first slurry is in a range of

about 2@pout A%out 3% and a ratio of the 43 second bonding agent

with respect to the second slurry is in a range of about 2% to about
3% 31. The nethod of claim27, wherein a ratio of solid materials
with respect 5 to the first and the second slurries is in a range of

about 20% to ghout THeYmetHorisErastbiny 8Y ywhéidin Ahatioer 8okl Riat&iials Witk respect
wherein a weight ratio of yttriumoxide with respect to al um num

oxi dg i §g 'tHeaﬁr%f"%\% ﬂfe aBeshd LsiQrst R 'a”r] e DF WHolt Wg@d%“foeabégt 33,

The nethod of claim 27, wherein spraying the spray po

perfor of an APS process, an HVOF spray process, a VPS
procesg%%ﬁg%ﬁﬁgﬁlnetic spray process. 15 34. A spray-coating |ayer
conprising yttrium oxide and al um num oxi de and havi ng an anor phous
structure that is forned by a spray-coating process. 35. The
spray-coati ng Iayer of claim 34, wherein porosity thereof is in

range of abouB20. 5%hEoMEtngt obelaima 3gvhergin §d4’%'9hE@§l°i ﬂfqutrﬁVErOWG with
claim 34, wherein an adhesive strength thereof is at |east about 13
MPa. 37respest épalynipaat erde Isiper rasgecdiabeus ;0. dier dn the aluamesixture.
thereof is at
10
33. The method of claim 27, wherein spraying the spray powder is
performed by one of an APS process, an HVOF spray process, a VPS process and a

kinetic spray process.

15 34. A spray-coating layer comprising yttrium oxide and aluminum oxide

and having an amorphous structure that is formed by a spray-coating process.

35.  The spray-coating layer of claim 34, wherein porosity thereof is in a
range of about 0.5% to about 2%.
20
36.  The spray-coating layer of claim 34, wherein an adhesive strength

thereof is at least about 13 MPa.

37.  The spray-coating layer of claim 34, wherein hardness thereof is at

25 least about 650 HV.
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25 | east about 650 HV. 44 38. The spray-coating |ayer of claim 34,
wherein a weight ratio of yttrium oxide with respect to al um num
oxide is in a range of about 1:0.4 to 1 in the slurry mxture, and a
spray powder having an average di aneter of about 20 pmto about 60
pmis used i n3Bhe dpheagprrayaoatiog paysredsclaim 39, wikeeis g weighd aatingf yttrium
| ayer of claim 34, wherein the spray-coating layer is positioned on

a sur f aogidef wih respest toeatbeinuwh oxige eciss rahgetedrabiont ikl.¢toal pi dselurry
process is performed on a substrate. 10 45

mixture, and a spray powder having an average diameter of about 20 ym to about 60

Mm is used in the spray-coating process.

5
39. The spray-coating layer of claim 34, wherein the spray-coating layer is
positioned on a surface of an inner member of a process chamber in which a plasma
process is performed on a substrate.
10
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