SPRAY COATI NG POADER AND METHOD OF MANUFACTURI NG SPRAY COATI NG PONDER
BACKGROUND OF THE | NVENTION 51. Field of the Invention

Exanpl e enbodi nents of the present invention relate to a powder for a
spray-coating process and a nethod of form ng the sanme, and a

spray- coat ISRRAAEPATISIG § QW EERMIEr MEaTdH@Driek MbAINDIFAGITUR NG SHRRAY
sanme. More particularly, exanple enbodi nents of the present invention
relate to a powder for a spray-COa{TING POWBER 10 having a reduced
nunber of voids therein and a method of formng the same, and a
spray-coating | ayer using the powder having an inproved | ayer density
and a nethod of formng the same. 2. Description of the Related Art

In a general plasm proc%sﬁﬂﬁm@mt:.smégﬁm@ re changed into
ctor

15 plasma and a substrate such as a sém condu waf er is processed

by the source, pt. The squrce plasma causes damage to an i nner
surface of a ﬁ%‘%@@”@ﬁgﬁ%%%o& the plasma processing systemin

addition to processing the supst e. For that reason, protectiv
ayer for pr cEERTPRy SRR ohahgreseseat Eianlicn ete dal aPSRdeor 2
i nner surface of the process chanber. A spray-coating |ayer is nost

20 wi dePRray=@@ting Rraeess ane et Methgdagleforming e $as nang Boddayicagting layer
chanber so as to prevent etching of the inner surface of the process
chanber using the phedsoandea phelbod. of Tiieming dye cemé.niloraypartiduatyo rexaenple
by a spray-coating process using a powder conprising yttrium oxide
(Y203) , embodinmemts @fithe pfelcd M versiohiretate tx admwdirdd) almprapcoatiiy deocess
(B4C), etc. 25FIG 1A is a picture showing a cross-sectional area of
a convenavingal redRicad nupesdr ¢tovdidy Hereiddhd-h tethBdi &F f@ﬁnﬂ?'tﬂé@b%\%e, and a
pi cture showing a portion of the picture shown in FIG IA

ref ef 1l BkalyQ.0akiffG 1ayeh AN H oo AUV bh Ao RRY BYe @A GrPY Bethod

has a crys I né structure and has a Iot of v r spac t herel n.

The sou AR i he processi ng chanber penetrates into the
spaces {)ﬁ%{'ﬁ*e crys%arzilllfI ine structure of the 5 spray-coating |ayer,

and thus the -coat i I r, | tched off by the source plasna.

Accordingly, ?E[ég%%fbg'ﬁn@gg?? %‘?ﬁtﬁﬁ\“‘ei s peeled off fromthe inner

surface of the process chanber of the E?Id_gsrégaprocess system and,
e

n

thus the sour BeapPaRstal (LEe | ROCasERg S8 GenGoRRR A osehaNgss ftto
t he process chanber. 10SUMVARY OF THE | NVENTI ON Accordi ngly,
t hel®pr eBBAMG AVE Gt $IPlRID wHER 252 Fetieandustoravaisr 4y Peerassad hr bieesaurce
havi ng an anor phous structure and a | ess space therein.
Anot her pleginep| Ehe rdsodcergiasod chgsesy daorage itw e iionepsodade sofaanptdoeds
of form ng the above powder for a spray-coating process. 15Anot her
exanpl ectearhbel ok tite pladniee ppoesssiig spstent inadgitioni tdesroaesging \the cudkirate.
| ayer using the above powder having an inproved | ayer density.

For that reason, a protective layer for preventing damage to the process chamber is

coated on the inner surface of the process chamber. A spray-coating layer is most
20 widely used as the proteciive 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 yttrium oxide (Y,03), aluminum oxide (Al.O3), silicon oxide {Si0O,)
boron carbide (BsC), etc.
25 FIG. 1A is a picture showing a cross-sectional area of a conventional spray-

coating layer, and FIG. 1B is an enlarged picture showing a portion of the picture
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Anot her exanpl e enbodi nent of the present invention provides a nethod
of form ng the above spray-coating |layer. According to an aspect of
the present invention, there is provided a spray 20 powder for a
spray-coating process. The spray powder conprises coarse-grained
parti ckaswhneFl@i g yttri um oxi de and al um num oxi de and havi ng an
average di aneter of about 20 pmto about 60 pm In an exanpl e
enbodi ment, Ref&EtAHHIBIGD PA drite 1Bt kid WahoXhiha y-86R8R 1dverte a
alum numoxide is In a range of about 1:0.4 to 1. 25According'to an
aspect ‘ i L Oy, J i ;

2 Cpr oy Bl SOGSER, ShBER 4 36 of WRES grsoREeY thglin? TR Sueifistmah
an avera .anet er 0, r
st or i Oe PG Ao v PR s Postie MBS R B AR e
first slurry includes ytfrium.oxide particles havi di aneters of
abott SPEH-0AG et KNS H4 (SPL st GRS SGRREed it B er sRye
di spersing the yttrium oxide partjcles, a first bonding agent for 5
bondi ngfasﬁta-y%qqr@mgkyxﬂ&esa@amq,at@g, Iaaﬁrdlsapqaqelpgtofgﬁpv‘eﬂ}e INREp siWFfpef of
the yttriumoxide particles, the first dispersing agent and the first
bondi ntheapmeesaing anasyegna dhe THrsse Eoeeess| sistgm| aodl gl@l@%tm setiraarplasma
oxi de particles having dianeters of about 0.5 pmto about 2 pm a
seconddiesthecaiseg dagesde foothelinnéosurfaceddfdpe psooesstdranabarm num oxi de
particles, a second bondi ng agent for bondi ng the al um num oxi de
particles, and a 10 second sol vent into which the al um num oxi de
particles, the second di spersing agent and the second bondi ng agent
ar gg di ssol ved. | nsuyvepaR oF eabadiymetioN he first di spersing
agent includes a basic material and the second di spersing agent

i ncl udes an Mol ter r:atd f i [,S I LN ;
wth respect'a'[t.3 %&J{jﬁqed]’ﬁ i t(r?]%t Bllseisgﬁ 3}'§\|Pésr%ioﬁ g@@n%leéo?ogggﬁ?é %?3%‘?2%%‘“@
about 5% . i h n i rsi wi th respect
o t hePLBESRARE B AThIr S Rio e TR Ea 0 31409, B8Rt ' 20s

I n an exanpl e _epbodi nen aratio of _the first. bonding agent wt
Fospect ot RBOTEr SHBEIRE poRimAnGos titduresh BRI Ot i edpd of
and a rati o of the second bonding agent with respect to the second

sl ur ryfqrﬂ”'"‘ii%“'l? @%fﬁ@ep‘eﬁ’d%ﬁéﬁﬁ SPYRY-60RILIPTOEESS % In an exanpl e
enbodinent, a ratio of solid materials with respect to the first and
t h&o second sAupthesseXagnpla embadigeerdt ofabwuprosntt iovanint psogdes a spray-
respectively. In an exanpl e enbodi ment, a weight ratio of

yt t ri unvatiiglayer using diseabove poatdenhaving @xi ideproged ayar danggy. of about
1:0.4 to 1 in the slurry mxture. 25According to an aspect of the
present inveAhbther ekheipte embpdinvededs henmebent plehtitrmpnyidesamasthod of
powder for a spray-coating process. A first slurry is formed to have

yttri uprRhdthePabdvecsfay-calihg $yedi spersing agent for dispersing the
yttrium oxide particles; and a first solvent, and a second slurry is

For i sper si oS AL L AN, FRhe ErEon G eeaRle LRPE: A RR oray
21 8 ) ol S e R R ot ), ablid bofPEr sl hatap-orainec
coar s bR BIeRaedEAPEEn BKER rrhglifidim s Pod MakGo At starp lameler
of about 20 um to about 60 um.
In an example embodiment, a weight ratio of the yiirium oxide with respect to
the aluminum oxide is in a range of about 1:0.4 to 1.

25 According to an aspect of the present invention, there is p'rovided a spray

powder for a spray-coating process. The spray powder includes particles having an
2



In an exanpl e enbodi nment, the yttrium oxide particles have an average
di aneter of about 0.01 pmto about 2 pm and the al um num oxi de
particles have an 10 average di aneter of about 0.5 pmto about 2 pm

I n an exanpl e enbodi ment, the first dispersing agent includes a basic
mat er i abverdge diansteniiof pdosit i agertt Fhwltudlksinatandcasneted rfatrer & adlurry
selected fromthe group consisting of a carboxyl-based material, an
est er - baetdravirictuding a st ahdrdeabhdsedetmidsiunty. aihne firat eyl imaluidessyttrium
thereof, and a ratio of the first dispersing agent 15with respect to

the firgkidglpartioles havihgedibARAErsobf ARAHL0.01 3 18 MRRAYL BmdW first disperdiRg
an exanpl e enbodi nent, the second di spersing agent includes an acidic

materi a : } i I AG; ; I terial
el oot o Tony RERnly R REd e SRR BRI e, 871 8P T, &by or
ester-b rj.a .anm. de- bas er.i al d. jn hat j.on ,
Ehercor DA IS it BRiReb S8 206 B B Ry A als R IR VAR oo
to the second slurry i.s in. a range of .abqut 0.3%to about 2%

In an cRanaRs DSt RRerS e fecand i Tt Baidhg Fadtt cuerdipeivahdThe
the second slurry has acidic properties, The yttrium oxide particles
in the $8Go5C slymy inclydsrealyiniayaioxide partickschaing gierasliers AbabewlR-Aum to
oxide particles in the second slurry have 25a positive surface

char ge, akoid 2 HEn,\a secand dispaesinmagent o unifarmiyediapensinguiheosluddnum oxide
particles are bonded to each other by electrostatic attraction.

I n an epariiples, endrmbindemindirg rsagend faf beadingl thatadumnmmusn wixide padiplest and a
the first and the second slurries is in a range of about 20%to about

30%0 r esqpeidi seddant into which ltRe alureapbLideni2etidies the ddaendlidisiersing ddeat
second sol vents include one of an organic material and an aqueous

sol uti oghd HdsadrenRig 8 irB®Mgondte first slurry further include
a first bonding agent for bonding the yttrium oxide particles to each
other and t e, Sg¢ABadilr EXGEHIER!  hBCHISi8oS RARI BRANThaBIBY S basic

e 0 each her. | e

f(r)ﬂr) 3ondi ng the ?I um num SXI particles t f n-an exanp
oyt P e e PO RRPEhedBElERR o i v o
Fange. o LBRRET EOSbAn BEPOEhE o Neia) BB rsle SROHgR e

one of O€1E)ol yvinyl -based material and acrylic-based material and a
ratifo AAbARd-3éc g BEAlR 9 thgseeond Wistassipecagant Wik respeship ¢heispgond
is in a range of about 2%to about 3% 15In an exanple enbodi nent, a
wei ght $lairy & ibfa yangs efralenit @e3%Moaheut R¥st slurry with respect to

al um num oxide in the second slurry is in a range of about 1:0.4 to 1
in the sl urryn anxéxangple embodimemt,am retiaoplie B bdndint agdritevitteadspect to
treating process to the slurry mxture is perforned at a tenperature
of abouhe88Csleryaikoit alrah@8Gf 200ut 29 exanplie3esrbast RERitio bhéhe second
formati on process including the steps of formng the first slurry

i ncl udigihdiid bhEAt Mh%s;@@étttbﬁhéssechﬂﬂr@lﬂﬂytig‘ﬁ'n é%ﬂgg ot dHdu¥ 2% to about
i ncl udi ng al'um num oxi de particles, formng the slurry mxture an(?
perfor Mopg t he spray-drying process and the heat treating process may
be perforned in an atnosphere of one of air, hydrogen, oxygen and

ni t rogeni ﬁcgmaia? @(faunpr@?ée% L& &ﬁlﬁé%gaqgodhggﬂ%gm%?eﬁﬁg %{h Péspg(];{a to the first

pr esent m,
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
aluminum oxide is in a range of about 1:0.4 to 1 in the slurry mixture.

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

of forming a spray powder for a spray-coating process. A first slurry is formed to have
3



of formng a spray powder for a spray-coating process. A spray powder
having coarse-grained particles conprising yttrium oxi de and

al um num oxide is prepared and the spray powder is sprayed to an
object in a dissolved state. The average dianeter of the particles is
in a rghtgemobxialeopartiResgna tfosalkisgersifigpagentnfandzspangihg thabgitliumendxide
the spray powder is sprayed by one of an 5 atnospheric plasma spray
(APS) paARRSS amd Alfiedt-a0Rlat] ad @xyd@pidf glefry ($¥EA ety BV BRESIBEM Exide
vacuum pl asma spray (VPS) process and a kinetic spray process.

Accor di,agi i iof i aane d LEed
e e R e AT SRS
powder _i S} / gl Lncl udin fdal r

nd o SoiaRERERENt ARy THRK 15 BhifEE, bEFHRI e s Bl Fheidetond
aver age, di.anet.er of out 20 pmto about 60 the first.slurr

et ud T R Aty BRY i SR SRR raeaRdng: 4 ent kA0 Bidsspiare
to about 2 pm a first dispersing agent for uniformn, i spersing . the
yttri uRPERIM.] Pay thecplegry 'H"‘Fli"’ﬁsttg BB%&bMdIOHBe?ﬁaF?%ﬂf%éﬁ&iW'Q'% 'VQC'Ud‘”Q
yttriumoxide particles, and a first solvent into which the yttrium
oxi de pHAYMXde appalumingm eXidper si ng agent and the first 15 bondi ng
agent are dissolved. The second slurry includes al um num oxi de
particl es hdwni ag elangieeesmboflinadrttutthe. Birjpm taxidd artideprhave sscavatage
di spersing agent for uniformy dispersing the alum num oxi de

parti cdesneter seabodt ®Ondimdo agent 2f o drehtiengluhtieural axrde particldsdeave an
particles, and a second solvent into which the al um num oxi de

paiyi chesragehfiasetans MosPe5iGoament 23, the second bondi ng agent
are 20di ssol ved. Then, the spray powder is sprayed to an object in a

di ssol ved stjat gp exarpai(?eselrrgbc%‘igrg%ﬁﬁ”mee fi?él?@%i;})g%?lﬁlge Adint! inchides a basic

di spersing agent 1nc ic material a second di spersing
agent | Jdo il S0 ti . . .

Rgent IERISCIBETIREY bR FObALnofidr® At LONE el SH3BRETHIH, s
about 0.5% and ratio of t second, di spersi ent w.th respect
ot he i anoadd Bt ¢ pE ek b REO R DB e Rk BaTR! sl 8 iAss
exanpl e enbodinent, a ratio of the first bondi ent. with respect
to t hgaﬁﬁ%} satefiglhan i%cﬁ"ﬁgéﬂ%"ﬁﬁﬁzh%rﬁozb%ﬂff af@fﬂg &?g%%tﬁ‘fg%d PERGYAgeNt
rati o of the second bonding agent with respect to the second slurry

i s1f n withaageedfio A litst shytvos dbauangeef pRodl( 8Xalfrkodhddi nent, a
ratio of solid nmaterials with respect to the first 5and the second
slurries is Inremexamgpée embmidonen20be secand ulisiB0%inNg ragad dnglveds an acidic
In an exanpl e enbodi nent, a weight ratio of yttriumoxide in the

first slaersl. ahd sdoondndigpersindeagentt inelusles atdesstusmy material seleaaddrah
about 1:0.4 to 1 in the slurry mxture. In an exanpl e enbodi nent, the

spray ﬂfé/\@%@ ScdiistingdobYya @aghdyl-BEsEPIaferRl 08RSEstePBatMOMARETRY, an
process, a VPS process and a kinéetic spray process.

amide-based material and in combinations thereof, and a ratio of the second

20 dispersing agent with respect to the second slurry is in a range of about 0.3% to

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

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

25 a positive surface charge, and the yitrium oxide particles and the aluminum oxide

particles are bonded to each other by electrostatic attraction.
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According to an aspect of the present invention, there is provided a
spray-coating |ayer conprising yttrium oxide and al um num oxi de and
havi ng an anorphous structure that is formed by a spray-coating
process. In an exanpl e enbodi ment, the porosity thereof
is in a rangéneh etsopleGerbbodibrand, abatin 0P%lid madarias avith eespebbth thenfirst
an adhesive strength thereof is at |east about 13 MPa. In an exanple
enbodi nemd {het Sescdnalr sineies i¢ rea eafigd of alboltedst tabbolit BB, épetiivein
exanpl e enbodi nent, a weight ratio of yttriumoxide in the first

slurry 20 ang oal BB Ehib6Einidht! the HeEand thé YEEYnd Solvend MRZR &le of
about 1:0.4 to 1 in the slurry mxture, and a spray powder having an

averagearﬁjb?ﬁﬁ@ha@érieﬁ%ﬂta@%@éﬁﬁsﬁ%&t@%. 60 pmis used in the

spray-coati Iproces_s o an exa][rpl e e][rbodi ment, the
S orbcese cnint) EATd B GRE T IRYUARE BlpfOieli o B Pording
2 Spr ayR B DoreTRo R dH RO SRS eErShPTIEH A FRISBPHY Sty

yttrium oxi de and al um num oxj de and havi ng_an average di aneter of
about 2B insludsoatsesong honding pagutciesthongingaler alugiinemneddepagticles to
spray-coating process using the spray powder, and thus has an

anor phodachsethgeét ure and a | ow porosity. Therefore, when the
spray-coating layer is 5 formed on the inside of a plasma processing
system a soim can phasnpleneyndoeimant, | theetitdty bpneéngntgdnf raamprises one of
penetrating the spray-coating layer. As a result, the spray-coating

| aygr neulywingveied heteirge atgiobabs® markianandid estto ep M Sitsthdriding
the plasma processing system In addition, the spray-coating |ayer is

suf fi ci gyt WvidRasedt %cPtHehﬁrsP%%?ﬂﬂisHhoé:lﬁﬁﬂ@Sf §E¥c§ﬁt92%ft8|rati&ﬁ‘8%,t ARd the

the separation of the spray-coati'ng 10 layer fromthe plasna

proces ] r [ 1

Cor ay- coseraanireia SBghPERARYSE; Bhel dp dRMhiBAal: ARTRNERE yiciBased
suffici | 2 vent. e LN f.th | asma. . pr.acessing, system caused .
by t he DRtk BB Ko 4raRe R Bhy bPBARRSSR R FEPER I PR Gy s
the plasma processing, system The spray-coating layer is formed by a
spr ay-dﬁﬁrﬁﬁgeﬁ?@i’%gz&o Q%gépr ay 15 powder i ncl uding
coarse-grained particles of which the average di ameter is about 20 pm
to @bout 60 PhENTHERIgraMbegigientng gl raieat W iurayexide & fher fiesd shrTy
the inside of the plasma processing system the source plasma nmay be
suf fi civéiit respeck e atustntimopxige e thaiseoond Bliryps dy -acksagenef atxér 2@ to 1
BRI EF DESCRI PTI ON OF THE DRAW NGS The above and ot her

f eat ur @s tlandivagvaixtirges of the present invention will becone readily
apparent by reference to the followi ng detail ed description when

25consi der i nth bR ex@RIpE Shotiveht) the et @EEAN YrdCe s @WhBISurry fixture is
which: FIG 1A is a picture showing a cross-sectional area of a

CONVentjepRnedRftdY emstaiurd of bﬁa@fao@@tﬂtﬁaut%@@@n enl arged
pi cture show ng a portion of the picture shown in FIG 1A
20 In an example embodiment, the formation process including the steps of
forming the first slurry including vyttrium 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 may be performed in an
atmosphere of one of air, hydrogen, oxygen and nitrogen and a mixture thereof.

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

of forming a spray powder for a spray-coating process. A spray powder having
5



FIG 2 is a picture showi ng a powder for a spray-coating process in
accordance with an exanpl e enbodi nent of the present invention; 5FIG
3is aflowhart illustrating processing steps for a nethod of

form ng the spray powder in accordance with an exanpl e enbodi nent of
t he pr esarde-gmairesat pariicldsl Comprisimgaytrlupnvadxidd antl aiatimum nexige i< gsepargd
steps for a nethod of formng the first slurry shown in FIG 3;

FIG 5ahg fhef bpraghaswded |suspragbt ne QﬁQSkf}éé?cl iﬁagasd@ﬁﬂvéd)rsteﬂem%OQv%ge
form ng the 10 second slurry shown in FI G is a

view i 'd'iéiﬁ%tre% e SarliRd i éfﬁﬂb?é‘bﬁéﬂdl]‘t 20 SLEm'tH%‘bBét 66 uﬁﬂd a! um num

OX|de|ntesurrymxturesownln is a

fllovehart 11 iishy SLNgiR JEANIRAL Fr 09, BoRpLpY: o 90 NS ban

accordance h™ an”éx nple e résent 1 nventil’on;

<ty EURPPE TEY R Er e o B Buien oy lbﬁ#txsoﬁ%%ﬁr‘?w%{%%wav

present |nvent| on, and FIG 8B 1\ enl arged picture show ng
porti oRTFeSEhd V§[§P‘é’§ﬂ @6%&7?&@@3&{)6’5 ORASS ANfadinglic spray process

FIG 9is aviewillustrating an inner structure of the plasm
processi ng 26cs9singria anaspectahthe piesenhinvertem eenisopiovided afmethed
present invention; and FIG 10 is a view illustrating an X-ray

di f f r aof famipata mnayqjowd&r fepasgprapavating payessi A smap mase isvprépaad
exanpl e enbodi nent of the present invention. DESCRI PTI ON OF THE
EMBODI MENGSa 3huFhemiiveninchuing adescslubrgdinmba actohd sidrey. Ghaadpray puvider
reference to the acconpanying draw ngs, in which enbodinments of the

i nygnt irmmcpése e, hémd(f anl MRAYE AlarfBier JTARNERO B9 RAeslitesh | nq the
many dlfferen fornms and shoul d not be construed as Ilmted to

enbodi ﬁ%@tﬁuﬁ?tlnél 9 Lﬁ"’l ’b)ijcf@tﬂé‘?ﬁolé E\%Zﬁwge%tg@b? (?’Vf;‘ﬁiﬁ%

so that this dISC e thoroug ete, an

convey f ti n

i avi nge0% Ro 7Y, 8 alsha @%fr%[hgv%ﬁsbﬁéépglﬁ%ﬁ@r URgelhe on@‘mu* Bﬁﬂg
exaggera for e understo t. when, a

o1 enenPanEasa it oidag agent g0k bobling P WMCHRTE aasfbied Sy ¥ s
"coupl ed to" another el enent or |ayer, directly on
connecBeYEB} IR uIEl the ViteMopHes @%ttheaﬂrﬁfﬁ@mﬁnq Averland dge first

el ements or layers may be present. In contrast, when an elenent is
refer r 8@ndingargerdi arg cdigsolved. yh%rﬁecorld(ﬁ'wﬁy r"é&*thi@G abmpiagme gxide  pajficles

"directly coupled to" another elenment or layer, there are no

i nt er veaving dibsredatssobabbaly 8r5s ppr ésexiout I ken,nairdsepad rdispeerstny hgket for

el ements throughout. As used herein, the term"and/or" includes any

and al unifemiy ndispersing fthenslumrinurar exidé paktichss oristicedd| behdidgi agavt. for
It will be understood that, although the ternms first, second, third

etc. npyndifg thé ASRIHUREHRIB peticles candoa s\é@bh@%élv@h?ﬁ%bﬁucf@ﬂf@&ﬂﬁfﬁtﬁn
regions, |ayers and/or sections, these el enments, conponents, regions,

| / ti | t t
ayer s ogjud r;ﬁfae% F?ste?%sﬂ le gde’ﬁF Zi Iﬂi’e ReRd L ¥ing HRPE are

terns are o use tl ng enent, conponent, region,

2yer aisshEEN et AP Bg\fvdére%'sg)?agéoaﬁ 0 BHieBE A BsplPSead 17 st

el éne onfponent’, ayer on scusse ow coul d be

termed a 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

about 0.5%, and a ratio of the second dispersing agent with respect to the second
25  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
6



20 second el ement, conponent, region, |ayer or section wthout
departing fromthe teachings of the present invention.

Spatially relative terns, such as "beneath,"” "below " "Il ower,"
"above," "upper" and the |ike, may be used herein for ease of

descr i ptheofirst slules is ilhea mrgeebEabatut GP6 e aboue'386r ehdta oatihiop the® second
anot her elenment(s) or feature(s) as illustrated in the figures. It

25w | | bendingeigeinoadtht Reabeth® BRasedndysiualasiive fRigesofadisoltigngeshout
to enconpass different orientations of the device in use or operation

in addi geon to the orientation depicted in the figures. For

exanple, if the device in the figures is turned over, elenents

then be ori et &l Punds-eRAGHI, TurSs ofsEME Matchais B Wbt By e frt
bel on ML ELGhead® QBT i BT RRE PLabah 2P B =bPlt B eaesslebes or
oot 0 ot RS AES BARGTERE s Ry kg el GE AR R e

for the purPose of describing particul ar enbodi nents only and i s not

i nt ended@Nd glupinUiMeXida dn Bie serondheleryinin a Aangs etiaheytel A4 tonkin the slurry
singular forns "a," "an" and "the" are intended to include the plural
forns amixtete., 10 unless the context clearly indicates otherw se. It

will be further understood that the terns "conprises” and/or
“conpri si ng, 'Insineexarapled embblinsertptied §praytpomdersipestrayed bg qieeseas APS
of stated features, integers, steps, operations, elenents, and/or

Conﬂpneﬁﬁo%es@gn HYOPospralygrb sk, btheP8Ireesseartd additlc shtaPbrateasor

nore other features, integers, steps, operations, elenents,

conponents, a;@(%d?ﬂi_n%ri%”?lﬁ dﬁ@?&ﬁ@f the %%s’éﬁ?%éﬁ%%?tf@reﬁ?f@ﬁﬁﬁ@&té QPray-

are descri bed herei erence to cross-section Il trations

t hat ar e i.cJ s rat of..ideal i Wﬂﬁﬂi S .

i nter rre%?a;{hg méﬁctdgkﬂe@%mﬁ ¥ﬁe I n\t?éir#i galrﬁdzﬁu@tﬁc ) \ggfra}eatﬁ(@gﬁvﬁ% an
t he sha f the illustrati.ons a result, for exanple, of

rmnuf ach PTG EeSistabAER AP aTed By & Rt PrEPRR expect ed. Thus,
enbodi nents of the invention should not be construed as 20 Limted
to the partidliat eéfﬁ@ﬁ@*se Opéﬁ?'ﬁfng“’f Poinstly dbekpohés ) A rBRge af @bput 0.5%
i ncl ude deviatLons in shapes that result, for exanple, from

mant# aclolioy2%or exanple, an inplanted region illustrated as a
rectangle will, typically, have rounded or curved features and/or a
gradi ent of ilnEreexaroplecembedimen, ain aidhssigd girengtit thereofHamt teast aboyt 13
change frominplanted to non-inplanted region. Likew se, a buried

regi on Keamed by 25i npl antation nmay result in sone inplantation in
the regi on between the buried region and the surface through which

t he inpl ant afp gn exakffie BhasRlimERt $he hBRINERYItRARof id dtUshstadRilit 6BOHN
figures are schematic in nature and their shapes are not intended to

illustrate t C A r egj e I :
ntended to I o ornarRraRBoGm e ShaBneTal ST AT BHENT g Hrst slury
defj-ne .er i i chni . i | fi.C.ter - 5., US
el m e gL e QeI (P Blerli LAt ay DB it by
ordinary.skill in the art to which this invention helon [t wll
Fur t harMigiEr Snt PR Ry PoelehbViegcan uSraaBeltaertt W atont 20 Hb b oauERo
di ctionaries, should be interpreted as having a neaning that is
consi sti&Rt'S Wtk it Kis $PrAKERPHGY PROYSSS- cont ext of the relevant art and
wll not be interpreted in an idealized or overly formal sense unless
expressly l0d¥vadexpnyde kersidiment, the sprayragatingilgyer ipiposiiioned mowh syrface
powder for a spray-coating process in accordance with an exanple
enbodi nfran afner meepbesefita pmocess ichamber in which aRelhema pgckss KB Gerfégrmed
powder for a spray-coating process (hereinafter 15referred to as

25 on a substrate.

According to example embodiments of the present invention, a spray powder
7



In an exanpl e enbodi ment, the first slurry may include yttrium oxide
particles, a first dispersing agent, a first bondi ng agent and a
first solvent. For exanple, the yttrium oxide particles nay have

di aneters of about 0.01 20 pmto about 2 pm Wen the dianmeter of the
yttriume éxiribel pdd tcoalksgisnethphitieted Maiudii yitriGmOdxipe arfchaluaviaumgexide
di aneter of the spray powder may be decreased because the spray

powder ahé%eﬂm‘ig?@hsa?v&é@é Qﬁéﬂm@iéﬂ@ﬁ &t ‘i.lﬁ? tdY bbbl BUhdA Bsa glc@aﬁﬁg
so that the riumoxide particles may be difficult to accurately

cpher | 4 g”é’ééfﬁ*%”’“g TP LoBME Rl SR BRI W Pt ca® My an
om ?L%ﬂ&r‘ﬁﬁ?aﬁ%ﬂ bt sh??ﬂ%ggﬁ%%ﬁﬁéih%ﬁ%% ST Bt R BRI b i

to a uct ed_cryst havi n | ar void rati

Thedt 1 Tt SPoltel s SOt A TR HGPRRY e Vst o FRUIGP: PgiAomasebe
particles in the f| rst slurry. In an exanple enbodi nent, the first

di sper sHfigieay¥ mrevrijied fpam @aaeféatmq)%@r%nréwcomg Bysrea repdt the spray-
di spersing ent may conprise a basic 5 material. O herw se, the
first dbaim gawg ragenrevienyt the seursediasmea tiomagiaking sirestecantastuohih ghe
manner that a solid or a liquid dispersing agent is dissolved into a
basi ¢ stdswenprocEssingl Bsterh. hheddifiors tthe isprmrsoatgngageart isreyfidiedivaghered
mat eri al having a carboxyl group, a material having an ester group

and a rmties pﬁsn’(ﬁa}brdt@samga@s@@n%@%ﬁeveﬂﬁﬂ%&h@%p@@atﬁirﬂ@ﬁtw spridy-coating
conbi nations thereof The pH of the first dispersing 10 agent nay be

i N@ 1 3Ee 1Rn BROPlasHA HRcBBaHY shstent, %tthgre_?_ykgrﬁﬁﬂhlz%rmﬁérﬂmﬁnontﬁ%s@h*

of 'the first dispersing agent 1s about yttriumoxid

parti C‘:Saﬁs Héa\ég - B84y Yﬁy{y\h tﬁarﬁéﬂlé ’El’lreh%EJE@ }r-cﬁbrtPSr{ﬁe d%&geg ey Sakiciently

di spersing ag en a ra o of ersrng agent

is nore t %I st_slurr t he trjum oxide
2 1 BRSPS R OB bR AR T e,
spray powder having,the coarse-graine stalline structyre in a
spr ay- ?H&jf‘iﬂ“%‘@gy IMREPVe gPahA Wetlﬁés@ar%‘?%f‘r%ﬁ%éy%?%ess is
performed at _an excessively high tenperature, the spherical spray
powder has dif heSPENCORINEaYS Bdprmaed by SRIA¥ICORERE PFRCassHsing the epray
surface of the spherical spray powder, and thus the solvent in the
spitay powder i g soaesetgrainsgt partisiesfofodich Sreaverage Gameteroa@hart 20
20 out of the spherical particles of the spray powder, to thereby
f or m cpat & asbaut &hamo dtherefous, haloers thod spiay-cating [pgewie rfopaed ool tBs. inside
contrast, when the ratio of the dispersing agent is excessively high
in sonef pes pizensa pfoddaeingpsyayerpOWite sourRdplabnS R By 8OMICRNQPredétted
of the solvent may be locally different in the spray powder and the
sol Ve”?roﬁﬁﬁeﬁ&?a%idg%h@%?%@%atﬁfg fehgr. spherical spray powder.
Accordingly, the spray 2 wder may be forned into a non-spherical
shape. Wen the non- spherlcal spray powder is sprayed onto the inner
surface of the process chanber in a plasma treating process, the
fl 6d|ty of the spray powder may be deteriorated and the spray powder
not be uniformy supplied into a plasma gun. Therefore, a thin
Iayer coated on the inner surface of the process chanber by the
spray-coating process (spray-coating |ayer) has non-uniform materi al
5 properties and there is a danger_that a Slll,_IEpB e to the plasm
gun may becone cl oggeBRIFTPERERIPFN siwdsl Rﬁvﬁ@ﬁ?% on, when the
spray powder has a | ot of voids and spaces within crystal I i ne
structures, The abovayarmbathaergebtwes amdyadiasdagess ef thd preseht Vroieddionnll
spaces, to thereby increase an void ratio in the spray-coating |ayer.
When abeatme wfadiheadparett by spéerenog tagket follewies sietdia dbserptidn3%hnen
the first 10 slurry, the viscosity of the first slurry nay be

25  considering in conjunction with the accompanying drawings, in which:

FIG. 1A is a picture showing a cross-sectional area of a conventional spray-
8



20For 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 exanpl e enbodi nent, the first bondi ng agent nay i nprove the

bond strength between the yttrium oxide particles in the first

sl urry. cuwiey layeat and GGt AB isi a tentryged ructage showing asportinarofabeupickye
inthe first slurry, the yttrium oxide particles are 25not

suf fi ci eimdwiy irbBl@Eeich;t o each other, so that the spray powder having
the coarse- grained structure of the yttrium oxide particles may not
be formed intpi@ spherd pattures WMRAvind Na G d@Sor Whepray-Eadtiy Protd® in
first bonding agent is nore than about 3% in the first” slurry, the

Vi SCOSI hyefp aﬁ&l@ﬁthrﬁ?eﬁnyéi%krﬁ@cgiiﬁ'\'e}ﬁt biHe §énﬁb¥/&%€ﬂp the spray

powder nay be sufficien ormed Into a spherical shapé. Therefore,

ay b det et 1 o1rng, 2 IAENRELEHatd brodBlid, SboRity SRR 2 KyEHES e

with the slurry mxture in the spray-dryin rocess, . Accordi ngly, . the
ratio oPPRHEMIELI BEeRIFARC gl AT AR GO HIERgE o ihe B DRy Piion.
about 3% in the first _slurry. The first bondi ng agent ma}/] conprise a
vi nyl - based nfelf®rigla H%C'a@%d&s;mtlag PEES SIS Hepaifor pRef forryng the
bondi ng_agent includes_the vinyl-based material, the first solvent

may i ncliigtigluay shogemindlaBeri al such as an 10 ethanol, and when the
first bonding agent includes the acrylic-based material, the first

sol vent may i@, Gdie afiowdumt ilkistrating ipoocesBiransieps fof a hhethod ny feradng dhe
mat eri al may include ethylene vinyl acetate (EVA) resin, polyvinyl
chlmri deedoPdGlumreshownpeFy®i Ryl pyrolidine, polyvinyl al cohol resin,
pol yvi nyl butyral, polyvinyl acetate, polyvinyl ether, etc. These may

be use al one @G, id i§ogbjigat ﬂllQ§ﬁ?aﬁﬁ@9rae%Bnd%a%&%_n@m]c§ Mém oxide and

acrylic-based material may include poly(nethacrylic acid),

pol y ( mes|yindrR ik %'ytﬁég)eurﬁg@wpfé AR | El§ 3. pol y(n-butyl acrylate),

pol y(styrene-co- net t ate), etc. Theéese may al so be used

alone or in i-nat i I . I X | j. t, .
the first i uney may feehelfiiRbaing & mesi Ll DIRIE B BRURE By
i nclude_t he organic solvent or ,an.aqueo solutian. 20The first

slurry QTN o‘P’H%&“b%%aQ’FH%@F“Qﬂq'ﬁ“g“f\Of@?iFHG%GF?*@BY? Ot erials in
the first slurry (hereinafter referred to as solid ratio) is )
pr ofor t i onal EIQY Bfeisr atRiGUER SPAWING Atross-spelianah gusgentol thaesprayeoating
solid ratio is |less than about 20%in the first slurry, the yttrium
oxi de payei il accosdangsavidh ardexaopieeembadinerniofithe sresentueyantiono and FIG.
t hereby reduce a grain size of the coarse-grained structure. In

cont r astB isvaerenidarged glittdra ahdowingsa porten2&t therspabpwbat®dydayer shewhi inFIG.
slurry, the viscosity of the first slurry may be so high that the
processgA:or formng the spray powder nmay be too rapid to accurately
control. In addition, the ratio of the first dispersing agent in the

first slurry pray 9¢s 0 viEv@iidHRtingNSn SRRAY sBRVERE Wh@%lé%ﬁﬁﬁg&é@ﬁng

a non-spherical shape. For those reasons, the solid ratio in
first ; ' : 09 ;
el SV T B¥cciBahR Hi e o HbadHer by B HhesshPinvb Ry and
S5particl es, e dji spersing.agent,, a ond bondi n ent _and a.
sbcond soi vere: 1016 £VEBLHBROSBPEN 18 AR P B AHE NoefloRie
have dianmet.ers of about. 0.5 pmto about, 2 pm_\Wien the di aneter of
the al UR{HUMESSPHETGE MM AR EX ARl BMPGHIT A PTA6 eSS AN UoRe
average di aneter of the spray powder nay be decreased because the
spray powder has a coarse-grained structure of the al um num oxi de
particles, so 10 that the al um num oxide particles may be difficult
to accurately control, RRBCRIBIIONE JHEy EMBOBIMENT e difficult to
forminto a spherical grained structure. In contrast, when the

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

accompanying drawings, in which embodiments of the invention are shown. This
9



15The second di spersing agent may uniformy disperse the al um num

oxi de 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 nmaterial. Oherw se,

t he sedoedtidn Spey,shogeegehe empobed br mephy differant facnd amdishoeldi not be
such a manner that a solid or a liquid dispersing agent is 20

di ssol ¢efstridPagnmietido st ¥RodirkeaRRee fored héken RenBE tleSPemMdbAlnents
agent may include a material having a carboxyl group, a naterial

havi ng : i b & Vi 1 :
peuf S3E8 9OV SEMBLON, SR i ) iodin S oY, oFoH Y
agent i r t PP I A R § r :
enpodi RO e Beeatr BB fodhd s 307 rine i BBERR oo, he size
al u 'nun1oxiﬁe 25 akﬁicles

have .a positive (+) surface charge in the
28 <HBb el SERS e Ana FegBRC By BxodderlBd BEBIEN! ner oi ng
agent is nore than apout 2%in the second slurry, the aJ um num oxid
particl es ot G erﬁpﬁé&ﬁ@w*aerﬂ RB ei%ﬂ@m eRlPYRT 'éirﬁg‘df‘“éJtTPﬁ BFEGT AN,
the spray powder by the sane reason as in the case that the ratio of
t he fireanngctaselte| 8y sgepedi o nerethenslemestitorolayes.i i ¢ave e diectly on,
slurry. Wien the ratio of the second di spersing agent is |less than
about 00B8édted theouplesidodhd ather elgmenber tmgr se-igearandty stanuentaros lafers
al um num oxide is easily broken in the spray powder by the sane
reasonnss/ be pgréseriafie cohmbist! henadn @lahetthis feroad toliaspesiag ridiragtBnédn,”
is less than about 0.3%in the second slurry. Further, the fluidity

of 18 he ity oRh¥tietao0 br tdifedtly T @uphiititcs e Rk rSelufichesr IR thre are no
deteriorated, and thus there is a problemin that a spray dryer is

cl oggeghi¥hbRing"®IShERtsY dP € pRsbRE BREAYurdbrd" YdfBe Br GRESIoMhsH
t he rag}o opwphe second diE%%rsi%gsaggntm%s¥V%ssrthaneaggut 0.3%1in S
t he se S .k t. i.0 40 -

di spor UTAGoRuHn B yeach sl ol SR ADBRRS Mol 4% ag i POSRERECHE o,
to about 2% In an exanpl.e dj nrent, the second bondi ng agent may
inprov8”?ﬁ£”“¥§fﬁéﬁaaﬁggaﬂﬁﬁHEE%{W%Bﬁ-the al um num oxi de particles in
the second slurry. Wien a ratio of the second bondin gent, is | ess

t han about %"'rget Heders t fu@'?fyquqm@eam% Uﬁtlo%acgegpﬁwi%ﬁce@% ke
not sufficiently bonded to each other, so that the spray powder

haVf ngUse@ lergisdogeesGie yariaes wrlements heowpesadisoxra®wnsarleyese gna®y
not be formed into a spherical shape. In contrast, when a ratio of

t he sesecfibnsotitisegelagents, cRMpaments, eegivan, Ryors addor nectimnssewntid not be
slurry, the viscosity of the second slurry rapidly increases although
t he splimjtegobylehesmtebres.sThéseitenhs yarkoongdused doadisphguisk abnes ledgraent,
Therefore, the fluidity of the slurry mxture of the first and second

sl urri gsmbenéet esdion Abees odgubiibh Yeorh RRoRRIrR¥gidhY Rivet 6r SEQRBEThWE! & first
the slurry mxture in the spray-drying process. Accordingly, the

ratio glonidift $6 ﬂeﬁ?ﬁ%%;r&ﬁx,ﬂéﬁéﬁ ofMB¥ctish idgktﬁgéé’é'%k?wﬁ QuidPRUtermdut ]
about 3% in the second sFurrfy.” The second bondi ng agent has

¢ ; ! . . . .
S5t B AR R, W et 5L O 0Bl B i e
agent |s ho befq itted hereaf.ter I n an exanpl e enbodi nent,
t he set%‘r? ’@S&ra’éﬁﬁ‘ﬁﬁﬁrﬁﬁvﬁ(ﬁ@o?he second solvent. The second sol vent

may include_an_ organic solvent or an aqueous_sol ution. The secqgnd

slurry may Beafidmelatye erpa sugh s "baneatn.d helewo "Wahe aba¥enduUPBer
slurry is proportional to the ratio of the second di spersing agent.
When t Bed dlog ililser @y dd ysed berainior edzriof deseriniionHe dasscohg wlauglement s
al um num oxi de particles are hardly dissolved into the second

sol venfeattre's tedateinghipeibumethegelamensisy er tdattiieés )camitiastrafediindue figures. It
structure. In contrast, when the solid ratio is nore than about 30%

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

different orientations of the device in use or operation in addition to the orientation
10



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

m xture is characterized by al um num oxide to such properties of high
mechani depictedr indhé fignesaeladr addmpley df dhe eteyide in nhe digurestis tuhrexd aver,
wei ght ratio of yttriumoxide to alum numoxide is in a range of

about 8eRmentaldestritbdlas fhedowesofbénehth rothen edetiedis bhizatres waiddthdrobe
| ayer including the spray 20 powder of the second slurry mxture is

char act gfidred “BioVét HeUbiheK icimEBtsSeICtbaRirBBE ThUStHRf eXEAKIaRR EAN Hsabw”
strength and adhesive strength. Accordingly, the weight ratio of

yttrium igﬁchﬂgaa‘sls}l%m‘@no@n ﬁﬁ:{gﬁg' Bf aatfcﬂr%ﬁ%n Tb@EWtIIﬁ%SC\iAéB\?%%BﬂH& be

7:3 in the slurry mxture. In resent enbodi nent,

ratio o LU 0X| ' xide_j out. 5: 5 | h Lurry.
m xt53r e{)thfghk'ss %cﬁgﬁé;'ﬁ%ggé%tg{%egg p&%é})-egga(?ri ﬁg%g%braé}é?'%?ﬁ?ﬂédé?&&ﬁ?t?P@\{'a”y
spray powder i ncl.uding t slurry mxture is characterized by both of
P U nUR e AP fepd Felain Ao LA dpabt | o5 of i gh

mechani cal strength and adhesive strength. The spray powder
is formed thHoRigBTEBIOGY SisedsNREPIRt BpIoTuliPurness | ofr Agsebipgr eartigwar
slurry mxture may include the first slurry which is a mxture of the
yt t ri unemkpdiengnis oint ard is het intersieddp dpseliniting eideatnvartiont Asstsed herein,
bondi ng agent and the first 5solvent and the second m xture which is
a m xt uthe sifgulaefcmmsiariuemband éthgdrare dnteaded e irmbadnthedplard feinmg as well,
agent, the second bondi ng agent and the second sol vent. In an

examnp! eurdlabo tharedhtext RRavgandRagis2bitedvRR! #YwoME girthar thddreod®hat the
include yttrium oxi de and al um num oxi de. \Wen the average di aneter

of the ©@AALESBOMPAIEEdaRPORY cHPREEHgPARRES! ¥
pm the size 8f p'?Ihe s?)ray %0 Eﬁm?dg? pg‘%fi%?gslﬁi ﬂg%zgpéﬁaﬁﬁt%?ﬁﬁ)e?ﬁéthe

spray PowdeR Ay nlgfatgtzeﬁégttwé‘si e%tleéel%p.r %ir%%é?%%)%rﬁﬂi?%%r F afen@is 2Nand/or

object. I'n contras e ‘average dia e toarse-graine

spray p ti I r han. a t 60 t.he size of the
sbray PEMfiEondat, bt 88 hd: BTN Rt of PayshaL Phsayr fabre other
aggl onerat ed an, the surface of. an opject, to thereby ddeteriorate th
uni f or r#?b"r‘?ﬁ’ IP1ECEH SISRT QRETHIPNSag &M B ARRCBH} B RNA/or groups thereof.
Accordi ngly, the coarse- gtr ained particles of the spr a,%/ powder may
ha® an aver@§eodimenie & tha invertiiears dgpeifte bepain vwithakefererse fherass-
t he present enbodi nent, the particles of the spray powder may have an
aver agesagtiandtilestratiopnsg thah gee sfchabwiic Hosiptians ebélealized mmbadimients (and
spray powder is forned into the spray-coating |ayer on the object

t hr oughintersedaie ctracturgs pofihesisyention. Hes sbgh,i vartadivas Mechdné cabpes of the
strength and adhesive strength and to reduce the voids or spaces

Wi t hi n illlgregioak eda cesat, dbt exempld, W il Fattrihheesiigies aatiordolefdifies,
FIG 3 is a flowhart illustrating processing steps for a method of

for m ngyrbhe MPesEAYd PPIEE TerhBo AP BNGR MVERLAH ﬁ?@iﬂﬂ‘ncﬁﬁ@&%tﬁ%@t as

of the present invention. Referring to FIG 3, the first urry I's
f orgped i it : y I X| : LI st disp [ :
and na e fo okt Bofticdlr bhandcl adfons RS nebiPELE Y &9Fuce
In an e e di ne the fi.rst slurry may include yttrium oxide
o ¢ 1 o sl St Mgt brangle. St dnabdatLing ot AEaRHi an
di spersing agent for unjformy dispersing . the yttrium oxide
parti cIEerantfg Teaiosy f"HaHateﬁgaég%ﬁ?gtfﬂagleo%ﬂifaitwalca Ve reundad oxiqeved
particles and the first solvent into which the yttrium oxide )
part i clfeaturgsangior &t gedigdrafi implanfermncantiation af its Rdassrathey thgera besy
di ssolved. In case that the bond strength between the yttrium oxide
parti cladange fearf filnplated jo sonomglanted oadionel ikbeisg, tr bummadordgiten formed by
particles together with each other, the first slurry may not incl ude
25  implantation may result in some implantation in the region between the buried region

and the surface through which the implantation takes place. Thus, the regions
11



10The yttrium oxide particles, the first dispersing agent, the first
bondi ng agent and the first solvent in the first slurry are
substantially the sane as those of the spray powder that is described
in detail with reference to FIG 2, and thus any further detail ed
descri plustratedoin thbdigytdy arnsendnakstipiariatofeesnd thr Shasds aiesqisirisienmded to
agent, the first bonding agent and the first solvent is to be

om tt edshateetRi BaUBEEhapHOf Bf RERST NG 86BES dharak ABE Methdd tfoor:mmge

the first slurry are described i'n detail with reference to FIG

FIG 4 | lustrating processing steps for a nethod of
form nab?%@oﬁlh(ré\gﬁp%l{&rdry shown in FIG 3. Referring to FIG 3, the

first solve irgt h

slurry (steEjt“%1;’)1!’|F]%E'91|§‘8 hﬁd aﬁttﬁ&%% n%%\?}g?n%?éyaeqdnég ﬁ{e'ﬁ";tﬁerms)
organi c_solvent such_as_ethanol .. Yttrium oxide cI es are ovi ded
into t HESY iNEEeNSR\Re e pamEpMERNING ag RO meR Lf“?‘f Oé?ids?iéPé‘P %‘E@?ﬂw
is provided into a mxture of the first solvent and the yttrium oxide
par t i cPEY in Siepride ydyich [his yvesiiamheconas davidia furire unﬂe@ttoqﬂ et femiy
agent may conprise basic carboxyl materials. The yttrium oxide

par t i cbash sy éhese28rbiged iinecqmmoniy sed dintienmiatueshos!ld e fritegrreted as
di spersing agent. For exanple, a ratio of the first dispersing agent
t o t hehavingur eneziirichthat iis sbnsitient withehebeneaniag rianige cohteabolithe Geld%nt
to about 0.5% Then, the first bonding agent is provided into a

m xt ur arieind Wel ddtndl infsthreasd in bhedediized wnoveriddomasltdetisesurians elpressly
first dispersing agent (step S114). For exanple, the first bonding
agent BBYcHREPMeREn POl yvinyl butyral at a ratio of about 2% to about
3%w th respect to the mixture of the first slurry. 5Wile the above
exanpl e enbodi nent di scloses that the yttrium oxide particles, the
first dispersi ng agent and the first bondi ng agent are sequenti ally

Becor dance Wi B oo Rg LN akBe 1P EOHREo0 Hbbes A

or di narg gl | | r;[ the art TheB t he %i%\ i um oxj de artlcles t he
first AFrSYEPErHYIHGhEXRReGROSIMENt OF BayyEsPH ’”é{ﬁ Nare mxed with
one another in the first solvent by a ball mll, to thereby forma

mi xture of tRefarripgt tos|Rkesy ¥, @ powder Iﬁé‘?@rﬁpﬁ@)’ 5@%11?'?9 tR5oeees (Rereingdter
second slurry is formed into a m xture of al um num oxi de, the second
di sper sfagedderas spraytrisevdask oy bomievidedfiom a slueianibreriaclydingenfirst
(step S120). 151 n an exanpl e enbodi nent, the second slurry may

i ncl udsluatylandnaisecondislupgrti cl es having di aneters of about 0.5 pmto
about 2 pm the second dispersing agent for uniformy dispersing the
al um num oxi ﬁearmekémpleeémbbhﬁn@ﬁcnmmrbpﬂdrr?;gn@gMud‘s)yttrtmnebm@ pdréicles,
al um num oxi de particles and the second solvent into which the

al um ngmrspdisiferBRgtddednesa flielﬂﬁoﬁﬁﬁpfﬁbéﬂﬂ%H@rasﬁr@gsé’{géﬁtt and the second
bondi ng agent. 20 are di ssol ved n case that the bond strength

bet ween t he P#PB&QHE}e‘”‘th%?@?%ﬁ 509 dgs érﬁcl%%fﬁé?vrﬁ‘vﬁl él’laﬁf]erté’i’%goft é’omﬁ 0.01

corrbl ne the al'um num oxi C es togeth each ot her

nd I y
o o i B R e icsbleiesn S B Ui ShaBERBlclas i srmgled an
bondln t and the second spl vent t he second slurr re
oubst afpeel By i B eae rhabehr pha Sty Jows Nk Ges decreased
described in detail with reference to FIG 2, and
because the spray powder has a coarse-grained structure of the yttrium oxide
particles, so that the yttrium oxide particles may be difficult to accurately control, and
thus the spray powder may be difficult to form into a spherical grained structure of the
25  yttrium oxide. |n cantrast, when the diameter of the yitrium oxide particles is greater

than about 2 um, the yttrium oxide particles may combine together with one other fo
12



thus any further detailed descriptions on the alum num oxi de
particles, the second dispersing agent, the second bondi ng agent and
the second solvent is to be omtted. Hereinafter, the processing
steps for a nethod of formng the second slurry are described in

det ai | thietgrainestenctneel ¢rgstBl Gavibg a large void ratio.FIG 5 is a fl owchart
illustrating processing steps for a nethod of formng the 5second
slurry shown The Ftdbdishersing agent Rede unifoigniy disgse She taituseedod particles
solvent is prepared at first for formation of the second slurry (step

S121) . jotheemamhiery. tIHars 8xamelss emtRfimERYy thé‘qirékddlséérs%@%@bﬁt %RslyV R&le
such as ethanol. Al'um num oxi de particles are provided i nto th

second @%18%}5 E3i8P F%jrz%}arg%_@e%etMt ﬁzggﬁsé{)}g gr@@@r’its ﬁ{ﬂ) lsés basic

provi ded 1 nto m Xt ure t he seco and uam num

& sper Ef‘ﬁgéf%%? PR Tt hebefin %%ﬁﬂf&”ﬁ’%i?%i@ SRR

oxi de p i cles hav OS|t|ve ( face char to the secaond
G Sper PR AgBRPNSEBitek aapt o 2 ] SifeTing Sastiis Gesdurd g A gee
to the mxture of the second slurry may be in a range of about 0.3%

t o aboutolvent. Fremplenofsteofit dispdising agerigmay inslysieow maderialt lbaving a
m xture of the second solvent, the al um num oxide particles and the
second GHrBp¥Y Gragpagenatgrisd dyavisman edter gouanphe,a naiedalcbadnd andamide
agent may conprise polyvinyl butyral at a ratio of about 2% to about
3% wi t hgnoappéhese mayhise alodeusrenaontifiratewsoindredfulhy pHDT the filsedispensing
exanpl e enbodi nent di scl oses that the alum num oxide 20 particles,

t heios ecayuht hapbe $h Bgapge i adbdt 1 eo aeeand2 banHe Meesgt¥mBé@ment, the pH
sequentially provided into the second solvent, the actual sequence

may be fahb ‘ﬁ%t'd"s;fe?@i%d&’@'%‘%|s)"ét§dhtplr00m5ﬁﬂﬂm?8ﬂﬂetda‘?ﬂéles név@%eg;n@'%gﬁ 6

known to one of ordinary skill in the a en, the al

oxi de Qf‘%&”rﬁ%éﬁaﬁ%ﬁ‘ xetelyTol ﬁh%ﬂ%%k%lﬁ@g@ﬁf and the second bondi ng

agent one another Tn econd solvent by a ball

2gai h Lo L?é‘”@eﬁ%et@rq*‘tﬁe?r% Rl %lcieniisc%w&e hah Rpoul Foip I it
' cxargh e ARBCHHER O BaHicIaR okt rgeihin T FBcaRPner bal hafies n the

m xed in such a manner that the weight ratio of yttriumoxide to

al Ui nuiRrexi VI iaving: digycaarsepEined: evst@ilwo@irwzttge hat spsay-frying
range of about 1:0.4 to 1. 5FIG 6 is a view illustrating a bonding
mechaniatess. yior exampdei wieemiie spragidrvimgaxipdess is pedréorgiagr alyamexcassvely
shown in FIG 3. Referring to FIG 6, yttrium oxide has a
negat i veglf tgmperdtacs theasgeraad sprayrpowdeoxatedifieserst paginess eetwpen an
surface charge, so that yttriumoxide is strongly bonded with

al um nuam@xpagriody afb egh ragénsufasdsé tafatHd epheddRedmay i pOvd@idndt thidsl Be
3, a spray-drying process and a heat treating process are perforned

on the st Yn MeSPFE p (S\:Qdérh? EfdVatb ot %ﬁfér'éﬂr%rg anﬁfé!:ﬁueﬁ]]d pours Qu ward

coar se- gral ned StI’UCt ure 1 ncl udi ng yttrl um oxi num oxi

(Sts' p %M’Q)}t éhﬂé%aéftt glsﬁ%\?ggwdglr %%ér@hg% §Fa‘i‘é’r%%r1 f?\le outer
processmgs es o es ray-dryrn F OCESS oOn urry-mxture
and t he rllt%%%s toﬁ‘%l% ISBQE!)PEJS\(J:V %? pgﬂloﬁ he Igrc'o% ras{ ! ré/n e re)lgtlo oFthe 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

solvent may locally pour out of the spherical spray powder. Accordingly, the spray
25  powder may be formed into a non-spherical shape.

When the non-spherical spray powder is sprayed onto the inner surface of
13



The spray-drying process is performed at a tenperature of about 60C
to about 110C in a dry chanber while the slurry mxture is injected
into the dry chanber. \Wen the spray-drying process nmay be perfornmed
at a tenperature |ess than about 60C, organic solvents in the slurry
m xt ur ¢harpyoaest dranshdrfinca etddnya wekdihg Ipraesks, tioe 2Qidityesfetye spray eavelen
process tinme of the spray-drying process. Particularly, when neutral
sol venhsays Behd@Bribtated Widethe2Bprad! polaet enBohvebesusfsithipsuiplidanglo a
and et hanol are used as the organic solvents for the slurry m xture,
t he or ' V el i g fibGan i&diigul; | &t i

a terrpg{ra%ltnﬁar Sf I esgﬁ{rﬁ’aﬁ %@od?f%o%a?g {"ﬁ\éﬁgt}}y’”égﬁgﬁﬁgﬁﬁ fngdé?e&e%g
the effjgi y - j r . id

spr ay- Sot BaF By Die OBV BoHbaR BRRaFosayid set rdhyy S el
about 110C, ..t he qgrganic sqglvents in the slurr i xture nay_be rapidl
Vol &t ProRgtisnandtfigls i 3 Aandet Tyt G suIgoiestoy ticep anlie o iy Bevape
powder Accordingly, the spray-drying praocess is perfornmed at a ,

t enper &loggedgritrhibisyzPrap @oms eaHH RIHHBE Whandthern=Pray RePiderngs & et pEvoids
changed into the spray powder. Then, the dried slurry mxture or the
spray poddpaces wikin etystalline Rirgeiuses, dhp spryueesating lever may dpafsye, a 1o
t hereby i nprove hardness of the spray powder. When the heat treating
pr ocessf vsidpantiapaeds,db thetadyprcranae anlaig ratichiartha lspmry-804ing, layée
spray powder is difficult to have a sufficient hardness so that
spherical paWfhar a@satid of kite fipst ajsgeeswgragane idleskehanmbolit at3%nedhe Asst
a result, the pipe through which the spray powder is provided to the
pl a3 MasEiy, TRY RECHI® 6f 998 SHstisiint heayl GeS BighfidaASihcrdaRe808L& ast an
when the heat treating process is performed at a tenperature higher

than a@Qb’éssi«h%?g?@e‘IlyéhbhH%Pgiéjﬁrs?%ﬁﬁéﬁgp Wrﬁgzﬂéréf&et, % SREB% oxide

pomer are cal'ly rfaactefvmthe o thus the’spray
b oces ROkl Rofiefk P sBonP OYRF Lk BBCRY el RERS héT ShcBe

and the spray powder. ma ve a.15 sufficient hardness., After :
compl oerBRleay PiRECEHs: Tty Af¥ iy o BaeL i Bles’ remRef da¢ firseaeaioed
the above slurry mxture is changed into the spray powder having the
coar seSEHEHHR AT pfgwwc%ée aray Per 3Rty PR 4 dhaSaANBRVER Q%eé@ aweek
the average dianeter is ranged fromabout 20 pmto about 60 pm As a
resil t bon@strengtty in thiexeaaree-eraingd struetire shurther, thee fluidity @f @ slbnmixture
oxi de and the 20 second slurry including alum num oxi de nay be forned
i nt o t héethepfiesy growskeroridasiuniest maycalar 9 deterineatedt and thus thfrewhagbe a
the average dianeter is in a range of about 20 pmto about 60 pm

The f opratfiemninpthat es spiely ther shanbegonre tlogggd beitipehé aslumed nirtuad in the
at nosphere of one of air, hydrogen, oxygen and nitrogen and a m xture

t her eOBpfaW?in@bﬁ)ce?sé 8pherl H0rdtRr of eidTiing diBSersing bgehuly WessSthaR sHaif
for formng the second slurry, step
0.3% in the first slurry.
20 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 vttrium oxide particles in the first slurry. When a ratio of the first
bonding agent is less than about 2% in the first slurry, the yitrium oxide particles are

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

grained structure of the vtirium oxide particles may not be formed inio a spherical
14



S130 for formng the slurry mxture and step S140 for perform ng the
spray-drying process and the heat treating process to the slurry

m xture may be perforned in an at nosphere of one of air, hydrogen,
oxygen and nitrogen and a m xture thereof. In the present exanple
enbodi nghrpe. iheospasly wheyi agatr ot dwsfirshpobdingeadentriwdnane than about 3% in
at nosphere of air and the heat-treating process nmay be perfornmed in
an at nogphfse shefy, eine vidcosity ,of lthdrfpgeslurgxiagetly anstebés @iRbugh the spray
The spray powder for the spray-coating |ayer nmay include the

coar se- ghaddiemhapasd isﬁffj%%riﬂ?qbl#ﬁétﬂlgn%t & TSpHBYIEA SN I Halr &t e ORlidigy of

so that the spray-coating layer has an anorphous crystalline

SLTUCL bR iy ikl R dh RN LedRIfISIufes> RAGA%: LBRIRted TARE TGS the
when the spray-coating layer 1s forned on the rnner surface’ of the
pl asma ch r,..th u sutficientl

bt evont Sy BBk JHALBEGpmi Tod gl fafhe ST BY B thi s b hing pragess.
spray-cpating | ayer na syufficiently adhered tq the inne urface
of " the B dBoh S5t ghens HestdSariiag BoRTbahas dprnganding! AROHR L
fromthe innq; surface of the_process chanber may be sufticien;lg

pr event@Put B%nhia Headr Pyuveetie digstsheprding agerd maygampese i@ Mgybpased
the 15 plasma processing system caused by the source plasma may be

suf fi cirpatarigl gndvemtasdylisybased swterjalcddiemihe figgirbonding agent includes the
Hereinafter, a nmethod of formng the spray-coating |ayer using the
spray pomdérasaddmateriaspthey fico abivent Innyeindludd wih ogyanie nepedyl gakdes an
are described in 20detail. FIG 7 is a flowhart illustrating

a net hasthaholf et WBed tROIfaYt Beadihg adett ehclue 8860 'drnRe Adddhmitflerial, the
exanpl e enbodi nent of the present invention. Referring to FIG 7, a

spray [puassivé st r%?eﬁ%f@é‘eaatn aduisdus( %Iﬁ%é@@TpIEQ%fﬁﬁéﬁXnﬂ%‘é@% cigaterigl

i ncludes a plurali coarse-grained particles of yttrium oxi an
about  J0Rpa ESUE eBbter” SR aTa S RLDRT B3 SRR URRHUETACF 8o,

i R R T T O e N
S at A TEa AT G o b B

yttrium oxide particles, a_first bonding agent for bonding the

yt tipi urfexiaseylisahrasesl ematenial anayr dclude s gohdmethagnglicihpeld)+ heoly(methyl
yttrium oxide particles, the first dispersing agent and the first
bondi ngnetjentylater dbslacidanitrithe pelyomtutll uragrylats), i mdly(d@tyranensomethy!
oxi de particles having dianeters of about 0.5 pmto about 2 pm a
second réthpendatay eigenThése mayidiss bk ysdd giensong dcdmbiabtionntharest. de
particles, a second bonding agent for bonding the yttrium oxide
particles, andan oesepd srabydiffertthe Bt Slri/NBaRinglide! Mel frspbRent. The
particles, the second dispersing agent and the second bonding agent
are di $§§%‘éb¢\%_nt'nﬁ‘ayaﬁc§}&%f‘f%%r§§ﬁe%bmtt Prbﬁeaqt\&%baetsombbp of yttrium
oxi de to al um num-oxi Is in"a range of about 5:5 to about 7:3 in
the,slurry m : LS, r : 0 et

tne 3pr ay” povder et ShfFumred b Brfegas SHILRHE A riooas sR et n the
S220) . Ln_an_exanpl e enbodiment, the Ltin nd r of.th .
spray SR AL ERRST reRad Byl Y i pRERAlR0 Bl By A firs
process, a high-velocity oxygen-fuel, (HVOF) spray process, a vacuum
pl asrm ng\ﬁ%nt-pﬁ\ﬁ@ég@leogolﬁi fatiRelgiless a?aayaewcg% indeediat ayry, the
the spray-coating layer is forned on a surface of the object. FIG 8A

i s a pivétiurmeosHewmanticlas ere deardesissohvad ite the érsdfsoivsat slorthgrehyaisduge a
grain size of the coarse-grained structure. In contrast, when the solid ratio is more
25 than about 30% in the first slurry, the viscosity of the first slurry may be so high that

the process for forming the spray powder may be too rapid to accurately control. In
15



20 |l ayer in accordance with an exanpl e enbodi nent of the present
invention, and FIG 8B is an enlarged picture show ng a portion of
the spray-coating |layer shown in FIG 8A Referring to FIGS.
8A and 8B, the spray powder of which the particles has the

coar seagtiionethestatiocéfuthe firgiclispersing ayentuim thei fihet slodyahawibauso dighdthat
is formed 25into the spray-coating |ayer on the object, so that the

spray- gRashiag doRir rhgy baForRad ﬂﬂ@lésn@xﬁ%?héﬂlédi%ﬁaﬁém@ﬁ tho8e rB8séns, the
result, the voids and spaces within crys line structures are

m ni m éﬁﬂj tlticliR&né F@%{&Rﬁﬁgb?%e iﬁ%(&lﬂgb%f%%ﬁ??@/ort%%t BEEHSi ty of

the spray-coating a e r’exa he spray-coating l'ayer may

have the: por gLl Ao Rt AnBIG A% AN AIPLEBRY LU S

of about 0.5 ion ay- coa ayer
have an esive stren th. reate t han out 13 MPa and ha
ar cat cb? affiEs: anseongSehate %a&%&%%ﬁﬁwmwﬁt&nq%aﬁcafﬁf%a@\'%fo
FIG 9 s a VI eW|IIustrat|n? an i nner structure of the
pI asm pr oceEQy exarapie: e plniBEGY epdfie dapides H}?yéi%‘f?pﬂ‘é‘”@?ﬁ@d@frﬁﬂu’[@f-5
the present invention. Referring to FIG 9, the inner structure 100
of t helpl tlesaRoubZoeds Yihen bpstiamelsr atdhe ahuningm exide magiclessispwmalierdhan
installed in the plasma processing systemand a spray-coating |ayer
120 onabbt 6.6nen, terderadd Giameter of thel sprap pexaep heaebd ddcressed Hevause
i nner nmenber 110 nmay be positioned in the process chanber (not shown)
of thetr g@rﬁg povRRe RisTY coNBkairainddssthsdtit &f the digmitemn ioxide pdrécles, so
process ch er and the process chanber includes an i nner space 15

fofp PefRHe BLirkiRBNPbRATEBRIAES $8ay Qefd"lﬂc@%'%b&é‘&r@t@lﬁc%ﬁ#bp%ng%ub She
suppl i ed |nto t he process chanber "and is transforned into a source

pl asmag %Wtf% ttfea&‘ﬁ’; % tBrfBQﬁsiﬁﬁ)d 'tsﬁgbg{?az\il:@gﬁ%d%mm@remlﬁ’(‘c‘éﬁﬁast

chanber urce p asna ring process

SR @9 ﬁ%ﬁ%@%ﬁdﬁ@ﬁb%% arﬁ%if%ﬁﬁﬁ%ééasts’S?@egﬁ%ﬁ. h AL 2 s the
| f 20 th b Th b |
o oRMERER SRR PERIASS Fhad, kraner [ et wihe sri coBer doytha, asping

gl ass substrate for manufacturing a flat di splay device. In an

exanp| 8irgetdead srypial hawegialaese \4@8«5@?0 110 may i nclude a chamber i ner,

a baffle, and a shield ring in the process chanber. The chanber Ilryer
i s1P5 posit i bhedespod gispersingnageriufayc eniéimindispesse shecalmiaymapdde
may prevent damage to the inner surface of the chanber caused by the

sour cepgdislesTimetrehisetahd ishgny. dn qrosixaigre ceralbadigreat,piinel pberral dispetsion
of a chuck for supporting the substrate in the process chanber and

may preyemt mdgage: taeid peosdrtick FausKdmpe,t the S@&Uiﬁﬁdmrsiff@%gemehay
menber 110 nmay include the inner surface of the process chanbe

i tsel fcor%?rt&‘@léhda(ﬁcﬁc‘?ﬁé‘t\éﬁat QthBRVISE, Pleidtdind di¥pérsingNa n%é?ﬂ A&y beE’@hﬁ‘ed
spray-coating |ayer 120 Is positioned on the inner 110. That

5 o RIOTPACBIRNIOR, LPHeen R KPR ened RO il aqent
ango t hglsgol%ﬁr?to ahr?ggﬁrsolvent. Examples of the second dispersing agent may include
a material having a carboxyl group, a material 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
embodiment, the pH of the second dispersing agent is about 2. The aluminum oxide

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

When a ratio of the second dispersing agent is more than about 2% in the
16



The spray-coating |ayer 120 has substantially the sane structure and
function as the spray-coating |ayer described with reference to FIGS.
7, 8A and 8B, 10and thus any detail ed descriptions on the
spray-coating layer 120 is omtted. The spray-coating |ayer

120 naysqnoedesitrmyhéhs alnromunh aswe fpadinles kire ghattlive drmeohtrde tthei spherioal
I nner menber 110. In addition, the spray-coating |layer 120 nmay be

suf fi ci gmaired sditusdini thd Bpraynpewderbpehe ktnd esaguredent ithg dake that the
separation of the spray-coating |ayer 120 fromthe inner nenber 110,

to therelgy ofime fﬂs@@ts}a’éréﬁ@b@%ﬂ@tm&% BAHSRBUPY Foh o BT st §I9?r§/' ng
| ayer 120. Experiments on particle sizes of yttrium oxide and

w00 o i of R R Ghad e R 581600 i v

5 second slurry, the coarse-grained structure of aluminum oxide is easily broken in the
spray powder by the same reason as in the case that the ratio of the second
dispersing agent is less than about 0.3% in the second slurry. Further, the fluidity of
the slurry mixture of the first and second slurries is also deteriorated, and thus there
is a problem in that a spray dryer is clogged with the slurry mixture in the spray-

10 drying process when the ratio of the second dispersing agent is less than about 0.3%
in the second slurry.
For that reasan, the ratio of the second dispersing agent in the second slurry
may be in a range of about 0.3% to about 2%.
[n an example embodiment, the second bonding agent may improve the
15 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
formed into a spherical shape. In contrast, when a ratio of the second bonding agent
20  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-
drying process. Accordingly, the ratio of the second bonding agent may be in a range
25 of about 2% to about 3% in the second slurry. The second bonding agent has

substantially the same structure and function as the first bonding agent, and thus any
17
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detailed descriptions on the second bonding agent is to be omitted hereafter.

In an example embodiment, the second slurry may include the second
solvent. The second solvent may include an organic solvent or an aqueous solution.

The second slurry may be formed by a ball mill. A solid ratio of the second
slurry is proportional to the ratio of the second dispersing agent. When the solid ratio
is less than about 20% in the second slurry, the aluminum oxide particles are hardly
dissolved into the second solvent, to thereby reduce a grain size of the coarse-
grained structure. In contrast, when the solid ratio is more than about 30% in the
second slurry, the viscosity of the second slurry may be so high that the process for
forming the spray powder may be too rapid to accurately control. In addition, the ratio
of the second dispersing agent in the second slurry may be so high that the spray
powder may be formed into a non-spherical shape. For those reasons, the solid ratio
in the second slurry may be in a range of about 20% to about 30%.

When a weight ratio of yttrium oxide to aluminum oxide is in a range of about
1:9 fo 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
about 9:1 in a second slurry mixture, the spray-coating layer including the spray
powder of the second slurry mixture is characterized by viirium oxide to such
properties of weak mechanical strength and adhesive strength. Accordingly, the
weight ratio of yitrium 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 yitrium oxide to
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

both of aluminum oxide and yttrium oxide to such properties of high mechanical
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strength and adhesive strength.

The spray powder is formed through some processing steps using the slurry
mixture. The slurry mixture may include the first slurry which is a mixture of the
yttrium oxide particles, the first dispersing agent, the first bonding agent and the first
solvent and the second mixture which is a mixture of the aluminum oxide particles,
the second dispersing agent, the second bonding agent and the second solvent.

In an example embodiment, the coarse-grained spray powder particles may
include yttrium oxide and aluminum oxide. When the average diameter of the coarse-
grained spray powder particles is less than about 20 um, the size of the spray
powder particles is so small that the spray powder may not be sufficiently sprayed
onto a surface of an object. In contrast, when the average diameter of the coarse-
grained spray powder particles is more than about 60 um, the size of the spray
powder particles is so large that the spray powder may be agglomerated on the
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 pm to about 60 um. In the present
embodiment, the particles of the spray powder may have an average diameter in a
range of about 30 um to about 40 um.

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 fo reduce the voids or spaces within the grained crystalline
structures in the spray-coating layer.

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.

Referring to FIG. 3, the first slurry is formed into a mixture of yttrium oxide,
19
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the first dispersing agent and the first bonding agent in the first solvent (step $110).

in an example embodiment, the first slurry may include yttrium oxide particles
having diameters of about 0.01 um to about 2 um, the first dispersing agent for
uniformly dispersing the yitrium oxide particles, the first bonding agent for bonding
the yttrium oxide particles and the first solvent into which the yttrium oxide particles,
the first dispersing agent and the first bonding agent are dissolved. In case that the
bond strength hetween the yitrium oxide particles is sufficiently strong to combine the
yitrium oxide particles together with each other, the first slurry may not include the
first bonding agent.

The yttrium oxide particles, the first dispersing agent, the first bonding agent
and the first solvent in the first slurry are substantially the same as those of the spray
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
bonding agent and the first solvent is to be omitied.

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.

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. Ytirium 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 $S113). In an example embodiment, the first dispersing
agent may comprise basic carboxyl materials. The vitrium oxide particles have a
negative (-) surface charge due to the first dispersing agent. For example, a ratio of

the first dispersing agent to the mixture of the first slurry may be in a range of about
20
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0.3% to about 0.5%. Then, the first bonding agent is provided into a mixture of the
first solvent, the yttrium oxide particles and the first dispersing agent (step S114). For
example, the first bonding agent may comprise polyvinyl butyral at a ratio of about
2% to about 3% with respect to the mixture of the first slurry.

While the above example embodiment discloses that the yttrium oxide
particles, the first dispersing agent and the first bonding agent are sequentially
provided into the first 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 yitrium oxide particles, the first dispersing agent and the first
bonding agent are mixed with one another in the first solvent by a ball mill, to thereby
form a mixture of the first slurry.

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
second solvent (step $120).

In an example embodiment, the second slurry may include aluminum oxide
particles having diameters of about 0.5 um to about 2 um, the second dispersing
agent for uniformly dispersing the aluminum oxide patrticles, the second bonding
agent for bonding the aluminum oxide particles and the second solvent into which the
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 not include the second bonding agent.

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

thus any further detailed descriptions on the aluminum oxide particles, the second
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dispersing agent, the second bonding agent and the second solvent is to be omitted.

Hereinafter, the processing steps for a method of forming the second slurry
are described in detail with reference to FIG. 5.

FIG. 5 is a flowchart illustrating processing steps for a method of forming the
second slurry shown in FIG. 3.

Referring to FIG. 5, the second solvent is prepared at first for formation of the
second slurry (step S121). For example, the second solvent may include an organic
solvent such as ethancl. Aluminum oxide particles are provided info the second
solvent (step S122). Then, the second dispersing agent is provided into a mixture of
the second solvent and the aluminum oxide particles (step S123). In an example
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
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 S$124). For example, the second
bonding agent may comprise polyvinyl butyral at a ratio of about 2% to about 3% with
respect to the mixture of the second slurry.

While the above example embodiment discloses that the aluminum oxide
particles, the second dispersing agent and the second bending 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
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.

Referring again to FIG. 3, the first slurry and the second slurry are mixed with
22
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Partic
the particles are formed through sequential processing steps of the spray-drying

process on the slurry mixture and the heat treating process on the dried slurry
15 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
60°C, organic solvents in the slurry mixture may not be sufficiently volatilized, to

20 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
thereby remarkably reduce the efficiency of the spray-drying process. In addition,

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

about 110°C, the organic solvents in the slurry mixture may be rapidly volatilized and
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thus a plurality of voids is generated in the spray powder. Accordingly, the spray-

drying process is performed at a temperature of about 60°C to about 110°C, and the

slurry mixture is changed into the spray powder.

Then, the dried slurry mixture or the spray powder is heated at a high

5 temperature in the dry chamber, to thereby improve hardness of the spray powder.

When the heat treating process is performed at a temperature lower than about 800°

C, the spray powder is difficult to have a sufficient hardness so that spherical

particles of the spray powder are broken and flattened. As a result, the pipe through

which the spray powder is provided to the plasma gun may become clogged with the

10 spray powder. In contrast, when the heat treating process is performed at a

temperature higher than about 1,5600°C, yttrium oxide and aluminum oxide in the

spray 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

a temperature of about 800°C to about 1,500°C, and the spray powder may have a

15 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 pm.

As a result, the slurry mixture of the first slurry including yttrium oxide and the

20  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

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

25 is, step $110 for forming the first slurry, step 3120 for forming the second siurry, step

S$130 for forming the slurry mixture and step S140 for performing the spray-drying
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process and the heat treating process to the slurry mixture may be performed in an
atmosphere of one of air, hydrogen, oxygen and nitrogen and a mixture thereof. In
the present example embodiment, the spray-drying process may be performed in an
atmosphere of air and the heat-treating process may be performed in an atmosphere
of one of air, hydrogen, oxygen and nitrogen.

The spray powder for the spray-coating layer may include the coarse-grained
particles including yttrium oxide and aluminum oxide, so that the spray-coating layer
has an amorphous crystalline structure and a reduced number of voids or spaces
therein. Therefore, when the spray-coating layer is formed on the inner surface of the
plasma process chamber, the source plasma may be sufficiently prevented from
penetrating the spray-coating layer. Accordingly, the spray-coating layer 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
sufficiently prevented in the plasma processing system. As a resulf, 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
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 $210). The
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 ym to

about 60 ym. In an example embodiment, the spray powder may be formed through
25
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a spray-drying process using a slurry mixture including first and second slurries. The
first slurry may include ytirium oxide paricles having diameters of about 0.01 ym to
about 2 pm, a first dispersing agent for uniformly dispersing the yitrium oxide
particles, a first bonding agent for bbnding the yttrium oxide particles, and a first
solvent into which the yttrium oxide particles, the first dispersing agent and the first
bonding agent are dissolved. The second slurry may include aluminum oxide
particles having diameters of about 0.5 ym to about 2 um, a second dispersing agent
for uniformly dispersing the aluminum oxide particles, a second bonding agent for
bonding the yitrium oxide particles, and a second solvent into which the aluminum
oxide particles, the second dispersing agent and the second bonding agent are
dissolved. In an example embodiment, the weight ratio of yttrium oxide fo aluminum
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.

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.

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 portion of the spray-coating layer shown in FIG.
8A.

Referring to FIGS. 8A and 8B, the spray powder of which the particles has
the coarse-grained structure including yitrium oxide and aluminum oxide is formed
into the spray-coating layer on the object, so that the spray-coating layer has an

amorphous crystalline structure. As a result, the voids and spaces within crystalline
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in Expéet 4 (referred to 15 as Experinental Goup 4). The
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about 5:5 to Ao is7:a3view iysdiating nam intplo ghugiureunf| et plasms grecessing
ratio of yttriumoxide to alum num oxide was in a range of about 1:9
t o abowysteng iri accordance with an example embodiment of the present invention.
Referring to FIG. 9, the inner structure 100 of the plasma processing system
10 may include an inner member 110 instalied in the plasma processing system and a
spray-coating layer 120 on the inner member 110.

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

15 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
coating a thin layer on the substrate or an etching gas for etching the thin layer from

20 the substrate. The substrate may include a semiconductor substrate for
manufacturing a semiconductor device or a glass substrate for manufacturing a flat
display device.

[n an example embodiment, the inner member 110 may include a chamber
liner, & baffle, and a shield ring in the process chamber. The chamber liner is

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

to the inner surface of the chamber caused by the source gas. The shield ring is
27



strength in Experinmental G oup 3 were nuch better than those in
Experiments 8-9 (referred to as Experinental Goup 5). The wei ght
ratio of yttriumoxide yttrium oxide to alum num oxide was in a range
of about 8:2 to about 9:1 in Experinmental Goup 5. The above

exper i pesitiahed eford & mriphemigattishofvd bladck fre agipestingetist sengidie 5n ahd
t he nechani cal strength of the spray-coating |ayer nmay be optim zed

when 't BeyceRE ahaRMMeind @ay fReRRAdRegs B e 693K e&sle@y@% theNsbldesyas.
yttrium oxide and al um num oxide in such a conposition that the

wei ght Ehgtshﬁe%eﬁﬂeﬁi 1§6‘ rﬂégq'ﬁciﬁﬂ’e Fhd! A rQu?PéFQ%g tRe '@9%%8&1%%&,

about t o about IS 1n arange o out _ (
't heSS N @B%ﬁ\af@%%eéfro 5%&%‘55@?%%%? ?%a”%eiﬁhhdu”ihii Sl ng
é)g(]gn'; i ﬁr;/()nt S(ijl'hg sg?éye—éoa Ing I(a@r ?B& is pos&tér’?&? bn%ﬂgefrr}rilecrarlneﬁ'l I I1(210 That is,
the spray-coating layer 120 may be positioned on the inner surfaces of each of the
chamber liner, the baffle, the shield ring and the process chamber.
The spray-coating layer 120 has substantially the same structure and
function as the spray-coating layer described with reference to FIGS. 7, 8A and 8B,
10 and thus any detailed descriptions on the spray-coating layer 120 is omitted.
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

15  contamination caused by the spray-coating layer 120.

Experiments on particle sizes of yttrium oxide and aluminum oxide

Table 1
Particle Adhesive
Y,03 | AlbOj Spray Hardness | Porosity
Size Strength
(MM) | (Um) Atmosphere (HV) (%)
(Mm) (MPa)
Experiment
5 - 35 Atmospheric 7-10 400-450 4-6
1
Experiment
- 4 25 Atmospheric 7-10 700-800 4-6
2
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2 2 40 X Experinment 2 1 1 30 X Experinent 3 2 1 35 X Experinent 4 1 2
35 X Experinent 5 0.5

Experiment
5 4 40 Atmospheric 10 550 3)
3
Experiment
5 2 38 Atmospheric 11 530 4
4
Experiment
5 0.5 35 Atmospheric 9 550 3
5
Experiment
2 4 30 Atmospheric 10 550 4
6
Experiment
2 2 35 Atmospheric 13 650 2
7
Experiment
2 0.5 35 Atmaospheric 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 yttrium 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

powder and the spray-coating layer were formed by the above process in each
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experiment, and the particle 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 resulis of the particle size of
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
2). The particle size of yttrium oxide was in a range of about 0.01 um to about 2 um
and the particle size of aluminum oxide was in a range of about 0.5 pm to about 2 ym
in Experimental Group 1, while the particle size of ytirium oxide and aluminum oxide
was greater than about 2 um in Experimental Group 2.

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

aluminum oxide particles of which the sizes are in a range of about 0.5 ym to about 2

Hm.
Experiments on the weight ratio of yttrium oxide to aluminum oxide
Table 2
Particle Adhesive
Y203 AlO3 Spray Hardness
Size Strength
(Wt%) | (wt%) Atmosphere (HV)
(bm) (MPa)
Experiment 1 10 90 30 Atmospheric 10 750
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Experiment 2 20 80 35 Atmospheric 10 750
Experiment 3 30 70 33 Atmospheric 1 720
Experiment 4 40 60 40 Atmospheric ™ 720
Experiment 5 50 50 35 Atmospheric 13 700
Experiment 6 60 40 35 Atmospheric 13 650
Experiment 7 70 30 30 Atmospheric 13 600
Experiment 8 80 20 28 Atmospheric 10 520
Experiment 9 90 10 33 Atmospheric 10 430

The spray powder was formed by the same spray-drying process as
described in an example embodiment of the present invention at various weight
ratios of aluminum oxide and yitrium 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
the experiments. Table 2 shows the measured results 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
as Experimental Group 4). The weight ratio of yttrium oxide to aluminum oxide was in
a range of about 5:5 to about 7:3 in Experimental Group 3, while the weight ratio of
ytirium oxide to aluminum oxide was in a range of about 1:9 to about 4:6 in

Experimental Group 4. In addition, the adhesive strength and the mechanical
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t he seg@gliglhspersing agent in the second slurry was greater than
about 2% and the ratio of the solid material in the 20 first and
segond slurries was greater than about 30% The above
experinmental results on Table 3 show that nost of the spray powder is
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range ﬂf gﬁout 0.3%to about 0.5% ‘the ratio of the second di sper si ng
agent econd slurry was in a range of 5about 0.3%to about 2%

and t he ratig of the solid material in the first and second slurries

was in ara about 20%to about 30% Experinents on the
rati ofof the bonding agent and meati ng tenperjature variatjon 10Tablé
4  Bpndi ng Agent 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 0]
Experiment 7 0.5 2 30 O
Experiment 8 0.3 1 25 O
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(% Heating Tenperature (C) Spherical/Non- Spherical Particle
Experinment 1 0.2 700 X Experinment 2 0.2 800 X Experinent 3 0.2 1,400
X Experinent 4 0.2 1,500 X
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Experiment 9 3 2 45 X
Experiment 10 3 1 40 X
Experiment 11 3 0.5 35 X
Experiment 12 0.5 0.5 25 O
Experiment 13 0.5 0.3 25 O
Experiment 14 0.5 3 35 X

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
second 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 5-9, 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 8, 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
second slurry was greater than about 2%, and the ratio of the solid material in the

first and second slurries was greater than about 30%.
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The above experimental results on Table 3 show that most of the spray
powder is formed to be a spherical shape under the conditions in which 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%.

Experiments on the ratio of the bhonding 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
Experiment 12 1 1,500 X
Experiment 13 2 700 X
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Experiment 14 2 800 O
Experiment 15 2 1,400 O
Experiment 16 2 1,500 0
Experiment 17 3 700 X
Experiment 18 3 800 O
Experiment 19 3 1,400 O
Experiment 20 3 1,500 O
Experiment 21 4 1,500 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
the second slurry and at various 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 into 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
powder.

Table 4 indicates that the spray powder was detected to 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
greater than about 2%, the ratio of the second bonding agent in the second slurry
was also greater than about 2%, and the heat treating process was performed at a
temperature of about 800°C to about 1,500°C. In contrast, in Experimental Group 9,

the ratio of the first bonding agent in the first slurry was less than about 2%, the ratio
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Experinent 18 3 800 O Experinment 19 3 1,400 O Experinment 20
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of the second bonding agent in the second slurry was also less than about 2%, and
the heat treating process was performed at a temperature lower than about 800°C or
more than about 1,500°C. When the first bonding agent and 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
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 results on Table 4 show that most of the spray
powder is formed to be a spherical shape under the conditions in which the first
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,
a horizontal line indicates a diffraction angle (28) of the X-ray diffracticn 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 fo have an
amorphous structure.

According to the example embodiments of the present invention, a spray
powder is formed‘into coarse-grained particles including yttrium oxide and aluminum
oxide and having an average diameter of about 20 ym to about 60 pm. A spray-

coating layer is formed by a spray-coating process using the spray powder, and thus
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3 1,500 O Experinent 21 4 1,500 O The spray powder was

formed by the same spray-drying process as described in an exanple
enbodi nent of the present invention at various ratios of the first
bondi ng agent in the first slurry, at various ratios of the second
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conditions in which the first bonding agent and the second bondi ng
agént al@dmed. 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 tenperature of about 800C to about 1,500C. 15FI G 10

is aviewillustrating an X-ray diffraction pattern of the
spray-coating |layer in accordance with an exanpl e enbodi nent of the
present invention. In FIG 10, a horizontal line indicates a
diffraction angle (20) of the X-ray diffraction and a vertical |ine

indicates an intensity of the X-ray FIG 10 does not show a
particular diffraction angle (20) corresponding to a
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20 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 fornmed to have an anorphous structure.
According to the exanple enbodi nents of the present invention, a
spray powdenT isSciafee jgit o coarse-grai ned particles including
yttrium oxi de and al um num 25 oxi de and havi ng an average di aneter of
about 20 pmto about 60 pm A spray- coating layer is fornmed by a
spray-cgatin rocess. using the spray powder, and thus has an, .
amor photis. stR GBI BOSIeT 18T A BFRING, PTOFRSF-dhe SBray, PRWASTpmPprising
Spray-coating Iager is fornmed on the inside of a plasma processing
system a sOMAECIraenRd PRHIFeRinsldinGyiEHim pX N inpgRxide and
penetrating the spray-coating |ayer. As a result, the spray-coating

| ayér may prieaMng apyesge diemsitersofbiouw 20mikithgbaut @ pungont act with
5 the plasma processing system In addition, the spray-coating |ayer
may be suffi ci enwhygraicBexreight @tibhe tipd grimmpaxideand tige sistiaomf atide is in a
preventing the separation of the spray-coating |layer fromthe plasna
processi ng sysyews about ereky1.m ni m ze contamni nation caused by the
spray-coating layer. Particularly, the spray-coating |ayer may
sufficiently prevent etching of the plasnma processi ng system caused
by the source 10 plasma, to thereby remarkably inprove the |lifespan
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by one skilled in the art within the .rit and scope of the present
Chventi on asaneraeHfrBe SV ik MR R4S STER IS sacond Ygayhe
powder for g, spray-coating process, the spray powder conprisin

coar se- gr ai &8t Peiy ingleding NEPH@W aedg perticles daviae dipfaetarued mﬁﬁt%@'ﬂém
and 5having an average di aneter of about 20 pmto about 60 pm

wher ei n a wdpgihout dtlne, afirst lispersing ageokiod eindaumlydisperaimgribeny@dinie i s
in a range of about 1:0.4 to 1. 2. A spray powder for a spray-coating
process, thexije pgrtipmsdardirstdrprdireg agerditpabondingshdgitiing aidayertias,

di aneter of about 20 pmto about 60 pm and generated froma slurry
m Xsur e i nclardi agra sbiviest irgd Which Bed/tBiuse e wriicley, thilist digSdrsing
slurry including yttriumoxide particles having dianmeters of about

0.01 pmto afut afd g fitst bohg8ihgi g asé RksARRAL aﬁ@r‘thé@é&mﬂmrry
di spersing the yttriumoxide particles, a first bonding agent for

oondi ng the ifhbEk il BRI Elrfisies TRAMY diafileters STALYERE 5 o MBLEL

the yttriumoxide~parti persi'ng agent an _
oo S0 W B AR b AP PR B SERRAY S b R e
second di spersi agent for upifornmy._dispersi he, al um num oxi de
par L1 ¢l es. | eCund DO Han A0PEY op SRBANG TR Ui N ATACES.

i ol es.
parztol cres and a second solvent into which the aluminum oxide particles, the second

dispersing agent and the second bonding agent are dissolved.

3. The spray powder of claim 2, wherein the first dispersing agent includes a
basic material and the second dispersing agent includes an acidic material.

25

4, The spray powder of claim 3, wherein a ratio of the first dispersing agent with
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20and a second solvent into which the alum num oxide particles, the
second di spersing agent and the second bondi ng agent are dissol ved.

3. The spray powder of claim 2, wherein the first dispersing agent

i ncludes a basic material and the second dispersing agent includes an

o the Ty shédtect fuft b QuRD'EN & PR offndird Belo AUBEE 815 b o,
f t 0.3%t. bout 0. 5%. d ti f t d
i aadsi o BREI seay diSad 3D adbr it FaSafer B e sBlold B P i conge
b 0.3% b 0 . Th wd f | ai 2, wh i
?a?iuz) of thté’?ﬁs?@t%ﬁ%%fﬂ %%&@ﬁfp\r/\?{hp?esggc? tg ?Ih(ranfi rsteglelu:]ri is

in a range of about 2% to about 3% and a ratio of the second bondi ng
agent with respect to the second slurry is in a range of about 2%to
about 3% 10 6. The spray powder of claim2, wherein a ratio of solid
mat 8ri & s wilhe apeappowdeoct taini 2r wheemnul atrbtio of thentirss banding sigest witha
range of about 20% to about 30% respectively. 7. The spray powder of
claim 2, whesspent & thei firbt sluay i®incd rande dflabouti2de té abditel%hi asd a ratio of
15slurry and al um num oxide in the second slurry is in a range of

about 1: 0. 4tiDsdcdridl bdR1iad HEENE Witk FelpRct B the dRbRadIGty sanm B@ga of
spray powder for a spray-coating process, conprising: formng a first

slurry incl 'égbﬂﬂ%%ttbreiﬂbﬁk@%.de particles, a first dispersing 20agent

for dispersing the yttrium oxide particles, and a first solvent;

formng a second slurry including alum num oxi de particles, a second
di spersing agent for dispersing the alum num oxide particles, and a

o APng ot he. 1TPSPTaRROHET QLeimi2SIIPFTRE 39021 RobLtGhafe i oot t

erformn spray-dryin rocess and a heat treatin rocess_to the
P g ?he ﬁrs?%ng tt¥e sgcand siumses IS ?n a range o% about 2(9’/0%0 about 36%,

respectively.

7. The spray powder of claim 2, wherein a weight ratio of ytirium oxide in the first
15 slurry and aluminum oxide in the second slurry is in a range of about 1:0.4 to 1

in the slurry mixture.

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

performing a spray-drying process and a heat treating process to the
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slurry mxture, to thereby form coarse-grained particles including
yttrium oxi de and al um num oxi de, wherein the yttrium oxide
particles have an average di aneter of about 0.01 pmto about 2 pm and
t he al um num oxi de particles have an average 5di aneter of about 0.5
pm to about o lihiRuld)§o TREBBY fOn EbAsB GtaindEs£tiRet Mcllding Yitrium oxide
di spersi ng agen |ncru’3es a Egs(?{': mat eriggrﬁ 135138{ Tﬁe rret%o%tygf cl a)i m

9, wherein t i i:gﬂ)ee{si ng agent includes at | east one materi al
sel ected frogn}ﬁélgﬁgé%rﬂp conisi sting of a carboxyl -based material, an

ester-based material , an am de-based material and in conmlyi nation
thereof, and a rat‘f"{%ér@l’” Wﬁt%?@ﬁé@?ﬁ@%{amw@w et Of%bOUt
the first slurry is in a range of about 0.3%to about 0.5% 15 11.
The met hod dF0EE IR @DoWliFek®i 3d e alurdidm gxidscpartiplgsdigvAtan avarages
an acid material. 12. The nethod of claim 11, wherein the second

di sper si ng atiemetaridlabees0 & umdasbogbdnen.mat eri al sel ected fromthe
group consisting of a carboxyl -based material, an ester-based
material, an am de-based material and in combinations thereof, and a
ratio of the second dispersing agent with respect to the second
slurry 9.s i mMhe metgel of claibos! wleadh tiee fdodispafsing adsniliheluaes aashsid
claim8, wherein the first slurry has basic properties and the second
slurry has aghwdiigi properties. The nmethod of claim 13, wherein the
yttrium oxide particles in the first slurry have a negative surface
charge and the al um num oxi de particles in the second slurry have a
positive surface charge. The nethod of claim 14, wherein the yttrium

oxi.de ti S | umi n Lde.particles are bonded to, each
ortr B ol i oy PRGN R LR brIe 2p8ntREtaGs e 1Rt ane
ratio of solid rr.ateriatla Wi th respect to.the firs% anI t he secon
slurries is Taeqat sgeegi B g 9 SRS BG O TRGROPEY] VBRIpraFR
nmet hod of claim8, wherein the first and the second sol vents i ncl ude
one of an orS§ieirkasest wafesial.Avemifebaaslgasenal@ngrn combingtionsdhereot,
claim8, wherein formng the first slurry further include supplying a
first bondi rdageatio efdheisidlispersing agent wilm regpeel tpdhe ficstsbirnoisdaeh
ot her and form ng the second slurry further include supplying a
second bondiraggagéabofitdy. 3%otedabmgiittheal um num oxi de particles to each
ot her.

15
11.  The method of claim 8, wherein the second dispersing agent includes an acid
material.
12.  The method of claim 11, wherein the second dispersing agent includes at least
20 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 is in

a range of about 0.3% to about 2%.

25 13. The method of claim 8, wherein the first slurry has basic properties and the

second slurry has acidic properties.
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2019. The nethod of claim 18, wherein the first bondi ng agent
conprises one of polyvinyl-based material and acrylic-based materi al
and a ratio of the first bonding agent with respect to the first
slurry is in a range of about 2%to about 3% and the second bondi ng
agent conprises one of polyvinyl-based material and acrylic-based
material and a ratio of the second bondi ng agent with respect 25to

t he second urry.,is in.ar of . about, 2%t o about 3% . 2Q. Th
method ar ol serBnepa R e8 SeBRrtines ndeedie iy
first slurry and al uni num oxi de of the second slurry is.ip a range of
about 1:0. 4¥‘@8915 epaE %F%Pﬁfﬁﬁf% %"r“i?h%@f.mfﬂ‘émr%@ Ha'é*P{éél'ai“Pﬁ g‘?w”d
wherein the heat treating process to the slurry mxture is perforned
at a tenper &uifehdse &l@@ﬁgIVS@GCfaﬁ%CBBEﬂ@t- 1, 400C. 22.The met hod of
claim8, wherein formng the first slurry including yttrium oxide
par®&icles, formng the second slurry including alum num oxi de
particles, formng 10 the slurry mxture and perform ng the

spray- dmyi nghermetss cfrtkitrh®d, hetadrelr datytiniginporide riddles bed pies Elmmdm
in an atnosphere of one of air, hydrogen, oxygen and nitrogen and a

m xture thepgefe pdiiclé8 a8 bonded to each other by electrostatic attraction.

16. The method of claim 8, wherein a ratio of solid materials with respect to the first

10 and the second slurries is in a range of about 20% to about 30%, respectively.

17. The method of claim 8, wherein the first and the second solvents include cne of

an organic material and an aqueous solution.

15 18. The method of claim 8, wherein forming the first slurry further include supplying
a first bonding agent for bonding the yitrium oxide particles to each other and
forming the second slurry further include supplying a second bonding agent for

bonding the aluminum oxide particles to each other.

20 19. The method of claim 18, wherein the first bonding agent comprises one of
polyvinyl-based material and acrylic-based material and a ratio of the first
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 matetial
and acrylic-based material and a ratio of the second bonding agent with respect

25 fo the second slurry is in a range of about 2% to about 3%.
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20.

21.

22.

The method of claim 8, wherein a weight ratio of yitrium oxide of the first slurry
and aluminum oxide of the second slurry is in a range of about 1:0.4 to 1 in the

slurry mixture.

The method of claim 8, wherein the heat treating process to the slurry mixture is

performed at a temperature of about 800°C to about 1,400°C.

The method of claim 8, 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 and

nitrogen and a mixture thereof.
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