METHOD OF MANUFACTURI NG SPRAY COATI NG LAYER AND SPRAY COATI NG LAYER
MANUFACTURED BY THE SAME METHOD 5 BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention Exanple enbodi nents of the present invention
relate to a powder for a 10 spray-coating process and a net hod of
form ng the same, and a spray-coating |layer using the powder and a

met hod of Wﬁ]a@ éﬁ%&ﬁpﬁAcWFﬂN%aéth(?bAﬁ‘iNé’LW%F@A@ﬁ%QRWEéAﬂ

t he present Tnvention S r OCESS
havi ng a reduced nunbérAY(ﬁleﬁl‘éF/BEEUaﬁp Bh’dT*dEréiM cMETHfJ&m ng the
sane, amd a spray-coating |layer using the powder having an inproved
| ayer density and a nethod 15 of formng the sane. 2. Description of
the Related Art In a general plasnma processing system source

gases are changed into pl aSBﬁC‘R@h U?\Hﬁ)@w EIIQVENT‘T’@ a sem conduct or

wafer is processed by the source asna e source p asna causes

damage to an '””PrFsélHroffg-?:?anEnt‘?’orPr ocess 20 chanber of the plasm
processing systemin addition to processing the substrate. For that

reason, a prot e?)&a\fﬁ Eaé’r%oélﬂ{en?sr \fetﬂéoé]%F%rzt"E'f?/ n{é tr%]%geﬁ%é)ce%iwder for a

charrberls coate e’i nner surface
t I t ect- I
the o1 S2ne Sy Bie hhockas enf' € Melhdtf B o Peiatie ap i spFadtiBe tever
f f t.h h 25 .
Spray- coat HHIEIt é&fev?cierf%}cfn‘*édmsﬁmgg ferg i 3% %énmd@g@spa@m%‘?a example
- powder co si,ng yttpjum oxi 03) c’;[l| m num XI de
I o o LOHRTR Shle s ORLEEe 1 B PO forse SaTe-CHaling pocess

showi ng a Erass- segtl 0 rea_of conventijonal spra coating

| ayer, and'@fieg a8 P%GJ;HU@EP%I%%‘H piRaraineanchaineigoa %érmi%tfeﬁ S%fﬁé and a
pi cture shown in FIG 1A Referring to FIGS. 1A and 1B,

convent | ongRrA¥SPEYOG BAET YO SR POWEET aa\ﬁlﬂsy apamproyeddaysrcansiy and awagthod
a |lot of v0| ds -or spaces therein. The source plasma in 5 the

pr oces’i ngPIdREMBEthPEA®Er at es into the spaces in the crystalline
structure of the spray-coating |ayer, and thus the spray-coating

| ayer is etched % eaﬁyptjmbofstbaﬁ%atpdﬁha Accordingly, the
spray-coating |ayer is peeled off fromthe inner surface of the
processi ng chantara (fenerd) phamaapocessdy sypieremsoante gaass Bhe chenges into
pl asma directly causes damage to the inner surface of the process
chanber . 1paSURMKRYa GEbTFIRE | OENT @idemiconductwowsafel igpsocessa py disesburce
i nvention provides a powder for a spray-coating process havi ng an

anor phous plasmet Uihe asodrca biasmas paused hieneige to an inner surfsieobhex process
exanpl e enmbodi nent of the present invention provides a nethod of 15

f or m n2p t hehaabimareofpibedeasharpracssyiay sestatri fgapiditioe$s .processing Meosiiestrate.
exanpl e enbodi ment of the present invention provides a spray-coating

| ayer usi ngoritthet alzeve, agueiettiralbysgfaprev@itpisethrhéyeto fheNgictlss chamber'is
coated on the inner surface of‘ the process chamber. A spray-coating layer is most
widely used as the protective layer in the plasma processing chamber so as to
prevent etbhing of the inner surface of the process chamber due to the source
25 plasma. The spray-coating layer is formed by a spray-coating process using a
powder compﬁsing yitrium oxide (Y203), aluminum oxide (Al,Q3), silicon oxide (SiOy)
boron carbide (B4C), etc.
FIG. 1A is a picture showing a' cross-sectional area of a conventional spray-
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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. 20According to an aspect of
the present invention, there is provided a spray powder for a
spray-coating process. The spray powder conprises coarse-grained
particles including yttrium oxide and al um num oxi de and havi ng an
aver age afiatingtleysroéncifddt 120s @n enlaggedupicttits phowing a portion of the pinture
exanpl e enbodi nent, a weight ratio of the yttrium oxide with respect
t o 25t heshalsminié bXki de is in a range of about 1:0.4 to 1. According
to an aspect of the present invention, there is provided a spray
powder for a $efeyingdatFIG$. prroeessB, The copr@ytiopaivegrayideetivg €8er has a
particles having an average di aneter of about 20 pmto about 60 pm
and genesrpdtaling soroci@res hnd hgsr Xt of @oidB &r wphdgs thdréihsThe lseurde @asha in
second slurry. The first slurry includes yttrium oxide particles

havi g dhamré@sssingfchalbmisr penbitateminto tA®epices iBMthe rfstdifie StrsdGEINBe
5 agent for uniformy dispersing the yttrium oxide particles, a first

bondi ng speeptodiiy ReBAiNE tHie tbt Shruycextrie 1ayar id Gidd aMbyatkkl §&irce
solvent into which the yttrium oxide particlés, the first dispersing

agent arglasihg, Abécﬁ&iin@@,nﬂienﬁpréﬁiéﬂéﬁrﬁj Rivel RSpbMEd ofme(;? SRE %}%r%u%gé! of

i ncl udes al um num oxide particles having dianeters about 0.5 pmt
about 2 {REVorécex8 R hafiied F Hd Pla8f8 ok ey SRS gﬂ.
al um num o>?irde F{@ pgrti cl es, gasecggnrg %ﬂ i %%ﬁ’a&%%%%§ﬁ§g§H§?% %

al um nurai%wea@@éstaém@g%mgﬁg ir%e?%ﬁﬁél% i‘@é&rﬁ?%ceisgtcﬂa%laph the

al um num oxi de particl€es, e second I ng agent and t he second
bondigng agent are dissol ved. In an exanpl e enbodi ment, the
first dispersing agent includes a basic material and the second

di spersi ng agent includes ﬁgm}@l{corgqfhﬁéwﬁws Nati o of the 15

first dispersing agent with respect to slurry is in a range

f about 0.3% %20 | h i ing..
agent wi th 1 odssefh He eadindetih Brdlock" RERER" P SREH g
to abouty 29 : i io of the first

ponai ng "saekes e 9 eefhell REEF AR AUPR YpeB AR Phnge of  about

2% 10 about S¥nofdl Bafiidld SrBbahfi ;?ﬁgeg@géggtqgg%h?o%ﬁﬁﬁﬁtegé“&h?fh@&%of

respect to the secon urry i
In e i .0 0of solid materials with respect to
thealgi r)s%?maﬁhg tﬁ%ﬁ’%geﬁ%&degﬁa{f%%y?cgaﬁ?é qu,cgﬁ%e of about 20%to about
30% respecti el .l n_an.exanpl e enbodi rent wei ght
Cati o of yttri ORISRk BEMRE eiesisrt £f B AT USRI eYioeR o e
of about 9 to 1 inhth slurr 1 xture.. Accordin éo n aspect of
the presSAt Qﬁﬁygﬁf]?%ﬂ,{ ‘?ﬂé?v ?@%’g{ﬁvﬁl&?%’%‘? laye ““rrlﬁ"ﬁ)‘ri ng a spray
owder for a ray-coati ocess., A .first slurry is forned to have
St trium oxi de%&gﬂ{qr&xggppegetﬁﬁpéqne&t Qf)g}esf?rﬁée'étdﬁﬁ?%loﬁrmel”@ﬁ%ﬁ@ﬁ@oﬂHg
yttri umfoxi.de par icles, and ,a first solvent, and a second slurry is
formed t'OTHEG LS POONGRRIRGLPAINGIAYEN cl es, a second di spersing agent
for dispersing the alum num oxi de particles, and 5 a second sol vent.
A sl®rry mxt %ﬂ@o'idﬁ‘*grmﬁ%@sswtrﬁfxm@,pr@ﬁ@ntf iprentionn dherpds Juedaed a spray
slurries with each other, and a spray-drying process and a heat
tr eat i NPOWASE 9K asRIaYEPRBIHBIPCEES 1 Eée SPIRY POWHRE gpraprises chaiselgyained m
coarse-grained particles including yttriumoxide and al um num oxi de.
In an eXamstles BRbIHIoEHLM eXide and eiuiminoexi aiddeand havieg ahaverags divostaye

10 di ameter of about 0.01 [gmto about 2 pm and the al um num oxi de
parti cl & ahavie2umdo@bayeb@lamet er of about 0.5 pmto about 2 pm

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

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



In an exanpl e enbodi ment, the first dispersing agent includes a basic
material. The first dispersing agent includes at |east one materi al
sel ected fromthe group consisting of a carboxyl-based material, an
ester-based material, an am de- 15based material and in conbinations
thereof, and a ratio of the first dispersing agent with respect to

the first eh#ér driaSsprBy-BokfHPSroBEsR DR s&aﬁ?b%e?%ﬂlde@ﬁ%c!es havin%ila@

an exanpl e enbodi nent,” the second di spersi agent 1 ncl ddes an aci

ooy plaBesnandidl DRI O, RAPR] dudft 48oBnRbod SRREADE I o ity

sel ected fronTthe group consi sti a carbo erial, a

est e - basgla R fbhlng A4 dha %gé&g)n'aaélﬁrr&a'l'heaﬂ%\’g\;sﬂﬁ&?@%gg% VRflEm

t her eof , aratio I Spersing’ agen

exanp o coiSarBbieS g LBy Fipbo BB kOpRIRA pEea it Fgersing
the 11t ot St 9 SpBG M SBERREE ind Sraronde BRI fisf RehiRaraasthior
ond the- PRI NS TR IR Pedclti e Bref sBRaR F wdien, B vEtes e
enbod Ao alRolst Hspr i asent 4 R (v todpine, Saiare TRsbiecge
the second s| Hrri es, ii‘ in E‘ r_ﬁ{;rge )%Lenaqu 0% t o about 30%

r espect i VISP SHBANEYARP PR RIRWE IR PATTIEIRE Favingrdigipgters et 3R b um to

sol vents include one of 5an organic material and an aqueous sol ution.
In an exaA% “eWBodiSReARd Shpershg agenar HYiterHY Rispersing theealyminyng oxide
bondi ng agent for bonding the yttrium oxide particles to each other
and tie SE¥HHES:s? $EEYNG BPRdiRg 4086T fRYNdéKL BienalbBtisim pxidseparticles, and a
bondi ng the al um num oxi de particles to each other. 10ln an exanple
enbodi merit€copfl sopiepk inty whisnihe aeninuromide pagiclesethef sasend dispersingegent
material and acrylic-based material and a ratio of the first bondi ng
agent wi t3dBgseepnd sopdiag epertarg|digseivelds in a range of about 2%to
about 3% and the second bondi ng agent conprises one of

pol yvi nyl - baseld @&t ex@mapleasmbagimentc thasiat wispersiag agedt dnelades afasic
the second bondi ng agent with respect to the second slurry is 15 in a
range of rapigel and tie aeennd digpersing agent includesxampridicematetiakeh raticaof the
wei ght ratio of yttriumoxide in the first slurry with respect to

al um ¥umfoxti diepensinghagerdovtidraspact ip the finst alurnigan of raadgeusf dbdutD.3% tb
in the slurry m xture. In an exanpl e enbodi ment, the heat
treat i ng ghout 8%t end eratib .ofrihe weronrt dispsrsd@y pgefitowitte desytechto the second
tenperature of about 800C to about 1, 500C. In an exanpl e
enbodi nersiyrnt isén ioanee pbabgrtdcs to bholitzifong t he steps of forning the
first slurry including yttrium oxide particles, formng the second

sl urry incl udi ingaralexamplenerakodimepgrd ratioesf, thE dirst luhdidieagéntrwith RISkt ©
and perform ng the spray-drying process and the heat treating process
may be péhé dirstesluirg imm a range of about 2% to about 3%, and a ratio of the second

20 bonding agent with respect to the second slurry is in a range of about 2% to about
3%.
In an example embodiment, a ratio of solid materials with respect to the first
and the second slurries is in a range of about 20% to about 30%, respectively.
In an example embodiment, a weight ratio of ytirium oxide with respect to
25  aluminum oxide is in a range of about 1:0.4 to 1 in the slurry mixture.

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



25 atnosphere of one of air, hydrogen, oxygen and nitrogen and a

m xture thereof. According to an aspect of the present invention,

there is provided a nethod of formng a spray powder for a

spray-coating process. A spray powder having coarse-grained particles

conprising yttrium oxide and al um num oxide is prepared and the spray

powder i g sihaesl bRy FRWRRE Bl dftaRcGhitRObibeskss hale: siRPisTYRMADS h

di anet er of tﬁ%’ pgétly?l%es Isin ﬂa?afgﬁ%e 0 r about 20 Spnrﬁa]g about 60‘51Ve

pm 5In ; i ; Y. ! :

B at mos S OB JRIRIES TE s bR R IR dishoRERD JHAN ekl

oxygen. f HeluolbVER) SREAUIPLRCERE a Lol WAL SRR R v 4Rl B 85RRS
y process. cc 0 e

and a ki hetic spra ordi‘ng to an aspec

Pourdor 1 BERE A 3pobiEhRRb AR LTt Al In@ R i MR 52505, pna
me"2hr o Soeder i SEG AP g B g B o U
SO of oshimas WP GHtn Bthe Bnst 4 Sptyf g BB e A MBSkt piBRRR S
ST e ooy of e oMbl § B Rbh i, Conselained pasleincluding

particles, .and first 15 solvent into which the yttrium oxide

parti cl e¥ttriymg oxjde;and AYHOBNE PREeagent and the first bonding agent are
di ssol ved. Thi second slurry includes alum num oxide particles having
di ameters of abBaiit S¥aBP ogt5oent. iheprﬁtﬂamse&Sﬁdp%ﬂ'@E%r'@\fﬁga%g%ﬁfage
for uniformy dispersing the alum num oxi de particles, a second
bondilfig HigEMHick %fra%ﬁ@'ﬂ%g“?’ﬁ@ ahoyh? iinabdithe abupippe @dde RAdiclesJ Ve A
solvent into which the alum num 20 oxide particles, the second

di sper si AYeTage fianeigr ohrbad Odnidmie ABPHE Hient are di ssol ved. Then,
the spray powder is sprayed to an object in a dissolved state. ,
In an exanpl e [@nbdxeENie ampedimest Gespist SFisRPraigentgsicinGiess 2 hesic
materi al and the second di spersing agent includes an acidic material.
A ratio ofatern The §istdlispsesing agengesudes @ least gaetmatsripheelpsted from the
slurry is in a range of about 0.3%to 25 about 0.5% and a ratio of

t he seco@tPu epwistinggofag earboxyitvpsedspatarial, can retesbgerm mateialy an amideq
range of about 0.3%to about 2% I n an exanpl e enbodi nent, a
rati @5 of baged fateial poddn mgmiisiionaithereele spdna ratio aftibe flirstglisparsing poest
in a range of about 2% to about 3% and a ratio of the second bondi ng
agent w withrespssit to the firsieslwaciennl ashnge ¢f alput 8.3 taabeutdr.5%bout 2%t o
about 3% 5l n an exanple enbodinment, a ratio of solid materials with
respect to thenfanretanpld entlwdisent dthe kecoridedisparsing agardnig@udds abesidic
20% t o about 30% respectively. In an exanpl e enbodi ment, a
wei ght r atateriadf Tlye secand dispdmsinignagdre ifdludes at least oam dnaibal selented frden
in the second slurry is in a range of about 1:0.4 to 1 in the slurry
m xt ur e. tHEDIlgnowgn cersiefinge of nd addirimedyt-baddte nsqiedsyl, powdsieribasso rragtedabyan
one of an APS process, an HVOF spray process, a VPS process and a

Ki necoc amiderbpgeat essterial and inAcsabitiationg ahergofsaedta obtio hef fiteeseodnd
invention, there is provided a spray-coating |layer conprising yttrium
oxi de andispkrsingragesixwie respbchay itig sasoraimeluplyoesnsd Fargelokabbidtt 0.8% to
formed by a spray-coating process. 15In an exanpl e enbodi nent, the
porosityabhgr®@ef is in a range of about 0.5%

In an example embodiment, the first slurry has basic properties and the
second slurry has acidic properties. The yttrium oxide particles in the first slurry have
25  a negative surface charge and the aluminum oxide particles in the second slurry have

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



to about 2% In an exanpl e enbodi nent, an adhesive strength thereof
is at |east about 13 MPa. In an exanpl e enbodi nent, the hardness
thereof is at |east about 650 HV. 20 In an exanple enbodi nent, a
wei ght ratio of yttriumoxide in the first slurry and al um num oxi de
in the second slurry is in a range of about 1:0.4 to 1 in the slurry

m xture, gaﬂic@ssepé%n@@awb%adn@d&h@s%@aeétv@ta@ﬁat%amer of about 20 pm
to about 60 pmis used in the spray-coating process. In an

exanpl e enbodi NR Ry, exdhehis RBHFIA B9ati@¥e5oiPmBRstald \Rf\f}\ﬁ?%ﬁ;{éac?’bq the first

surface 25 of an 1 nner nenber of a process chamber in

; . t o [ |
process | tég@gié t Bl Aids RURS r%ﬁé@of about 20% t & égbf%g n%%)e%ﬁ ) €

enbodi nmen e present inventron, a spray rne nt o

) i ned . . . g . . i d
and having an dbanoahiie i, Kid fish BhotSeans BUBSHOGE 6% of
spr ay-go%gr%gga{aﬁ%ﬁ{atér%l %@ggﬁ%qggoas &HH@%—%coatl ng process using the

spray po hus anorp structure and a | ow
porosity. Therefare en Lhe spray-goat.i | ayer ,is forned qn. the .
st de o a pl db Br0EEs RO RN D irtiehdnfLgE e Aot Boning
sufficiently preyented frompenetrating the spray-coati | ayer . a
esul 1. o RetuBpE POBEE: hh YRBE SHEp' At o Tt enfitue Recpig ury
maki ng dipect contact with the plasna, processing system 1In addition
the. pr ay“EGRE TUqEag sPort brndie BETH (r AaRANG e I TUHE PG BRicles to
processi n%?s%s emfor preventing the separation of the spray-coating

| ayer froffthe"Bl-asma processing system to thereby nininize

contam nati on caused by the spray-coati ng_ Iager._ Particularly, the
sprayl®oating Iyt Wé‘%ﬁmg‘?@%@w BieeViesit Dending nagaitt earBpiiass gae of
processing system caused by the source plasma, to thereby renar kablcy

i nprove t RRVYinYlRgssA matefigbapd ssnmichased aataalsyd anmatia Hfthe first bonding
spray-coating |layer is fornmed by a spray-coating process using the
spray poweSniwitl esrae tedhe diEstgilunnisdnpghrandel et @hh Ehabod Boeandthe
di ameter is about 20 pmto about 60 pm Therefore, when the

spr ay- coa®$99§d| kapding agerdaestprisastane ofnalyéndfoased matadaleanst acwlisbaged
system the source plasma may be sufficiently prevented from

penet r at | Mgtarineasp Aaptie hthenspdoagdiondiy RRirkwitbESSReE 0 UM SFcomidEslurry is
DRAW NGS The above and other features and advantages of the
presehit iimaignge el abeut 2% thabeus3%eadi | y apparent by reference to the
foll owi ng detail ed description when considering in conjunction with

t he acconpanyi hgadrexaimpis eribedishétha weight ratio dfl y@riufrAckide dn e ficst elurry
showi ng a cross-sectional area of a conventional spray-coating |ayer,
and FI G wilh respant endlamdedn pixideundhs lsevpnthslarmgds i anande bhabqutcttGideto 1

shown in FIG 1A FIG 2 is a picture showing a powder for
a spray- dodine slgrmymoigeiss. in 5 accordance with an exanpl e enbodi nent of
t he present invention; FIG 3 is a flowhart illustrating

processi ng st epsanh examplethbddinfent aheitrat trhetispprcepotsltre slormy mixture is
accordance with an exanpl e enbodi nent of the present invention;

FI G 20 i speafdiinedehartbmbklaisierEtabogt POECRipsabuat 3{5pscf or a net hod of
formng the first slurry showmn in FIG 3; 10FIG 5 is a flowhart

iIlustrating pioaaseidngpletenboditiens et fvthadbn fbeBRIIHARIME G dteps of
slurry shown in FIG 3; FIG 6 is aviewillustrating a

bondi ng rreehiagi then Mkt ¥k iHBUENMgORHANE ddeThaMIRIcRX Fslehihg thd'ReshiM 'SYurry
m xture shown in FIG 3;
including aluminum oxide particles, forming the slurry mixture and performing the
spray-drying process and the heat treating process may be performed in an

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

According to an aspect of the present invention, there is provided a method
5



FIG 7 is a flowhart illustrating a nmethod of formng a
spray-coating |ayer in 15 accordance with an exanpl e enbodi nent of
the present invention; FIG 8Ais a picture showing a
cross-sectional surface of the spray-coating |ayer in accordance with
an exanpl e enbodi nent of the present invention, and FlI G 8B is an

enl ar gedoPiGHIE 5P HoRidoi o1 Péy-ééh%ngpﬁr%ﬁe%’a;&' | ByRoes g

in FIG view ill stratln an | nner ure o
I ak
Pha: pr cotof ST YaHRRY Sa6fahg SRatm bl Qﬁﬁfﬂéﬁﬂﬁ %3‘%%@53@5

011 octLon BBLLEn) BlokPe SHERIG SO ALY ARRReLRIC R e
o SRR AR LS Al TR ol

strued as limted

diff f d sh b h
e'nbo§§ S nts san ?flﬁlr?%nﬁi ﬂﬂvodﬁagﬁth“eﬁﬁé%ggwgsaif?rﬁ{%ve b S%P%ﬁ&
ooy ERSabEnS R sy ABS) BbtEat HpEh: va?a‘)q%%ﬁ%n R (VR by’

the draw ngs, the size and rel atw_,es Si zes of a% and req%l ons may
be exaggBiOXEEs & GICUHTLRIRgTa spray ( )tpﬂeﬁqsrs al.'i‘Q&h B%?CS?FH@HDE §§5Wnen an
elenent or Iayer is referred to as bein nnected to" or
"coupl ed to" aNSOREPI & SREIFPESH Of| *E?é?’esq f“&‘@rﬁ’“% PretstprpvigRd @ method
connected or coupled to the other elenment or |ayer or intervenin
el enent sObiormMiiged §pfaﬂ1@°"\’%f fpea pﬁpé@’e?ﬁat'“gri)r%ﬁ*ﬁ% és%pramewdawsewrsgéw@
|s referred to as being "directly "directly connected to" or
" di r 8@t | Ysing @pdledy tnajxtuemmch@ﬂnge@ élﬁ%rﬁluraf and AcFecond SjUsya A Be ffgray powder
interveni n%del enment s or | ayers present. Like nunbers refer to |ike
el enent siChidsa gpinles Paving 88 averageandiameser of A0 29 Win1oj ahauf §8s mintpe
and all conbi nations of one or nore of the associated |listed itens.
151t wi | firsbgluidipckidingayitian oxide Radiglest eving diameterssof abewioRd] ¥mi tod
etc. may be used herein to descrlbe vari ous el enents, conponents,
regi ons, abayte? simnd dirstseispeIsing, ageidstor eynifasmivs dlS@@rﬁyamé’h@syﬁﬂuégmd@
| ayers and/ or sections should not be Iimited by these terns. These
terns ar pagalep, asiat bgndih@tagwhf@hbmn@rt@eryﬁtlumc@n%n@mcleaa efidoa first
| ayer or section from another region, |ayer or section. Thus, a first
20 elznestlventomgowbich the egriem, oxi partisless #t firsh dispetsings ageseinsvihe Jirsd
be termed a second el enent, conponent, region, |ayer or section
wi t hout temding iaggnt emndishelvedatine sgeorsf sluhy ipelodenialuminamt dxide particles
Spatially relative ternms, such as "beneath,"” "below " "I ower,"
"above, " havippelidmeateds phebbuk8,5 ey tdhabosted |her ai sechod digrswsio§ agent for
description to describe one elenment or 25feature's relationship to
anot her ehitoremyt (@Speosing eéhe ualafmirurasoidd ysricd s dai secohd Horglime sageht for
wi |l be understood that the spatially relative terns are intended to
enconpasbonding trer @otirm erklatpaoiitde s fantkesatewd sehient iise whichdhe iimioom
in addition to the orientation depicted in the figures. For exanple,
if the dexdeepdriiclédethii getord dispémsihigedgeneand ehersrbad desdingoagedsare
"bel ow' or "beneath" other elements or features would then be

ori ent eddisabload "THehetHel dpgay pbwa@its Speiyeli @8 bHoBfsct Hhal8issbed exgspl ary
term "bel ow' 5 can enconpass both an orientation of above and bel ow.

The devi ce maynbgn od:ReipM: Sé?n@did;@}%h?dthér Atstt BshbSHGingdeagansineludas Hthwic
orientations) and the spatially relative descriptors used herein

i nterpr eﬁ%@br%@ﬁﬂ%é‘@;b&@nd dispersi @ﬁgérﬂﬁﬁélﬂ@é@gﬁ e sl NAIrSd Bf the
t he purpose of describing particular enbodi nents only and is not

i nt endedf;r]{sg rd%fetéér?ﬂ, fagg% Wih tra?sﬁ;elcw@ﬂ%é Bt sﬁﬁgggqﬁ z?%rge“of égoﬁthﬁs% to

si ngul ar are intended to include the plural

forngs asa Y&kl 0590 e H}% Wé%@coﬁ& RPeYsihG HgeAt Giih FYKIMES the bbcond

slurry is in a range of about 0.3% to about 2%.
8



15 features, integers, steps, operations, elenents, conponents,

and/ or groups thereof. Enbodi nents of the invention are
descri bed herein with reference to cross-section illustrations that
are schematic illustrations of idealized enbodi nents (and

i nternedi ate structures) of the invention. As such, variations from

t he shapes of i | SHANP ;

manuf acltouri ng ?Q?Rn%%ﬁ?lsé gwgﬁgﬁﬁi grréatﬁf:gﬁsfhezfg‘gg?e to %ge]g%%hc{egg?d to

Thus, embefd ARAGRIY! is!i% i@ bt 8Roso! © B65uiDRCCARa'd vafb 8P ld Bh4HH
erern but are to

to the particul ar sShapes o egions illustrated

L R i P

rect angl GS% |1, typically, have rounded or curved features and/or a
gradi ent of i nplant concentration at its edges rather than a binary

300 % W TR A PLIDS 459 b Bt B P
(210 DeLYERD e RULL L o0 oSO LIE B Lace, | g dch e
| oures are ochort iS00 o ekt RBnss Bl b Lntended o

intended to,ljmt the scope of the invention. 5Unl ess otherw se
def i ned, 19 AN AR 4T SeRREHRIERS BRI S08P SR EPPHGI D drtheh indae dlurry
herei n have the sane nmeaning as commonly understood by one of
ordinary BR¥Y® in the art to which this invention belongs. It will be
further undersbﬁod that terns, such as those defined in comonly used
di ctiharies, YhBuieXapels anbpginarddthessmiay PRYJEN ifeshipke brane o an APS
consistent with their nmeaning in the context of the rel evant 10art
and wi | | BiBEetse andl W serayPoaesn a A prosess nd @finetic sreayaiocsense
unl ess expressly so _defined herein. FIG 2 is a picture
showi ng a powdd¥ccpahng tagnaspeshet g preserlsigventions darradaasoviied asspray-
exanpl e enbodi nent of the present invention. 15Referring to FIG 2, a
powder f dt02iNg playgr ceRTPHHNGr vEdKE CHeeeBRAf abiminemeoxise tandadagimgayan
powder) may be provided froma slurry mxture including a first
sl urry arfinerrbees Abueibie that is formed by A spreyeseaipDeresdnsdi ment , t he
first slurry may include yttrium oxide particles, a first dispersing
agentld a first Ihendixag e entbodimen, ther parosity theneaf i@ 0Feraegmnpakouitthe%
yttrium oxide particles may have dianeters of about 0.01 pmto about
2 pm \Whén ablpet Yeanet er of the yttrium oxide particles is smaller
t han about 0.01 pm the average di aneter of the spray powder nay be
decr eased becalnanthempfs aybpdiwbnt, drasdizesiveastsangiin Hiavedf istt leastialeowfi3
the yttriumoxide particles, so that the yttrium oxide particles may
be diffiddP& to accurately control, and 25 thus the spray powder nay
be difficult to forminto a spherical grained structure of the
yttrium oxi de. Inlan examplasimbodiveant, the: ldbrdnessetheadoftihat Ighétrabont 650 S/,
particles is greater

20 In an example embodiment, a weight ratio of yitrium oxide in the first slurry

and aluminum oxide in the second slurry is in a range of about 1:0.4 to 1 in the slurry
mixture, and a spray powder having an average diameter of about 20 m to about 60
Hm is used in the spray-coating process.
In an example embodiment, the spray-coating layer is positioned on a surface
25  of an inner member of a process chamber in which a plasma process is performed

on a subsirate.



than about 2 pm the yttrium oxide particles nmay conbi ne together

with one other to the grain-structured crystal having a | arge void

ratio. The first dispersing agent may uniformy disperse the

yttriumoxide particles in the first slurry. In an exanple

enbodi ment, the first dispersing agent may have 5 basic properties.

For exanple, t Iy I Sl J : i
NS o SERplefiSodiiehts S BATRNL RFpRidtE 2 Soray pouder

material. O herw se, I spersing ag

agent 1 sturceoiah o d-GRRE pbBhodngtlind ip BLblPE Ay ARG Mae
mat or 1 2 SRk AT SxbBe iR Rl Lot 2l RSO o siBto ding

group. These. be al one or in combinati.ons thereof. The of .t he
1Tt i BYeT s Rmag e RapY seaiie BoRangueBR T Surey RoMEb BNy 5eS By
t he present enbodinent, the pH of the first dispersing agent, is about
10, The: SMomR R cRIURrs A 2 Rk Bhsbly T S ars vl The Sy 2oetihledgi
in the basic firsf1 dis,ﬁer ing.agent. \Wen a ratio of the first

di spersi ﬁﬁ”@&eﬂ@ e e Ahab! PTRCESSIONSYHRf @ SUres RIpYIPR ynay he
yttriumoxjde particles are difficult to forminto a spherical shape
in the sﬁ\‘{ﬂS}’eB e nied g pﬁaefe%mstéeapeﬁvmﬂeemm ﬁéegﬁfp the tRray-
in a spray-drying process. For exanple, when the spray-drying process
is perfoPﬂ%tH‘Qaiayaﬁ”&Vc%r%P%ﬂﬁ? $RGEE taRFet Hont erakinge dispm cganéaat withy Hip
powder has different hardness between an inner portion and an outer
surface BRSPAPreppEInGBYSteypr Byadsianeihe shray-chaling leyenis ssdiciastly sdhetase
spray powder penetrates the outer surface thereof and pours outward
out &f tiethgpplasmaaroprasing sxssefior peevepting thsoseraratiaroot ther engy-toating
craters on the outer surfaces of the spray powder particles. In

cont r ast laygh&amtthe plagma parcessiag gysipey 0 Hiprekje minimgecssardasinationy causss
in sone gorti ons of the spray powder, and thus the evaporation rate
of the soYv\ibat spray-coatingdayery Rérfiguiarentthe nsprag-copliing Iauendesy asificiertly
25 solvent may locally pour out of the spherical spray powder.

Accor di ngrgvent atehingr efythpaviema agedseingosyistain icatieed bridhe sphiesei plasma, to
shape. When t he non-spherical spray powder is sprayed onto

t he i nnetheseiry morarkébly eprove deskfesprmifdhe ipfasnpprasassing syetémg

process, the fluidity of the spray powder may be deteriorated and the
spr ays powder nHye sprytweatimg fyenisyosmasbby e dprayeoaing|mscessgsimg the spray
Therefore, a thin layer coated on the inner surface of the process 5
chanber bgwtérinsipdeg-caate-gginEdopetces shwhichdbatavapgealiamptenas about 20
non-uni form material properties and there is a danger that a supply
pi pe to phetopazsm@0gim. Tiegrefoee,onerc theggerdy-wobting lgesisrfasmedodehe ifside
addi ti on, when the spray powder has a | ot of voids and spaces within
cryst al | bhthesplaamburesssdrite syteray treoadurog playes nimybakeliclaile peevedted
of voids and spaces, to thereby increase an void ratio in the

spr ay- cofbimngeretyting tHeDsphapoatingayer. of the first dispersing agent is
| ess than about 0.3%in the first slurry, the viscosity of the first
slurpy may be significantly increased due to an excessively small
anount of the first dispersing agent. Therefore, the yttrium oxide
particles may cohere with each other and the first bondi ng agent may
not be sufficiently reacted with the yttrium oxide particles, so that
the coarse-grained 15 structure of yttrium oxide may be easily broken
in the spray powder due to a weak bond strength in the coarse-grained
structure. Further, theplpisisyrETAONORTYE BRAWNG:Ef the first and

second slurries nmay al so be deteriorated, and thus there may be a

problem in thatnd 5 ¥nd oiir @B%ré?\%ﬁ@%d%ﬂgggg omﬁ%‘ﬁéééﬁn?‘sﬂt%ﬁ%n will

m xture in the spray-drying process en a ratio

di spes si PG AMEMadif bESsehB) BRGNP U930 ibiRg detdift So&¥on when

considering in conjunction with the accompanying drawings, in which:
8



15 polyvinyl ether, etc. These may be use al one or in conbinations

t hereof . Exanpl es of the acrylic-based material may include

pol y(nmet hacrylic acid), poly(nmethyl methacrylate), polyacrylonitrile,
poly(n-butyl acrylate), poly(styrene-co-nethyl nethacrylate), etc.
These may al so be used al one or in conbinations thereof. In an

exanpl e enmbodi rfEkt JAthE Hictues shawing ya erags-sedlondbardaecoffd cenvesitiona repray-
The 20 first solvent may include the organic sol vent or an aqueous
sol ut i on. coating layerTaad fAlGs tl Bsisuan gnissgedpiciure rebdwing a ation wof the pisture
ratio of solid materials in the first slurry (hereinafter referred to
as sol i d stawron FI6. phoportional to the ratio of the first dispersing
agent. Wien the solid ratio is |ess than about 20%in the first
slurry, the yttHiGuR dxiaeigtard ishbetgaree pbanidh Yodis sprayecobatingopidaess in
first solvent, to thereby reduce a 25grain size of the coarse-grained
st r uctaur eaccordreeivwitsdn exdimietehtbarithet dfalté prdsenimientiodan about 30%
inthe first slurry, the viscosity of the first slurry may be so high

that the procéys. §@ aflowehagillueBatiy gboc,@mi? ktePpRYoP# nmdiRod 8Pfoning the
accurately control. In addition, the ratio of the first dispersing

agent in dgigy hbwaér ifldeEtndanBy wif anCexbhiile ERdbdlnieht TR HRYprRs¥akvaRRYnbe
formed into a non-spherical shape. For those reasons, the solid ratio

in the first sluGryidaYioRehim ilRshiaNepRtesify bicpQ%1 2 nflRt 0PV

| fRe
an exanpl e enbodi nent, the second slurry may include al um num oxf@e

parti cl esrsias|o@f osvdlinses 8l ng agent, a second bonding agent and a
second sol vent. For exanple, the al um num oxi de particles may

have gj aneters ppf @b@é‘ﬁ‘lo@ﬁarﬁ’mutsﬂaﬂﬁogioctgﬁégﬁ@ g%%?o%&?ég%@&tﬁﬁ@?mmg the

t he al um num oxi de particles I's sm

aver age dRBBRY elurfsholf isRi@Ys.powder may be decreased because 10 the
spray powder has coarse-grai'ned structure of the al uni num oxi de

ticles, t gt | L j-d o Cl djffi t
ecurat oy coni 1ol © Bnd TRICHRRAEGE BAUN Recle BTkl g Gnd
o ot i RRAPEHE8n AU IR BIONAHA nffacan’ Tast, when the

di aneter o m num oxl articles is greater than about 2 pm

t he al um num ox ' . i er .With each qgther ta
the arain 15etidc b sdofeGEt TP4E0 RS ear s bth blherarotindTovdiia
Seco di I t i.f.or i;sperse the al.unm num oxi de
part ﬁ%l esa%igﬁ&%hggg‘gtgg%de %#%%Hmﬁ%mg@ﬁ%@s&@ww , the second
di spersi ng age .have acid, properties. For exanple, .the second ..
i Shersi ng. agentC ey 1L irts SafEB ek enckfiondt SLeRRE i e siiatoating
second di r.si_n ent y be formed , 20 into.an acid mxture in
such a mives e B ey S e roath & g Mgent enipEserl B
into an j d sol vent. anpl es of the second di spersj.ng agent ma

ol ude e PRI S EBE,8 PP0 o e ShiaVerpHnG el RGP FIG
ester grup and a material having an am de group. These may be al one
or in combirnations thereof. The pH of the second di spersing agent may
be in_a range E&%agqut 2_to_?bout 4. In the present 25 enbodi nent,
the pR of the ondS f R diusdratigerdn inespditictyre af, theaplasimauRiesessiag
particles have a positive_%+) surface charge in the acid second

di sper si fyStggeRtaccordance with apanaplp gnmkedimentd the prasentingpation; agd
agent is nore than apout 2% in the second slurry, the al um num oxide
particles are hHsdi0/istarigadillisiralingnen prediffactiay pattera oftthe spayecdating
t he spra¥ powder by the sane reason as in the case that the ratio of
t he firsiavgr §peecord@ceguiit an sxampie embediatestief Hegyesant ivenfiom.st
slurry. 5 Wen the ratio of the second di spersing agent is |ess than
about 0.3%in the second slurry, the coarse-grained structure of

al um num oxide is easily broken in the spray powder by the sane
reas@m as in the case tHAESCREPTIIN ©FoTHEHRSMBODIMENTISSper si ng agent

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



151 n an exanpl e enbodi nent, the second bondi ng agent may i nprove the
bond strength between the al um num oxi de particles in the second
slurry. Wien a ratio of the second bonding agent is | ess than about
2% in the second slurry, the alum num oxide particles are not
sufficiently bonded to each other, so that the spray powder having

t he coar secognipEnyed Stanigdsyrie wifich lentseitmodtisood the paettiocsl e shywmoThibe
20 formed into a spherical shape. In contrast, when a ratio of the
second bipndhthgh agenhowsvérpbe émbodialantma3%y diiferdie foaaoREAdSsRbUIY not be
viscosity of the second slurry rapidly increases although the spray

powder neyhdaeied Wsflintiednib e EMbEEIMdNNE SetFoRRP herdis. RathdaRdse BieRfliaests
the fluidity of the slurry mxture of the first and second slurries

is deterhr pictiliedasy thdtUmid ARcRBORY well M@rthb;%ughoé}ﬁieéorw'[a!elfb,té}&! ShiU Iy

m xture in the spray- 25 drying process. Accordingly, the ratio of

the sgc 0&%\)@?%‘& BEoO8Mthe TENRBN itd) tidseaRkIBd % taPaYtin3fe H%mh@tthé%zb”
the second slurry. The second bondi ng agent has substantialTy the

same stryed k&i&i\%@zéslﬁ?%s}e?ﬁaﬁé rédi6nd b _et&%gb Ee%ﬂf%%leri nd thus any

detail ed descriptions on the second bonding agent 1s to be omtted

hereafter. iy pd %@s@é@%%@?ﬁ&l@?&% o Ié%ﬁ@.?%ﬂleag& ra‘a)bel@y"on,"

i ncl ude the second sol vent. e second ent "may | nclude an organic

sol vent mg{opagct@g ?gﬁr ‘gztgpgbho{y a,ﬁ;ﬂ&eﬁ%‘%:ﬁﬁdoﬂéﬂr{eﬁyit% ps éipc{c[ﬁ?goﬁy

a ball A so of the seco sl'urry 1I's 'proportiona

the rati 80%8&‘%&6%@%% itﬁg%rtﬁér %rﬂgrﬁtp(%/r ]a%\%;l':d}aé{ﬂ’géﬁfe%ﬂqu- glefr%lgicsooxj iﬁyers

| ess than a I N the Secon um num ox

par t 61 e, BROhY (TcSRRLUCHRER'S) LBRAPIOPeo0) 60 vl HIRLRDYn

reduce a grain sizZe O g-cbarse-gr tur e.

wh he. sal i 0 §S»NokL 30%. h I

; hS”fV? o SHREL ehtiesed B %Eﬁg%c@?%gﬂﬁﬁ?%i%%gﬁﬁ %}ﬁﬁeﬁﬁ??ﬁﬁgﬁ‘ﬁp%eéié fm

| | addi ﬂn@e&y%ﬁg?&%ﬁf&*’sﬁfmﬁ BB e ?SLB%‘%”'S'?%@%{%EE#@?#? t® e
o ool A el e RBEE B S8 By 5 R e i
slurry may be in ange of aﬁig%@ﬁfO%to about 30% 15Wen a wei ght
rati o of° P?TBFﬁ%@J?’B@ Peidie (M%xide is in a range of about 1:9
ot o oot B RN e T8 i PorREh SR e may b
e T R R R A MR e

of yttriumoxide to alum numoxide is in a range of about 8:2 to ,20
about 9: $8GtRNG @%ﬁ@n&%wn}ﬂ%uﬁe reqigns, @Pﬁ%@ﬁ@&f PHglongypbpuld not be
i ncl udi na; _t%hcg spray powder _of the second slurry mxture is

char act e8] Byyihepe  ielRs oXNate et @re rbpaeef o distingdgh meenalsment.
strength and adhesive strength. Accordingly, the weight ratig of
yttri um TR rEOIoR IRYEN exgagdon §mﬂha'éptgﬁrrf&§'06f layBb ek septigng Bhugh @ irst
7:3 in the slurry mxture. In the present enbodi nent, the weight

rati @ of elpment. GANRQNREALt [SIal XA MInPkPH ediseiisgpd relayy sould baderned @y
m xture. In such a case, the spray-coating |layer fornmed fromthe
spray pos&hendi elemeal. neproprenasitufagioni leverr er isecidranvdiost idepartipg from the

teachings of the present invention.

BLINN 14 B

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

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



bot h of al um num oxi de and yttrium oxide to such properties of high
mechani cal strength and adhesive strength. The spray powder is
formed through sone processing steps using the slurry m xture. The
slurry mxture may include the first slurry which is a mxture of the
5 yttriumoxide particles, the first dispersing agent, the first

bondi ng agﬁ@ﬁen@%ﬁehﬁﬂoﬁé 'b?ihdé@éﬂ'f@é‘ﬁn l@Qé’ otrt efgfopnd déﬂgilﬂﬂo‘r'zrt% Rl cfrrénita?itoﬂ

m xture of the alum num oxi de particles, e secon spersing agent,

the secongshepdi A%tnaIfAre@NHot Q?arﬁgl)%(?gtgﬁgbgg% 0 thgsﬁ%%/@ii n@frﬁégw&

enbodi ment, the coarse-grai ned spr artic

yttrium oy Al QUk L Ae. « b [ i

Coarse. 10PN deridoh AUThCAh TS pENEE: O oR LR, R RAE B wRLi iy v
the size of « .Gl i o-smal l, that the [ ) \
powder na(gﬁ%ﬁto?@b%&'ys\%?ft }Ipégl nﬁ%?@ré% tgycgﬁe%%{%s‘aﬁyﬁr #’%&8"%?9'39/ %’Eﬁnei’fﬂow
In contra e rage di ter. of the cparse-grai ned. spra
powder” pa('F$ d cﬁwégl%ipég?m@%ﬁt%gno ”38%9 Nl 5’&?"? h@‘@%?&’%?{ ?%efeé’tﬁeaw% be
powder particl.es is so |arge at the spray powder m e .
aggl oner a‘]t;tha%ﬁe tor’i'é’”%fStrg{???%tg@ %qgrgﬁs cﬂ%j %c‘?tgef 8”?“@%’&3 e &g spaialy
t he uniform.t f the spray-coating |ayer on the object.

Accor di ngf Ttav%ﬁ%ser P'éséfsﬁgiieﬁ%'ﬂ ”BS&F?Q?%&CB@QQ% spray powder may
have an average di anet e]r in a rgn e aof botﬁt 20 pmto about 60 pm In
the present e itFREHRology isedr PPEIRGS o1T t1HE BHIPRSS pofwdesCIibing aviiculas
aver age di agg\éjer in aI 20 range of about 30 ,@g&to about ,40an _
The spr ay®'BEYBENISCRy2Reds Not iptanded dp pgyinitng phielayastiopnAs Heed bpeh,
through a spray-coating process, to thereby inprove nechanical

strentt h HRGTEHRIIPVRS 11 S EAd 4HE” BE Inceiises toRecivas the [hrab fragssss wel,
within the grained crystalline structures in the spray-coating |ayer.
25F1 G 3 {riess theotRerttclearuigdicatssnefhprysesis vl betfopker wadesstoed Hoet e
form ng the spray powder in accordance with an exanpl e enbodi nent of
t he presdRIM$ nG@&ARIIES and/or “comprgings mhan teedtirGthis spediications spedifyr thy
is formed into a mxture of yttrium oxide, the first dispersing agent
and the fRATR&eNasorkfi rijatadedeatres; hintegerst stebsemperations, Setkd)ants, and/or
In an exanpl e enbodi ment, the first slurry may include yttrium oxide
parti cl escomRanggisditedenst ofedisteuthe0 peebepae tar adsiition 2f pne erhmofé ogher
di spersing agent for 5 uniformy dispersing the yttrium oxide

part i 18l eseaturgs. integersheiaps. mpesmjons, élomentmdomypontrtsyand/ougnoags thereof.
particles and the first solvent into which the yttrium oxide
particles, thé&nbodmedisspiethei ingerdipandreatiesdribed fhiargih witmdéfageregentcrase
di ssolved. In case that the bond strength between the yttrium oxide
parti cl esectors iifusiretiem that stre crmpematic didstradond ef yddalizedn embatiments (and
particles together with each other, the first slurry nay not include
t he 10fi risterbedidienstriagenes) of the inventibime Agt suchyradatiote fran the kBsped diethe
first dispersing agent, the first bonding agent and the first sol vent
in the filstraibns ay sareulsubstrahplel by ranefzamhgaiechiigsss ahdohelsRnays,
powder that is described in detail with reference to FIG 2, and thus
any foort lzee islebaixbediedeThns, missBmentst dfethy titvantioh @xbdie mAel sdrefued s
first dispersing agent, the first 15bondi ng agent and the first

sol vent ilimited e timigdr@diiar shapes obebgioRaf lBsratbdendIERCBES 1oAY t§|ti%f§1de

for a nethod of formng the first slurry are described in detail wth

ref er enceial/Riibh&in 4hapes that redultGordestapndle | froMChahtrabiLkHE! F8E ERéhple, an
processing steps for a method of formng the first slurry shown Fn

FIG 3. Z0Rehid rdifiod QlstitedSas td feditbhgit Wit UMl ShaVL PR 03 ELRal

for formation of the
features and/or a gradient of implant concentration at its edges rather than a binary

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

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



first slurry (step 3111). For exanple, the first solvent may include
an organi ¢ sol vent such as ethanol. Yttrium oxide particles are
provided into the first solvent (step 3112). Then, the first

di spersing agent is provided into a mxture of the first solvent and
the yttriumoxide particles (step 3113). In an exanpl e enbodi nent,

the yttrium oxi de _ . Inan !
I Ak e A R R e R T

SR OGRS Ry L8 e B v
o obout e i e et D i SRS BoRgh Sg mn re

particles_and tHe.fi rﬁt st dispersing agent (step S114). For exanpl e,
the firstCUSHYi %"H'E@ ?n'may conprise polyvinyl butyral at a ratio of

bout |5 2%t t 3% Wth t to the m xt .of the first
Surry, R desea: Gl inr: (AMaaPHEr e SR e e

yttrium oxi articles, the first dispersing agent and the first,
bondi ng H@‘%ﬁdm?‘e %H@éﬁd'é%tsﬁaﬁ FERN O] %Feao*'i“m%‘%t H8§?f§¥0§3 oP DR ,Oré‘H%W
actual seguence nmy be varied in accordance with processing

condi ti ol Iy evafhf/OdWB@hmﬁmemaoaﬁsloaﬂsdﬁmllh%@f}J f Updergtooddhaltermeo
Then, the yttriumoxide particles, the first dispersing agent and the
first boRdéth@saljere dafBeHi ReePMiNoRYoHsed fintRaariesn shewld ibesinteyprajecthtas
by a ball mll, to thereby forma mxture of the first slurry.

Ref er ri nfadgaienmeanipy dhatds copesieat witl taginmeaning in dhersantext of %\erﬁzlﬂfﬁme
of al um num oxi de, the second di spersing agent and the second bonding
agent0i natipad1g! setminteprated in @sﬁ@q&ii&cggy overly formal| spngs uslesasixeressly
enbodi ment, the second slurry may include al um num oxi de particles
havi ng dfapetiredheiBinabout 0.5 pmto about 2 pm the second di spersing
agent for uniformy dispersing the al um num oxi de particles, the
second bondi ng agent for bonding the al um num oxi de particles and the
second solvent into which the 20 al um num oxi de particles, the second
di spersi ng agdnfs. ahdst depisivwe nehowdnglianpongent foare stirggobating. procesasia
that the bond strength between the al um num oxide particles is

suf fi ci eatdordanageosith 8o esamblenambddimahtiol the mresent mvpatiar.cl es t oget her
wi th each other, the second slurry may not include the second bondi ng
agent5 The al urkéfetringoke ddGpdl,t &cpasdert fie s espag-cdatipe rsocepsaffeneinafiére
second 25 bondi ng agent and the second solvent in the second slurry
ar e substadatrediid gs tshenyspoweder’ ntdyose padvideiefrepraylupgwdieture ivadiudisg a first
described in detail with reference to FIG 2, and thus any further
det ai | edsldeg@ntd @ semoadafuriyhe al um num oxi de particles, the second

di spersi ng agent, the second bondi ng agent and the second solvent is
to be om tted.Inan examptie eaibodiment, thelfiestmiweessiy nislddeewiiund bxide paitiotss,
of formng the second slurry are described in detail with reference
to FIG A&firsildisgerding agentf & tivet banding ldgest aed & fiestRoReassi ng steps for a
met hod of form ng the second slurry shown in FIG 3.

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

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

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



Referring to FIG 5, the second solvent is prepared at first for
formati on of the second slurry (step S121). For exanple, the second
sol vent may include an organic solvent such as ethanol. Al um num
oxi de particles are provided into the second 10 sol vent (step 3122).
Then, the second dispersing agent is provided into a m xture of the

second SO{RANUbARRG |irhethad! RLRLERiEX beRICRR b ESﬁ]b(r%tt%ggﬁ%?ﬁﬁth o SHfler to

exanpl e enbodi nent,” the second di spersing agent may rise aci

car boxyl mﬁéj@gtﬁleﬂj}gi@ﬁ?&gﬂhgyﬁb%JE%%% tdipl es have a positive (+)

surface ¢ ge due to secon sing agent. For exanple, a

L e e i
o nom B nearSLBEY 855 ket Bttty pbe i SFERI36 Bl mel D
i B WOV Yo
cre”atum i HE e B RO el B S il
cor oot RS AR BAF an SIHTES Bkl RiBgrs e agebt it RaShsg o a basic

processi ng conditions, as, would he known to one of ordinary skill _in
Phe art. S S 3&%‘&38@%{%9&@,‘[ A 18gEdpd MARE g9 a
agent and tge )65 second bondi ng agent are m xed wth one another in
the secontPr88XY &hPulbya HaaN3! BAUNY ap PHPeeHY Fu8h i gaierial bpdng e #ipide
second sl urry. Referring again to FIG 3, the first slurry,
and tH: sUOHRJTRES® Mgy Reclpne eringanbiaationsdhasor. the piiof e fisbdigpersing
slurry mxture (step S130). In an exan‘gle enbodi nent, the first
slurry anfBeménaeke Hya sander §f ahopt AP e abpy Kidn the pipsael embediment the pH
wei ght ratio of yttriumoxide to alum numoxide is in a range of

about 5: ftthe fpddispersing agendis pbouti 10. Fheattgemosxide partictes haxe egegative (-
FIG 6 is a viewillustrating a bonding nmechani smof yttrium oxide
and al uni hgHriasRichargenintine basiafirsi digpersin@agedwn in FIG 3.

Referring to FIG 6, yttrium oxide has a negative (-) surface charge
and al um num oxten pastiaopthsi firsheisparpingiadent is whg then about A&% it theifirsh
oxide is strongly 10bonded wi th al um num oxi de by electrostatic
attratt i osiurry, the yitriumepaidei pagticlgaiane défigiliGo Byrmainép ragphbrigahshapeotets
and a heat treating process are perforned on the slurry mxture, to

t her eby fspray prowder| bavihgivihagcearsearsivedraystatinst smattunee in rec Ispdiyrdrying
yttrium oxi de and al umi num oxi de (step S140). That is, the particles
ar e f or megrotesso lrgh esampentinah tipe epeysimigg sreqEssdé peHernsedt alyardeydeasgively
15process on the slurry m xture and the heat treating process on the
dried sl urigly teimperatare, the sphericBiespsay apwdeyinag diffoeas hardheserbatweed an
at a tenperature of about 60C to about 110C in a dry chanber while

t he sl urrignen podioa aisd ianj eateeburfate dfhihedspharivanieeray YWowdei lhd thus the
spray-drying process may be perforned at a tenperature | ess than

about2o 2Gdh@Gt irottgasiray polvdenpanstfatbh ehs bulter YuRh#é HicedBahdpburutward
sufficiently volatilized, to thereby increase a process tine of the

spr ay- dr y3ut@f fHeogitasicalRaiifidl e bhtheYspra pwaGitd flerstl fBRA CRateCdh @& outer
pure water and al coholic solvents such as nethanol "and et hanol are

used as tdigfa@eganiie Solay QJwdich Yarfdhes. 3h Ebhitadh Whdhahe rBo 6F BRMSpersing
solvents are significantly difficult to be volatilized at a

t enper at fis | 8&8 ki 89%e i rehy Sl dﬂﬁg
the effi gg%r?g;sof tﬁ%@grﬂgﬁgbyi ng pé%géﬁﬁllﬁga%@i%ﬁn, V\%eaﬁ%t e the
SPray- drivagoRitBRaafe HRtheRBNRRH eSB! IGal HRIFBRA'HE SpRly PRlGer! e

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

powder may be formed into a non-spherical shape.
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about 110C, the organic solvents in the slurry mxture may be rapidly
volatilized and thus a plurality of voids is generated in the spray
powder. Accordingly, the spray-drying process is perforned at a
tenperature of about 60C to about 110C, and the slurry mxture is
changed into the spray powder. 5Then, the dried slurry mxture or the
spray powder i t ] el ry. C r (o)
rRhE el esPellhd Py BRh s SR s CHASE Fatackney

t her eby i nprove ness rea

process I,S rfo d at a tenperature | r n t

br oy polifepraeesh FRond b § SHREVE \eAGg BIEesty PR ARANL S il Powoer
spherical_partigles of .the ray powder are broken and flattened.  As
P esul t mabnhs s ded i ¥ SireSeP oo SpRu o LR RiTey, BUBRREG i3
t he pl as un _may. becone cl d with the spray powder. | ontrast,
when't pePIRSHE ShBaT RG Roge 0T T hcrohitchoa e BrBegarcs of dhni RGeS
t han about 1,500C, yttrium oxide and al um num oxi gﬁ}I n the _Fpr a% ,
powde? aFBABRBHPKIE SPravsaeatiig RIPEPSSLERIRYHROTRG [ayRe hasuoy wifasgymgterial
powder is grown into a |lunp of powder. Accordingly, the heat treating
process PEORSESSoRbENes 1918 dangainihet étﬁﬂp@lyol?’pﬁﬁ%%?e BEem2 BBy tbecome
1,500C, and the spray powder may have a sufficient hardness. After
conpl et i 619ged Wil the sREYRSNIRS [praskidios, whan dihrspraypondeahang Iph Gopids
t he above slurry mxture is changed into the spray powder having the
coar se- gRaf seaceawithiol aystaling strueturase feleprasoalinthiayermsyi algo bavaaileh
the average dianeter is ranged from about 20 pmto about 60 pm 20As
a resul t of v¥ids gndspgcas, a iheeehyfinerrase an ypidsiatie inytherrpraeerjingtlayarum
oxi de and the second slurry including alum num oxi de may be forned

i ntolthe sprayWienderativafithg firdialispessisg ageal iadesssthanabert 0% ithiherirst
the average dianeter is in a range of about 20 pmto about 60 pm The
f or mat i oslupypdhes yvisshsibhef dpe afrspeivder mayy beesigifidantivekiciaasan @i to an
at nosphere of one of air, hydrogen, oxygen and nitrogen and a m xture
t her eof . eXtassivety, smak 8L of dhe ficst Wispgraihg afients {Theraiorey thes yiursa@le
for formng the second slurry, step S130 for formng the slurry

m xt ur e aadickisemagldéhdrer witkerdamhnoihgr tdrel $ip diystdpgnding pyent gsawamoi thee
heat treating process to the slurry mxture nay be perforned in an

at nospheseffiokenty eeattedi with hydr gidum  oxigig eparticlds,nio r thge rihanchaasargretinede
thereof. In the present exanpl e enbodi ment, the spray-drying process
may he petrictured ytirivan okidat mag becsasilpfbralien mnitietdpeayh patvder dad tng weak
process may be performed in an atnosphere of one of air, hydrogen,
oxygen abdndiistrengtarin the coarse-gfhiaed piraytupaVvitlethef, dhe finility pif @ysiceatiixtgre

| ayer may include the coarse-grained particles including yttrium

oxi de andf eeufiishami aecded skPriddatayt dlso Hprdatetaratadngnt dhes tthas may be a
anor phous crystalline structure and a reduced nunber of voids or
spaces 1@rddemehnthafl Bedebpideyerwngy Heb@m@péi@g%&p&ﬁth Nbel Ay misiufeirmeek
on the inner surface of the plasnma process chanber, the source plasna
may be sypfdycdr@ing| propéRy afbet ratRNbPeRefifsaldisterding agehR)s Re8tthad about
| ayer. Accordingly, the spray-coating |layer may be sufficiently
adhengd HB hetHeTrersigHy face of the process chanber and the
separation of the spray-coating |ayer fromthe inner surface of the
process chamberq @yt Rasdm, tﬁé'rrét!o%ftqﬁ% bivst Bis?)\éfé?hlggfg?éﬁt it R MsPSITRY may be

processing system As a result, etching o pl asma processi ng

system C{w§%g@/0ft uBOYELE, MRsHsaRy be sufficiently prevented by
yer.

the spray-coating la Hereinafter, a method of formng

the spray-coatjng, le%ﬁ@éd%ﬂnﬂgdi t,Sﬁ'éafYrstzQaﬂﬂﬁ@%&;eﬁpﬁlaghﬁ'&r%va; the bond

spray-coating layer 1In i ng e 'spray powder- are descr

detail . strength b'é#vgéer? thie‘:}/tgium %ﬁggéhiciéslillﬁﬁé At ngx,'rg. \&l}%g%ﬁra% o gﬁen?tlr%g

a spray-coating layer | ccordance with an exanp ment

pr esggt 58?{&% ia%ght is less than ab%ﬁ& A ?nqﬂetfﬁstlzslllﬁw, zhe %rﬁ.ﬂ'ﬁ %&Id%oﬁgﬁéleé Are

not sufficiently bonded to each other, so that the spray powder having the coarse-
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5 particles, a first bonding agent for bonding the yttrium oxide
particles, and a first solvent into which the yttrium oxide

particles, the first dispersing agent and the first bonding agent are
di ssol ved. The second slurry may include al um num oxi de particles
having diameters of about 0.5 pmto about 2 pm a second dispersing
agent f or giginedsirigtus opéhes irgin loxidsl particlesnoay det parfoimédiio @ sgtuaivel
bondi ng agent for 10 bonding the yttrium oxide particles, and a
second soBtape. Inmootrakt ehet reradibwfithe: fivshbioddingaageant isesord transamand% in
di spersing agent and the second bondi ng agent are dissolved. In an
exanpl e etmdistehirry, the viseosgityt of titel firsbBluyryt maipidly toreesdsoaltlough thenspray
oxide is in a range of about 5:5 to about 7:3 in the slurry m xture,
that is, powder amyebobufiibiently lorthed in 4.sphBtwnshabbe TRBreR)e PMRORIdiS of
di ssol ved and sprayed onto the object (step S220). In an exanple

enbodi senthe slheymekiureof ardiispasy setoidSluBysay ap BaU@SteIRBIRE and thus the
performed by an atnospheric plasma spray (APS) process, a

hi gh- vel ogpiay dryergasy beedmé dddged We%ﬁlﬁiﬁﬁ]&tu@ iMWQ?ﬂa@loﬁ‘ﬁﬁB pPAicRY.
(VPS) process or a kinetic spray process. Accordingly, thé

spray- coaptbgrdirgyethd satfOsMBR Mat BoSdihg 3eenPhd/NSe dPbethge AbELC%SH

is a picture show ng a cross-sectional surface of the spray-coating

| ayer in ag&@r SANHEtHY fifdt %fhrﬁ%%' firsE BRRGHTE Y er®fm ﬂg:ogfpgl%rﬁ viny!a?ased

invention, and FIG 8B is an’enlarged picture snﬁovm ortion

the spraynf@ad ted &Y 2krAhPW8ed MitbEl Hhe ﬁ{}eggfsg@pﬁﬁ’]g%@ iﬁtﬁué’é]sdth(?

8B, the spray powder of ‘which the particles . e -coarse-gral ne

struciyr evih?l%égéhnrﬁaﬁétrirar,itHg‘fﬁétj vt %ﬁ@ﬂﬁ%ﬂ%rﬂﬁaﬂa%&%ﬁ%%&gﬂ“%@ an

t he spray-coating layer on the object, so t he¥spray-coa

I h : i : .
| 211 oo, AR LR SIS o ERtb L i
2P 21 %Dl Ny i P By AL SRl O, BB SAN) Ee

sbout 0. Sutosho ofdfona o TPEE B (0N SELI. BRI QL SoFhell

In 5 addition, spray=-coatin
oL1engt 1 GOghar haAReE00 4 BRI R5Sel BEA, SRR e
(5 o M AR 06 FRCITREL S CkLe oF LS BLa propcssl g
ventony 10, RGN L E| Gyt S MIEL aEbueie 08 of Lhe
SR S DR R
110 Ty e postienayt| e pLosess chamer (na shown) of he

chanber and tth process  cha (ar i ncl udes an i nner space faor

perform ng t he PPASHEMHIDE feerinlediiaksiay aayaingbidedbe §es solvent. The
supplied jnto th rocess chanber and is transfornmed into a source

pl asrid,  dIifef s tinglige fhe progpicsob@nt Ar ahadYpRIESYEtiaThe process
chanber using the source plasma during the plasma process. For

exanpl e, the sdiedisigldrymay be famedbya el miloA rgie of selio materigls igthe
thin layer on the substrate or an etching gas for etching the thin

| ayer frdhstHems (heseipatier, referecdsionas pelicerabiay isi propodienal todhe caffmlattherfirst
substrate for manufacturing a sem conductor device or a glass

substr at é“i’rRﬁl'SlﬁﬁrﬁQBatiMhelhgﬂfasfiﬂichfaf@i is dessy thaevalzait 20% in the first sluay, the
exanpl e enbodi nent, the inner nmenber 110 may include a chanber

251 i ner, YHrigar ¢xide paridles arki kdrdlyrdisaplved intether firsesaiverttattbterdiyereduce a
chanber liner is positioned along the inner surface of the process
chan®ér ameinneize pf theenvardaigagined tstruttues.i Inneontsst, fvileen tfe tdiRl ehianbetiore

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



The spray-coating |ayer 120 has substantially the sane structure and
10 function as the spray-coating | ayer described with reference to
FIGS. 7, 8A and 88, and thus any detail ed descriptions on the
spray-coating |layer 120 is omtted. The spray-coating |ayer
120 may prevent the source plasma from making direct contact with the
I nner nenbeprddBs fdmioadthigt therspravhpowperamay dat tongapidyteract@tategyohol. In
sufficiently adhered to the inner nenber 110 for preventing the

separ at i caidéion] the Rdio sty fiealispegsih@yugentlinGhé ripsn dllvey imayere o gy that
110, to thereby mnimze contam nation caused by the spray-coating

| ayer 12Qhe BsrsrpovRR¥ snnbe &iririctl iftosa aes-sphenddl Ehape. ®or deosandasons, the
al um num oxi de Table 1 11203 Al 203 Particle Size Spray Adhesive

St rengt h ddd daesin tRefidsslubty i@ e (PanghtaTesbie?®% t6 BMdut 30%.

5

10

15

20

25

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

For example, the aluminum oxide particles may have diameters of about 0.5
um to about 2 pm. When the diameter of the aluminum oxide particles is smaller than
about 0.5 um, the average diameter of the spray powder may be decreased because
the spray powder has a coarse-grained structure of the aluminum oxide particles, so
that the aluminum oxide particles may be difficult io accurately control, and thus the
spray powder may be difficult o form into a spherical grained structure. In contrast,
when the diameter of the aluminum oxide particles is greater than about 2 pym, the
aluminum oxide particles may combine together with each other to the grain-
structured crystal having a large void ratio.

The second dispersing agent may uniformly disperse the aluminum oxide
particles in the second slurry. In an example embodiment, the second dispersing
agent may have acid properties. For example, the second dispersing agent may
comprise an acidic material. Otherwise, the second dispersing agent may be formed
into an acid mixture in such a manner that a solid or a liquid dispersing agent is
dissolved into an acid solvent. Examples of the second dispersing agent may include
a material having a carboxyl group, a 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

particles have a positive (+) surface charge in the acid second dispersing agent.
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When a ratio of the second dispersing agent is more than about 2% in the
second slurry, the aluminum oxide particles are hardly formed into the spherical
grained structure in the spray powder by the same reason as in the case that the
ratio of the first dispersing agent is more than about 0.5% in the first slurry.

When the ratio of the second dispersing agent is less than about 0.3% in the
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-
drying process when the ratio of the second dispersing agent is less than about 0.3%
in the second slurry.

For that reason, the ratio of the second dispersing agent in the second slurry
may be in a range of about 0.3% to about 2%.

In an example embodiment, the second bonding agent may improve the
bond sirength between the aluminum oxide particles in the second slurry. When a
ratio of the secand 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 partictes may not be
formed into a spherical shape. In contrast, when a ratio of the second bonding agent
is more than about 3% in the second slurry, the viscosity of the second slurry rapidly
increases although the spray powder may be sufficiently formed into a spherical
shape. Therefore, the fluidity of the slurry mixture of the first and second slurries is
deteriorated, and thus the spray dryer is clogged with the slurry mixture in the spray-
drying process. Accordingly, the ratio of the second bonding agent may be in a range

of about 2% to about 3% in the second siurry. The second bonding agent has
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substantially the same structure and function as the first bonding agent, and thus any
detailed descriptions on the second bonding agent is to be omitted hereaiter.

In an example embodiment, the second slurry may include the second
solvent, The second solvent may include an organic solvent or an agueous 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 info 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 ytirium oxide to aluminum oxide is in a range of about
1:9 to about 4:6 in a first slurry mixture, the spray-coating layer including the spray
powder of the first slurry mixture is characterized by aluminum oxide to such
properties of high mechanical strength and weak adhesive strength. In contrast,
when a weight ratio of yitrium oxide to aluminum oxide is in a range of about 8:2 fo
about 9:1 in a second slurry mixture, the spray-coating layer including the spray
powder of the second slurry mixture is characterized by yitrium oxide to such
properties of weak mechanical strength and adhesive strength. Accordingly, the
weight ratio of ytirium oxide to aluminum oxide is in a range of about 5:5 to about 7:3
in the slurry mixture. In the present embodiment, the weight ratio of yttrium oxide to
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
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both of aluminum oxide and yitrium oxide to such properties of high mechanical
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
yitrium oxide particles, the first dispersing agent, the first bonding agent and the first
solvent and the second mixture which is a mixiure 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 ym, 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 ym, 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 um fo about 80 pm. 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 to 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.
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Referring to FIG. 3, the first slurry is formed into a mixture of vttrium oxide,
the first dispersing agent and the first bonding agent in the first solvent (step S110).

In an example embodiment, the first slurry may include yitrium oxide particles
having diameters of about 0.01 pm to about 2 um, the first dispersing agent for
uniformly dispersing the yttrium oxide particles, the first bonding agent for bonding
the ytirium 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 between the ytirium oxide particles is sufficiently strong to combine the
yttrium 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 yitrium oxide particles, the first dispersing agent, the first
bonding agent and the first solvent is to be omitted.

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

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

Referring to FIG. 3, the first solvent is prepared at first for formation of the
first slurry (step $111). For exampie, the first solvent may include an organic solvent
such as ethanol. Yttrium oxide particles are provided into the first solvent (step S112).
Then, the first dispersing agent is provided into a mixture of the first solvent and the
yttrium oxide particles (step $113). In an example embodiment, the first dispersing
agent may comprise basic carboxyl materials. The yitrium oxide particles have a

negative (-) surface charge due to the first dispersing agent. For example, a ratio of
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the first dispersing agent to the mixture of the first siurry may be in a range of about
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 vitrium 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 1o one of ordinary skill in the art.

Then, the ytirium 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 pm, the second dispersing
agent for uniformly dispersing the aluminum oxide particles, the second bonding
agent for bonding the aluminum oxide particles and the second solvent into which the
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
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thus any iurther detailed descriptions on the aluminum oxide particles, the second
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 fo FIG. 5.

FIG. § 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 ethanol. Aluminum oxide particles are provided into the second
solvent (step $122). Then, the second dispersing agent is provided into a mixture of
the second solvent and the aluminum oxide particles (step $123). 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 siurry 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 S124). 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 bonding agent are sequentially
provided into the second solvent, the actual sequence may be varied in accordance
with processing conditions, as would be known to one of ordinary skill in the art.

Then, the aluminum oxide particles, the second dispersing agent and the
second bonding agent are mixed with one another in the second solvent by a ball mill,

to thereby form a mixture of the second slurry.
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Al 203 grained structure including yitrium oxide and aluminum oxide (step S$S140). That is,

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

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

The spray-drying process is performed at a temperature of about 60°C to
about 110°C in a dry chamber while the slurry mixture is injected into the dry chamber.
When the spray-drying process may be performed at a temperature less than about

20  60°C, organic solvents in the slurry mixture may not be sufficiently volatilized, to
thereby increase a process time of the spray-drying process. Particularly, when
neutral solvents such as pure water and alcoholic sclvents such as methanol and
ethanol are used as the organic solvents for the slurry mixture, the organic solvents
are significantly difficuit to be volatilized at a temperature of less than about 60°C, to

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

when the spray-drying process may be performed at a temperature of more than
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about 110°C, the organic solvents in the slurry mixture may be rapidly volatilized and
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 o 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
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 hroken and flattened. As a result, the pipe through
which the spray powder is provided to the plasma gun may become clogged with the
spray powder. In conirast, when the heat treating process is performed at a
temperature higher than about 1,500°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
sufficient hardness. After completion of the spray-drying process and the heat
freating 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 um.

As a result, the slurry mixture of the first slurry including yitrium oxide and the
second slurry including aluminum oxide may be formed into the spray powder having
the coarse-grained structure of which the average diameter is in a range of about 20
um to about 60 pm.

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

is, step S110 for forming the first slurry, step S120 for forming the second slurry, step
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5130 for forming the slurry mixture and step 5140 for performing the spray-drying
process and the heat treating process fo 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 vttrium 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 (ayer is formed on the inner surface of the
plasma process chamber, the source plasma may be sufficiently prevenied 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 result, etching of the
plasma processing system caused by the source plasma may be sufficiently

prevented by the spray-coating layer.

Hereinafter, a method of forming the spray-coating layer using the spray
powder and the spray-coating layer including the spray powder are described in
detail.

FIG. 7 is a flowchart illustrating a method of forming a spray-coating layer in
accordance with an example embodiment of the present invention.

Referring to FIG. 7, a spray powder is prepared at first (step S210). The
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 pm to
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about 80 um. In an example embodiment, the spray powder may be formed through
a spray-drying process using a slurry mixture including first and second slurries. The
first slurry may inciude yitrium oxide particles having diameters of about 0.01 um fo
about 2 ym, a first dispersing agent for uniformly dispersing the yitrium oxide
particles, a first bonding agent for bonding the viirium oxide particles, and a first
solvent into which the vitrium 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 pm to about 2 um, a second dispersing agent
jor uniformly dispersing the aluminum oxide particles, a second bonding agent for
bonding the yttrium 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 to 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 5220).
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 ar 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.
BA.

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
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amorphous crystalline structure. As a result, the voids and spaces within crystalline
structures are minimized in the spray-coating layer, to thereby reduce porosity of the
spray-coating layer. For example, the spray-coating layer may have the porosity of
about 0.5% to about 2%, and more particularly, of about 0.5% to about 1%. In
addition, the spray-coating layer may have an adhesive strength greater than about
13 MPa and hardness greater than about 650 HV, more particularly, greater than
about 700 HV.

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

Referring to FIG. 9, the inner structure 100 of the plasma processing system
may include an inner member 110 installed in the plasma processing system and a
spray-coating layer 120 on the inner member 110.

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

In an example embodiment, the inner member 110 may include a chamber
liner, a baifle, and a shield ring in the process chamber. The chamber liner is

positioned along the inner surface of the process chamber and may prevent damage
27
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15 the spray-coating layer 120 from the inner member 110, to thereby minimize

contamination caused by the spray-coating layer 120.

Experiments on particle sizes of ytfrium oxide and aluminum oxide

Table 1
Parlicle Adhesive
Y203 | AlO3 Spray Hardness | Porosity
Size Strength
(um) { (um) Atmosphere (HV) (%)
(umy} (MPa)
Experiment
5 - 35 Atmospheric 7-10 400-450 4-6
1
Experiment - 4 25 Atmospheric 7-10 700-800 4-6
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Di spersing Agent Solid Materials (9% Spherical/Non- Spherical (%
Particle (M  Experinent 1 2 2 40 X Experinent 2
2
Experiment
5 4 40 Atmospheric 10 550 6
3
Experiment
b 2 38 Atmospheric i 530 4
4
Experiment
5 0.5 35 Atmospheric 9 550 3
5
Experiment
2 4 30 Atmospheric 10 550 4
B
Experiment
2 2 35 Atmospheric 13 650 2
7
Experiment
2 0.5 35 Atmospheric 13.5 680 2
8
Experiment
0.01 4 30 Atmospheric 10 550 3
9
Experiment
0.01 2 35 Atmospheric 13 650 1.2
10
Experiment
0.01 0.5 30 Atmospheric 14 700 0.8
11

The spray powder was formed by the same spray-drying process as
described in an example embodiment of the present invention at various particle
sizes of aluminum oxide and vitrium oxide, as shown in Table 1, 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
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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 sirength,
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 sirength, 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 yitrium oxide was in a range of about 0.01 pm to about 2 um
and the particle size of aluminum oxide was in a range of about 0.5 m to about 2 um
in Experimental Group 1, while the particle size of yttrium oxide and aluminum oxide
was greater than about 2 ym 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 um and the
aluminum oxide particles of which the sizes are in a range of about 0.5 ym to about 2

um,

Experiments on the weight ratio of yttrium oxide to aluminum oxide

Table 2
Particle Adhesive
Y203 | AkOs Spray Hardness
Size Strength
(wt%) | (wi%) Atmosphere (HV)
(Hm) (MPa)
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Experinment 7 0.5 2 30 O Experinent 8 0.3 1 25 0 Experinent 9 3
Experiment 10 3 1

Experiment 1 10 g0 30 Atmospheric 10 750
Experiment 2 20 80 35 Atmospheric 10 750
Experiment 3 30 70 33 Atmospheric 11 720
Experiment 4 40 60 40 Atmospheric 11 720
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 30 20 28 Atmospheric 10 520
Experiment 9 80 10 33 Atmospheric 10 430

The spray powder was formed by the same spray-drying process as
described in an example embediment of the present invention at various weighi
ratios of aluminum oxide and vyttrium 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 resuits of the particle size of the spray
powder and the adhesive strength and the mechanical strength of the spray-coating
layer.

Table 2 indicates that the adhesive strengths in Experiments 5-7 (referred to
as Experimental Group 3) were much betler than that in Experiments 1-4 (referred to
as Experimental Group 4). The weight ratio of ytirium 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
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yttrium oxide fo 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
strength in Experimental Group 3 were much better than those In Experiments 8-9
(referred to as Experimental Group 5). The weight ratio of yttrium oxide yttrium oxide
to aluminum oxide was in a range of about 8:2 to about 9:1 in Experimental Group 5.
The above experimental results on Table 2 show that the adhesive strength
and the mechanical strength of the spray-coating layer may be optimized when the
spray powder for forming the spray-coating layer includes yiirium oxide and
aluminum oxide in such a composition that the weight ratic of yitrium oxide to
aluminum oxide is in a range of about 5:5 fo about 7:3, that is in a range of about

10410 1.

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

the slurry
Table 3
Second
First Dispersing Spherical/Non-
Dispersing Solid
Agent Spherical
Agent Materials (%)
(%) Particle
(%)
Experiment 1 2 2 40 X
Experiment 2 1 1 30 X
Experiment 3 2 1 35 X
Experiment 4 1 2 35 X
Experiment & 0.5 1 30 O
Experiment 6 0.3 2 30 0
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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 resuits 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 1o be non-

spherical in Experiments 1-4, 9-11 and 14 (referred to as Experimental Group 7). In

Experimental Group 6, the ratio of the first dispersing agent in the first slurry was in a

range of about 0.3% to about 0.5%, the ratio of the second dispersing agent in the

second slurry was in a range of about 0.3% to about 2%, and the ratio of the solid

material in the first and second slurriss was in a range of about 20% to about 30%. In

contrast, in Experimental Group 7, the ratio of the first dispersing agent in the first

slurry was greater than about 0.5%, the ratio of the second dispersing agent in the
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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%.

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 bonding agent and heating temperature

variation
Table 4
Bonding Agent Heating Temperature Spherical/Non-
(%) (°C) Spherical Particle
Experiment 1 0.2 700 X
Experiment 2 0.2 800 X
Experiment 3 0.2 1,400 X
Experiment 4 0.2 1,500 X
Experiment 5 0.5 700 X
Experiment 6 0.5 800 X
Experiment 7 0.5 1,400 X
Experiment 8 0.5 1,500 X
Experiment 9 1 700 X
Experiment 10 1 800 X
Experiment 11 1 1,400 X
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Experiment 12 1 1,500 X
Experiment 13 2 700 X
Experiment 14 2 800 O
Experiment 15 2 1,400 O
Experiment 16 2 1,500 O
Experiment 17 3 700 X
Experiment 18 3 800 0
Experiment 18 3 1,400 0
Experiment 20 3 1,500 0
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 sturry 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
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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
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 fo 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 diffraction and a vertical
line indicates an intensity of the X-ray.

FIG. 10 does not show a particular diffraction angle (28) corresponding to a
high intensity of the X-ray which indicates a crystalline structure of the spray-coating
tayer. That is, FIG. 10 indicates that the spray-coating layer is formed to have an
amorphous structure,

According to the example embodiments of the present invention, a spray
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700 X Experinment 18 3 800 O Experinment 19 3 1,400 O Experinent 20 3
1,500 O Experinent 21 4 1,500 O The spray powder was forned
by the sanme spray-drying process as described in an exanple

enbodi ment of the present invention at various ratios of the first
bondi ng agent in the first slurry, at various ratios of the second

DO 9, 5y B o0 A BB e
by t he aBBVEF BRI o SXerrae, Bt 25 Jnbenet Sbna Sprdy /bsnaer
U KUK L ARG FECR RO TR
results (ﬁast Qne a%%rrgéocdsest?u%?ueg aorId ylloew Sp%?(@llty.lghepr%}f/\odrg,r when the spray-coating
5 layer is formed on the inside of a plasma processing system, a source plasma may

be sufficiently prevented from penetrating the spray-coating layer. As a result, the
spray-coating layer may prevent the source plasma from making direct contact with

the plasma processing system. In addition, the spray-coating layer may be sufficiently

adhered fo the plasma processing system for preventing the separation of the spray-

10 coating layer from the plasma processing system, to thereby minimize contamination
caused by the spray-coating layer. Particularly, the spray-coating layer may

sufficiently prevent etching of the plasma processing system caused by the source

plasma, to thereby remarkably improve the lifespan of the plasma processing system.

Although the example embodiments of the present invention have been

15  deseribed, it is understood that the present invention should not be limited to these
example embodiments but various changes and modifications can be made by one

skilled in the art within the spirit and scope of the present invention as hereinafter

claimed.
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Table 4 indicates that the spray powder was detected to be spheri cal
in Experinments 14-16 and 18-21 (referred to as Experinental G oup 8),
and to be non- spherical in Experinents 1-13 and 17 (referred to as
Experi nment al Group 9). In Experinmental Goup 8, the ratio of the
first bonding agent in the first slurry was 15 greater than about 2%
t he ratlw*'% g: LAMERI B ondi ng agent in the second slurry was also
greater than about 2% and the heat treating process was perforrred at

a temperature pf ARAHoHrh g ool ayd? SORBASRG T e

Experimental G oup

first slurry wampbeag a spray goouder 2Hing Asiurat m«‘xt@rfe mbmda@:@gcbtmﬂw agd
and 5 the

agent in the s nd sl urr was al so L&{%ss t han about, 2%

heat treétﬁeﬁangﬁgﬁ' h%vé@ PP FRRIICHIdINg PaFHsashRIRg EHvRYeraga fiameier
800C or t e

second bg%.s%%@gg tqgraet;orr%%ﬁ mﬁgbﬁgfsﬁo‘@/iylsﬁcmw pﬁg?&s ulgFa '{I &s
t he secohavisy utiayetere sgeabduiel 91 ;anmdtot hbohieﬁt,umr @aflisrhg:hq;persmgsagm for
performed at te eratyre of. about to about. 1,500C, t .
Prut o 1y dforpile SEHRT00 S iRy RXPacacibRe e posdiR dashdor bonding
sl urri esthEOytiten ds%rd@rpa?ﬁab@daﬂlfg mrétesdwwsrﬁtb%hueﬁlth@%ﬁuﬁ' &ﬁd@bamﬁes
spray powder, so that there was a problemin spray dryer

the spr afiedigi digp(prrsm@ewdfth@ciuﬁrhqqdm agg@tdarw dl$fsqlmﬁ gindrthe second

oot Lot THEY Jpeugit i, ARYRLE BECRAkBles, Ravub el fr B te Mt eo
condi t i ossoutn2 Wirhcla séeorid dsstpe&én@cergbrmg‘oaqeﬁbrrﬁnddisP@rsﬁ@g:Qn@ dontHurg

agent are |n a range of about 2% to about 3%in the tirst slurry and
the secoMddePartiqes. serand hending agent fg hesghing heagluminwngedds paa§les
per f or e, t e ASLH 0 0

10 is a %?(gvx? aﬁc%gta r%@&%éﬁéﬁgxray c}ﬁgf ggbﬂpgﬁ %Ba(d%\'ei i.Efle%htehe sebbi
spr ay- codispargingggentianddbesedand donding agerexaeplissobmidodhdent of the
present invention horizontal |ine indicates a

FIG 10, 20
di ffraction arﬁﬁr@y'(@g?e 5?@’%“!5‘?&9 &) epipaliniafisaplyed SRt i cal i ne
I ndi cates an 1pA&RH BYvabht PRI Y- yitrium oxide! 4ad #Ha Qlﬁﬁﬁn%toﬁcﬁ@% M a
particular diffraction angle (20) corresponding to a high intensity
of the Xangg oftaboht i Wt taf é3the slugytnaikiurae structure of the
spray-coating layer. That is, FIG 10 indicates that the
spray-coating |layer is forrred to have an 25 anorphous structure.

According to the THKamédoardfaslaient whreih®Beires ikheldive BlgeANinchides a
spray powder is formed into coarse-grained particles includin

yt t ri um RBGIGEadeRl ANGHNA BeCERT déispending AgenbinsHidesamgedis materel of
about 20 pmto about 60 pm A spray-coating |layer is forned by a
spray-coating process using the spray powder, and thus has an

amor phous st r &t dihe methoa dfalaipo pwhesein dhvatiebbdthes fish dispeheng agent with
spray-coatin yer, i,s forpmed on th | a processi.n
system (&SE® rtE‘éL'BI flrst iU s fea $aRge @?@h &/83/0 ngt Sf%!gm and & ratio of
penet ratthegséda%dsa@ﬁgrwfa aat knﬁt}sefes t?ortﬁél&efc naf@uﬁgﬁéxa %O%Ihq% of
| ayer may prevent the sour | asma from maki ng |rect ontact w

t he pl asgbwubOcd%deiabgutP%t.em I n addition, the spray-coating |ayer
may be sufficiently adhered to the plasnma processing systemfor
preventing the separation of the spray- 10 coating |ayer fromthe

pl asma process NgTisy fiethdd bP ctemrﬁhyhé?em mréﬁo%@mﬁ@maaddr@mg:agéﬂ%m
the spray-coati ng | ayer. Particularly, th y-coating | ayer may
suffici é’ﬁﬁP?Ctpiﬁé @rfltrSteQ“é!TﬁY ifyinod ramge pf abmt oot@e@muig%%yamcém reiasddhe

the ot asaop (R posd MITRERe SORNE BRecd AR HS a0 oe B e

present tbrbent 8%1 have been

5. The method of claim 1, wherein a ratio of solid materials with respect
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15 described, it is understood that the present invention should not
be limted to these exanpl e enbodi nents but various changes and
nodi fi cati ons can be nade by one skilled in the art within the spirit

and scope of the present invention as hereinafter clainmed. WHAT
CLAI MeED ttisithe first and the sacamd teberriss is dn i repge opreaput8ats iy albayblsﬂ%,

conpri si preparing a spray powder using a slurry mxture
i ncl udi ngg%P‘?‘%“P’%’%’ slurry and a second slurry, the spray powder
including particles having an average diameter of about 20 pmto

about 60 pm the first slurry including ytitriumoxide particles

havi ng di amet 8rs b€ apstiod B1cigimt b kgin2 SprAYIRg ftf‘fasﬁp’iﬁysﬁgwgﬁﬁg‘s
agent f gﬁ@g tLpi

bondi ng age%g? Hrp %%%(??@t gtﬁsﬁmggx%gﬁxé y@?ré&éé‘éa%\/ﬁ Fﬂrﬁs(’t%tss
sol vent aindtapkinkiic bptayeprgtésd.um oxi de particles, the first dispersing
agent and the first bonding agent are dissol ved, and the second
slurry including al um num oxi de particles having dianeters of about
0.5 pmto abqut 2p&hragce6agdagkrseshplisifg 8o beideUad alumivum oxide
di spersi n% t he al um num oxi de particles, a second bondi ng agent for
bondi ngan ehavingriatu AMexplRUS shtslure dhatasdiosmedcn @ serayeatingt Rrogassh
the alu Q

second DG R Pahd 6% il SRERNE I RLAL A W 905, e o
an obj eabouh1@. ztitcsﬂsm uﬂblatrﬁmxture. wherein a weight ratio of the
yttrium oxide and the al um num oxi de isin a range of about 1:0.4 to
1inthe slurry

the i rer S u Bour o Sfavconting (et of 'S8l iRl OB tertBEiS i

di sper sirgggaeeabolttcsudessput 29i.di c materi al . 3. The net hod
of claim2, wherein a ratio of the first dispersing agent with

respect to the first slurry is in a range of about 0.3%to about
0.5% and a Ratio i i g it r LR

second sl urr? IS Fﬁgaémxzcgé%gag 'gkﬁf‘sﬁ%@?‘t 2’ abou 252)] Sk E{Pﬁﬁ&ﬂ
The et kosteof iscdtdéast bbowheéBdiPaa rati o of the first bondi ng agent
wWth respect to the first slurry is in a range of about 2%to about

3% and a ratio of the second b dln en jth.respect to

setond st ur 1y 0rs  THOSHAIGAABIS YS! SHITOT ANBRIEIE, Rardness thelgof ipa
met hod pfathLBbM dso Wherein a ratio of SO|Id materials with respect

to the first and the second slurries is in a range of about 20%to
about 30% respectively. 6. The nethod of claim1l, wherein
sprayi ng t he 13pr af hecsfay-costipg faysras claign dnavhsreiara APRpPOWESE having
HVOF SpLAy. P t

7 spPRRsE A @stisr 2Bhar PTG % eBolil B ol (S U5EY R BB onatng
and haviprgceas. anor phous structure that is fornmed by a spray- coatl ng
process, wherein a weight rati o of the yttri um oxi de and the al um num
oxideisinqrangrﬁof about i) g gthe sI Ejymxtu

8. The spray-€oat | SQP@%FO%‘F”% APHP C'a{m » HNPreiprBe iSPiAY- FRAtISK layer ish
a range R]stltlélq@él'torpa5s©ﬁéb@99‘éh AHer member f al BoRsAWMARBE ROWNRNLE
of cl wherel n an adhesive strength thereof is at |east about 13
MPa. piasmaﬂrocﬂse i pedyrohon mgsulsyrate.of claim 7, wherein a

har dness thereof is at |east about 650 HV. 11. The
spray-coating |ayer of claim7, wherein a spray powder having an
average di anmeter of about 20 pmto about 60 pmis used in the
Spray-coati ng process. 12. The spray-coating |layer of claim?7,
wherein the spray-coating |layer is positioned on a surface of an

i nner nmenber of a process chanber in which a plasma process is
performed on a substrate.
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