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sem conduct or processi ng conponents which make use of a spray-coated,
yttrium 5conprising ceramc material. The spray-coated,
yttriumconprising ceramc material is 6frequently applied over an
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23[ 0007] Thi's section descri bes background subject matter related to
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intention, either express or inplied, 25that the background art
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26[ 0008] Corrosion (Lhclyding .erosion) resistance is a critical '
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2environnments are present. ough corrosive plasmas are present in
the majority of 3sem conductor processing environnments, including

pl asma enhanced chem cal vapor 4deposition (PECVYD) and physical vapor
depdsi ti dA0GIVD), the nost corrosBACKIGROENRenvi ronnents are those
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particul ates often contamnate the surfaces o
20 comprising coating is particularly useful in a reducing plasma to prevent particulate

21 contamination of a substrate which is being processed.

22 [0006] 2. Backeround

23 [0007] This section desci“ibes background subject matter related to the disclosed
24 embodiments of the present invention. There is no intention, either express or implied,

25 that the background art discussed in this section legally constitutes prior art.

26 [0008] Cormosion (including erosion) resistance is a critical property for apparatus



lldevices contained in a substrate which is processed in the

sem conduct or processing 12chanber. 13[0009] Process chanber liners
and conpongpbo@ARdrat us present within the processing I4ghaahehgoksed
to fabricate electronic devices and mcro-el ectro-nechani cal systens
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22 coatings of various compositions have been used in place of the aluminum oxide layer

23 mentioned above; and, in some instances, have been used over the surface of an anodized
24 léyer present on an aluminum alloy substrate, to improve the protection of the underlying
25 aluminum-based materials. .

26 [0010]  Yttrium oxide is a ceramic material whi;:h has shown considerable promise in’

27 the protection of aluminum and aluminum alloy surfaces which are exposed to halogen-



21manuf acture of |1 C conponents, particularly when the plasma is a
reduci ng plasma. 22[ 0014] DESCRI PTI ON 23[ 0015] 1t had been observed

t hat partiwglaiofgser e becom ng a probl em duri ng 24sem gangii6do@hooso
devi ce processing in highly corrosive plasma environnents. The
25particul ates affected sem conductor device yields. Enpirically
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22 [0014] DESCRIPTION

23 [0015] It had been observed that particulates were becoming a problem during

24 semiconductor device processing in highly corrosive plasma environments. The

25 particulates affected semiconductor device yields. Empirically generated data has shown

26 that the ceramic protective coatings used to protect semiconductor processing chamber



3obt ai ned when the effective particle dianeter fed to a plasna
spray-coating apparatus 4was reduced to | ess than about 22 m, and
typical 'y Wwesgodloghs about 15 gm with the Seffective pagdigd2609/000949
di aneter frequently rangi ng between about 15 m and about 5 m
6Smal | er effective particle dianeter powders, down to 0.1 gm nay be
used in instances 7when the spray-coating system can be adapted to
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yttrium conprising” spray coat 10Thi's reduction in
por o ty saffacdsfertepBse ol pr&@@@iﬂnﬂﬁrﬁﬂ&%'aﬁﬁﬁﬁa‘iaﬁ@éorﬂ&fﬁ@m rior to
11Y203-Zr02 solid solution, YAG and YF3 deposited over an al um num
al | oy subsse pﬁthe cé2pin-éeated apﬁauatuaxhﬂpheuntfoé'pmacﬂ@(é gemdrhtiankconbiliei ng,
t he averag rosity of the yttrium 130xide coating, produced_ using
the previ'® p$ta1§° L%"o@ﬁ?%o fRestoniaiergengrtedaflenisd saigordvctoagidldsct i ve
ovvde6r di e for the yttriumoxide of 25 mor larger, ranges from
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19avér agelashiagquedessss pokeliese of ﬂladmger arheng @tbertrh@tlpb ms,sqnﬂabas aqnlpamgt us
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Ra) conpared 24with an average surface roughness of only 5172 I nch
Ra (IB. 28 ceraRi} céaving whizhyrdducesfcdbopdrteulaeaia mdumiﬁgimdnmsnmg"hehe 15
m di aneter powder yttrium oxide feed to the |aser 26spray coating
appatdat usievelpprae perigrsm wes bised he yitrivieneommising cgramdesal Thesh pitanrer age
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subsequen ere| n, e yttrium oxi usi ng

25p. m ef fgﬂﬁldﬂ&nﬁbﬁdﬂ%ﬁphwda[bm&ﬁbﬂ%r@émr perforned 4wvel | for
about 7. 8 hours, while the yttrium oxide coating produced using
the 185 p.[A06(or Rivkinhierpraghsefdpecimponcdelfrque alfuotinea swistrhtes coatel withe
peri od in excess of 10 hours. 6Further, the break down voltage (VBD)
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relative results, with mniml experinentation. 020] The use of a
smal3er ehifecctdould heiohtisted by ysing iaismatl enpverage ngrtmbvmmrytmlmm}déespcmder

13l ess efficient coating of the substrate, with nore powder consumned
per i c Herelte theplasma spray coating apparatus used to apply the coatmg Embodiments of

25 the present invention employ smaller (than conventionally used) average particle size
26 Y,0;, Y,0,-Zr0, solid solution, YAG, and YF, powder to spray coat a substrate. For

27 example, the conventional effective particle diameter of yttrium oxide powder fed to the



l4coating deposited. Since the yttriumcontaining powlers are
expensive, no effort was 15made to devel op the use of snaller

di anet er wybhoemogespri sing powders for spray l1l6coati ngecthi€009/000949
unexpected rel ati ve advantages in perfornmance properties of the
coatings 17produced when effective powder dianeters ranging from
about 22 pm down-t'o about 0.1 18pm according to enmbodinents of the
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Enpirically generated data showed that a spray-coated yttrium oxide
23pr ot es swasgedmap triesstthr abduttZhums iamdytytpivelly tess thae dbaipl &yng edthi the

t echni que en;pl oyi ng[; 24the smaller effective di aneter powders

accordi neefiegthennssinladipmstenirequestly Faég@ﬂtbeweh doontilgmm 9&&%3‘@%5 Ufpr e

2apard | CUTERISE SRR BBER A FRTAS e Qaih RO DTHE papstances
presued Lo Qe gdf (Eogtlfl%? é{@ﬁtbetdagﬁte& Fbehaﬁgigis%})'%&rﬁ{:’vﬁ@ ﬁiﬂs%es spray-

conponent requi the a sinterin tiv

2009/81 08 2:62RE kiSRS REDPAHCIE Bize Yuwaers 3How Btei Gpantih@sutglass in@hase,
where the intergranul ar gl assy phase is a source 2of particulate
formeki omnegpe[c&ﬁzelc]u\mwﬂmthma\teram powsitypf te gtititve-quenpirisingspeag codtinghe
yttrium oxide coating in a 4reduced plasma, we di scovered that the

nechthi snites r%tl?t@e RN BYErqggPOYAsity DaThesR oReerwasin seaing; @WW KOs
for i .dr en reactive eci es
S IR S e d R Car B A R e
is fpymed, phe L ik lo umnd
oxygie)z;l are pré?g%%’?ﬁ?%%@(%i@s 8(%%%%(8)%&% %c?yg%%gﬁ%s gﬁ% corrpound
i s fpy medhxade dvelitg prafhidad Lkigg WedpréasBaipkatoleig@cihiquepivhicaegipldyad hy
formed based on thernodynam c consi derati.ons. 10[0022] The Y(G—|)3
f or mbll i reffectiechesvdagdiamatos foln dhreeytmmeowitle of 2mumvor tegerurahgesdidng alidve

11mai n reason particul ates are, generated., ce this di covery was
madel? f urb-het OEPRY At weﬁpéﬁﬁ.%wgéwe%earq ﬂa%%t%#ﬂen §10e‘“’

exe ary, n odi ment t he |nvent|on
wht o careofE Hha?lsa it o SESL GRGR el Pedis® TS PRt sieBY et 1)
Cont jpue é{ uigtﬁ-cfrh W %h4S ZRWNE abRH . IFSr%Q&G?ytﬁm.ﬁlﬁ’Bﬁﬁé coating
snoot her Y203 1 5pl asma sprayed coating which is attacked at a sl ower
ratelpy theducedusihggphbpnssgay cobhing ethbodineahofiie prebynt iadnitonig vitich the
effective particle size dianeter powder for the spray-coating
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a YAG (Yttiriu 18A| m Gar.net , ich.is comonly used
Ganiih i Hophpiong o thauls fi oPy vy oF PeAmebc XITTG oG Soptipg paving an
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conbppati qp a&dlﬁér?@fe)avgrjaﬁ@ﬁlrféag roul FRfeStitino &détﬁﬁné’?roﬁﬂ&'d%smg
respectively the formation of Y( 3 And 3) 22Substitute a YAG or
a Y20B- Zrti225 ph affestiveidiameter powder ¥aSalamn 260 pdnth Ra{s.0 pmi R reemibired

23material_ for the Y203 and reduce the size of the YAG or Y203-Zr02
sol i # sol with ahaverge surface roughness of only 51.2 p-inch Ra (1.28 um Ra) for the yttrium

25 oxide coating produced using the 15 um diameter powder yttrium oxide feed to the laser
26 spray coating apparatus. In embodiments of the invention in general, the average

27 surface roughness may range from about 3 um Ra to about 0.6 um Ra.



24YF3 (or conbinations thereof) effective dianmeter powder to the

pl asma spray-coating 25apparatus to range between about 22 p.mto 0.1
p. m MNore woacioshty, a powder dianeter 26rangi ng froneciosibookdboopm
to about 5 pun is used. Coating thicknesses ranging from5 27pmto
400 pm have been produced. Mdre commonly, a coating thickness ranging
from WD 2009/ 108275PCT/ US2009/ 000949 labout 25 mto about 300 pmis

used.; 2 | 1B @ : ?F@%\/&{N{% : t I-he
mannelr i n[9 |ch|gt[§gre e%%gg@hn%gﬁ nts o gaﬁﬁgéﬁb%ﬁi?h%hﬁl%
are gt ai\@shdad BCERbLREst Ghithiedasbaies BHBadubitiydRtdh | the VWirhii bailier ence
to the 5particul ar description provided above, 'and wth reference to
t he det aidoetihgigsducedtision thef25genedieptivr diameten gitrien bride apwlérgarfosnddav e
provided illustrating drawings. It is to be 7appreciated that

dr awi‘hgs sekfopplpit déd Soinus, w%dﬁﬂwéf@t@wwdq epatingiproduceddisingdhd Huemt i on
8and f hat Cer%ﬁi n,.wel | known oce segéand.a us are

al 1
I Ut 1 aQEeTRiE D diaeter poYEer piored WEHl £0F A DTG B S FTE Ot RS- of
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the sybj effnbp g:li?]aﬁ do%%o%%%&%@%ﬁﬂ'l{a peg'g]fzé%@ &H.gx?%%rohécea using the

cross-secti onal ‘'schematic asm rayi ng  12system
of the Kixsdokdigneret povdee wag 750Mingl) whide @@b&&@ﬁo%ﬂv@lﬂiglﬁoﬁﬁ@ﬁhﬂﬁﬁ of
the present 12invention. 13[0026] Figures 2A 2B, and 2C show

conpdt at ioxideghatingprodwgd agihg th2d0pmAiiSnetenpovde? 20 af leadh 875 Whidce of a
previ ousl y known as-coated plasma sprayed yttrium oxi de coating 15at
hagnid i cdDPMils. Gimesbellin osx can rlet GODRE e PlsterpsicoatinERpDTRtT)
Figures 2D, 2E, and.2F sh ot om cragr aphs .230, 240, and. 250 of the
rroul ac oo AR it e SRR B8 R el e v iR hritsine Siner

i1 ustratge:i L chReTFiel 18y xposure to a -reducing
chemﬂst ry&%lggﬂn@!ag%?agiﬁ ?ﬁglﬁwﬂhi S atﬁgxg%{rrrg%nrﬁﬁﬁ%éati on of 300X, :
Fi gure 2Hoo20]at EheBEGE A k@alldr effedive URRAfer YARRnTE AR RindpdwilePprodides a
10magni fication of 5000X. 21[0028] Figures 3A, 3B, and 3C show

phot bini crlesyretiphent 800ing 31 the sabrtra®2@ith fndrh powderf mosnodd per thigkness of

(poljshed) as-coated plasma sprayed yttrium oxide coating at WO
2009?41082?5WG1¢°91§2@69EHGB§7$9’@WW1@&8 PeYders Arezppsusiveouostiorhyyas

5000% respect.ivel y. 0029] Fiqures 3D . 3E, and.3F sho

hot bin cPBREpS pght SRt syt Yo fipprisie SPvibintor sppe
(pol she : : . i . . A |
T B RS e S R S A T
is a7 a preduced whad éffuetiod pSaiXdiategy Pangingiford bbout DRYRI dovitbiaBout® 1
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4A i B a oomprerarding éo emberdimentanf i prlsewsneentjon, e 460 nudre thae justifigethef

8t he, surface gu etseg_ai n mcr.on from% centerline 410 al ong the

surfhte dFegh ClSIPRUREr WHPEFESY FPF e¥amaRie.die theayed 40tings baving
pr o%ed MBicREks! QFB(}O%H %Ple%;é/xh?b\f fnolrgsbl)%igs rg:rlélgé frto% about 0.15 % to less than

21 about 1.5 %, measured using the Image-Pro Plus™ software in the manner previously

22 described. Empirically generated data showed that a spray-coétéd yttrium oxide

23 processing component produced using the improved spray coating technique employing
24 the smaller effective diameter powdérs, according to embodiments of the present

25 invention, was even more resistant to erosion in a reducing plasma and produced fe*;aver

26  particulates than a solid yttrium oxide component. This was presumed to be due to the

27 fact that the solid yttrium oxide component required the use of a sintering additive, which .



10t he present invention. 11[0031] Figure 4B shows a graph 420 of the
range of the surface roughness in mcrons 12froma centerline 430

al ong t he wonb@zesws an as-coated plasma sprayed yttri uwamoud20@/000949
13coati ng produced using the technol ogy of enbodi ments of the present
i nvention. 14[0032] Figures 5A and 5B are conparative

phot om crographs 510 and 520, which 15show a top view of the

nor phol o tiri i.de coatin repared 16usi ng
PO SofeedaRl BTG BLST LTI SRR IR SRR 81 S
magniA i calripgiRulie BARAfich/and 1000X, respectively. 18[0033] Figures 5C
and 5D are phot om crographs 530 and 540, which show a top view 190of -

the rBor pHod21gy OWhik asrkingsipimpede thetpeifofmace @€ e GatiRDxRIecaRafRNinUSI Ng
the plasma 20spray technol ogy of an enbodi nent of the present
i nverft i omgduged niggnafwediscayared gfat thoaecharing of @OEX of thegyiivin walle/surfanD

QAR T TR SRR L
Subotg 5y G oy A G R SR PO SOAGHRRN BRI bl

conpar at iRk Etaefﬁa GpeRes dPRydfdah Cluct@Vnd 8§ gk §f‘ets@1ﬁ,i b ig‘gég?j this

structure which was prepared using plasma spray 5technol o ior to
t he @& esenmpbuwkistforared, atd ¥F;ragpoindia tfommedals vaNl0¥ith GleOPBIbrrritputeingB
is a photom crqggﬁgh 610 showi ng a cross-sectional side view of an

7al urfl nurprefeten gnehbasehapthpragdyppraioconsideratiansi de coating 616
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erosion rate for a 12plasna sprayed yttrium oXi de coating (over an

al uni3numeaibodimsitsfitthainegntmpplvhiell carsbengsed 36 Feelupy the guaitity Sfipastjcubadat i ng
t echnol o 704, with the erosion rate for a bul k substrate of

L4yt i urPeadyd Gominugite psepiniamesidsrcqating, tup proguest axdsmsersymenfest Y0,
yttrjum oxi de coating.(over. .15 | um num substrate) .applied usjing an
2ol medieets sPRged bR Hlon e AR S So WA dre by Buekhtbie pdst TS,
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materials. Each of these test specinen substrates was exposed to the
20salfe plédsmminuenGemieh ivwhichrie conemonly sipetings Y, A0 0 G881, Fraly,©,LrOhoolil a

Tabl e 800, Iisting the conpositions of the various hulk 22materials
for hi cHOHENEH 3sY G ifomRpaEon(opa perabinatien theppof) tg theeplasma spygy-coating
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21 coating. These materials reduce or avoid, respectively the formation of Y(OH),. And, 3)

22 Substitute a YAG, or a Y,0,-ZrO, solid solution, or a YF; (or a combination thereof)

23 material for the Y,0; and reduce the size of the YAG, or Y,0,-Zr0O, solid solution, or

24 YF; (or Eombinations thereof) effective diameter powder to the plasma spray-coating

25 apparatus to range between about 22 pm to 0.1 pm. More practically, 2 powder diameter
26 ranging from about 15 pm to about 5 um is used. Coating thicknesses ranging from 5

27 pm to 400 um have been produced. More commonly, a coating thickness ranging from



2which are listed in Table 800. 3 [0040] DETAI LED DESCRI PTI ON OF
EXEMPLARY EMBODI MENTS 4[0041] As a preface to the detailed

descri pti owgo 2049/19%081 d be noted that, as used in this Ssmecdzbdomadoyon
and the appended clains, the singular fornms "a", "an", and "the"
include 6plural referents, unless the context clearly dictates

ot herwi se. 7[0042] Wen the word "about" is used herein, this is

i nt ended 0al val ue presented is precise within
10 %'] 9[68%%%%2%&?%%%% esgés%t andi ng, identical reference

nuner al s. have been used, 10where possible, to designate identical

el ements that are common to the figures. It is l1llcontenpl ated that
el em2nt s [6083] f eat ur es BRIEFRR¥ESGRIPITTONIONTHBH BRAMWENGS| al | y _
12i ncorporated in_other enbodinments without further recitation. It is

to bé notl®lE4 hat Ynibattbapeerradewhichiinersmplary smbedimegisiof thexpsesphtar y
enbodi nents of the_i.nventjon ere a l4draw n ul.d be particularly
ol pflul et e AU cleREigb i RadiroRbl dhath vl b

requigr e 3 re
ot o 18AeR: Bdeiiton VAR AR Al WARHCIRGEELME bt LUBUIRR OF P,
t he ignverkémplafBmbadifdnt iéaithBvesgRlbyilREkRELIYAVRED adisBHL S -

18[ 0044] As Igl?“scussed abo%/g?plit had ggen observedht hat %g;rti cul at es
wer e 7bec appmgad 1Rpdebimnadiprovidedenty cded netessaryevinderspnd dedsventon n

hi ghly corraosive plasma 20environnments. Enpirically generated data
showdd t 19a€ thaheeraby wel knoymarecasses ang apparaysary Ileélé‘élﬁf@geqob%?l@é‘t orderrniobus
sem conductor apparat us processi ng.surfaces wthin the chanber 22were
the. our deoBrud RahTh e BRI et pRE R L Tt i 11 ont vihen
erosion rates 23were conpared for various sem conductor processing

pl asmas, it becane apparent that 24when the plasnma was a reducing

pl asima, qoEsphi SlpueONisal cAee-sER bl SABerBRRC] 0B8%f 08O Bk loF plabk kptayin

hydr ogen, the production of particul ates was increased. 26[0045%The
yi elld of spstern oéthe hord Knabniic theiasrwigclhoey de usadde agplycoatiign gf the ptdsent
device sizes becanme snaller and the presence of particulates on the
senilondd®¥eBHo ubst rat e 2surface becane nore significant with respect
to device function. A programwas 3initiated to reduce the production
of particulates by the coatings used to protect the 4seni conductor
proggssi PaFRibS 23U QP4 a.g%? ATLMES
baselg onngtzt%?i UE" com%%’ g?ﬁ%ﬁz‘ﬁ% CS. %’%ﬂggcﬁ%ﬁlﬁl u E}(l)slr?pdrb?gl ng

cer ami cs 2200of thdaarfatk lof b pravivasigdnows @8-c4itdd plasthh sbra@duttiriam oxYRGoatha d
YF3 in addition to other nore exotic yttriumeconprising ceramc '
mat ei5i al ot magrificatiphs of WO, $PRXK, rod éaﬂj{ﬁi,desmemei}cul ar mechani cal of

el ectrical properties. 9[0047]Figure 1 shows a cross-sectional
schematic 100 of a type of plasma spraying 10system which is useful

oo a0 T AR oBR2E Mo AR RS Wi BEBRI P, 20 SISO T e

Spr ayi Ng sVt badth@Plgnd gﬁﬁeﬁ%ﬁlﬂm oaling {lRKNEd i"]D%Bﬂg% %AThe

apparatus 100 includes the 13foll owi ng conponents: first
el ecdli8r odehrdh 2C aftes texpasyrel to anrydieingahemistry plabmaf iPigire 2D is at a

19 - magnification of 300X, Figure 2E is at a magnification of 1000X, and Figure 2F is ata
20 magnification of 5000X.

21 [0028]  Figures 3A, 3B, and 3C show photomicrographs 300, 310, and 320 of the

22 surface of a lapped (polished) as-coated plasma sprayed yttrium oxide coating at



l4argon source 106; first air source 108; spray material powder
source 110; cathode torch 15112; accelerator nozzle 114; plasm arc
116; secongoRgponagirsel ectrode 118; second l6auxiliary epe@gts206m0ddd;
anode torch 122; spray base material source 124; second argon
17source 126; second air source (plasma trimmng) 128 (128A and
128B); spray film130; 18plasma jet 132; nolten powder source 134;
third ar SO UL ) i a 19t orch 138. 20[ 0048] Twi n
anodg a 3@%@qﬁ%g§%é%§§?§tgﬁ8#’?&%ﬁgﬁgggqFéwﬁ es, so that each of the
2lanode torches bears half of the thermal |oad. Using tw n anode
torch a 138, a high 22voltage. can be obtained with relatively | ow
current, [002%hatFigune X)SENAtd 3PosdwophoeaniorogfapBS 3% 34008850 vf the be
| ow. Each nozzle and el ectrode rod of the torches is water-cooled
24sephr ateffpce it lapped{pelishedrspragied yisium oxidel ceatinig ildustrated in Bigares 3A
gas, so that 25stabl e operatigon at 200 hours or

rotected, by i r
ﬁor eds éh@ﬁsfégf af‘?feexgw foe edycingphemise), 2 digue 59 198t ended,

and i nt . : e _high t erature
e i 1 oRRENGAT ok B BRS¢ BEERAl bR gl SREEE! TS
2009/6l 08 24 2REAASZOOVOER0949 1lanode torch 122, and spray nmaterial can
be fed directly into the arc. The spray material 2is conpletely
nelted by the high tenperature arc colum. The arc starting and

endi ng 3points are protected by inert gas, so that air or oxygen can

be uskd fI8930 he Figuaestv iymeorapantiveeuereplericdhsiaws Rararb o0 of teamgnof z| e
o o R R A R o OB e b
[ond ‘on RS iEE AR e UE PRAEh IR il B N RBR T ™

8disﬂancqgeﬂ@§QQQngkﬁ{0051] Wi | e one kind of plasma spray coating
apparatus is shown in Figure 1, one 10skilled in the art wl|

recogni ze that other kinds of coating apparatus can be used to carry
1llout the present invention as well. Wth the understandi ng of the

i nf oblnat i BV 1hr e it showRrserapteti( of theraageof the surdice spughness in missonsy t
of pl.as spray  coat| and,fl anme spray l3caating can, ,wth m.ninmal
ool T ot ERneiRa 4P o s B bR Hand R Tk PR K e

l4deppsi td i : | :

conpgfatf%gﬂ{ o?%ﬁ?%?%ﬁﬁg%E%ﬂgé%?fg%%ﬁﬁgﬁééﬁ%gg%e?ﬁg?ﬁ%“ﬁggé% surface
of an as-coated plasma sprayed yttrium oxi de coating having a

17t hi ckness of about 200 m which was deposited using the technol ogy
pri o4 to [00&2] pr Femmes SYand/adhwieenmpFagvephatemicorgnapha b amd #20awhich
magnj fi cati ons of, 30QX, 1000%, agf 5000X; 19respectively. The fl aky
surfhte tSBQY@rtep VigHiok repempaclamasi wplatraraysd Ytiue) o ds qoaiRERTPRFEDOI s

the. Sono B e PhediccnfOiobiFifad e s R Smon e Rghip-Gienht X
phot pm cragnais réplotivey0, and 250 of the 23surface of the as-coated
pl asma sprayed yttrium oxi de coati ng illustrated in Figures 2A

18 [0033]  Figures 5C and 5D are photomicrographs 530 and 540, which show a top view
19 of the morphology of plasma sprayed ytirium oxide coating prepared using the plasma
20 spray technology of an embodiment of the present invention, at magnifications of 200X

21 and 1000X, respectively.



24t hrough 20 after exposure to a reducing chem stry plasma. Figure 2D
Is at a 25magnification of 300X, Figure 2E is at a magnification of
1000X, andwbigssesz2s is at a 26magnification of 5000X. pdveud:6@Giong
pl asma reci pe was and is as shown in Table One, 27for the data in
Figures 2, 3, and Figure 7B, in a 300 nm eMax CT+ chanber of the

ki nd available from Applied Materials, Inc., Santa Clara, California.

The test i v 3| . - yaf. nd
thon but Q8% o HiabE AT RorfitReBh g Waws BT AL LA IBIR) of
cl eary t hafuminlArU8y 8aREak 608 hivigs 4 y1ekikm LRI EbARTYYE06 e pdbité@Sver the
dillustrated in Figures 2A, 2B, and 2C has been renoved during

exposur e surfadettd4rof diecilunginbml afisyrsubstrite i662) Thizliya téraparithe phatoatitragraph
whi ch was renoved is accountabl e for particul ates 6whi ch appear on

t he urf artdclothows dlescheractenticgioh thigstuiettre shiphovaspreparedasive ®lasmaspss ed
Grior2 02 Hekno e dgprese nfeson, 35 et SERRScom Sccm SOOM
SCCM SCCM SCCM mforr Ww g

[0035] Figure 6B is a photomicrograph 6 10 showing a cros;s-sectional side view of an
aluminum alloy substrate 612 having a yttrium oxide coating 616 deposited over the

surface 614 of the aluminum alloy substrate 612. This photomicrograph shows the

O 00 =3 N

characteristics of this structure which was prepared using plasma spray tcéhnology whiéh

10 is an embodiment of the present invention, at a magnification of 200X.

11 [0036] Figure 7A shows a block diagram 700 which compares an erosion rate for a

12 plasma sprayed yttrium oxide coating (over an aluminum ﬂloy substrate) applied using
13 the prior art spray coating technology 704, with the erosion rate for a bulk substrate of

14  ytitrium oxide 706, with the erosion rate for a plasma sprayed yttrium o:xide coating (over
15 an aluminum substrate) applied using an 'er.nbodimcnt of the present invention 708, where
16 each of these test specimen subsﬁates was exposed fo the same plasma containing

17 reducing species.
18 [0037)  Figure 7B shows a block diagram 720 which compares an erosion rate fora
19 series bulk, sintered materials. Each of these test specimen substrates was exposed to the

20 same plasma containing reducing species.

21 [0038] Figure 8 shows a Table 800, listing the compositions of the various bulk

22 materials for which the erosion rates are presented in Figure 7B.

10
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[0039]  Figure 9 shows a phase diagram 900 showing the majority of the materials
which are listed in Table 800. | |

[0040] DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0041]  As a preface to the detailed description, it should be noted that, as used in this
specification and the appended claims, the singular forms "a", "an", and "the" include
plural referents, unless the context clearly dictates otherwise.

[0042] When the word “about” is used herein, this is intended to mean that the
nominal value presented is precise within = 10 %.

[0043]) To facilitate understanding, ideptipal reference huxiaerals have been uséd, _
where possible, to designate identical elements that are common to the figures. Itis |
contemplated that elements and features of one embodiment may be beneficially
incorporated in other embodiments without further recitation. It is to be noted that the
appended drawings illustrate only exemplary embodiments of the invention where a
drawing would be particularly helpful in understanding the embodiment. Not all
embodiments require a drawing for understanding, and therefore the drawings are not to
be considered as limiting of the scobe of the invention, for the invention may admit to
other equally effective embodiments.

[0044]  As discussed above, it had been observed that particulates were becoming a
problem during semiconductor device processing in highly corrosive plasma
environments. Empirically generated data showed that the ceramic protective coatings
used to prote.ct various semiconductor apparatus processing surfaces w1thm the chamber
were the source of a large amount of the pa_ﬁiculates. In addition; when erosion rates
were compared for various semiconductor processing plasmas, it became apparent that
when the plasma was a reducing plasma, one which contained reducing species,
particularly hydrogen, the production of particulates was increased.

[0045]  The yield of devices per fabrication processes was decreasing as the device

11
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sizes became smaller and the presence of particulates on the semiconductor substrate
surface became more significant with respect to device function. A program was
initiated to reduce the production of particulates by the coatings used to protect the
semiconductor processing apparatus surfaces.

[0046]  The development program was based on yttrium-comprising ceramics. These
yttrium-compris_ing ceramics included yttrinm oxide, Y,0,-Zr0, solid solution, YAG,
and YF, in addition to other more exotic yttrium-comprising ceramic materials which
were desigﬁed to provide particular mechanical of electrical properties.

[0047}  Figure 1 shows a cross-sectional schematic 100 of a type of plasma spraying
system which is useful in applﬁng the coatings of the present invention. The particular
apparatus iIlu-strated in Figure 1 is an APS 7000 Series Aeroplasma Spraying System
available from Aeroplasma K.K. (Tokyo, Jr:lzpan). The apparatus 100 includes the

following components: first DC main electrode 102; first auxiliary electrode 104; first

' alrgon source 106; first air source 108; spray material powder source 110; cathode torch

112; accelerator nozzle 114; p_lasma arc 116; second DC main electrode 118; second
-auxiliary electrode 120; anode torch 122; spray base material source 124; second argon
source 126; second air source @lasma trimming) 128 (128A and 128B); spray film 130;
plasma jet 132; molten powder source 134; third argon source 136; and twin anode o
torch 138. |

[0048] Twin anode o torch 138 consists of two anode torches, so that each of the
anode torches bears half of the thermal load. Using twin anode torch o 138, a _high
voltage can be -obtained with relatively low current, so that the thermal load on each of
the torches will be low. Each nozzle and electrode rod of the torches is water-cooled
separately, an& the arc starting point and ending point are protected by inert gas, so that
stable operation at 200 hours or more is ensured, the service life of consumed parts is
extended, and maintenance costs are reduced.

[0049] A stable high temperature arc is formed between the cathode torch 112 and the

12
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anode torch 122, and spray material can be fed directly into the arc. The spray material
is completely melted by the high temperature arc column. The arc starting and ending
points are protected by inert gas, so that air or oxygen can be usedlfor the plasma gas
introduced through the accelerator nozzle 114.

[0050] A plasma trimming function 128 is used for twin anode a. Plasma trimming
trims the heat of the plasma jet that does not contribute to melting of the spray material,
and reduces the thermal load on the substrate material and film to make spraying at short
distances possible. _

[0051] While one kind of plasma spray coating apparatus is shown in Figure 1, one
skilled in the art will reéognize that other kinds of coating app.aratus can be used to carry
out the present invention as well. With the understanding of th§ information presented
subsequently herein, one of skill in the art of plasma spray coating and flame épray
coating can, with minimal experimentation, carry out the invention ﬁsing varying coating
deposition equipment.

[0052] Figures 2A, 2B, and 2C show comparative photomicrographs 200, 210, and
220 of the upper surface of an as-coated plasrné sprayed yttrium oxide coating having a
thickness of about 200 um, which was deposited using the technology prior to the present
invention. The photomicrographs are at magnifications of 300X, 1000X, and 5000X,
respectively, The ﬂaicy surface texture, which would enable direct particul;'slte formation
is readily apparent at all of the magnifications, but particﬁlarly at the 5000X
magnification. , -

[0053] 'Fig,;ures 2D, 2E, and 2F show photomicrographs 230, 240, and 250 of the . -
surface of the aé»coated plasma sprayed yttrium oxide coating illustrated in Figures 2A
through 2C after exposure to a reducing chemistry plasma. Figure 2D isata
magnification of 300X, Figure 2E is at a magnification of 1000X, and Figure 2F isat a
magnification of 5000X. The reducing plasma recipe was and is as shown in Table One,

for the data in Figures 2, 3, and Figure 7B, in a 300 mm eMax™ CT+ chamber of the

13
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kind available from Applied Materials, Inc., Santa Clara, California. The test specimen

substrate evaluated was located on the wafer and then put at the ESC location within the

processing chamber. It fs clear that a iarge amount of the flaky topography which was

illustrated in Figures 2A, 2B, and 2C has been removed during exposure to the reducing

plasma. It is likely that the material which was removed is accountable for particulates

which appear on the surface of a device-containing semiconductor structure processed

using the reducing chemistry plasma.

The substrate temperature during exposure to the processing recipe shown above was about 25 °C.

14

[0054] TABLE ONE
Step |Ar |H, |[CHFR | O, |CF, |CHF | CO | N, |Press |[RF |RF |RF |B
H L 5 fid

sccM | scom | scem | scom | scom | scom | scoM psceM | mTor [ w (W W | G

STAB 14 | 150 | 50 200

1

B/S 14 | 150 | 50, 200 300 | 300

Pump | 800 FO*

CHMO 250 200 |30 750 500

STAB 26 1100 | 100 50

|2

ME 26 {100 | 100° 50 700 | 300

STAB 3 40 28 50 200 250

oE 40 28 s0 | 200 250 | 1000

STAB4 2020 250 50

iCCHP 2020 250 2500 | 50

icCLP 2020 50 2500 | 50

Pump 1500 FO*

Purge

* Fully Open




2500 so Punp Purge 1500 PCP, * Fully Open The substrate
tenperature during exposure to the processing reci pe shown above was
about 25 Gyo 284008551t is readily apparent that the fl akyris2pRgosasny
has been renoved fromthe 2yttrium oxide coating surface during
exposure to the plasma, as illustrated by conmparing 3Figure 2C with
Figure 2F. This, in conbination with a chem cal conposition of the

oot i rod00R 28 Sty BB P ARng ARy RO nas PRV B
yttrbum Qulite GOR dodhg M@rﬁhﬂg e§%&%@}\: fo%g\gl'aﬁﬁa LEALRRARY b Qﬁhﬁ’ﬂmg

yttrium oxi de l.ayer was exam ne I'nto the coati ng

t hi cBnes sFigae 2(hwitke Aipack, 2F5 I'TH th diabinti Wies shdmicdl xepbditisieof the
8structure of the yttrium oxide and ‘the porosity of the yttrium oxide

coat ng wasicistestfoundiop pensered semicotustiiiovice srfaceshéankimped thef the halk

coating. However, as is ill ed hy a 1OCorrpar| son of the Figures
2A - 52C Wi phrtispates yere gﬁf“"’f’i\fﬁg%@“’o‘g e pRumxeec9atifei d an initi al

11h | d W ted a t
o S D836 A A0k AN Lo R B ISR BBRR L R 1 ©
surface QbpthhifodBe &RAAEMIRRAIWAL URrRELP rsh$@ed]tﬁh{%99vér£l?c@m5@t us to

pr oduce sem conduct or devi ces. 14[0057] The flaky upper surface coul d
be r @novattudtyresst tlasytiian axiddwd\ihy yorostuss thgytirnmh agide codlingwasadatively
described with respect to Figures 2D through 2F. However, this would

16r equi r eonsiant thepvghout the Bdcknetsrof tasf cossippsHoeeves, asheillusteatediby 30 t hi s

f d -
opr 49 copBaRRal S o SRUAD s gt hyoutEarIge (aed e
cony nl'y hEW&G éJ?EraﬁBﬁ pérﬂ)rd \9196&1' ?Srﬁmgcgﬁgc?ggp%ra@@stl? lfr{tl%ldﬁc':ed into a

12 process chamber by removing the flaky upper surface of the as coated apparatus prior to

13 using the apparatus to produce semiconductor devices.

14 [0057]  The flaky upper surface could be removed by exposﬁre to the very reducing
15 plasma which was described with respect to Figures 2D through 2F. However, this would
16 require approximately 50 houfs of exposure to the plasma, so this was not practical. |
17 Instead, the surface of the yttrium oxide plasma siaray coated apparatus Was polished

18 using a lapping technique commonly known in the-alt for polishing ceramic materials,
19 Figures 3A, 3B, aﬁd 3C show photomicrographs 300, 310, and 320 of the surface of a
20 lapped (polished) as-coated plasma sprayed yttrium oxide coating at magnifications of
21 300X, 1000X, and SOOOX' respectively. It is readily apparen‘t that the flaky material has
22 been removed from the upper surface of the coating.

23 [0058] - Figures 3D, 3E, and 3F show photomicrographs 330, 340, and 350 of the

24 surface of the lapped (polished) plasma sprayed yttrium oxide coating illustrated in

25 Figures 3A through 3C after exposure to a reducing chemistry plasma. Figure 3D isata
26  magnification of 300X, Figure 3E is at a magnification of 1000X, and Figure 3F is at a

27 magnification of 5000X. The reducing plasma was produced in the manner described in

13



19Fi gures 3A, 3B, and 3C show phot om crographs 300, 310, and 320 of
the surface of a 10l apped (polished) as-coated plasma sprayed yttrium
oxi de coatwogo@iiosmgni fications of 300X, 1000X, are-TpE2604/000949
respectively. It is readily apparent that the flaky material has
12been renoved fromthe upper surface of the coating. [0058]Fi gures
3D, 3E, ‘and 3F show photom crographs 330, 340, and 350 of the

1l4surfac e ppe I S ayved ytiri xi.de

coat ilng ﬁaﬁ%s(%'{r%atig% %Hgﬁ%éﬁggg@k%%r gﬁsg%gélgy%ﬁp er % é)%{stg%sﬁr to a
redugi ng tGhaMpAY his RLARNRved HOR 8 i oRfde QoARIFRANLEd Btk @Rpddlre300X
Figure 3E 1S gtila magni fi ggti on o?%?(l)oofz, gng Firgure 3F ig g‘% ae :
17magni f itesplasone, af 111004 byldeepadag Bigage 3T ashdFigrs 3Pr Hduesd, dsrai be
manner described in WO 2009/ 108275PCT/ US2009/ 000949 1Tabl e One. The
expodur e se¢migompEiguBBH; therexposed cpafingsurfata (asthe erashial erpsion efithe protektive

2t opagr aphy has been.renmoved fromthe yttrjum oxi de coating surface
duri rg eﬁ??é%&’ra)’eﬁnﬂlﬁl %’?‘ﬁ@cﬁﬁk%ﬁfp%eﬁf’éﬁ? M CPTIOFIVE SRFETMGE istlir e 3C
withFig . n en. f i t osed
g OYAR, R IBRNE paRRR a6 e BRI Sl D RO
yttrizum Qxdifl SnRaes nSgen QMBS tRE §E8P&Ialtd detdMBc irfhtedial OA FReY SmSoVeh &R SNt
is still 6relatively susceptible to particulate formation,” due to the
craclkes i nhd dpeaysiontedgterian dxidagto pgovadan dénselatdip@rosity-gdmed dbddtructuee
spray .coated ceramc material. A further inprovenent in 8the spray
coat éd ytapd p gmpetkiand compacheagting surgacel srosid baelpfil ingrdugingaaticatite ody
structure 9and a snmooth and conpact coating surface would be hel pful
in reduciBFHE™ i cul ate 10generation. 11[0059] Anot her enbodi nent of
t he pres y NV j i ' . . C i ng’
tec hlﬁi- qug‘_,mstgl) o%@gilhn é}%@rrgﬁrg&géﬁg% pﬁ%?%@“ﬁ%@tg |B Rg&mwh?@h ?o&{e%.%geo?ﬁ%éss
13s w&peptskaa? Godtidg Mchighe, BY ohtERAUCHhHS deh -coéﬁﬁ%ﬁh&ﬁ RRuMcalise
experinentation, where 14nunerous vari abl es of the pl asma spray
coatli3ng pnweptide toauteckebyanetlundu pladmasa g\ fds domsiderabl @ ekfehiatentation, where
substanti al, unexpected reduction in porosity and surface roughness
of 16t he numeEYs razbleg of the DlasmacsRiay eoxing RecesT WaleExpminss: iavaed by

usi a spaller rticle size 17yttri .0xi de _powder feed fo.the

bl aohta s pragreck b g Ry R A Rted FELOT SO 2P Y R FHEREBRET ng
to t algnd nln : , ﬁ?ﬂaf&”

convllé&'ralti é?\gﬁl éf fog!g{i?%/ﬁé&gg?%{egagacgscgh@?%%bg fiﬁ;/t tri uﬁ%ﬂgﬁﬁﬂ@ﬁ‘gﬁg@?
fed 170 t RariphaSide pdpaayfecdRith HlastlPsHray bGatiBg kfpardtls WhRh Wa8 asddlto apply

i nvention was 21l arger than 25 gmin dianeter. Enpirical data was
dev el8opedhaviating wHbaaduminwat alloy2@bstdtect i on in this average powder

di angter to about 22 n] or smaller, tygi cal Igy rangi ng 23between about.
15 g and®89but Fer examples thg3vernge sepxpitippa) sEective @agicieodipmeternt ytHam

yttrjum 240xi de .cqat] oduced on_ the alum num.all oy supstrate
Lur e, O3 R RaR IR e RGSSY RER AR BtlR PR B theirefiP BvErfiR wes
physijical t5 : | . i ' |20

e I B e L M T e hof R e
i nvealt i oRedudtihinahis k¥e@ageipoevdef didieeterttd bt uintler PRUNIE tyfi@dl§ ranging

23 between about 15 pm and about 0.1 pum, significantly reduced the porosity of the yttrium
24 oxide coating produced on the aluminum alloy substrate surface.

25 [0061]  Table Two, below shows the improvement in the physical properties of a

26 plasma sprayed yttrium oxide coating, which properties were achieveci using an

27 embodiment of the present invention in which the size of the yttrium oxide powder feed

16



WO 2009/ 108275PCT/ US2009/ 000949 1to the plasnma spray coating
apparatus was changed in the manner described above. 2 [00621TABLE
TWO Coat i wo 2Deposi7s i on Techni que Coating Thi ckness Coatdmigs:8erobaee
Roughness Ra Break Down Voltage HCl1 Bubble Test* Porosity ** Hardness
***  (ml) (gm g-inchgmV/m| Hours to Failure % GPa Prior Technique
8200 2005.0 750 7.5 - 8 1.5 to 4 <4 Present |nvention Enbodi nent 8.

200 511' 2 Jto £ p@a%éma spray coating apparatus was changed in the manner described above.

2 [0062] : TABLE TWO
Coating Coating Coating Break HCl | Porosity | Hardness
Deposition | Thickness Surface Down Bubble | ** ok
Technique Roughness Voltage Test*
Ra .
(mil) (pm) { p-inch pm V/mil Hours to % GPa
Failure

Prior .| 8 200 {200 5.0 750 75-8 |1.5to4d <4
Technique
Present 8 . 200 |512 128 875 »10 |<l5to 4.1
Invention .
Embodiment 0.15

*The bubble test was performed to an Applied Materials Technical Specification, Part No. 0250-39691,
which is generally known in the semiconductor industry. Currently, the failure standard for this test is the
appearance of 4 hydrogen bubbles per second on a continuous basis.

** The volume porosity of the yttrium oxide coating was measured using an Image-Pro PLUS, version 6.0
(available from Media Cybemetics, Bethesda, MD} applied to a photomicrograph of the surface of the
coating,

**+ The hardness was measured using the Vickers Hardness (Hv) test, and the HV value was calculated -
based on ASTM E92-82,

[0063]  As illustrated in Table Two, for a 200 um thick coating, the average porosity of
the yttrium oxide coating produced using the conventional 25 pm diameter yttrium oxide
powder ranged from about 1.5 % to about 4%, while the average porosity of the yttrium
oxide coating produced usiné a size-reduced equivalent diameter yttrium oxide powder
size ranged from less than 1.5 % down to about 0.15 %. By way of example, a 15 pm

equivalent diameter powder produced a coating having a porosity of about 0.47 %. This

v 3 3y th kW

decrease in porosity is particularly significant as an indicator of the ease of
10 attack of the plasma containing reducing species. In addition, the average surface
11 roughness Ra of the yttrium oxide coating produced using the conventional 25 um

12 diameter powder was about 200 p-inch Ra (5.0 pm Ra) compared with an average

17



> 10 <1.5to 0.15 4.1 *The bubble test was perfornmed to an Applied
Mat eri al s Technical Specification, Part No. 0250-39691, which is
general y woep/ioge7s he sem conduct or industry. Current|pgT/gs2ensfoaiskar e
standard for this test is the appearance of 4 hydrogen bubbl es per
second on a continuous basis. ** The volune porosity of the yttrium
oxi de coating was neasured using an | mage-Pro PLUS, version 6.0 '
(avai l able from Medi a Cybernetics, Bethesda, MD) applied to a

phot om crograph of the surface of the coating. *** The hardness was
measuf ed ' SR ythhﬁn was
cal cﬂ{ at eéf%ggreog@gﬁw% Tm )SESQI ;? %gﬁlﬁg[@ao(gg% plt,&lsq@%) Irf?rﬁds}?r at edb%{ﬁg%%ﬁg Two,
for & 200proitded eking ttsizegeduct® 1 AMeY digeeRO Vi Bxidt pdi e fyddithithem oxi de
coating produced using the conventional 25 gm dianmeter yttrium oxide
Spowder rplaweaisprayeatigappaetus. YUsing thevstendadddiChhibbde eitea 2Wepmghick
porosjty of,the yttrium 6qQxi ge coating produced using a sjze-reduced
equi Val enfTihEHeroaling Progrse WH&WF”W&%S rRFGEYaletHRmees -t han

1.5 %do 9 examl e 15 .m 8equi val ent

di anst er %&é\%é?&gor oﬁ%gég foépagg'ét#\!%s ﬁék’/rish‘év e%%?dg%?l?v%ﬂ%g“%ﬁfﬂdﬁ. 47 %
This @de%aﬁﬁﬁﬂoaudee ﬁlﬁ’iﬁ% e siz3-rBdlckd ¢4l Ak Hi}énﬁe?}gb\fv&é}?gffo&%d%ll for a

i ndi cat or of e ease of lOattack of the plas contal ni ng reduci ng
speci®s. time petitidtih excess bl OchoarsaBertitenrthabeeak Hoon gonas VR fof thé Perium
yttrium oxi de coating produced using the conventional 25 m 12di aneter
powded wexidgrnatingpoduded @pingRtheconengonsiads woepaivaent Wianheterpoader wae

WO 2009/ 1082 /. US2009/ 000949 1surface rpughpess of only 51.2

g-i néﬁ Ram?)iﬁ}g%ga%ﬂlﬁaﬁe%rﬁé Qs frdee %&wa&%m&&a&w&iue@q ng
the gi ze- i i i fee h

oot ol SSRARE Ao Ralodd 3 AREG BV ik LA e BV B s
a 2001 m thasks it fnthe ¥R Q4RGP LE NI a%?%ﬂﬁ%gmﬁ%@%sé@ﬁl oy ﬁl\aﬁstg,i fopal
25 m equi val ent dianeter . 5powder performed well "for about 7.5 - 8
hour ¥, whiptay cea@fiofiyittinmedomptrising woatingisdad 6biait simijanelatducesultssiityg t he

si ze-reduced 15 gm di aneter powder performed well for a 7tine period
in ekktessnipimalgxpgimentationy t her, the break down vol tage (V8E) for the

71 A A, Sogh b8 prestEsi s s severt ol Sl L
vol tpge fRL fHce %@%ﬁ%ﬁ?ﬁé%ﬁ{ 4 DcheB¥iRd H?@Qo&@ﬁ?'gs acter?.)ﬁgxrl] agcoated

si ze-reduced i amet er powder was er t

Vinile 1lgMaenadprakd briid okide cédting pestiueed a6ihg BRYedhholbhraRRRRE 3tibSto
commonly used in the industry for 12spray- coating of

yt t r Ium cberpresait yentoa, i Thy slistande obtraieh abngitheanurfaed iathowen inasiliimstersionh
13m nji mal experinentation. 14] 006411.t Figure 4A is_a conparative ]
exant e ¥ 2s Whilk thy bgightaboxper depth beneath thecepterling of shesiapgeisanicrons is

roughpess.in mcro froma centerline 410.al gng the. surf,ace of an
as- coat e&hﬁggloggﬁlﬁqgé)'r i@"‘e’&n% ’tnrsf’%r eoc{}]f’t Cec%%ff'i%ﬁg:e tteﬁ’d“ﬁ&g CJ8ReTg"*he
t echyipl 0GR YBd: 33h6niRfIneto gbgmljimicp&%sent invention. The distance
of travel along the surface is shown in millinmeters on 18axis 402,

whi | B t hgodes]ghtFighetB shewteghph MENefahb ride of BRlserfide Reuddhedshe nligoge
in mcrons is 19shown on axis 404. The range in surface di stance from
t he '2;29 nt drdm pgeérling é3¢ ziomgtheagrface of an as-coated plasma sprayed yttrium oxide

23 coating. The plasma-sprayed coating was produced using the embodiment of the
24 invention in which a reduced effective diameter powder is fed to the plasma spraying
25 apparatus. The distance of travel along the surface is shown in millimeters on axis 422,

26  while the height above or depth beneath the centerline of the range in microns is shown
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20from about + 23 microns to about - 17 microns. 21[0065] Figure 4B
shows a graph 420 of the range of the surface roughness in mcrons
22f rom a cwotesiosess 430 al ong the surface of an as- coatmri/E2emB0949
sprayed yttrium oxi de 23coating. The plasma-sprayed coating was
produced using the enbodi nent of the 24invention in which a reduced
effective dianeter powder is fed to the plasma sprayi ng 25appar at us.

axi s 122 DSBS ERPrLl Soatic A58 dcRA d Mot TR o o
the rangeabolt 76 6i6rdfs oabSROWSE mikdR0qHis\QS4RSREdH-He2 0084 ARRSBnd on

axis 424. The range in surface distance fromthe centerline of the
range3 washefight endddpthusf the Sirface vaiutioh sutsstentiblly redudes tiecsuefns: ardivfihe
significant change in the range of the 3height and depth of the
sur f dte vRIPiealivemRatinghehiahisicaposed tethg cogotiveredugingplestaz.ea of t he

T S D08 SRS oG T
510 j ' :
220,30 S SR 0 AP R

prior7 t o sk MNispRepiay ttULSIbEPHrordd tHEBEBIhi inddritionSat plagdBRRAtiRRE2dBO0X,
respectively. Figures 5C an D are phot om crographs 530 and 540,

whi cH8 9s hemdl 180@X¥ pespeetivelyt RigneeniC pitbSDgye pHotqrhiasgeaphpf3y@d SA0f whidin
oxi de coating prepared 10using the enbodi ment of the present

i nverit i orshPW a{ap ¥iswot theqnerpholegy elnlpspea snrasied yevium pyislkrertingpreraged o

gt capee ooRRBBRRE Bk iRerstiofiennion froticoarshtad el dlppies

Fi guies : i ngw%] : 5%"{ [.on
i ngsglrfac%gy‘?%gggf%%eﬁ\%lg su ?%(I:I?ggtp%%?%éc eégpﬁéag@%m%ﬂ%ﬁ&s
surfrce ref20bKla6¢ Y000, MsgeutieslybA emtha2iBos BOFEukHSA a8 88 Wit Figiedsci ty
to attack 15(conpared with the surface norphol ogy in Figures 5C and
5D) By a anddlillngjragss dsareduction i irface ireea iwhichda swdect xpartagk by the plastmao

di rensiongl direction by the vertical variation in the 17height and
dept ﬂ‘* of nﬁﬁé‘@rﬁ‘fe—%{e logysin fagures3A anth 5B showsniaergassd vrissabiitete aitaek ¢ o

t he heri t t endi n bove t.he i ng surface.

e ARk T HE RS PRI SR 15 ST AR B e
Cr OSFg S€qh iR iAtreA08 bR sk Bk Bfo ARk BAINMARL B BMhs YOREAFhGBR3 ht?e\égng

a yttrium oxide coating 606 21ldeposited over the surface 604 o

al umMhumleligho yndsdepti ofalicesubfae, ad el ag trgiatradsid surf2p Ak Aok 6 g EsHeHcal
shows the characteristics of the structure which was prepared using
23pl Hsna sipeties culerdieg pye e wontinpsurfage.pr esent i nvention, to produce

a ytgriut jde _24coafing having a,thi ckness bout 200 um  The
nagnﬁ | cabien’; ﬁ&l’ﬁ%g% TRRA F&Bﬂ“’?ﬁ?’@g@%%o ing & FRoSRRCligahy
sub at e; %#(;ﬁ']'{iﬁ DRl t he se of he
photsiodm: c%é‘%?‘é%‘ﬁgg Nl Ehr%% %%es_steoézﬁﬁgwfggmce %%% 063138?51 al um num .
al | oy i s depedianhet tikahifaacsos STehOARRIAIm RRFQSbitatOd0L *’ms%h%&é:a%%t ed
yttrium oxide 606 is also WD 2009/108275PCT/ US2009/ 000949 ZIapparent,
as 12 t hehstonfigografi0ghome tigghehasetenitidshe thosthichge which was@seppred paihg d

usi ng the ‘ : : '
plasma spray technology prior to the present invention, to produce a yttrium oxide

24 coating having a thickness of about 200 um. The magnification in the photomicrograph
25 is 200X. The aluminum alloy substrate 602 of the test specimen is shown at the base of
26 the photomicrograph 600. The roughness of the surface 604 of the aluminum -alloy is

27 clearly defined. The general porosity of the spray coated yttrium oxide 606 is also
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2prior art plasma spray technol ogy, where the conventional 25 m
average effective 3dianmeter yttrium oxi de powder was fed to the

pl asma sprwp 2o@aher7s 4[ 0068] Fi gure 6B i s a phot om cr ogripiuiidd/eedis h
shows the inprovenent in the 5plasnma spray-coated yttrium oxide
coating achi eved when the reduced effective dianeter 6powder size
yttriumoxide is fed to the plasma sprayer. Figure 6B shows a cross-
7sectq on e Vi i J um,num al.l o ubstrate 612 havi.ng.a
yrorim appReitatis B s B IE SR shetoaiig Shichvhe Boad g

al umnum gidr et pildia kpray chah) whiRehS BB IdnaP3d PR dveraglitcidde

al uminum'al | oy substrate 612 of the test specimen is shown 10at the
base Df tdian@hotteimcsods poided Bas fehe thcoplgdinepeayafoateche surface 614 of
the 1lalumnumalloy is clearly defined, and is simlar to that shown
in Fi4ur d0808] ThBigyeddriak photonriaegtagh 610 whish siyws/the dnapredenyent i then

oxi de 616.is considerable less than that for the 13coafing.prgoduced
usi ng t P BTIAPrEN Pl SHELR oxikcepneaeBieehen e el IRANTRPaCe

14618 ro i i ch repared i.ng the

enbod mertt R gry i oBe B PR SrRLT RIBE 4 i S
produred gdstiongl didividl lohn AukniMIn?SNBY sBiBEBe & ECRRM M trium oxide coating.
16Phot om crographs 600 and 610 further support the data contained i.n

t he dboveslbabpasitdd Fvap thelBiFfA0H@04 dFitigel amirAins dlinysubstiake) Chkeath, digr am 700
whi ch conpares an erosion rate for a for 19various yttrium

oxi del corprgnification 380X alhs alupeure pliey snbsirate 612 of the tashspstimends showni um
200xj de-c ri Si substrates is.sh in.um/hr on axis.,7 of the
b1 0ol 8 PR Rese) ISR R R D D FRUEBRESS P e SRS OB g1 s
spr ayed yilli X td - ] all. bsi rat

appl 1o (Al ey H31G05 defled S RIS Ririgbhe S THE Bt
yttrizim goréiey Boikk isprag cbfedlythfunt BAIDb B FRoBAAGNAL 180 Hah thaghrak
aver age %ﬁtf ?Be(cti vgﬁpgrcti cle dianmeter of 35 pm or | arger. Blrock 706
shows3 t hecoetingsiroducediising the paioR & pickess pehichirsheuhndh Figues §0f Thderfscad

previ ousI% known in the art) of yttrium oxide 706. 26BlI ock 708 shows’
t he ¥ osi®df reughaess of thg coptingyhish agprgpyred psingthsembodinenat phie prsvent an
27al ym num subst rat e er.e t ttrium.oxide.coating was applied

o o an VAR it il i i st b RS b6 87 s baie e torpre e B

i NVely i orpRigkio baghd a QQ.HE is ' o the
2pl asma sprayilnggﬁggpa@tﬁs%gac %%&P%g\gg&tﬁag%&{s%ésﬁt@%%%o&\gggbeléposed
to th®e sdmeo.pl asma 3cont ai ni ng reduci ng speci es. The pl asma

processing recipe used to produce the data 4shown in Figure 7Ais
showB bell806%] n Figvre7 Alshews a block dingnemg @00 eniple caxtipares ahuerosion tatecfoba for

processi'ng .ranged bet ween about 20 C and 90 C, dependi ng on the
prockss SEEpus XIRsCHBRTSIRE PStEasso shilearasipnmte 1oy eashal the yttegm

hour Ve t 1. ectedl that 7a. ay-.cagted. . yttri

oxXi dzeco pr 0 g@?ﬁ%@% S%%g%{é?bsf Sthf) %ﬁ??@ﬁpopoaﬁﬁi@é %&eﬁ@"‘gﬁ%x%?%g H@ed
powder YIH]bkUTD4QKbHEthe@BSkidtale!T6r PHIASHR : Hﬁg% at ed
fewer 9particul ates than él sgl id %trl uﬁ]ﬁg(eia?gﬂggl%{g%re%t%. ?és}ealgls

t howzsht  taturhiaud aloy substistef applied (difgpthe tpheviarishely ¥bitirgunetbad, fich
conponent required the use of a sintering additive. Use of a

11si 3% er iempleyad yitivre oxigaipeticter foefliodke plasmaspraypr avhidhdrdghasgygephase i s
ti | at : '
as Oi'ltlr ce e?trectpv%rparlﬁ%ﬁ cﬂargeter of 25 ym or larger. Block 706 shows the erosion rate for a

25 bulk specimen substrate (of the kind previously known in the art) of yttrium oxide 706.
26 Block 708 shows the erosion rate for a plasma sprayed yttrium oxide coating (over an .

27 aluminum substrate, where the yttrium oxide coating was applied using an embodiment
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13[ 0070] TABLE THREE Step N2 CH2F1 02 CF, CHF3 Bias
** He in/out
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of the present invention employing the reduced size powder ytirium oxide feed to the

plasma spraying apparatus. Each of these test substrates was exposed to the same plasma

containing reducing species. The plasma processing recipe used to produce the data

- shown in Figure 7A is shown below in Table Three. The average temperature during the

- processing ranged between about 20 °C and 90 °C, depending on the process step. The

time period of exposure to the plasma was 87 hours, We determined, unexpectedly, that

a spray-coated yttrium oxide processing cormponent of the kind produced using the

reduced powder yttrium oxide feed to the plasma spraying apparatus generated fewer

particulates than a solid yttrium oxide component. This s thought to be due to the fact

that the solid yttrium oxide component required the use of a sintering additive. Useofa

formation.

sintering additive, which produces an intergranular glassy phase is a source of particulate

[0070] TABLE THREE

Step |Ar |N, |CHF | O, |CF, |CHF |Bis |souce |Press | nsTU | OSTU | He
Power Power }
* infout | infout
L]

kK
sccMm | sceM | scom | scoM | seeM | sceM | T w W mTorr | ratio Asop 5CCM
BARC 150 | 30 | 1000 300 1.3 270 | 10-10
TRANS 400 100 | 100 220 | 135 | 14/0 | 10-10
ORG 400 400 |1200 |220 |135 |14/0 | 10-10
TRANS 175 15 | 100 | 100 150 3 10/2 | 10-10
ME 175 15 | 500 | 1500 {150 3 10/-2 | 10-10
TRANS | 500 250 100 |100 {10 135 | 10/0 | 20-20
PET 500 200 |1000 |10 135 | 1000 | 20-20

* NSTU: Neutral Species Tuning Unit (ratio).

**CSTU: Changed Species Tuning Unit (Ampere).

*** Helium coalant feed to the substrate support platform, to the inside fluid eirculation ting and to the outside fluid

circulation ring at the support platform surface,
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150 30 1000 300 1.3 2/0 10-10 TRANS 400 100 100 220 1.35 14/0

10-10 ORG 400 400 1200 220 1.35 14/0 10-10 TRANS
WO 2009/108275 PCT/US2009/000949
| {0071]  Figure 7B shows a block diagram 720 which compares an erosion rate for a
2 series of bulk materials, each having a different chemical composition. Each of these test
3 specimens was exposed to the same plasma containing reducing species per the recipe
4 provided in Table One, in the 300 mm eMax CT+ processing chamber. The performance
5 of YAG bulk material confirmed the theories about the avoidance of the formation of
6 Y((_;)H)3 ina reduc_ing plasma as a method of improving erosion resistance. Block 724
7 represents an HF01 substrate; Block 726 represents an NB04 substrate; Block 728
g represents a Y-ZrO2 substrate; Block 730 represents an NBO1 substrate; Block 732
9 represents an HPM substrate; Block 734 represents a YA3070 substrate; Block 736
10 | represents a Y203 substrate; Block 738 rebre;ents aYZ20 substr-ate'; and Block 740
11 répresents a YAG subslré.té:. Blocks 736, 738, and 740 are of the high‘est interest, because
12 they represent bulk substrates for Y,0;, a Y,0,-Zr0, solid solution containing 20 atomic
13 % Zx0,, and YAG, respectively. These three materials have been shown to be
14 particularly resistant to a reducing plasma when applied by plasma spfay coating in
15 accordance with one of the embodiments of the present invention.
16 [0072]  Figure 8 shows a Table 800, which lists the chemical compositions of various
17 starting powders of various bulk materials, the erosion rates of which are illustrated in
18 Figure 7B.
19 [0073]  Figure 9 shows a phase diagram 900 which illustrates the chemical
20 compositions of ste;rting powders and phases in the final materials formed, where the
21 materials are listed in Table 800.
22 [0074] While working to improve the performance 6f the yttrium oxide coating, the
23 discovery was made that the mechanism of attack of the yitrium oxide surface is through
24 the formation of yttrium hydroxide, Y(OH),. When reactive plasma species of hydrogen
25 and oxygen are present, the Y(OH), compound is formed, When reactive i)Iasma species
26 of hydrogen, fluorine, and oxygen are present, the Y(OH), compound is formed. In
27 theory, by looking at the thermodynamics data (Gibbs formation free energy) for various

22
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compounds, it is possible to determine the probability that the Y(OH), compound will be
formed. In experimentation, high resolution XPS has been used to detect the formation
of Y(OH),. Experimentation has shown that the use of (Yttrium Aluminum Gainet),
which is commonly in a Y,AL0O,, form, and also the use of Y,0,-Zr0, solid solution
avoids the formation of Y(OH),. In addition, further study has indicated that YF, is
thermodynamically stable and resistant to the formation of Y(OH), making this material

~ desirable for use as a protective coating in an plasma environment which contains

reducing active species. Thus YAG, Y,0,-ZrO, solid solution, or YF,, or combinations
thereof, are excellent materials for use as a protective coating in a plasma environment
which contains reducing active speciés. “To provide an advantageous porosity in the
range of about 0.5 % or less, and a break down voltage (Vgp) of 875 or greater, the

average (equivalent diameter) particle size of the powder used to deposit a plasma

. sprayed YAG, Y,0,-ZrO, solid solution , or YF, coating ranges from about 22 um to

about 5 um. Again, equivalent diameter particle sizes down to about 0.1 pm may be used
if the spray-coating apparatus can be adapted to handle particles of this size Use of this
size-reduced powder should reduce porosity of a plasma-sprayed coating and provide a
more dense structure in the same manner as observed with the use of the size-reduced
powder in plasma-sprayed Y,0,-comprising coatings.

[0075] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised in view of the present
discloéure, without departing from the basic scope of'the invention, and the scope thereof

is determined by the claims which follow.
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200 1000 10 1.35 10/0 20-20 * NSTU:. Neutral Species Tuning Un t
(ratio). **CSTU. Changed Species Tuning Unit (Anpere). *** Helium
cool ant f ewd @/lod@ssubstrate support platform to the paugeoofobasiysl
circulation ring and to the outside fluid circulation ring at the
support platformsurface. WD 2009/108275PCT/ 1JS2009/ 000949 1[0071]
Figure 7B shows a bl ock diagram 720 whi ch conpares an erosion rate
for a Zsﬁ@h%? of bulk materials, e £ 1 ing a different chem ca
conposi titon.” Each' of these test Ssgu i s was exposed to the sane
pl asma contai ni ng reduci ng species per the recipe 4provided in Table
One, in the 300 nm eMax CT+ processing chanber. The performance 5of
YAG bulk[nmm@riayeenﬂ&irned the theories about the avoi dance of the
formation of Y(OH)3 in a reducing plasma as a nethod of inproving
erosion resistance. Block 724 7represents an HFO substrate; Bl ock
726 represents an NBO4 substrate; Block 728 8represents a Y-Zr02
subsirat d: Bl od¥ Frtigle hishds essistanhie qyE0sios gpercsign &y chiraispllyzstive

Orepresents an HPM substrate; Bl ock 734 represents YA3Q70, .
Subotr at deuEiE plistss S0, I oumrBing aveial QSR dlow st Biapevag on its
represen - : d t ) :
subsfgr at tgﬁrf I%?é%y?g%,é& %‘ﬁn gﬁx@ﬂg%%@%éﬁgﬁ%%n %t%]_éﬁfq‘?v g%g@ta |°2cfsg$§g§a,ld
becagse k2fahfycdafifg BI&Rthdaul. kosubstrates for Y203, a Y203-Zr02 solid
solution containing 20 atom c 13% Zr2, and YAG respectively. These

three materials have been shown to be 14particularly resistant to a.
reduci ng £I asma when applied by plasma spray_ coating_ in 15accordance

wi thlone %of t hé\atelgitessexlanse witheClaa de hereinaait paspsity renees fompesgur e
8 shgws Tabl g .80 igh lists the chem cal conpositions of various
17st rtiﬁﬁm§d§5€P§g§F vaft ous bul k materials, the erosion rates of
which are illustrated in 18Figure 7B. 19[0073]Figure 9 shows a phase
di agram 900 which illustrates the chem cal 20conpositions of starting
powders and phagestitls it fofdan@ witeCRIrh@| whéelneRil pobefyeaddd® from about
2lmaterials are listed in Table 800. 22[ 0074] V%i?e wor king to

i mprdve tletopbetidk.hmce of the yttrium oxide coating, the 23discovery
was nade that the nmechanismof attack of the yttrium oxide surface is
t hrough 24the formation of yttrium hydroxide, Y(OH)3. Wen reactive

| i f d . . h
Combund s f oP e EHaNERateR N TNAET SR8 T Blsse Nifhet i Psprey
fl uopi ne,comadly @ WEeImafi 8nPEG SRR mattrhe hY{ OBict ARAHAY of fosf @EM Rt | N
3 3 umRa.

1 5. An article in accordance with Claim 3, wherein said surface roughness ranges

2 from less than about 1.5 pm Ra to about 0.6 pm Ra.

16 An article in accordance with Claim 1, wherein the break down voltage of said
2 spray-coated yttrium-comprising ceramic material is at least above 650 V/mil.
1 7. An article in accordance with Claim 6, wherein said break down voltage ranges

2 from about 650 V/mil to greater than 900 V/mil.
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27t heory, by |l ooking at the thernodynami cs data (G bbs formation free
energy) for various WO 2009/108275PCT/ US2009/ 000949 1conpounds, it
i s possi bl ¥4X0%E8%EP i ne the probability that the Y(OH) BRCHBHBoVAeP+9
will be 2formed. In experinentation, high resolution XPS has been
used to detect the formation 3of Y(OH)3. Experinentation has shown
that the use of (Yttrium Al um num Garnet), 4which is commonly in a
Y3A15012 form and al so the use of Y203-Zr02 solid solution 5avoids
the formation of Y(OH)3. In addition, further study has indi.cated

t hat 1 YF3 8. s 6t hén atidleiartwalahse witlhblamahdr Clem 4f @rdlainos ierdinsadt i on
of YéG—l) 3, maki,n[g this material 7desirable for use as a protective
coat £ng iSAT3FOHFA EATBHOTPBTiRE FRrapisireaicE g ea p Huclgessdarging) framtaboet 5
spec%es. Thfs bYA&e Y203-Zr02 solid solution, or YF3, .or conbinations
ot het eof FAFEPOVEE A ™Rt raterials for use as a protective coating in
a plasma environnment 10whi ch contains reducing active species. To
provi de an advant ageous porosity in the 1lrange of about 0.5 % or
llessy ang.a break acuMinbdradie (Ah438m 8f wBtein Qhid HR@a€ thicknl& ranges
12average (equivalent dianeter) particle size of the powder used to
depodit dropi alsmh2d Bepoabed 39AEN. Y203- Zr 02 solid sol ution, or YF3
coating ranges from about 22 gmto 14about 5 gm Again, equivalent
di aneter particle sizes down to about 0.1 mmay be used 15if the
spray- cogt,i ng appar at,us_ can Jbe ad d to handl e particles of this
si zeYUsquf Uni 2 EBils dn sedtydnsg ‘b‘aﬁé m&, ey UGSFHRPEIH
pl asya- s y i : C e i.n the
S manney Hag maRAet 8RR B Bofh chiiEe 3P 935, Ok A msluer i n
pl as3ra- spoiayes WRQ3YEQMI dofbiAtisahérdgs. 19[ 0075] Wil e the foregoing
is directed to enbodi nents of the present invention, 20other and
further enbodi nents of the invention may be devised in view of the
present 21disclagsure, withqut, departing fromthe basic -scope of the
i nveht i odl- and ﬂfée@eé\ét%ﬂ%%t@sﬁn sgicle Whichisesis@ntdy comesien e sresigmbich

fol l.ow. . . 7HPCT/ 1JS2009/ 000949 Q76] CLAI.NG, [ 0077] W cl al
12. nwar ilg gc;%uégy%%céggl%ﬁ (r;lgg‘?ig? fi C?IBPI(?%PF:OEEI%BH?%W S@‘rdc?gll%fh piasma A
cher cal kyr.acbineg a%ﬁ&%&'xﬁ@alﬁll?s%%uat%%gﬁl %&ﬁsoﬁg@?ﬁ Sdfigi2 rmetal

I surta ra -

or netal alloy substrate having on its ce as coat ed

yttrd um eoempial, siteeeit efid yittunRbepiighg cwagfi@hitefialie PGE deﬁrpéfaz@ei er
4cerami c coating is less than 1.5 % 12. An article in accordance with
Cl aim 1, hewieg en avesagectqpiyalest diametemgesing fiom dems 22 uinaa aloud 0% fm. about
0.1 % 13.An article in accaordance with Caim2, wherein said
porosity ranges from about 21%to about 0.1 % 14.An article in

accoy dan wth,daiml er.ei n_an. exposed ,surface of id spray
2coat ed é?‘tri unéc%%%%gfﬁéﬁ%agpﬁﬁ?ﬂgﬁgq c‘é‘?rd’ﬁ‘&?"é&s@F‘F’hiﬁW fd s
of 1SS bbRABerdR average equivalent diameter ranging from about 15 pm to about 5 pm.

1 13. A method of fabri_cating an article in accordance with Claim 11 or Claim 12,
2 wherein said yttrium comprising material is selected from the group consisting of Y,0,,

3 YZO:,_; Zr0, solid solution, YAG, YF; and combinations thereof.

1 14, A method in accordance with Claim 11, wherein said ytirium comprising

2 material is selected from the group consisting of Y,0, - Zr0, -solid solution, YAG, YF,

3 and combinations thereof.
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33 gmRa. 15.An article in accordance with Caim3, wherein said
surface rou%hness ranges fromless than about 1.5 mRa to about 0.6
gm Ra. 16.%R 28¥%08317@ in accordance with O aim 1, wherei ¥¥HE0HYEAK
down voltage of said 2spray-coated yttrium conprising ceranc
material is at |east above 650 V/m|. 17.An article in accordance
with Claim6, wherein said break down voltage ranges 2from about 650
Vim{ togreaten Hhhasd W GbMcMide an ablEWhdhiib flsBtahitoR6&B8ESRBEGoNbA By
Claiml or daim4, or Claim6, wherein said 2spray coated

yttrpum chemidaly agiveeediring pleings,icamptismgafabhitatiip esd artiwhghyngladniaspray-
about 5 3pmto about 400 pm 19.An article in accordance with C aim
8, wher eicoatirgg aimatal ermetkl alloy sidrstrsts witngstriRhcomprtiogcerasiqmatedalabout
300 pm 110.An article in accordange with Claim38 erein said,

yt t rfum SHIERIP §31A JHDRRComPESiRg Ceramig maleriabis sclectef from the HaupreRisting of

consisti f ,Y203.,..Y2 - 02,s0lid olution, YAG YF3 and

conb# nat i g-gﬁé%%dég.so%%@,ﬁﬁeapﬂggng afig Srtﬁ%:%?f?ng an article which is-
resistant to corrosion or erosion by 2chemcally active reducing

pl asmas, conprising: fabricating said article by plasna
3spray-coating a netal or netal alloy substrate with a
yttriumconprising ceramic 4material, wherein said yttriumdonprising
ceramic material is in the formof a powder 5having an average

equi val ent di aneter ranging fromabout 22 pmto about 0.1 pm 112. A
met hod of fabricating an article in accordance with Caim 11, wherein
sai d 2powder has an average equival ent dianeter rangi ng fromabout 15
pmto about 5 pm 13.A nethod of fabricating an article in accordance
with Claimll or Claim12, 2wherein said yttriumconprising nmateri al
is selected fromthe group consisting of Y203, 3Y203, Zr02 solid
solution, YAG YF3 and conbinations thereof. 114. A method in
accordance with Claim1l, wherein said yttriumconprising 2materi al

is selected fromthe group consisting of Y203 - ZrQ2 solid sol ution,
YAG YF3 3and conbi nations thereof W) 2009/ 108275PCT/ US2009/ 000949
15. A method of fabricating an article which is resistant to corrosion
or erosion by 2chem cally active reducing plasmas, conpri sing:
fabricating said article by plasnma spray- 3coating a netal or netal
all oy substrate with a yttriumconprising ceramc material, 4wherein
said yttriumconprising ceramc material is selected fromthe group
consi sting of 5Y203 - Zr02 solid solution, YF3 and conbi nati ons

t her eof .
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