PLASMA RESI STANT COATI NGSFOR PLASVA CHAMBER COVPONENTS BACKGROUND 1) FI ELD
[ 0001] Enbodi nents of the present invention pertain to the field of plasna
processi lyoequ/@amant and, in particular, to plasma resi scants2aomsiaags f or
conponents of a plasma processing chanber. 2) DESCRI PTI ON OF RELATED ART

[ 0002] Vacuum pl asma processi ng chanbers are used for plasma processing
during fabrication of devices, such as photovoltaics and integrated
circuits. ProeeSSARESBTART €OATISGEEDR MiASMMTRIAPIBOR €95iPagEXsanber whil e a
field is applied to the process gases to generate a plasna of the process
gases. To reduce operating costs, the lifetinmes of the conponents within a
pl asma pr ocesBAOKGROUDE exposed to the processing plasma are extended by
designing the conponents to be plasma resistant. As used herein, the term
"plasma resistant” refers to a resistance to erosion and corrosi on when
exposed to thg pigsma processing conditions generated within the plasnma
processi ng chanber. Plasma resistant, conponents are _currently fornmed out of

bul k nat eri al KWOBH Hpbadiaeinef taspraseniigventisp se&en foae Bgdof Plgsmerpeessing

substrate. [OQRRmdnt SH & phrfl@RE Gb Hladms RVNGRL doBMRs & NSFBlenfIraYiAGa Met hod
100 enploying a plasma, commonly referred to as plasma spraying. The

f eedst ock matRPfeaingdgrmbgsyal [y in the formof a powder, liquid or wire, is
i ntroduced into a high tenperature plasma torch 105. A feed gas 120 (e.g.,
argon, nitrogen, hydrogen, heliun) flows around a cathode 122 toward an
anodi ¢ nozzl e21PESCRIBTHIN®OK BELARERWART by a hi gh vol t age di scharge, which

I i N . ' , cirical ¢
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pl asma di schafafygcatibn bhéeviceg dugpaes ph@0yolfhive apd asayentadditcsity eo@poghse anozz| e
123 I t 105 whi d t . ect r.i t (i.e.,
L o O B O B UG B e
10, 000K, el t gengraera dohtaaritiegprodess faesd Joeedocerapeestinglcod he litktomekr dpiect s 107
and propellin

them towards the substrate 110. [0004] The nolten droplets
107 flatten u%OcS‘?PoPﬁﬁ? Wﬁﬁlﬁﬁ Pﬁ%@aé’%gﬁs%tcharﬁ% eﬁ%e Qﬁ‘l‘%ﬂ’rﬁ?ce%% B to forma
coating 115 cQBskteided @y aési@anCik orhpduents &Rl flaenaGesimmil Ks ueleeradte as
"splats." As the feedstock particles usually have sizes froma few
m cromet ers  term "plasma resistant” refers to a resistance to érosion and corrosion when exposed to
the plasma processing conditions generated within the plasma processing chamber.
Plasma resistant components are currently formed out of bulk materials or by thermal
spraying a protective coating over a substrate.
[0003] Figure 1 depicts a conventional thermal spraying method 100 employing a
plasma, commonly referred to as plasma spraying. The feedstock material 101,
usually in the form of a powder, liquid or wire, is introduced into a high temperature
plasma torch 105. A feed gas 120 (e.g., argon, nitrogen, hydrogen, helium) flows
around a cathode 122 toward an anodic nozzle 123. A plasma is initiated by a high
voltage discharge, which causes localized ionization and a conductive path for an
electrical arc to form between the cathode 122 and the anodic nozzle 123, thereby
forming a plasma discharge of the feed gas 120. The plasma exits the anodic nozzle
123 as a plasma torch 105 which does not carry electric current (i.e., a neutral
plasma). The temperature of the plasma torch is on the order of 10,000K, melting or
softening the feedstock material 101 into droplets 107 and propelling them towards
the substrate 110.
[0004] The molten droplets 107 flatten upon impinging the substrate 110 and rapidly

solidify to form a coating 115 consisting of pancake-like lamellae commonly referred



(mm to nore than 100 mMm one lanella typically has a thickness of about 1
mnm and | ateral dinmension fromseveral to nore than 100 nm Between

i ndi vi duawolzamgishea2 t here are snall voids, such as por ePCTASAARACHRT

regi ons of inconplete bondi ng. SUMVARY [ 0005] Enbodi nments of the present

i nvention include plasma resistant coating materials, plasm resistant
coatings and nethods of form ng such coatings on hardware conponents. In
parti cul ar entadi‘spng.’s As tHededdatodnpartclesorspdlydnys siagsdranl atmemchaindas

conponents whjch are exposed to as dur.i ocessi rfornmed by the
o1 mbrm. charmbel MR PERSHENER b ofARTR Bristld B LhRRERSHERo BB GRER: T s an
el ect r ost at i ClachldindnESLfroandvdriiao ploastien [@5im! Batvee0@mtividyal laméite,med on a
surface of the ESC, for exanp]e on a puck surface. upon which a workpiece is
di Sposed wi t HTHEAEHTUREIE hRB & Pty PGS AP LEHETS PLEETERIFE POiBb6] | n an
enbodi ment, a plasma resistant coating conprises a ceramc non-native to
the substrate ugon whi ch the coating is deposited and the plasma resistant
coating is f manner to have a porosity below 1% It has been

found that thjggodjanniRlRsH s o B @Blchi B adHbY ilcNRE RSES rdRBnCQALANY s pl asma
erosion resistance and reduces particulate contam nation within the plasm
chamber over Mpgrial.f Rpsnaeregftantigeatiighprshaeibods|oh fpgtgiech emiBgi ent , a pl asma

resi stant coaj a - Al 1 ) of less
e CChAR SR AL AL R RS SENIIREER, LB5) O, |

this | ow surfpleenadagheressipoarstwigeh e Fyportven péasphi edingpregassEBC,
significantl ypérﬁ%&?b;%é Ffa&H& AlfineOh 3L QR 'ef?lﬂod'h@nt?{h%%%a PRfnidep ! ar

enbodi ment, a plasnma res stant coati ng 1Is ormed In a nner to have a

br eakdown vol ¢tcageneft isdn diegsitatiGBOCRAESC]) andphe phising resionsgi etz yorhiedgher t han

conventional coatings.. [ 0PG4l | 0 am enbodiment,  a blasmm resistant coating
is formed in & HENRET 0 TRcl Qd€ ar T Last “One 6f "an oXi de, nlp%rlcie, bori de,
car bi de, or hdikpodel withiy tiptasmaciiavi)her duringi pliavmapirdcessitzodi um ( Rh)  or

| ant hanoi d, s Er bj u Er).. In sone enbodi ment,s, the plasma resistant
cont 1ol o ¢ oG R ATERRATRGR  peb SRR R TR DGl FRTRE t n
fine grain stifousd sberatdPagohivaiidhahe gkie Isyispaltkd nrl tBepPlacha®Eittanttamegds cryst al

texture with non-random "preferred” out-of-plane growh orientation. In
one such embo 2 f{laﬁl@efp}Péﬁ@r%%@%tﬁtbﬂaw-%?a%@a%ﬁaﬂfwnﬁfhaéﬁ?ﬂ%og crystal

pl ane of hi ghgsbsiganiflcintBNnéBRes the coating’s plasma erosion resistance and reduces
particulate contamination within the plasma chamber over the lifetime of the
component. In another embodiment, a plasma resistant coating surface has an
arithmetic average roughness (R,) of less than 1 um. Contrary to convention, it has
been found that coatings with this low surface roughness, particularly when applied to
an ESC, significantly reduce particulate contamination. In another particular
embodiment, a plasma resistant coating is formed in a manner to have a breakdown
voltage of at least 1000 V/mil, which is considerably higher than conventional
coatings.
[0007] In an embodiment, a plasma resistant coating is formed in a manner to include
at least one of an oxide, nitride, boride, carbide, or halide of yttrium (Y), iridium (Ir),
rhodium (Rh) or lanthanoid, such as Erbium (Er). In some embodiments, the plasma
resistant coating is formed in a manner to be amorphous or polycrystalline with a fine
grain structure. Particular polycrystalline embodiments have a crystal texture with a
non-random, “‘preferred” out-of-plane growth orientation. In one such embodiment,
the preferred out-of-plane growth orients a crystal plane of highest density on the

coating surface to face the plasma. It has been found that atom stacking along



coating surface to face the plasma. It has been found that atom stacking
al ongpreferential crystal orientations inproves the plasm resistance of

t he coatiw@.200a58Ea2Nn enbodi ments further include an int ecwas2@vecisayer or
| ayers di sposed between the substrate and the plasma resistant coating. The
intermedi ate | ayer(s) may include an oxide of an elenent absent in the

pl asma resistant coating, or a conbination of an oxide or nitride or
car bi de of anprefeemtatcrahs endntitiont meprp¥ea segplasemirstigmice ode conging sGedmims
silicon dioxid nd silicon carbide to provide hybr i di coating

Cai | ored for SRuERE whiraribiel SraRabl ML fr BM SR b e c
currents. [ 0098}trdenhedhdEining fesisthiitebatingC Mhe entdrpitdiand Sayef(s)faynihdlgdesanpl asma
resi st ant coatLﬂ%ipn Fgfla%pa c@gnbfr congonent.under C ndiIioFs whi ch
expose the pl FEMCIPBSITIEAM STHA PHE D ENEFRRIF LS QE 1 FENULURE %t Hk coat i ng
is formed or sUis@GEBE of Ardidteore@alentedt o0ETRE the Plashh R sBART @elinG syarti cl es
i nclude ions, neutron atons, radicals, and nanosized particles_ which cone
from parti cl e®Sg8ifeRr dtoxis e iHewcartiditn Peyiqefeypridigercoatinglategdiqfases or
fromthe mat efgeakic pArEBndeRBhraBERN I QutNE 1RRRIUEEQN Material s. Exenplary
processes providing such conditions include ion assisted deposition (IAD),
i oni zed net al [%ﬂ%ls%aqu!ws faethenagleds mesheds o Praygpdiwagesi{mREYatisg pl asma
i ner si on i 0N, Pf A6 &S ScHafbbiRompBRLt e %nd%ag)%fchgsapdg@mag@asﬁﬁ%ﬁuﬁ?nt s

i nclude at | east one of a hal (?gen or oxygen as a reactiv as species and
may further ienelingle caprgetiapagtzoldsyas Bicaoitig 1s fpemediprsubsetiecniby tl%@cqaltieg pl asma
resi stant coating.|.s i L . . at e r

enbodi nment s ?%%:‘ﬂ%gg ' g‘gg%&%&lg%agggg&i}g% ?Oglggl%ﬁ?@%%@#%gé%%ﬁesf ar%cﬁﬁeaggo nponent
wi t h a nanopasitddglagiciea sdiichl come diopopirtidlogenprat oe ssiess,onchmstthe @agol, - gel
deposition process tqo achieve the.coati (o]0) sitions.. structural and

i botrical onarant arte PrReT (Bl S e PR el B e
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'n b oh: | oonor-ergil 85 oAB Hred Sa kB R Mot RRESTETBR dpplying &

coating to a @ongEasevh.préc@GLPIIPFi Rhtticala? dépokitish rthes embpdimsii ifehdeassi ng
chanmber in whjch a co nent havi ng pl asma resi stan%Lj co?ti@gg. i h accordance
Wi th an embodRBAE I I ChPRBYREN PAVETTY ORSBSFIB NG TRY fURE InFlegR 2] Figure
3A i |l ustrat efecrill9bfisinE eel sQP@ateWiBN 1R plasnidl 8§t LE&King i Ad¥posiRabIEY

the component substrate. Other embodiments include forming a plasma resistant

coating over the component with a nanoparticle mass flow deposition processes or
with a sol-gel deposition process to achieve the coating compositions, structural and

electrical characteristics described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the present invention are illustrated by way of example, and
not limitation, in the figures of the accompanying drawings in which:

[0010] Figure 1 illustrates a conventional means of applying a coating to a
component.

[0011] Figure 2 illustrates a plasma processing chamber in which a component having
plasma resistant coating in accordance with an embodiment of the present invention
may be utilized;

[0012] Figure 3A illustrates a cross-sectional view of a plasma resistant coating
formed on a surface of a component in accordance with an embodiment of the present

invention;



formed on a surface of a conmponent in accordance with an enbodi nent of the
present invention;[0013] Figures 3B and 3C illustrate norphol ogy and

er osi on rweieteanien? respectively, of a plasma resistant PCOAIS2009/063337
accordance with an enbodi nent of the present invention; [0014] Figures 3D
and 3E illustrate norphol ogy and erosion resistance, respectively, of a

pl asma resistant coating in accordance wth another enbodi nent of the
present i nvenfi00td]; Figex1d arddi WlidlestBe inbiphsibgpirdsresianctsistark, reesctbiehnce

characteristic f a plasma resistant coating in acco ce with the
nbod ment o g GEd TR o BE SR ERHATER Geh OO gr G 111 st r at es
a cross-secti@analtionj ew of a hybrid plasma resistant coating forned on a
surface of a ent jn accordance w an enbodi ment of the present
Tivent i ont [ oBOM ey sl i S deh e BrEl i e e oA
resistant coafidgsnfaQediReht byatiRalid Aebildadce MBihNABHer dnibodFEE BERE SreWint h an
enbodi nent of the present invention; [0018] Figure S5A illustrates a
deposi tion me®NHAWC8m f or a plasma resistant coating, in accordance with an
enmbodi ment  of [oh 4 LGS SR HIIIsIMENILDAbal f0Xhe hhGMESseBof d JiiSlaBligsan
apparatus for deposltlngia pl asma resistant coating over a conponent, in
accor dance w ¢Mtihingggrseangewith gfe eppedinreatsalgpicied ieigisdA theo2PEFi gure 5C
i11ustrates RALAL YR iR AEPOSLL L08R PERSIRRIRRI RiaNleg0aki Ng over a
conponent, iﬁ%gg@or%%ncelwgfﬁ an e gg?ﬁenﬁ g? tﬁg pﬁgsenteﬁnvention; and
[ 0021] Fi gur esaBig BBned drusturateottd wpdiag meavsordincpetithad smbodimdepddlict i ng a
pl asma resishﬁg&mgﬁg%ﬁﬂg,over a conponent, in accordance wth enbodi nents
of the prese I'nvention. DETAI LED DESCRI PTI ON [ 0022] Reference throughout
thi s specifi c@lAFigwe 4RAnlrixodérment fesivearesof phama eespant catihgrfofmedtbyr e,
structure, material, or characteristic described in connection wth the
erbodi ment 1 PR medboth b PRBi eSS ERe B FERT Pwlielon Thus,
t he appear anc@o18)fFiglie Splinasetes & BepgitiombechafBAL for 4 flaMad teCibiGn toAGRSin
t hroughout this sgecificati%n,are not necessarhl% referring to the sane
enbodi ment  of AR VRN SACATIMERECHRA MBERRYYAESr i ption, numerous specific
details are SﬂWlﬂQﬁﬁﬁeSB@ﬁhu@§s&ﬁ@?mﬁﬁ&mﬁﬂmﬁ%ﬁﬂg%&ﬁﬁﬁm&aﬂnﬁﬁE&ﬁhg|S, to
provi de a thorough understandi ng of the ) ) ,

over a component, in accordance with an embodiment of the present invention;

[0020] Figure 5C illustrates an apparatus for depositing a plasma resistant coating

over a component, in accordance with an embodiment of the present invention; and

[0021] Figures 6A-6B illustrate flow diagrams of methods for depositing a plasma

resistant coating over a component, in accordance with embodiments of the present

invention.

DETAILED DESCRIPTION

[0022] Reference throughout this specification to “an embodiment” means that a
particular feature, structure, material, or characteristic described in connection with
the embodiment is included in at least one embodiment of the invention. Thus, the
appearances of the phrase “in an embodiment” in various places throughout this
specification are not necessarily referring to the same embodiment of the invention.

In the following description, numerous specific details are set forth, such as
fabrication conditions and materials, to provide a thorough understanding of the
present invention. However, particular embodiments may be practiced without one or
more of these specific details, or in combination with other known methods, materials

and apparatuses. Furthermore, the particular features, structures, materials, or



present invention. However, particul ar enbodi nents nmay be practiced w thout
one or nore of these specific details, or in conbination with other known
nmet hods, wateri@ks2and apparat uses. Furthernore, the parCiraiskenw/oba=at ures,
structures, materials, orcharacteristics described may be conbined in any
sui tabl e manner in one or nore enbodi ments. It should al so be understood
that specific enbodi nents nay be conbi ned where not nutually exclusive. The
acconpanyi ng ¢haguategsticadescribédusdy &t dowdined ir egenitatld mameaimbnaot meecessari |y
drawn to scale., [002 The te "oyer," “under."” "between," and "on" as
used herer n rariegts 1Ryl Ehs b Fioen GBS anBEER ey B pect o

ot her menber sconfi8nesiuiere Hod mueE NPy siveNEhdRoBapangling Fased agvidusttiveinder

anot her nenber may be di rectl%é in.c%nt act gg(l)th t he ot her nenber or may have

one or nore i HPEFENCAYIThRIES U FESPEP SCUhe menber di sposed bet ween
menbers nmay bpogirEetttshsi By OrtiRtet,” WhdthednTaint o THR BRI Herddi refdtYo have one or
nore interveni ng menbers. In contrast, a first nenber "on" a second nenber
i's in contact WY hPeHIN o SRORETAETHEYCSPAEP OIEHAFPYSTS 1 AdSUcR] 8E PREPFosi ti on
of one member i didnteB aREGE b 0f hefer ARDMRE KB mbsr RENH HREPIR U AGvi@Per at i ons
are perfornmed relative to a substrate wi thout consideration of the absolute
orientation ofhePher SHBSIICAMEY h\GOP4 Pr BRISGHFIHENNS MsMbetie Mireayeiend nvent i on

i nclude pl as NRehbS 3l bEQRE REmBRL ‘ﬁ{a&%k ﬁireo‘?lly%%tefcﬁ%ltﬂh%%o CRAkRIS and
met hods of form ng such coatings on hafdware Conponents. In particular
enbodi ment's, etheayHae N @ neuapmeming ragrebesi. ds rentphaabiet meowpoivenes whi ch
are exposed ! Q.BlARTRS: {ihi.Ad.R WS Ty RLOAERRABG. PRIIALIRA stehii Pl asm
chanber. As an exanple of a p?asma processi ng chanber, cross-secti onal

vi ew of a pl asosdiogtof hnesyehienw2B0edpsctsdother memipergiypeovided aFdoening asnma et ch

system 200 i ncl udes a_proces anmber 205. A workpiece 210.is | oaded
iy ough an opiT g oS PHRGORN AL b & bt MR S8 TRRLS bF et

enbodi ment s, tivataciat hbdtle s@idfathol ds t he wor kpi ece 210 with an el ectrostatic
force (e.g., | ectrostatic chuck or ESC). In further epbodi ments, the
ot hode 290" i MIpGEE5dRR T afitn e SisnBar s pSHe R RHED @At |y

control | abl e ateAalt, @RMG AdsiktBit SRPE ddtl meSiodh ofSriting Buch dohtiet ohher mal zone
222 proximate a, center of the vvorkEaikece 10 and aabciecond t hermal zone 221
proxi mate to XTHEHT HHBRICHF- IHRaTiRY ﬁwe%ﬂﬁm%@.thqﬂ} WS CYHLBENS e suppl i ed

from gas sourgigsn2damb@4dmpdfehtsanecr248 eiﬂUs&lJlg@ldsﬁﬁp&ﬁ{ﬂggnﬁas%?&cgﬂs&\g
controllers 249 to the interior of the process chanber 205. The process

chanmber 205 i Reriovaed by g PlafrB‘F chamber. As an example of a plasma processing chamber, a
cross-sectional view of a plasma etch system 200 is shown in Figure 2. The plasma

etch system 200 includes a process chamber 205. A workpiece 210 is loaded through
an opening 215 and clamped to a cathode 220. In particular embodiments, the
cathode 220 holds the workpiece 210 with an electrostatic force (e.g., an electrostatic
chuck or ESC). In further embodiments, the cathode 220 includes a plurality of
zones, each zone independently controllable to a temperature setpoint, such as with a
first thermal zone 222 proximate a center of the workpiece 210 and a second thermal
zone 221 proximate to a periphery of the workpiece 210. Process gases, are supplied
from gas sources 245, 246, 247 and 248 through respective mass flow controllers 249
to the interior of the process chamber 205. The process chamber 205 is evacuated, for
example to between S mTorr and 500 mTorr via a high capacity vacuum pump stack
255 connected through an exhaust valve 251.

[0025] When RF power is applied, a plasma is formed in a chamber processing region
over the workpiece 210. A bias power RF generator 225 is coupled to the cathode 220

to provide bias power and further energize the plasma. In certain embodiments, the



exanple to between 5 nTorr and 500 mforr via a high capacity vacuum punp
stack 255 connected through an exhaust valve 251. [0025] When RF power is
appl i ed, wopbrasaiies formed in a chanber processing regiPOm/US2@9/ 063387

wor kpi ece 210. A bias power RF generator 225 is coupled to the cathode 220
to provide bias power and further energize the plasma. In certain

enbodi nents, theplasma etch system 200 includes a third bias power RF
gener at or 226platmaetct gbtem00 finchglaendyrdibangpowhi R génsracr?Aéet edistinot a RF nat ch

227 along wth the hias power RF erator A source power RE generator
330 s coup! ehedRdR® aPRER sonrer SR G B by 2 SR PR R

el ement 235 whdnefatomas.be sanodpsver RIFakharsot Z30tiheoupiid hiadegh2z2Ratclod (o ovi de hi gh
frequency source power to energize the S The source RF generator 230

typcalty hacte B A b PUAREHA) T REFEE ReS BITAL Mhe ke A Eats BBy 398 for

exanpl e bet wegitholi® 02@ichrd 8 MR freRieAs) B0ME powédifteeieseitd e BladBa vOhd age on the

wor kpi ece 210, controlling_ion baonbardnent of the workpiece 210. while
source power MFERFszenpratopp3kirpicalrhas f{ighen fggaucrey yhan thrbiarreist RE of t he

bias on the wWanhkRi®085,2diQ®xahPR26lwed N e0PIRSIZB ML NBigY SR AQQs ihs bla@Mput er
controlled by a controller 270 to control the |ow frequency bias power,

hi gh frequenciPlgguritde powmicce 81 ¢ wanfrolligsion perpkardiens o6 g WeorkdecqPé0-and

cat hode t enpeyaidi8Re pweMlchts 8% &&sﬁﬁrdelﬁ’sfi@qﬁ%eﬂ%%ﬁ&hti- of ROGRALL Y, a
controller 270 includes a central processing uni't (CPU) 272 in

comuni cat i onthgiworkpiecerdhbry 273 and i nput/output (1/0O) circuitry 274, anong
ot her comon HpeET 272, cause
the plasnma et @ﬁﬂgiﬁ%}t@?ﬁgf&%g%{%%@@xam e?rﬁégglﬁdﬁoga%?t&%%é%gd{flo into a
pl asma et ch cémtrbethe lovnfrequenryiampowtic hehtfregasicyrouragrpowen eghitt gagitocess

Chanber 205 anI%CCeSg CI'%SSEJPC%IH%!&E%&C%%I’% 21'2]&91"65 [agQ’Vzﬁé]aS éﬁl Il eI'gSt Oarlla?mgtorrsrponent Of a
pl asma proces8ing 8Yaten “sUch as plasma etch system 200PY et ides a pl asma

resi stant coaGempllyascaahiere7D dalddys demiralt eocesyindugu(Ces)) 322 or 4A. Any of

t he conponents naki.ng up.the proc ha r. 20 be ated with such a
bl'asia T os ot st by Sefibar vl noeHe S POl e Ao btradtd *focus
ri ngs, showercdv@asiscoaipdndrts Sdfifwade @athdndsllerEcueaide dien®PU 2V efi8e tee cat hode

220 is an ESC, a surface of the ESC, such as a puck_surface upon which the
wor kpi ece 210P/P¥NAfdsEd 289#?,% eﬁﬁ%@sﬁgﬁ%fge S’Prlﬁ’lﬁﬁ%?f(bﬁlé)r%ﬂ’la Fdce of the

ESC i s cover eghamibbinroBh@SiARtch&f ighd @Bkkure #ad the rRsssTENEFRDOS ald ofcHk@pi cted in
Figures 3A Orwél@piece 210.

[0027] At least one component of a plasma processing system, such as plasma etch
system 200, includes a plasma resistant coating, as schematically depicted in Figures
3A or 4A. Any of the components making up the process chamber 205 may be coated
with such a plasma resistant. Exemplary chamber components include process kits,
focus rings, shower heads and lids. In a particular embodiment where the cathode 220
is an ESC, a surface of the ESC, such as a puck surface upon which the workpiece
210 is disposed during processing or a peripheral surface of the ESC is covered with a
plasma resistant coating as schematically depicted in Figures 3A or 4A.

[0028] Figure 3A depicts a cross sectional view of a portion of a plasma chamber
component 300 including a plasma resistant coating 315. The plasma chamber
component 300 includes a substrate 310 having an outer substrate surface 311 over
which the plasma resistant coating 315 is deposited to provide an outer coating
surface 316 which is to be exposed to a plasma during plasma processing of a
workpiece. The substrate 310 may be any conventional material, such as aluminum or

aluminum alloy, quartz, ceramic, composite material, or the like. The substrate 310



[ 0028] Figure 3A depicts a cross sectional view of a portion of a plasna
chanber conponent 300 including a plasnma resistant coating 315. The plasm
chanber ocwopores#11300 i ncl udes a substrate 310 havi ng aRCOAISRE09963IST r at e
surface 311 over which the plasma resistant coating 315 is deposited to
provi de an outer coating surface 316 which is to be exposed to a plasm
during plasma processing of a workpiece. The substrate 310 nay be any
convent i onal mnyzﬁm’uhaiinclsaladm imsgm] amnﬁamumﬁng (abmepicwd) ahh brngrajlsafacz ceram c,
conposite nmat er The sybstra 10 i ncI ude an
it eoral Csur ke sa! b Rt ap ERuS IR e 5P bal R A8 dhBig o s
a unitary andsu@iﬁéﬁctdati@g.lﬁ typlidallg Farmed i-titu ftdmet}ﬁutﬂ@tratatseo 3diflg atAnsi ot egr al
surface coati nq% t%gl callly fornmed in- ?sﬂ?iu fromthe substrate 310 using at

| east a portil USREERE PR ES S HE t FORGEURRIG Tor BABYAR e, for an

al um num subsgubate Sk0an alfbgtammgarcabomug bagemmaat dxitg (Af-cabHaumimoXi de
(Al-O or alum num nitride may be "grown." An |nte%ral surface

coating is fobfiy (frIrmeKae sﬁﬁ%‘@f r aﬁ‘lém?%@l Bfface gating isfprmeed @ zing the

substrate 310qubRASHE Hyefir sk, %ﬁ@&lhﬂgﬁlfﬂsﬁbsﬁﬁt@gﬁ@aﬂﬁﬁnﬂeglgtaﬁrm% gent s of
t he present invention are distinguished fromintegral surface coatl ngs in

that the pl astiecsadings with cmbedimaps obihe Preerit Hyeqts argptingRighgsifeomi n an

enbodi nent Whﬁ[e%ratl 'slﬁ—fa%é'%hﬁgstlﬁ tﬁ%%ﬁle Fasfhd r@sls‘t&ﬁl &}éﬂhgs' alré)lyon ﬁalﬁ‘%e PEGS MR
resistant coating is substantially free of alumnum [O I n enbodi nent s

of the presentxampigeitdnembodinenpybaathespksiigtesnp lwa\ﬂurmguraﬁﬁosf drerpddmever t he
substrate 310§E1§ta§tc'89tﬂ15g19§Lfb'§ﬁ£u:ﬁ§rf§¥%9 16884k ng- It has been found that

pl asma sprayed coatings contam nate su bstrates processed in a plasma
chamber. For BR2%phembyditentsnf (hpreson ireitivat theplaas rdssent ¢aating3 dn

TR e e e N S I e
phenonena, i tplwas s‘pmyacdjcdahags q@hasmteswba;amd pmmaisecmglsa plave caaﬂnbcgh Fdensity of

cracks and voi ds t the.thic his a

Funct ton of | U Pl CeohBRitaabii o Gpd oS s S3rChatile’ Spr ayed
coati ngs hav eplasnwro&silyg @fa BYmbér hﬁﬁhg corflbaS AR wSth I’a@y&dla@@ayddr},@tﬁlas urfaces
are al so char hFrlStlcﬁgl% rou h with g‘t ical arit netlg hness
average (Ra) ogiine: et ddieStiniien ok Bl gheogrse - (e, foid #alsTRacks,

voi ds and par;pr@édi a@a@lﬁgﬂ{a«aeumagmehsytye)f@@a@ aﬂ&lK/blﬂchEdu%ﬁdSm R} RRRAEof a

pl asma- spray coated conponent devel ops a pl asma etched surface having

particles up thecoingnyhich giadwrstian of the }Wlﬁw dc?PlCEeééIhFllgaliede Tygictlace
particles mayplh&sidptaybd O8MiREEa0E € Pbiodly 313956:Q0r8! PRGa sprayed coatings

surfaces are also characteristically rough with a typical arithmetic roughness average
(R,) being on the order of 5 micrometers (um). Because cracks, voids and particulates
are unevenly eroded during plasma exposure, a plasma-spray coated component
develops a rough plasma etched surface having particles up to 25 pm in diameter.
Formation of such large surface particles may result from preferential erosion along
grain or particle boundaries where the film stress is relatively high and the bonding
strength relatively low. Rough peaks found on plasma etched coatings indicate such
particles eventually break off and potentially contaminate substrates processed in the
chamber. Substrate contamination, plasma process drift and component surface
deterioration have therefore been correlated to the cracks, voids, rough surfaces and
large particulates present in a plasma sprayed coating. Notably, a similar evaluation
of process chamber components formed from bulk ceramic (e.g., bulk yttria) also

identified numerous voids having a diameter of 25um or more. As such, bulk



grain or particle boundaries where the filmstress is relatively high and
the bonding strength relatively | ow. Rough peaks found on plasnma etched
coat i ngs wodnoaseliguch particles eventually break off amdTpst@aszBTy
contam nate substrates processed in the chanber. Substrate contam nation,

pl asma process drift and conponent surface deterioration have therefore
been correlated to the cracks, voids, rough surfaces and | arge particul ates
present in a grasnepepidaliel inpatement ilNdaslpl igsistancsioned plasmasplayat | on  of
process chanber. .conmponent s formed frombulk ceramc (e.g., bulk yttria)

al so identifi &8°NUmer ous voi ds havi ng a dianmeter of 25mm or nore. As such,
bul kcer am cs nonw]lTiereﬂucbtcbﬁamnipﬁ@meﬂqjamclerfoﬁhaaﬁmnmsinsdn&rtﬁehcqﬂ;esmapI asna
sprayed vari eti.es. ‘%0030 ce cont am natj on rticl for{mtl on,
enbodi ment s ofSIFRY PG Sra@ PE“E‘ RS PHPOPEHY O‘Fvé %%08 r?% Asvelt | ow
porosity and Afntidihéh€ehd SlbgNes Sant kBat@d 3B pBRsYity of Res BA@SMR T esi st ant
coating 315 has a_ porosity of |ess than aP proxi mately 1% Po‘rosit%/l i's
expressed as %HR&OX&B%@@A%J@WWW%M% hepefcrdageqif gpen remie thsrtokh
coating wi th g haWelthPes@ak lth BebAG pdfbsinnelicad 1ﬁﬁlcz§t{b%ttha%a%9ﬁ kéng i s denser.
In further enbodinents, the porosity is essentially 0% providing maxi num
density for adgsstet ireiurther ebofinieap®e PeiogiH, is SeMially DEwPPSKINEB PORBsi ty was

previously u n@&'é&'tﬁ%i"!? bt HIRQUUBOL N Auch Q8 &%uﬁ@f:)&%kﬁ;ﬂ W3 p?@ﬁcﬁf%ﬁﬁg as uch

as plasma sprayi ng, th even conpressively stressed coat’ings havi
porosity wel Iuralblmv;abh@ﬂ)wlﬂ{ @osdaitiong caﬁmghléposem@mhthﬁémsudt Herlomaspraginat i ng
surface 316 h ting having a
t hi ckness of g@hﬁﬁﬁgﬁ%» 9&%@?&9%%??2%%@%%%&%*%%ntS the Bﬁ?ggﬁcoating

surface 316 hi@93H IRanatbdreerbbeimewt, he2stenmoading surtage BES laes alRawalas b80®25 mm I n

conpari son, p asmm yed coati.n surfa e p have n Ra val ue of
at |east 5 mitENht lrzralarltgl mfor&ecf)atb“%ha 'OF y r@(ﬁlﬁ eorgég“ AR Ra VAR 10 mmto

25 mm Contr afsrybddﬁn«altsmhp uhtalrcolaelhg ﬂlifad:dmrﬁ hak alemmﬂms.zﬁwp’r nﬂumtysbenay

better adhere tlo a bgz h anber surf gq CI ngl cont a natlllglh%

ext ensi ve nmantif ¥t g F‘Egpaﬁ‘é%p tcﬂaa{ EZVSHOOLYREP Yolit'eP" coat i ng
surf ace 316 | RPVaDWas aPle@e 6 $i$n mdwd)ﬂtdﬁeﬁﬁberMIyIr@gmaiedb@hmga owenid by td heory,

a snoot her é{)ace s t hought ir‘r?rove ef fectiveness of in-si tu chanber
clean (1CC) gtfafr EfieaPH Hablf 216 Prijests RIPERISS Fay Seiife adhere

enbodi nent s, ttol‘h&om&ﬁlaéﬁuﬁﬂc@ (féaﬁ(a@g Sotaen o8P akekkifedhardufR A B Pluas i
sprayed coating in manner that renders outer substrate surface 311

relatively snbde vaeﬁeﬁ thascasipogher pHEr coating susfaesst lodmeroy ey ragcss deanlingsy- be
prepared to ho¥fe AoffRin@fbound by theory, a smoother surface is thought to improve

effectiveness of in-situ chamber clean (ICC) processes, reducing the need for wet
cleans. In some embodiments, the substrate 310 may also be prepared for the non-
plasma sprayed coating in a manner that renders outer substrate surface 311 relatively
smooth. For example, the outer substrate surface 311 may be prepared to have a R, of
less than approximately 4 um, which is achievable with machined component
surfaces. The low roughness of outer substrate surface 311 is also in contrast to a
plasma spraying method where a substrate surface would typically be roughened to a
surface R, of at least 4 um in an effort to improve adhesion of the spray coating. In
some embodiments, the substrate 310 may also be prepared with the outer substrate
surface 311 having a desired R, (e.g. > 0.4 um). As the plasma resistance coating
may be uniformly distributed over the outer substrate surface 311, the coating surface
316 maintains the original surface R, of the outer substrate surface 311 after the

deposition of plasma resistant coating 315. The desired R, may be determined based



| ess than approximately 4 nm which is achievable wth nmachi ned conponent
surfaces. The | ow roughness of outer substrate surface 3 11 is also in
cont rast wo 2a10pl5age sprayi ng net hod where a substrate arfisec@omwessBd
typically be roughened to a surface Ra of at least 4 mMmin an effort to

i nprove adhesion of the spray coating. In sonme enbodi nents, the substrate
310 may al so be prepared with the outer substrate surface 311 having a
desired Ra (eomthe deﬂﬁdpﬂf@rmam of e pidses rbamiges icahpenest 30atucings chaykibe

uni formy di stH({) te 3< Ver . Eesrc substrate surface 311, the coating
surface 316 nHICHEATAS I “%lr‘%ngora Surface Ra of the outer substrate
surface 311 afops2] hhe eﬁetﬁlﬁﬁlbﬂitl of fheQiresphtasveRtioe SeilaRta red@dnt bentidd 315 khe
desired Ra may be det ned. basedon t he desired per for f the plasma
chamber compotetmisasTIdREPHRETY FORSKITRY oGt SHESCHITER BREOFAEESOR f or * an

ESC. [0032] Ifuctde aﬂmmlﬂiﬁrasc)o;uehh@ (m) Qﬁ@lﬁfn (LN RSHiwR l(th)t hpnphasde. 4 esi st ant
coating 315 is a ceramc including a imary constituent of: an oxi de

nitride, bori@athanug fiaygerigp (@?)uﬁiﬁr?lﬂ‘gﬂé@u)s@éﬂrﬂﬁlﬂﬁﬁ (P pr eshumpErleRr( v) |
iridium (1r),pdrkee (Hm (@RR)exerfplhFRLABRRLAPL & Sh inclh@RLNBIYMKE bAharyCer | Um

(Ce), europium (Eu), dysprosium (Dy), or erbium (Er)), or hafnium(H). One

exerrpl ary coatdnfigues figosy 1Qdusednt| RO E codiiBe spnprsitipndesiedes t uent
(i.e. "Y208-baped e p Iﬁﬂgg_@&{m%@tgpé BRY gg@aungns&@?p&%fn jafMcdafied udes YF3 as
the primary constituent (i.e. "YF3-ba ased"). "Anot her exenpl ary coati ng

conposi ti on i ¢erenpgsidion Mcludeslr.Ohes the prmary C@I@ﬁ@@ntt(uenEerrbésed“)EInZCB based") .
I'n addition t&’dd?ti%‘é t@Fﬂe?ﬂ%rﬁ%ﬂ%tﬁén‘ﬂ%Fé plagmil ereH t@rﬁ@atfn@%‘ﬁ%ﬁ?tfurﬁl%?“ ng 315

may further inc amounts o ceram cs silicon
car bi de (Si C)inglnde lessecandunts dtigecdrdnics, )sylcltam sfligpmyarbide (&l zecomum

matri x/ sol ut e_or Iat e exe YZCBbsed co tion
i ncludes 0.5 O’Ed &r@j 0%71 %,Or eggmgg ) %(;tﬁl‘lg}éo (3r aduRfﬂ% ‘5t o(r%’lilece /mIEiaryand 39-40
atomc %Y. [V83Hasddroatposrbodicheert0.Dfl.t :litemptr%ﬂaﬁﬁ 6D mwoemd¢ fead, 0-0.6e pl asma

resi stant coatin us mcrostructure. Figure 3B depicts
x-ray di ffrac??IB% &E@%@a@aﬁ)at‘?%‘: @%FS based pl asna resistant coating 315

on an al um nugoBEsiedn stbsdimattef ikGresést 15\@*:44511 tirplasnalresitad Bopi@gR s5 f r om t he
substrate 310 are di sgl nguj shabl e. An anpr phous m cr?structur

advant ageous 74 2p ARPTPEBHBITERTULYFT Sgarer iessTay i f&‘&WPéﬁPPSF?%#I

attributabl e § 9rppRELpRSHd Rbis@hCBhMNG B cdhahRinkRmMdakl esos@ie 31@dNced. The
effect of the am)rphous m crostructure is further evident in Figure 3C

where an er ostonny e walgmingmareks Sp freubsipt-HY sedivpgeirtagle “Ps YF3") is

appr oxi mat el Yah Wh&sis microstructure may be advantageous in that component surface roughness
and contamination attributable to preferential etching at grain boundaries are reduced.
The effect of the amorphous microstructure is further evident in Figure 3C where an
erosion rate of plasma sprayed YFs-based coating (“PS YF5”) is approximately twice
that of an amorphous YF;-based coating (“YF;/Al-N”) in accordance with an
embodiment of the present invention.
[0034] In an alternate embodiment, the plasma resistant coating 315 has a fine grain
crystalline microstructure. In an exemplary embodiment, the grain size is no larger
than 0.5 um. In a further embodiment, the plasma resistant coating 315 has a textured
crystalline microstructure having a non-random crystal orientation. The non-random
crystal orientation may have a preferred out-of-plane growth orientation. In the
embodiment depicted in the Figure 3, the out-of-plane growth orientation is along the
y-axis. In one such embodiment, the preferred out-of-plane growth orients a crystal
plane of highest density on the outer coating surface 316 to face a plasma. In such

embodiments, the plasma resistant coating 315 has a compacted structure with atoms



that of an anorphous YF3-based coating ("YF3/Al-N') in accordance with an
enbodi nent of the present invention. [0034] In an alternate enbodi nent, the
pl asma r es0bEMS40eat i ng 315 has a fine grain crystalli RETMASCIODEIMATE Ur €.
In an exenpl ary enbodi nent, the grain size is no larger than 0.5 mm hi a
further enbodi ment, the plasma resistant coating 315 has a textured
crystalline mcrostructure having a non-random crystal orientation. The
non-r andom crgtedkacﬂ along élﬂtoa'blitaﬂ'DHmﬁthhEVE cayspil pfae«s dl&dlgduﬂmatibn pf thme growt h
orientation. enbodi out - of - pl ane

o ot - or + ot SP1iBh T TG TSR S e R A PO Stk AR e
preferred outelapimﬂh&neo@nﬂmtdmo{rplemst(s aalsﬁiﬁLyéﬁ'Iﬂ&Ittlﬂ(anepmﬁeangE’I&ﬁtoud:enSi ty on
t he outer coatln su o face a Ias such enbodi ments, the

bl s 1 est ot it T Skt g B 16 i@ais et SRl Bie B TS Bt bckod
along the ori @@b@a‘du@ﬂle@iashlaauﬂ@gr@@sncar&aﬁ@ér Wit akRDM Al fBParf XeMBlaiyon of the
coating. For exanpl.e, pi cal face-centered. cubic (FCC) crystal

structure, thtéxte@fﬁzombaﬁ?ép aéméffiS@H‘PE%PaB% sgrpiprd Hetigye 4 g%s S&%lﬁ thhat the

( 111) plane hopypeat NG r&Hhek:, BORAIRANS i ACE A Rrocied ﬂliﬁb%ll@m@facet he
densest plane of the coating material is exposed to the plasma during

pl asma chanbethe gligma syiyegiae-a THeifegiPfdsddwp PR PiRs MR fHosiPR ERtF IS IOWMEd_ ed pl asma
resistant coagifig 3ES Aqea@bl%&ca ULNER ?i—é’ﬁ/@d Blo, téam%w@s s b% b3 erBERK 1S

prom nent, indicating the conpact atom stocked plane éﬁ;@ wll face the
pl asma duri ngratesaore e teed eoes @”ﬁatftrémnt}h@teéquﬂlt@@wnéf ‘ nOpatekerd s shown

n Figure 3E AD-deRILLEHL o RAABRARBY R VATE (SR IBALy (PR Y208") has

an erosion rate nore %an three tines - greater an the textured treatnment
("1 AD Y2Q3") , fuptherdetaillehPvhérnderciat es the fil mwas for rred by ion assisted

deposi ti on, SGUSSE n.fupther deta ne nerein 0035] In an
enbodi nent ?@831% agrrlrﬁmg%dsll S lilf PEsa feﬁls{agﬁ%)aﬁn \Aﬁ% ﬁgFl\}'h gh el ectrical
resi stance, | ﬂwtmdimisabcteeld\nezaidagﬁledemmmream dnda.a red}itlabhy\lr@h)brdmikgdswmr eakdown

T has been T SURE (At SBAGERTHA 1 MNoDr St O Eokre edes i PBces can

suf fer dranmat bdénffduﬁd&mtd)rﬁﬂﬁldnll Alelaleagematreeﬂscmag‘mg btdl&‘&ffé){V(Bﬁmﬁlcti nme
scal e on the ﬁrder i

Eutes whi | e aq‘%l asnma processi OE%% |s in use.
An investi gat ‘&fﬁua8P“St1H ¢ fﬂ‘?e?HHﬁ%r‘i%agB’tt‘E FBKthé&mieﬁﬁ?léa’é ‘é%{k‘ ge
currents to Uvhi@xPPIadmiLproddvsiRniiambens irfusgeA@imlekoaRbesERis phéhodleha pl asma
processing. In particular, exposure of the ESC during in-situ chanber

clean (1CQ) s¥haisd dcrqgidin lkakaeseurantsto bi\carnosirnot VN timgs &nsisilkpi ece

present in all plasma processing. In particular, UV exposure of the ESC during in-situ
chamber clean (ICC) sequences (when the ESC is typically not holding a workpiece
for plasma processing) has been found to greatly increase ESC leakage currents.
Because an ICC is usually performed between the plasma processing of successive
workpieces, ESC leakage current trends high during initial processing of a workpiece
(immediately following an ICC) and declines with workpiece processing time until the
workpiece is removed and the ICC is repeated. This variation in ESC leakage current
can cause both chucking and de-chucking problems ultimately requiring replacement
of expensive components.

[0036] In a particular embodiment where the plasma chamber component 300 is an
ESC, the plasma resistant coating 315 mitigates ESC leakage current fluctuation. In
particular, it has been found that yttrium-based coatings prevent the leakage current
drift attributable to UV exposure. In addition to reducing leakage current variation,
the plasma resistant coating 315 may provide other characteristics which are

particularly advantageous for ESC applications, such as the ability to have
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for plasma processing) has been found to greatly increase ESC | eakage
currents. Because an ICC is usually perfornmed between the plasnma processing
of succeswpDveilwvisHipi eces, ESC | eakage current trends hi gaoTdiseémagei4aiti al
processing of a workpiece (imediately following an I CC) and declines with
wor kpi ece processing tinme until the workpiece is renoved and the ICCis
repeated. This variation in ESC | eakage current can cause both chucki ng and
de- chucki ng psubkth@imbly idwer Rathah poysehdgiwith wglasmpbmmd&nﬁtingf Faxpeiisdepiets
conponent s articul ar e rrber
component - 300 T Re R S ud s ST ST WO NG PP LB Bsc

| eakage cur r egrhbddlirtéit uahpa@ai tolaR AP Edrarhic abntrdlt“GWnlbelﬂjatrﬁte’tJnekstsmwn
yttriumbased gqa{g %r t theleakaecrrrené i ft att ﬁutabletouv
exposure. 386 “l”tr ‘EOHHO Ak Prey 6‘68 P’ﬁ%l}l%lﬂe & Masnma
resi stant Coaio!rﬂ@ “BRb- m”pdsaamgd@mb hig lindidheds Akt flfd Wil fesnadyGpiasaa e

particul arly advant ageous for ESC applications, such as the ability to
havesubst ant | &r§tlye CeRasiioRas dhsrsspbiadigics depid Asevisraheian spr ayed coat i ng.

Figure 3F dep[(m@ 18 r@aer LARLIRARL, @%gﬂishﬁtrbﬁﬁaﬁt @5atiAR8 1 SKRMIrék¥own
yttrium based ESC coati ngoé" PRD- Y. enbodi nent conpared to an Al -

cerani ¢ cont rvltage gt QN &nil éﬁl‘é“)) msticig gbodiments dhgigek ¢y ent f or
the control i %1@9&{s%¥éa{3{ihﬁh¥55(ﬁﬁv%ﬂﬁﬁou9f In%%hﬂs‘&qecolﬂk%%ﬁalﬁ)ﬁ@ﬁmf or the

"PRD- Y20 " coat | ng Is indicates the filmwas forned pl asma
reactive deposirayed N Oagratiisoisslbohas p Menrof WO@@@QIWSQI\@@M@@) Hdeei n.

doun Vol tage. SEsPRIRAGTY Hberyoipth AR R LAY REFE MABnRITIRE, 2 Pl he
break down voE$G@gempaegs.ehtgrermorarth8@S0@thiens ¢f thid plauna resistagenpangi3don,

ppr oxi mat o y 780 O I BRb Y ot Rt B RS TS Rk o ment s

di scl osed her Admummjdyahesplahm @elvamntcagegud 5 ratucdsSTFe omanendrsan B3 t her nor e,
descri bed. | pr BVt AAVARE AGEDLSI I BHPECe hATT AR "PEOLE Madai t1 onal 1 .
the plasna rebfesihant aCESC hibredddes podeilas coNtdrxinitdnrol riotlpicess dspok&onsur f ace

upon pl asnma exp The reduction_in Al Fx formati oves the lifetine
of an ESC and®t %ﬁﬂé@?gﬁ%ma@mcawgc6%#15%%%@?08@%8 %&Pﬁéﬁ%&f‘é?a& f sposed on

an ESC duri ngcqatids®1s hiyseapplidtas dederfidd e, RITEREHi SRMESC ke a phasdes
resi stant coating 315 may be applied, as descri bed herein, to refurbish an

ESC after a pRR{HEEPSUHR-asma exposur e.

[0038] Figure 4A depicts a cross sectional view of a portion of a plasma chamber
component 400 including a hybrid coating 413. A hybrid coating includes at least two
distinct material layers. The distinct coating layers may either be substantially free of
the base materials in the substrate over which the coating layers are formed, or one or
both of them are the same chemical composition as the substrate, but the coating
layers have a crystalline structure different than that of the substrate. In either respect,
the hybrid coating layers provide different performance characteristics than the
substrate. As shown in Figure 4A, the plasma resistant coating 315 is deposited on an
intermediate layer (or layers) 412 to form the hybrid coating 413. The multiple layers
in the hybrid coating 413 allow the intermediate layer(s) 412 to provide one or more
advantageous characteristics (e.g., high conductivity, high resistance, UV protection,
etc.) while the plasma resistant coating 315 provides plasma resistance. Alternatively,
the multiple layers of the hybrid coating 413 allow the intermediate layer(s) 412 to

provide a plasma resistant coating of a first composition while the plasma resistant
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[ 0038] Figure 4A depicts a cross sectional view of a portion of a plasna
chanber conponent 400 including a hybrid coating 413. A hybrid coating

i ncl udes WO 2bwast1iewo di stinct material | ayers. The di sPChaS2@oati4ay | ayers
may either be substantially free of the base materials in the substrate
over which the coating |ayers are fornmed, or one or both of themare the
sane chem cal conposition as the substrate, but the coating |ayers have a
crystal | i ne stoaticg 8irSeprovifldserpdasimatréxdaartt barting bf 4 keeosidestposition (elg, Y {her

respect, the hybrid,.coati ayer rovide different performance
characteristi ¢ ec{‘hoﬁﬂn% fe? ggﬁg?sgcg{nze.rglﬁé}atgﬂagﬁﬂ in Figure 4A, the plasna

resi stant coatonsy Adbtofitls Weposintald addithai okidt€ hikdisgiceideaylesridedbnd ayers) 412
to formthe hybrid coati 413. The multiple | rs in the hybrid coating
433 ol 1'ow t ne e Eeabed Bordya ey Hit Boging ol Savs e B Srat v an agegus
char act eri st i gerh&digte laybi(Qn12 QRN \GNtte ddir@hfuh@RinS ORRE Bon-pMsh4 Ot ecti on,
etc.) while the plasma resistant coating 315 provides plasnma resistance.

Al ternativel yr,CSIFtFﬁ)'ét A e al%w@r@e%fwr%éam}glﬁriv anecRitodigens 1t bibridw t he

intermedi ate {AXRYF 4B indldestiQee@Mtcdeyed sPA @SIMRCH 83h SLidPbr £RAMhPaRbn@ fir st
conposition while the plasnma resistantcoating 315 provides a plasm

resi stant coatithigplatnagesgan setmembbicembhrdineny wheis thexxhgmbeyoaporatsi ng on a

YF3- based i nt of fedid GiehAYEL 1aye Q039 si®)Yor WdubdIRaMBE EQHR &Hﬁ?@' s and their
oxi des, nitrides, borides, fluorides and car bi des descri bed fromthe pl asma

resi stant coavpigicglgampipg.bs drowhiiy Biguedr, 3 prsarigtsepstreidiva thewn|cagroplosy) 412,
dependi ng on I ct.l s hesi st-ap terials may
al S0 be dsed. EgE g LR e Y S PRI S TR 05

i ncl udes i nt ehigipdi @tistah@yed (SesthcbPemheakhgd o aanoioke teatmentapraphedmd@he absent
in the plasma_ yesis t. coati hi enbodi. ment e the nber

n n | r «
component 1o STRaE AinE AR Mabl: oPRR. FIRAITE Bba i Bab i BRBT r L g
current duri ng.OOy Klpstews tiod radgiting in disrestienkngd thaths passidle3Fith ahybeidam c
substrate with an enplary hybrid coat| f Y2q 3-based .| ayer. over a
S0l ayer (" FrsiE B apayicyoe eiogdimen i, ks 8P: Puaioboninepranided Dlieee® cur rent
| eakage of anyureht dfftel fiA eathnBabsragrehpdied at JTEoracithatkside hefiurh peesiuirt afdredi at e

| ayer of Si Oé@lﬁ?ti \{,e to a non-hybrid coating ("PRDY 2Q3") illustrates the
reduction in arplicfleakage that is possible with a hybrid coating. In a

particul ar enfeosdnBRers of the hybrfd colifd AMBhdytheCP @hiidig REQEIsEEhsd bredkage
current of 0.1 mMA with a substrate chucked at 20 Torr of backside helium

pressure and Sogiopalipls af iy nPovsoTe RS b EHBPIRyIBRTHDE 6APPIHE UL may be
of various thigk Q&ﬁtﬁ@%lt&ﬁt%@iqte%f}/eﬁ BB is to reduce current leakage, an intermediate SiO,

layer may, for example, be deposited to a thickness between one fourth and two times
that of the plasma resistant coating 315. In two exemplary embodiments utilizing a 20
um Y»Os-based plasma resistant coating, one hybrid coating included a 5 um
intermediate SiO, layer while a second hybrid coating included a 10 pm intermediate
Si0O; layer. Leakage current was found to be significantly lower for the embodiment
with the thicker SiO; layer.

[0041] The effect of a hybrid coating structure on erosion rate is visible in Figure 3E.
As shown, both hybrid coating treatments (“IAD H-1 Y,03” and “IAD H-2 Y,0;”)
have erosion rates significantly lower than control treatments (“PS Y,Os” and “Bulk
Y,05”) and comparable to the non-hybrid coating treatment (“IAD Y,03”). As such,
both plasma resistance and improved functionality (e.g., reduced leakage current) may
be achieved for an ESC having the hybrid coating 413, as depicted in Figure 4A. A

hybrid coating structure may also improve adhesion of the plasma resistant coating
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functional role of the internediate |ayer 412. For exanple, where the
conponent is an ESC and the internediate |layer 412 is to reduce current

| eakage, wio20mwesurredi ate Si O | ayer may, for exanpl e, bePdEassimwad48D a

t hi ckness between one fourth and two tines that of the plasma resistant
coating 315. In two exenplary enbodinents utilizing a 20 nm Y O3-based

pl asma resistant coating, one hybrid coating included a 5 nminternedi ate
Si 2 | ayer wh}l5e lawssdoanidthinafiOd Ye@alyibrid coatink hakctdeced Pectimgireibtereredi at e Si Q2

| ayer. Leakage cugren s found to be significantly | ower for the
embodi nent wi%lﬁgq?ﬁégi‘ﬁﬁs\'@‘éora[%%@eﬁ ayer. [0041] The effect of a hybrid

coating strucpoo4s With e@sm@Bsifi@i, ehokholtigs, hicsiriictirt gl €ecdfical Aopskieddt, bot h
hybrid coating treatnents "IA% H 1 Y2C3" %Pd "I AD @-2 Y2 "z.have er osi on
rates signifi QM ISP SR COMP ST Bt FEHCSS (*TPE fseseatipgy eyl k
Y23B") and conpagdisdiseedt th dieeniRBmiE D iketn@Bat dthged fop eer@pdsitlonl AheY208" ) . As
such, both plasma resistance and jnproved functionalit e. reduced

( J.np : . y (e.g.,
| eakage cur r ePlfIMaEsistyR cautiice\l e dtikizsy comreqis e FiiMgrac iRy APVl 9B At i ng 413,

as depi cted i Rofel@feEndPholduyMtiird Grub@Atdnd Glestic M PréPeRicdBiv RS dbFRHQN €
adhesi on of the plasma resistant coatin I't 'was found that a Siq 2/Y2q

. 1 St a . 315. (
3 hybrid coathigjnhike ¢netrgtierrpdes m%gm?leg%lpm;@emt@na@t%m&aqu@awm%a%ed

coating |ayer, %Qﬁ%les%‘iéﬂ P FEHROSAE bABratiBPERARL QU osTHEFIRSES, Uct ur e and

el ectrical properties of plasma resistant coating enbodi ments descri bed,

met hods to forrtyaghksesoblirem g rasteriahswvreti thywewseds. the deporidoembiedileehis t he
met hod utilized f.0¢ B&rﬁae zﬁ»@g’rﬁéﬂek 8 8Ly %ﬁ?%&?}ﬁ%g{é Eghtﬁtfe%mhe%ﬂ%ér & ﬁé5

utilizes energetic particle interactio ovi ne or nore of t
nmor phol ogy, nipcaysshd mgtaticelaaerdb@alimertts, itleadnegeopeartidlessirgpredannositly idescr i bed

herein. The eperageti.c rticles i.ncl ude i ons eutron . .atons, radicals,
and_nanosi zed BarLPATEL RPN EdHe PFa ST DART 1R AP ORe SO0 Yes, such
as t he pl asnme412rapdche plengasesamcodting 3l 3 twey hadaobiak is Ok pesertchat provi de t he

deposition materials. .The energetic rticles are.smaller than any
particl es qentREELEPBYCISE At e PG TSR Ao BF A SM R F HNBAFL i cul ar
enbodi ment s, thBgbeReLigeixifatpdeldoadi@snsadewptie che pladma idsistanodtmtingdBIto

enbodi nent s errﬁl oying .the hybrid coati n%;%& both the internediate

layer (s) 412 YHEPAHSUHPREIRIPEL VST BritPlRBATHEP S 15 HEYPEITEHEANEd in the
presence of efen@ehies iPAE bietdRs of AdSReRbtiSpiticldRRISH b @Ry BRI in@mY be
advant ageous because they better approxi mate the conditions for which the
pl asma resi st ARNCEBRLE RYSHY 1@ IMfRE P8ISR RIEENHY 2PHTFE RENESSIeSh¥Rbes: pl asma
chamber. A pl paiR Figst SABpic& A@kpRTBion mechanism applicable to a variety of deposition

methods utilizing energetic particles. As shown, the plasma resistant coating 315 is
formed by an accumulation of deposition materials 502 in the presence of energetic
particles 503. The deposition materials include atoms, ions, radicals, or their mixture.
The energetic particles 503 may impinge and compact the plasma resistant coating
315 asitis formed. The energetic particles 503 may also sputter the plasma resistant
coating 315 as it is formed at rates dependent on crystal orientation and/or localized
non-uniformities in microstructure or morphology to provide the properties described
elsewhere herein. It should be appreciated that plasma spray or any other thermal
spray is unable to provide such process conditions.

[0044] In one embodiment, ion assisted deposition (IAD) is utilized to form the
plasma resistant coating 315, as previously described elsewhere herein. Figure 5B
depicts a schematic of an IAD deposition apparatus. As shown, a material source 550
provides a flux of deposition materials 502 while an energetic ion source 555 provides

a flux of the energetic ions 503, both of which impinge upon the substrate 310
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accunul ated in the presence of an energetic particle interaction may be
formed in a manner nore resistant to simlar conditions present in a plasm
processi ‘yochwiseri2 [ 0043] Figure 5A depicts a depositi @eaTSeQ0-BAT
applicable to a variety of deposition nethods utilizing energetic
particles. As shown, the plasma resistant coating 315 is forned by an
accunul ati on of deposition materials 502 in the presence of energetic
parti cl es 503throhigkow @pdaidt processTHAEY may &ilizaohaidenat phismad @rbsamys @di cal s, or
their mxture., The energetic, particles 503 i nmpinge and c act. the

bl asma. r est st RIS BROTIE AL B RE e ot BlshE Y Fod BEPRFrde 502
may al so sput éigingldagospioaSithe pEBMS traittanc atih@ gindhd e@dBoditnentSthe efidrgdicat r at es
dependent on cr%g&gjlpégegtation and/ or. | ocal i zed ggn-uniforniti%s in

mi crost ruct ur @t B pifott W@SOEP%W&%WFH%“BF&@ P 5T GELErPHES (‘BFsenher e
herein. It shoyl®d fhéhcapRb&GInaIE dedchdd spptiasdieh sQTr@¥in®haléddys @1NEIB: &ely nal

spray is unable to provide such process, conditions.. Eg‘0044' In one
enbodi nent, i BAY Hsybsiptedyendiingthmfornatisy of & Plasig repisint RE ! pl asma

resistant coafkRgheIDen®icPlb¥baHslyeHeRdhbedd flageuhase wRehgbtdekipure 5B
depicts a schematic of an 1 AD deposition apparatus. As shown, a materi al

source 550 pr@oPHEsa EsBIapkcodindeposi tion materials 502 while an energetic
I on source 59 Oﬁ]WEtQ%D%chEééés,ﬁfe eB%%et%@ﬁQﬁ3‘&a§&Q§né&ﬁd bP%Qn&fgetY@q! ch

i npi nge upon the substrate 310t hroughout the I AD process. TAD may utilize
one or nore ploasewse DY ipdeanmdenty giradhar deposhiion paeeeicrl Asaeldimgde theti c i on

more Py e - i ition of th
sour ces. Reacl s, SASE R ifiesfhiaf: AnPLauefydit] agdonoe it angol the

pl asma resi stant™coat 1'ng. one ‘e e ehergetic ’ions 503 include
at | east one ofstadbme sreattipy endsgraigises of e gogtindm)ay e nraggpotatede Igpeci es (e. g.,

Q. Infurt helgom rg? nQClngear}ltpsfb i&ee %ﬁ%}e\é)?%fségsea IVg ﬁ%éels'l,csnchaéss l%?ng‘tqdmit[]e%l tic))gens (a,
F, Br, etc.) nmy also be ‘I ntroduced during ffornation of a plrasma

resi stant coatleaningttbe funfathersubsuareeid S eintpleatibhethd enayeticpageles @itd thel y renove

deposited materi al St akl y. bonded, to .the plasma resist .. .coating.
[00as] i th | B EbsERce R SRRGE el PSRl SR e by ¢ he
energeti c i onccathy Bachbldte] @pelsdeidhibymbirdokheataydepsiirdd o pryyadearret er s.
According to the energy, density and  incident angle of the energetic ion
flux, conposiPlPSH, regﬂ?@i&?ﬁ%ﬁlawﬁ%?ﬂeéfim%e%l’é%%eﬁ grrcHb Céﬁf’gg?f size of the
coating may bgergrni pul ated. | on bonbardnment can provi de uni que process
advant ages, such as, but not limted to cleani ng, t he surface of substrate
310, i npl ant i K8¥4IHe ageibsgabPeinsal PlaeTREastyedeRBio8 (B3P} dliztde {48 depi ct ed
in Figure 5A) mapfshalds@fant L& Pl & RORGNGesdffbked B1sdhiRre herein. Such

methods are similar to IAD methods in that energetic ions or particles are also
utilized, however the energetic ion source is not distinct from the deposition material
source or plasma source as it is for [AD methods. Process parameters are instead
adjusted to balance energetic particle (ion) production with material particles
(neutral). For example, ions created from the plasma sources may be energized
sufficiently to provide bombardment capable of yielding the advantageous plasma
resistant coating properties previously described elsewhere herein. In one such
embodiment, a substrate is coated using process parameters that result in a relatively
high substrate bias (e.g., 100 or more volts) to provide adequate energetic particle
bombardment of the coating during formation. In some PRD embodiments, the
substrate material is selected to render a plasma resistant coating having an
advantageously small grain size. For example, one embodiment utilizes an AI-N
substrate surface so that nucleation rates are high to reduce the grain size of the

plasma resistant coating. In some PRD embodiments, the substrate materials are
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coating is accunmul ated, levels of ion bonbardnent may be tailored to
provide a plasma resistant coating having the advant ageous properties
descri bedwel2ssviserie herein. [0046] | n anot her enbodi nenPCTalSa@gmes4@act i ve
deposition (PRD) is utilized to formthe plasnma resistant coating 315, as
previ ously described el sewhere herein. Such nethods are simlar to | AD

nmet hods in that energetic ions or particles are also utilized, however the
ener geti ¢ i oningoarseciaénto shendisndh fot nanelinefafgipht frewdeagildsimmesiedng coagihg.sour ce or
pl asma source.as it.is for |AD nethods. Process paraneters are instead

adj usted to ba earﬁ%“i“‘é%r%%s&batr?s&s%%F?%“8F g ﬁ‘Sﬂf‘WﬁF B &‘%’ts%qﬁﬁ S%?af%s' %&f%‘r"i al
particl es (netdatifid hay boforexdbiypd sibsththdly tsoeapie dedosidioh pfoeesd masaiigprsagdesces nmay
be energized sufficiently to provide honbardnent _capahl f yielding the
ndvant ageous DAL PR SH (PR GpEFTeRsT S B g sy HEEE A pad

el sewher e her @niparibdh BeReeef ¥ERioR FHSCHHEIO,/ Y20 Sl tadtiag deposat i8thodsdmy
process parangeters that result in a relativel ){mg]i)g‘g substrate bias (e.g.,

100 or nore vBiR 2¥thed C(pBHdeCadaptabBDawmdraydt Ye®cle bonbar dment of

the coating dwbiNGELpIR 105 melhddSArRIERPoARPHLERAL Syhidh RSt fat e
material is selected to render a plasma resistant coating havi ng_ an

advant ageous| jonafredmengsughmsdheyapqaiondR gnpetevated prachyrraapdratinn ( ¥ zes an

Al - N substrat &d%gﬁtft&ﬁg ir§éﬂeg&_@éanHPi'oﬁ%ﬁlBé}dﬁl@ﬁt% f&%@l&%hﬁ@eﬁ&an‘i edigss the
grain size of the plasma resistant coating. In so PRD enbodi nents, the

substrat e mat &rdesdribedhatimpnseddhd Mpmethedphnaspropettormeron the mesengsfof asi ght
gromh of a p esi iINng res i . .t ant
coating will I’teﬁ%ﬁggésv%%a%ﬁ?w% %g?%rlg }éalg%??’g%é?hteé%g%waﬁ ?:g%tc {eggdagnay be
fornmed by a swubbledermatiph yf 4 @otmiofs. ¢, akego Siot ometprrogesd seecttarpitbui des a
uni form coat i rglgtaﬁg\ri ag\:ﬂl§nesésS ver conpl ex geonetries. Figure 4B further
depi cts a conpari SoN betWeEn erosion rates of a SICY C hybri d coati ng

deposi ted by [0048] ExempAD PRD hothods inRdEHdMREIBON paiekses, RRD anrpliatrod bf{sedPRD

H Y203"). [0047] Exempl ary | AD nmet hods i ncl ude deposition. processes which
neor pot at & 1 SR TR e < BERrAL eYH o ETOR EEY T (el STt var ed
reacti ve evapgbaitde oRvéARE)cle Bnthbagdmbnt @ifficightitdplohide poiseNERingfthd on

bonmbar dnent to form pl a resi stant coatings as, descr| bed herein. Any of
the | AD met holfSPFHHS? écr%gE FISTHEEE RFEinm S@flé%@%f‘éi VFPEH AN IPA " Fas speci es,

such as O, Nonizb@ne@rRNasmAIP) dhBashRafireVfortias poRas i) MaYe enabl e
formation of a ceramc (e.g., oxide) froma netal nmaterial source (target)
or netallorg aﬁf@1wsfo§ﬁ7@@}pgﬁ‘s uses radio-trequency (RF) inductive plasma sources to

provide a non-line-of-sight deposition process that produces hard and adherent
coatings on substrates. In PIIP deposition, a dc-pulsed negative bias may be applied
to the stage holding the substrate so that positive ions are attracted from the plasma to
bombard a plasma resistant coating as it accumulates or grows on the substrate. Any
of these methods may be performed in the presence of a reactive gas species, such as
0O, N2, halogens, etc. The reactive gas species may enable formation of a ceramic
(e.g., oxide) from a metal material source (target) or metallorganic gas species.
[0049] An exemplary IAD or PRD method is depicted in method 600 of Fig. 6A. As
shown, method 600 begins at operation 605 with provision of a substrate to be coated.
The substrate may be any of those previously described for substrate 310 and the like.
At operation 610 the substrate is pumped down in a vacuum chamber. At operations
615 and 620, the substrate is exposed to a deposition material flux and exposed to an
energetic particle flux, respectively. In particular IAD and PRD embodiments, the
substrate is exposed to the deposition material flux while the substrate is exposed to

the energetic ion flux (i.e. concurrently or simultaneously). In other IAD
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[ 0048] Exenpl ary PRD net hods include deposition processes, such as

pl asma- based sputtering and pl asma- enhanced chem cal vapor deposition
(PECVD) twoedioms4peovi de a | evel particle bonbardnent seCTiuse@at6isd? provi de
coatings having the properties described el sewhere herein, plasm enhanced
evaporation, ion plating, ionized netal plasma (I MP) or plasma inmrersion
ion process (PIIP). The PIIP technique, for exanple, uses radio-frequency
(RF) i nducti venigldaseres, ﬂmwubmwtioalmnmwdlyjexp@sadamﬂei depesitfonshagdrtal epasi ti on
process that ar duces d adherent, co tl@ S og u[bstlr tg}s gln PIIP
deposi ti on, aode%‘fgé%é“oﬁ “ét v 8BTS RS pign %%Paf dt's e st#Gehol di ng
the substr at eersibdithat, Paehd dovieitibs adhRD pﬁotdrsaﬁiagﬁe Eyctod Hebeepkagie t O
bonmbard a pl sta t coatin accunul at es. or _grows an the
cubstrato. L anyeari ety Bty Rutbent S attR oSS nldor
reactive gas &]mh@fates%u@ﬁbrzﬂﬁ)n@o wiXB reh@laD@RAS coaidGubsTae fragki ve gas
species may enabl.e formation of a ceram c él g oxi de) from a netal
material sour&@otiti gampeiorn Adtrther gplpgimentyas esl;’tféﬁ'éi? dhe CO[“‘@é&@]Strﬁtﬁ &enpl ary
| AD or PRD netBogk &:$odand Glr@er brbced®hNQdh 8OP tHefmdtihBhealbfh anAsh itpeap, net hod
600 begins at operation 605 with provision of a substrate to be coated. The
substrat e naySUWeeddsR} tofepprieeoiiherlpvisicyisigesertitted for substrate 310 and
the like. At mnsm%Iae&héjeﬁlbgﬁaﬁmﬁyQﬁal{o%aﬁcfe%a@queﬂﬁ%n IRt AEH IR
chanber. At operations 615 and e substrate I's exposed to a

deposi ti on matodpimapnyfdfhe Iémaeﬁﬁyﬁ@@doattmgame@m&hg@mr@eéa ewhdrehdreiox,
respectively ﬁﬁgﬁ i t eis
exposed to théhgéﬁﬂg%%ﬁ%%@%g?gg?gﬁgyﬁuxe I e(gﬁg'zﬁgégﬁgﬁgg%éﬁgiposed to

t he ener geti cddpositiéi uﬂls(lngteshed; (&nmuherrmat {pyaygrossasl hitleayelputhe yl)ze of the ot her
LQ?SW;?I FFE;gdm%Qsede[S)?ﬁEthl i 8 I;1 gsu sltrgtel %rornc%aﬁtagllgye 2Pr9 cu?zg’ ater%sotl e%osﬁp OSI tion
depOSitiOn/bOpbﬁﬁdﬁBﬂhaﬁp@hﬁB}HuhﬂnmgmhmkmneﬂhndHﬂhmhﬁapﬂﬁmeﬁﬁudﬂnditiOnS

of a PRD process bet.ween. states to glternately favo

Gepost 1 on andeBdeamttn s Rt Gam AR veled s Bian duthnod Bl

conpl et es at d)s{p@ﬁ&'ﬁila&r’atﬁw tmtphrahﬁm‘«saineméd drheftenodit GfﬁigLﬁélﬁSHélﬁétEarf romthe
deposi ti on chanbe a furt odi not  de ed), the coated
substrate rray@iﬂﬂ]@krsbége%%ﬁt@a Qbinlif phepe '598 %'w}% S eher rm)
anneal or an yRGurh FRhaBE0. smlga@aﬂﬁﬂat%m @&a@@ﬂtbb&ama;fpomiaswlaamomsn st ant
coating. [0050] |n another embod nanoparticle mass flow deposition

met hod is utifiRpeer Y9 to arfomdaﬁefnqwmfhé SZﬁ bR UPEE S it 28 BaPTNGYUBt Bvi ousl y
described el sgybrrsg7 herehD. aFﬁ{}atﬁ@(mﬁy 10f opR A 18 pérRI AR hahopSTiAS Hass

deposition (AD). Nanoparticle mass
flow depos1t1on method 600, as depicted in Figure 6B. The nanoparticle mass flow

deposition method 650 begins at operation 651 with the provision of a substrate, such
as substrate 310 or the like. At operation 655, the deposition chamber is pumped
down to a suitable vacuum level and the substrate is exposed to a nanoparticle flux at
operation 675. At operation 680, the coated substrate is removed.

[0051] It is to be understood that the above description is intended to be illustrative,
and not restrictive. Many other embodiments will be apparent to those of skill in the
art upon reading and understanding the above description. For example, alternative
deposition methods, such as sol-gel techniques, may be utilized to provide a plasma
resistant coating having properties as previously described elsewhere herein.
Although the present invention has been described with reference to specific
exemplary embodiments, it will be recognized that the invention is not limited to the
embodiments described, but can be practiced with modification and alteration within

the spirit and scope of the appended claims. Accordingly, the specification and
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deposition is distinguished fromthermal spray processes at |east by the
size of the particles deposited onto a substrate. For exanple, a particular
aer osol depasiwdasen2processes utilizes particles in the rangsS2@b/04348™m - 1 mMm
in dianmeter. Nanoparticle mass flow deposition is further distinguished
fromthermal sprays in that the particles deposited are at a | ow
tenperature (not nelted or softened). Figure 5C depicts an exenplary AD
appar at us 500dmwaigsl elie ngbaregepakintah divsohtarizense bBher clomnneetuédive eerge. vEIEUUM punp
560. A gas sourceAﬁ 5. 1s pr w%%g%%tq cera 1 C Epger 5%5 intataerosghjchanber
561 to provi de Rahopart f'el°8s SR TS &8 17°5ACHR MPBLEFY t hough
a nozzl e 567. cldins, Abhgapigarmatulbscoforeagyivhiento pewkitieshch alapey droeirtlebe
nanoparticle nass fl ow deposition nmethod 600, as depicted in Figure 6B. The
nanoparticle mass fl ow deposition nmethod 650 begins at operation 651 with
the provision of a substrate, such as substrate 310 or the |ike. At
operation 655, the deposition chanber is punped down to a suitable vacuum

| evel and the substrate is exposed to a nanoparticle flux at operation 675.
At operation 680, the coated substrate is renoved. [0051] It is to be
understood that the above description is intended to be illustrative, and
not restrictive. Many other enbodi nents will be apparent to those of skil
in the art upon readi ng and understandi ng t he above description. For
exanple, alternative deposition nethods, such as sol-gel techniques, nay be
utilized to provide a plasnma resistant coating having properties as

previ ously descri bed el sewhere herein. Al though the present invention has
been described with reference to specific exenplary enbodinents, it will be
recogni zed that the invention is not limted to the enbodi nents descri bed,
but can be practiced with nodification and alteration within the spirit and
scope of the appended clains. Accordingly, the specification anddraw ngs
are to be regarded in an illustrative sense rather than a restrictive
sense. The scope of the invention should, therefore, be determ ned with
reference to the appended clains, along with the full scope of equival ents
to which such clains are entitled. CLAIMS What is clained is: 1. A conponent
of a plasma processing chanber, conprising: a substrate; and a pl asna

resi stant coating di sposed over at |east a portion of the substrate,
wherein the plasma resistant coating conprises a ceram c non-native to the
substrate and having a porosity below 1 %
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2 . A plasma processing chanber conponent as in claim1, wherein the plasm
resi stant coating porosity is 0 % and wherein the plasna resistant coating
i s anor phwo2010@5411A pl asma processi ng chanber conmponent PaS/USR00910634AT 1,
wherein the plasma resistant coating surface has an arithnetic roughness
average (Ra) of less than 1 mm 4 . A plasma processi ng chanber conponent
as in claim3, wherein the conponent is an electrostatic chuck conponent
and wherei n tGEAfMSsma resi stant coating has a breakdown voltage of at

| east 1000 V/Im . i@ . .A plasma processi ng chanber conponent as in claim4,
wherein the cerani h@d%ﬂ??%@é“at | east one of: an oxide, nitride, boride,
carbide, or halide of an el enent selected fromthe group consisting of: Y,
Ir, Rh, and | anthanoids. 6 . A plasna processi ng chanber conponent as in
claimb5, furthef cCCBRPINEI A3t PERcEPIREFhanBeT| episdigsposed bet ween t he
substrate and the pl8sf®. hgpi stant coating, wherein the internediate | ayer
conprises an oxide, nitride or carbide of an elenment other than that of the
primary consti t uerftPlismarpastyit §e3vme disppsst amer aglsatt amgrtion of tha sphsigign
processing chapetin GRFRARGMidR: bk BlrBrhes YORLAEROR GRS HIRuB&SST ant
coating has a crystalline texture w preterred out-of-plane growh

ori ent ati on. 8 andhaphgs perogtydetsssl iy chanber conponent as in claim7,
wherein the preferred outof- plane growmh orientation provides a plane of

hi ghest density on an outer surface of the plasma resistant coating. 9 . A
pl asma pr oces3i Aglashapheessmgrpontzntoraponent asliaelaind |, wieerieiba ptasa substrate i s
a ceramc or annunuqlallqyfanq)%he gzaan r sistan% %oahinq IS

subst anti al | y“tP a8 SRR b WhENEFH PrERLTbStPAts t s dhart 2 and the
pl asma resi standrple@at i ng i s substantially free of silicon. 10. A nethod of
formng a plasma resistant coating for a plasma chanber conponent,
conprising: providing a substrate; and form ng the plasma resistant coating
over the subsgr awsma@5ce§m{gdhiﬂﬁmsomm@g; RXPpeasien lt,rvale&,{nﬁ&lwla@@si st ant .
coating to energetic particles having a dianeter |ess than r oxi mat e
mmas the coa&e?lgt@nﬁcgatf%rsrﬁfe&e hpgan %lth%?trfofauggle%w@\a%ﬁ %ahﬁ,le%ﬁﬂ‘g‘géi%ﬂf or ni %g
the plasnma resistant coating further

4. A plasma processing chamber component as in claim 3, wherein the component is
an electrostatic chuck component and wherein the plasma resistant coating has a

breakdown voltage of at least 1000 V/mil.

5. A plasma processing chamber component as in claim 4, wherein the ceramic
comprises at least one of: an oxide, nitride, boride, carbide, or halide of an element

selected from the group consisting of: Y, Ir, Rh, and lanthanoids.

6. A plasma processing chamber component as in claim 5, further comprising an
intermediate layer disposed between the substrate and the plasma resistant coating,
wherein the intermediate layer comprises an oxide, nitride or carbide of an element

other than that of the primary constituent in the plasma resistant coating.
7. A plasma processing chamber component as in claim 1, wherein the plasma

resistant coating has a crystalline texture with a preferred out-of-plane growth

orientation.
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conprises depositing at |east one of: an oxide, nitride, boride, carbide,
or fluoride of an elenent selected fromthe group consisting of: Y, Ir, Rh,
and | ant oabd#s4t2. A nmet hod as in claim 10, wherein tireTAISAG9M6I48T1 St ant
coating is deposited by ion assisted deposition (1AD) or plasma reactive
deposition (PRD). 13. A nethod as in claim 10, wherein the substrate is
electrically biased while the plasnma resistant coating is deposited over

t he conponents. sMb]:astmaapreceséiﬂg chnrbet dvogpoasnt ianinadlam®, $Bereinttbe pieferrtdeutpl asma
resi st ant coatd an 1% hod as

e m 16 e o e Rt R el el Rt o & ol sulte b e et nod

further conprihsggisndepdsint cogingn | Nt ernedi ate | ayer on the electrostatic
chuck substrate prior to depositing the plasma resistant coating, wherein
the internediate | ayer conprises an oxi de of an el enent absent in the

pl asma resi stanh pt@mh ipR@essing chamber component as in claim 1, wherein the substrate is a

ceramic or aluminum alloy and the plasma resistant coating is substantially free of
aluminum or wherein the substrate is quartz and the plasma resistant coating is

substantially free of silicon.

10. A method of forming a plasma resistant coating for a plasma chamber component,
comprising:

providing a substrate; and

forming the plasma resistant coating over the substrate under conditions which
expose the plasma resistant coating to energetic particles having a diameter less than

approximately 1lum as the coating is formed.

11. A method as in claim 10, wherein forming the plasma resistant coating further
comprises depositing at least one of: an oxide, nitride, boride, carbide, or fluoride of

an element selected from the group consisting of: Y, Ir, Rh, and lanthanoids.

12. A method as in claim 10, wherein the plasma resistant coating is deposited by ion

assisted deposition (IAD) or plasma reactive deposition (PRD).

13. A method as in claim 10, wherein the substrate is electrically biased while the

plasma resistant coating is deposited over the component substrate.

14. A method as in claim 10, wherein the plasma resistant coating is formed with a

porosity less than 1%.

15. A method as in claim 10, wherein the component is an electrostatic chuck and the
method further comprises:

depositing an intermediate layer on the electrostatic chuck substrate prior to
depositing the plasma resistant coating, wherein the intermediate layer comprises an

oxide of an element absent in the plasma resistant coating.
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