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process frequently used is chemical vapor deposition (CVD).

[0003] Chemical vapor deposition is generally employed to deposit a thin film on a
substrate or a semiconductor wafer. Chemical vapor deposition is generally
accomplished by introducing a precursor gas into a vacuum chamber. The
precursor gas is typically directed through a showerhead situated near the top of the
chamber. The precursor gas reacts to form a layer of material on the surface of the
substrate that is positioned on a heated substrate support typically fabricated from
aluminum. Purge gas is routed through holes in the support to the edge of the
substrate to prevent deposition at the substrate’s edge that may cause the substrate
to adhere to the support. Deposition by-products produced during the reaction are
pumped from the chamber through an exhaust system. One material frequently
formed on substrates using a chemical vapor deposition process is tungsten. A
precursor gas that may be used to form tungsten generally includes tungsten
hexafluoride (WF6) and silane. As the silane and tungsten hexafluoride mix, some
“stray” tungsten (i.e., tungsten that does not deposit on the substrate) deposits on
the showerhead and other chamber components. The stray tungsten film builds on
the showerhead and may become a source of contamination in the chamber.

Eventually, the stray tungsten may clog the holes in the showerhead that facilitate
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deposit an aluminum fluoride barrier layer on the support. However, conventional
methods of applying aluminum fluoride to the support result in aluminum fluoride
barrier layers having about 20 to about 30 percent of the grain structure in the beta
phase and about 70 to about 80 percent of the grain structure in the alpha phase.
Aluminum fluoride layers having greater than about 10 percent of the grain structure
in the beta phase do not adhere well to aluminum and are also prone to cracking.
As the aluminum fluoride barrier layer cracks, fluorine, reacting with the underlying
aluminum, causes additional growth of aluminum fluoride under the layer, eventually
causing the barrier layer of aluminum fluoride to separate from the support. Flakes
of aluminum fluoride from the peeled barrier layer are a source of particulate
contamination which is detrimental to process yields. Other aluminum surfaces
within the processing chamber have similar problems.
[0007] Therefore, there is a need for coating that protects aluminum surfaces in

semiconductor processing chambers.



contam nation which is detrinmental to process yields. Oher alum num
surfaces wthin the processing chanber have simlar problens. [0007]
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semi-solid state, the coating material comprising at least one material from the
group consisting of aluminum fluoride and magnesium fluoride and depositing the
heated coating material on the aluminum surface. The protective coating has a beta
phase grain orientation of less than about 10 percent that provides good adhesion to
aluminum and resists cracking, flaking and peeling. Some articles that may be
advantageously coated using this method include showerheads, blocker plates,
support assemblies and vacuum chamber bodies among others.
[0011] In another aspect, a method of coating an aluminum surface on a substrate
support includes the steps of forming a plasma from an inert gas, heating aluminum
fluoride with the plasma, and spraying the heated aluminum fluoride on the

aluminum surface.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] A more particular description of the invention, briefly summarized above, may

be had by reference to the embodiments thereof which are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings

illustrate only typical embodiments of the invention and are, therefore, not to be



BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] A nore particul ar description of
the invention, briefly sumari zed above, nay be had by reference to the
enbodi mrerwe oBlersenf which are illustrated in the appendeaciunsos/ogse It is
to be noted, however, that the appended drawings illustrate only typical

enbodi mentcansitletdiElirhiting i it 3copé, faf the nbentdromay aurit tootter equily 8Béné634
PCT/ US03/ 02616 considered limting in its scope, for the invention may

admit to €mhadinegotsl |y effective enbodinents. [0013] Fig. 1 depicts a

herat | . . _ . : .
2 heater WOIEHIG HentbE Y Sindifiduc RRRHET Vo bt Bn@ eRRRIHBAt of 3 BBESSAE! N0
secE 682?; cgiamlveghgm'n_g aftnﬁmd{ aesgmblly di:?m)slﬁdaﬂenein;assenbl y] depi ct efl in Fi g_.

1; ig. 2 cts a top.view eat er ass e ed i ig.
> [0016] MG Fio- G HaREs 2 P PREIRA ORewrdl BRBosPERMatt of Bis modtesr ©

fabricati lay; [0017] Fig. 5 depicts a flow diagram of
anot her eIa %@R@ﬁéﬁtegﬁn& 10d of fabricating a heater assenbly; and

[ 0018] Fi go16} &Fepidcdepictspzatopi viéw d the beatler assembly dapactiedrin &b &li nent of a
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that are gagiEhskemblie figures. DETAILED DESCRIPTI ON OF THE PREFERRED

EMBODI MENT [ 0020] The present invention 0?eneral |y provides a processing
syst em hafaong Eight &ddepicismianfiows giggiams of hanother eumbkediageduef Aomethed of

deposi tiop_,of _t. te er il ms. The invention is illustratively
descri bed?%bacahﬁﬁgﬁ}fagﬁg%ds@ﬁa};a%ﬁ deposition system such as a WZTM
nmetal cheygosd) FEP®depPeitoH bl (SdekiGhalsyisivest anéther | erbedifieptn o Ineater

Materials, Inc. of Santa Clara, California. However, it should be
under st oo@s$¢@blywhi | e the invention has particular utility for protecting
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] The present invention generally provides a processing system having coated

aluminum surfaces that is advantageous for the deposition of tungsten and other
films. The invention is illustratively described below as a chemical vapor deposition
system, such as a WxZTM metal chemical vapor deposition (MCVD) system,
available from Applied Materials, Inc. of Santa Clara, California. However, it should
be understood that while the invention has particular utility for protecting aluminum
surfaces of substrate supports against reactions with fluorine and fluorine
comprising fluids, the invention is contemplated for use on substrate supports
utilized on other deposition systems, etch systems and other surfaces within
semiconductor processing chambers. It should be noted that the term aluminum
used herein is intended to include aluminum and its alloys.

[0021] Fig. 1 is a cross-sectional view of one embodiment of a chemical vapor
deposition system 100. The system 100 generally includes a chamber 102 coupled
to a gas source 104. The chamber 102 has walls 106, a bottom 108 and a lid 110
that define a process volume 112. The walls 106 and bottom 108 are typically
fabricated from a unitary block of aluminum. The chamber 102 contains a pumping
ring 114 that couples the process volume 112 to an exhaust port 116. The exhaust
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utilized on other deposition systens, etch systens and ot her surfaces
within sem conductor processing chanbers. It should be noted that the term
al um numwogedétses ein i s i ntended to include al um num andPCraSas/Hwyes .

[0021] Fig. 1 is a cross-sectional view of one enbodi nent of a chem cal
vapor depe#i 118’ sy§ileMtd Variolld Husisihg BolBdr@ate (rdt! showry)| thaeexivaush amder
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t heret hrough. [0024] A m xing block 134 is disposed in the lid 110. The
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134 to the Process vol une perforated bl ocke | sposed
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bet ween t HETOdyGRE 1 bRy p.’[‘l@%ﬁ@"ﬂﬁ‘ﬁﬂﬂ& bbpaﬁenqﬁxweﬂéﬁﬁ%g@gt %C‘ﬁﬂug‘ff &g
di stri but GAGWRFhAASPIB. PR SicAf, (KM gh&&s from a cleaning source (not shown) are

also introduced through the mixing block 134 to the process volume 112. A

perforated blocker plate 136 is disposed between the showerhead 118 and mixing
block 134 to enhance the uniform distribution of gases passing through the
showerhead 118 and into the chamber 102. The blocker plate 136 is typically
fabricated from aluminum.

[0025] An at least partially coated support assembly 138 is disposed beneath the
showerhead 118. The support assembly 138 includes a shaft 142 coupled thereto
and supports a substrate 140 during processing. The support assembly is typically
accessed by the substrate 140 through a port (not shown) in the walls 106. A shaft
142 is coupled between the support assembly 138 and a lift mechanism 144. The
lift mechanism 144 moves the support assembly 138 between an elevated position
as shown and a lowered position. A bellows 146 disposed between the support
assembly 138 or shaft 142 and the chamber bottom 108 provides a vacuum seal
between the process volume 112 and the atmosphere outside the chamber 102
while facilitating movement of the support assembly 138. Lift pins and associated
mechanisms have been omitted for clarity.



shower head 118 and into the chanber 102. The bl ocker plate 136 is typically
fabricated fromalum num [0025] An at least partially coated support
assenbl y wedsie76ai sposed beneath the showerhead 118. The peufisos/o26assenbl y
138 includes a shaft 142 coupled thereto and supports a substrate 140
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shower heagheldghddit bSdemisly 4388 umm%ae;w fiow Titoen tremsepport asserobly 138aanosingdo
forma layer  of tungsten on the substrate 140. To prevent deposition at
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234 may be any number of devices or component that facilitates heat transfer with
the support assembly 138, for example, thermoelectric devices, resistive heaters
and conduits for flowing heat transfer fluid, among others.
[0029] In the embodiment depicted in Fig. 2, the support assembly 138 includes an
upper portion 212 and a lower portion 214 having a heating element 234 in the form
of an resistive element 210 disposed therebetween. The upper and lower portions
212, 214 are coupled by clamping, fastening, welding, brazing and adhering, among
other methods. The resistive element 210 is typically fabricated from a conductive
material. A power source 232 is coupled to the resistive element 210. A
thermocouple 250 is disposed in the support assembly 138 and is coupled to a
controller 252. The controller 252, in response to information provided by the
thermocouple 250, controls the power applied to the resistive element 210 from the
power source 232 to controllably heat the support assembly 138 and substrate
seated thereon to a predetermined temperature.
[0030] As depicted in Figs. 2 and 3, a vacuum passage 222 is disposed through the
support assembly 138, coupling a support surface 216 that supports the substrate
140 to a vacuum source 230. The support surface 216 may include one or more

channels 218 disposed therein and coupled to the vacuum passage 222 to uniformly
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234 may be any number of devices or conponent that facilitates heat
transfer with the support assenbly 138, for exanple, thernoelectric
devi ces, weIB®ticse heaters and conduits for flow ng heat pcrarsss/excid | ui d
anong others. [0029] In the enbodi nent depicted in Fig. 2, the support ’

assenbly Ji3@ibLREIHeRRcuRM apPR&T bBfWdrthe2dibparidassdnaig 1 38cand the substredei n
a heating gﬁement 234 in tﬁe form of an resistive elenent 210 di sposed °
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|
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r
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support  asgetmy ckddmfctBRcd of Gte pabstegte 1204 Insthgeerabadinyentidapicted i &l
a lower surface 226 of the lower portion 214 an g f the su%ﬁgrt

3sfsenbl y 2380 aAnulanpyege Chgﬂ'M@QSSiSJGUW‘éerﬁeqmﬂ‘egﬁ%:@grerfnzgigg‘gr%‘fjfuffg and
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support surface 216.
[0032] A plurality of alignment pins 206 are typically coupled to the support surface
216 and/or purge ring 204. The alignment pins 206 may alternatively be an integral
part of the purge ring 204. The alignment pins 206 generally have a sloped face 242
that centers the substrate 140 on the support assembly 138.
[0033] A protective coating 220 is typically disposed on at least the upper surface
216 of the support assembly 138. The coating 220 is typically applied to the upper
surface 216 before the purge ring 204 is attached and may additionally cover the
side 336, lower surface 226 and other portions of the support assembly 138
exposed prior to final assembly (i.e., portions of the purge channel 208, restrictor
240 and plenum 238). The coating 220 may additionally be applied to the purge
ring 204 and/or alignment pins 206, either individually, as an assembly. Optionally,
the coating 220 may be applied to other aluminum surfaces within the chamber 102.
For examples chamber itself, the showerheads (including gas distribution plates and
faceplates), blocker plate among others.
[0034] Generally, the coating 220 typically comprises a layer of aluminum fluoride
(AIF3), magnesium fluoride (MgF2) or other material that prevents penetration of
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216 at the circunference of the substrate 140. In the enbodi ment depicted
in Fig. 2, an annular purge channel 208 is fornmed between the purge ring
204 and swppamnsze3assenbly 138. Typically, a restrictor 24@crasds/eposced in
the fl ow path between the plenum 238 and purge channel 208 to enhance

uni f or m djJriebatid/en le(fmdb’i%omaﬁmn@ cohtpoupidsrtherétBbughh & hpucaptinghthinkees208
provi des pur?f gas uniformy around the substr e 140 and y (rjﬁ’e
Fggg; i t IA da suffigientdo RiGY\@“rteSllChé)%\%@@'Pataé‘dt'é VW@ %Bﬁ?ﬁﬁeﬁn §t&$ 12 02%3 H
It t
SBr Aigs dnfy Rlor? L4 SHtiGe: Tﬂb“éoa%fhgogé@ corRirtlof AFEheskraly e a

support urge rin The "al i gnment prns 206 may
al t er nat i grglry skcife |oajnqg1ishhg |@s£r thaf abbat upgecent rig thebetahghase. dﬁn@ﬂ@

pi ns 206 generally have a sl d f 242 1 hat

gn t he Zmbﬁdmfﬁem WOP@BQOT@e)%@?gcrg\'”prsﬁ'i’%té’f?\Féﬁﬁ‘g}és%gs\d&%dﬁ#PS%g VDI ol I y
i spose t e

The' coat 1 GcBb RS e BrARECTHE LAAARY tygikashal 8R ﬁﬁ*ﬁ?gﬂisﬁ?ﬁﬁ’?fﬁﬁfhe

purge ri n@gji@étersthalh tabobt80 pedcerdy Tawdiow persentageosfegraimstrudyieindbe, betdwer

surface 226 and ot her rti.ons o t he a

;gdfi Inal @%ﬁ?rﬁeseg&%ﬁ’@ cgn oFo?ﬁrﬁﬁg g‘g %ﬁ nnelas}gg’ festr:ﬁq?'%byormo
plen g 0 dt partielil loredssaciated with

ring 204%&@0”‘%& %r?ergleanp gig?ﬁ&ZBéEM‘eqa?ﬁerpl ndi \?lly(?jﬁlnlemf1 dgsa anell sen‘gl yge

Opt i onal | gonventienaloztatings mwnge@/hlg@eapprqeé@g%owﬁ@rph@ﬁ@rafﬁ'ﬂrﬁf SIELTS NS

within the ch er
(i ncl udi n§0 :b'ﬂa'?g? %Q'Bgt ?Eﬁ rﬂggta%g az)mggf AR at e?)unhbﬁtrocker Pﬁé@?gﬁg
glt Brenr f] um[\]@ﬁﬁlgﬂrnr ?gpﬁrdt"dtb{er écﬁ@r@oﬁi‘altémafl l'zIQ(Bnehémi tmbbgwutcarspmldlqmda slea‘ylfaohdf
ne
prevents platest Fat emmpke )Fn ;%gﬁmﬁﬂ%gr@&w@gw@z%‘fﬁ‘wéﬁg{qr r\'lege%Pt hat
fluoride gf#ﬁ)gﬁ}k@ﬁgsuc pene‘{bﬁi ?ttﬁé\ﬂHﬁg-m Jnﬁlﬁ%tdd?&cbh'ﬂ@ﬁ%ﬁhod 200

sufficien lon a Is typically between about 12 to
25 pm f opedihbatangp M@E%;chaammggalurfrharmﬂaomde;t@aboubar;aanydmuwl‘ senpissolid

The bot 2’ phise Then. ahatercAbbdhadiRated ALTRBAM AGOTRR gt oot aB Ry

tC ng) (r::,ﬂs: Sglﬁllggée; r(])tf!} ﬂﬂgﬂ)‘n %93(%1? g’tﬁéug‘f‘héhﬁpﬁ?i‘éﬁaamhﬁﬁ@n filisride genaeally
forms a layer of material that has less than about 6 percent of the grain structure in
the beta phase. In another embodiment, the grain structure of the applied aluminum
fluoride is less than about 10 percent in the beta phase. The applied aluminum
fluoride having less than about 10 percent of its grain structure in the beta phase
has shown good adhesion to aluminum while aluminum fluoride having less than
about 8 percent of its grain structure in the beta phase has shown excellent
adhesion to aluminum and resistance to cracking and peeling, particularly when
utilized in processing equipment operated in a temperature range of between about
425 to about 480 degrees Celsius. Moreover, the resulting surface finish of the
coating applied by this process is generally less than or equal to about 24 RA, which
minimizes scratching or particular generation of the substrate when seated thereon
during processing. Optionally, a grinding or polishing step may be employed to
improve the surface finish of the coating 220. Generally, if a grinding or polishing
step is employed, the thickness of the coating 220 should not be reduced to less
than about 12 pym thick.
[0036] The heating step 402 may be accomplished by exposing AIF3 in powder form
to a plasma formed from an inert gas. The plasma may be formed in a chamber
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of greater than about 90 percent. The | ow percentage of grain structure in
the beta phase inproves adhesion of the coating to the support assenbly
138 t herewp 03®utsst anti al |y reduci ng fl aking, peeling and pamisosihmie

generation associated with conventional coatings having a higher
per cent agwhefe the applyiagstep 40h oscuesn@ranay he re[ruggmgenﬁéat@saﬂmgalbmrm be

applied t r t LN Al I ng
mater al  MeShatdl W ooy buRen G B be ERRRT ¥ G imBdlfent M) O
Fig. 4 defmperature of tie piaghiz isefbout mab0 el abolt 1600 degrees@elsins. Al F3 coati ng
to a substrate_support _avinﬂ an al um num surface. The netho I ns

at step 4938y Theadraiy skeush 'f%d}qwﬁer_t ‘dﬁ%ﬁhlthea.malh @1%0@9%%- Sol i d
state. Thep,ceak i§h§)f(i’czfl&4m th8%a @b?%bggwqggg f-;igsrrh 1 6H€'énﬁ’90&iﬁ1ehﬁe

al um num surfa’ace e support asse e applied al um num
fluoride thenaliFa pgwdérgererally baea griimarentation ohat lehssabagSQ penceabimuthe6

ercent of the grain_structure in the b | t dj t,
Phe orai nelehA R see Sem At dhappiacie s Mt 6 ihasTRparbessaman s 10
per cent 'geﬁ@r%u?%%?om[bﬂ_ $ked HYS @ﬁh?qﬁeaiéé@@mmsbhwméisumﬂ 8arfh&s 216han
about 10 percent of 1ts graih structure In the beta phase 'has shown good

adhesi on thatid typicallynathddre teinparature. f The spuyedaMFageachss thesauppansurfage
percent of_ its grai.n structure .in.the-beta phase has. s excel |l ent ..
Dahest on €45 IF gl SPRLTGy hea®; ThE oA sshi oL dBE e Gt Biting
when utipp@espgoded tRERDAIIN theltbIER Bt reiftérhperdtired t enperature range of
bet ween about 425 to about 480 degrees Cel sius. Mreover, the resulting

sur face flos8IhFigk & Hepictkoanpingr gmbedimeny af i c1gthed ders fabicgting rasupstrates
gener at i ofvigtortnERE o e0,achlell o A ALFER, 92,8} iy SniBEng forh o

Opti onal | Melrta%gﬁ.i It step BO4p AIF 3 s meatdd withethebslasmal opedtép 506 Miteokeatede
| S

surface finish of the coating 220. Cenerally, if a grinding orb,&olishi ng
step i s eMfidifesprayad amihacserrorhsutfaee 2d5 onifersuprorbassebly 138.r byORed t o

o B RRhele s Hy bl B0k, ReoBSR oo R A st ste

i nert gaspoo3djeAfthasgre twayexamples nieale been cillasttated for \Woaliag 0BIF@3tb a semi-

g grl; /e thtO %ﬁ)qzu%gg%r\ﬁ?%@ tgqggq) Eg%lrg Ia?)%lyslr%ge 9164%’:30%#]%38[106 porrrtagssbe% éls q%%? Io)t/her
methods of heating AIF3 to a semi-liquid, semi-solid state before or after application
to the substrate support 138 may exist or be developed that produce the coating
220 having a grain orientation of less than about 10 percent in the beta phase and
accordingly are contemplated within the scope of the invention. Additionally, the
methods 400 and 500 may be adapted to apply MgF2 or other material that
prevents penetration of fluoride and/or fluoride containing compounds therethrough.
[0040] Fig. 6 depicts another support assembly 600 having a protective coating 602
disposed at least on a support surface 604 of the support assembly 600. The
support assembly 600 is generally fabricated from aluminum and has a heater
element 606 embedded therein. In the embodiment depicted in Fig. 6, the heater
element 606 is a conduit 608 disposed in a groove 610 formed in a lower surface
612 of the support assembly 600. The groove 610 has a plug 614 coupled thereto
that encloses the conduit 608 in the groove 610.
[0041] The conduit 608 is coupled to a heat transfer fluid source 616. The heat
transfer fluid source 616 flows heat transfer fluid through the conduit 608 to

thermally regulate the substrate 140 seated on the support surface 604.
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neon and/or heliummay be utilized to formthe plasma. |In one enbodi nent
the tenperature of the plasma is about 1450 to about 1600 degrees Celsihs.
[0037] Thwogsase3si ze of the AIF3 powder used in the pl aswaThisat/esic
deposition process is typically in the range of about +100 to -325 nesh.

: 2 ag tneag g’g?éyﬂ?vécuuﬁl%séhﬁé 6[18\@ glsppsee Ithw‘ohgh likes sapporhassembly i sioasf  at

ercent in the pha has St e 04 of
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eate 0 I
t enper at UF &4 ?PF@D Eopp‘% \Z%R%?aﬁgéaé%%% e gﬂ%ﬁ?ﬁash/ﬁe gg@ tb)zlbl%tels l;]amgﬁhed
sem - sol i ghtweefi thei sibstraté aingl. thEhsupporp sutfacs Gdbto, retad ey sukstiate. cbagi ng

e ct o soNeIOE: SUTASSR HE A AIATGRAN AT IP SPaBPP Bl B tne Lfbud
support. qﬁ)rrqwnr%ierstﬂg %gﬁé?AI y begins at step 502 by formng a plasma

from an nert At ste AlF3 is heated with the plasma. At step
506, the foesheA pu@ggamgsﬁz@mgzemsombemﬁwas appRaTt sycfat:%@@@a_rm farmsa RUISSor t

assenbly 138. |
the suppdis stipnagco2a s Beseyerart RsBNBOR ot BUREDES tRaRnBrFR2IR 0
or heat! difed & écblﬁgégah solfi62l by enpurgeldad fds”sfagetﬁgﬁofbﬂneﬂﬂhwugb thae

AlIF3 to t support 138, er of heating Al F3
semi-|i qusubpcmeassesnlblvcﬁ()fl aTh:e pufas @n@ﬁZQﬂS @PUQMS’I 'Pctﬁﬁlsélﬁp @S§ﬁ5‘tt§¥lggpr ate

38
Soran oby arabrench ARIE Gn USBAH, A SR ARG R b RctRE B flitge iy ol o
Add 1§ onaT T et e gt st et 83241
ot her matissued Mayat, ZQQ‘le\Y@H@'ElsdEQ’féPYHIQ%‘Pg@Fe 6 & f?&é‘%ﬁﬂ%%ﬁ’%f%r |2dgr
o AT R 1 et

assenbl y I'ng | sposed | east on a

support sHdyase a@@:ﬁoﬁéld\i Hispesed ontothsis pottions &Fdhe Buppol @sgemblya68@npurges00
is generally fabricated fromal um num a &has a

enbedded tin@B20rand/er elaEmPBaR dl heeeRatingy ésdgqqfergﬁa}dee@tlcglﬁgqﬁggpgﬁﬁg 8F8ment

606 is a
015 of ¢ niots SRR RN %'9'59?%3%?"‘&%ﬁﬁ?*ﬁﬂ?ﬁ? e e

the(rjet? 6gdémétlrgﬁﬂiackmg flaking andiihe Iﬁ@8whantelxpoged)@v@ggmsw[eomalqna’mesuc
condui | I
as flucsnrlﬁ(e) uwhl(lae smul?anheo%tslytpgr% Sf'u% tI\e n(cjieﬁyl'ﬁg(?ﬁa{é%gl ol Dehileftrests

from attack from the aggressive environment. Thus, the coating enhances the
service life of coated surfaces while preventing contamination of substrates during
processing.

10045] The coating 602 applied by the method described above has demonstrated
resistance to degradation when exposed to harsh environments, for example
environments containing NF3. For example, a cleaning cycle in a WxZTM metal
chemical vapor deposition (MCVD) system generally exposes the coating 602 to
NF3 for approximately 40 second per cycle. After by subjecting the coating 602 to
360 cleaning cycles, the coating 602 illustrated no signs of deterioration, cracking,
flaking or other detrimental condition.

[0046] The coating 602 has additionally demonstrated stability under thermal shock
conditions. For example, the coating 602 can be rapidly heated to about 475
degrees Celsius. After holding this temperature for about 1.5 hours and allowed to
cool at room temperature, no peeling, delamination, cracks or other detrimental

condition was evident when examined.
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transfer fluid source 616 flows heat transfer fluid through the conduit 608
to thermally regulate the substrate 140 seated on the support surface 604.
9 WD 03/ 0s0634678&H/ USO3/ 02616 [0042] A vacuum passage 61@ciraisds/exmposed
t hrough the support assenbly 600 simlar to the passage 222 descri bed
above wi t fpoaef & deatert @ermerZChﬂnbecwmmmemeccﬁ‘ﬂéd as desmlbedl tabovbeis
vacuum passage 618 and allows for a vacuumto b abI i f‘?i @Fget ween. t he

t

subst r at e 3gMANBGEOWS NGt @ SATPRRREMTBoRAYIRY r%Qra’eﬁ‘ ﬂ%‘ Ys 8PSt TROtedyeor t
surface 6 a Sk | \é@ﬁuum
uni form yﬂ%eggﬁf %g('agﬁ és]t{rHae%‘ rg‘ap%ggﬁ%tﬁ?@g@ ?g?eﬁ%ﬁaﬁ@%éﬂfﬁrﬁ céjﬁn@&qng?se e
support s(sdtmtmtéi@duppods)‘ oosts apppoxigmtelyat0 dimemas HR2hvas Bpplying ap pdiFs

52 by 5 FortR ¢ st deoaesiEr dnmbien, BstfiS e detipsrBtithalir el
The purgechhed ﬁg%é&r@éupéﬁ&é hakhst W%dmaérw@hmdw}y &y o@n%a%aa £28

and pin 630. Use of a cla and pin to secure a purge ring to a support
assenbl y beasened hestersnlagtingtunwards o0f 10@0.nd¢mﬁl®fhwgle$aﬂédta®02QIBQ|4’47

ent i roty. MT0AGH CRBER oot AL nBR Y el GhPAEF T shbivate

support swirbagRp@04 but may be additionally disposed on ot her portions of
t he support assenbly 600, purge ring 620 and/or clanp 628. The coating 602
i s gener a[q098]| Athough teashings efofhe mjesend inyestion Bhat Aisyeebopn Hshowme ek e
to Figs. e e . .Capa f

fl aki ng angs? t?éqd 'ﬁdeﬁe%&g%éggaé t% gﬂ%{j 'P e@gl %'léecr%g‘t red'aﬂ? ﬁd'@ﬁﬁ{&%d&

f1 uori ne, emtbddimentsuthiafistiib irtdoypgrate e termhtrigs ardido|notrdepaet feomathecstople ch
it rests fromattack fromthe aggressive environnent. Thus, the coating
enhances @Rd SPEENE}&%'WVPF@OTM coat ed surfaces while preventing

contam nation of substrates during processing. [0045] The coating 602
applied by the nmethod descri bed above has denonstrated resistance to
degradati on when exposed to harsh environnents, for exanple environnents
contai ning NF3. For exanple, a cleaning cycle in a WKZTM netal chem cal
vapor deposition (MCVD) system generally exposes the coating 602 to NF3
for approximtely 40 second per cycle. After by subjecting the coating 602
to
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360 cl eaning cycles, the coating 602 illustrated no signs of deterioration,
cracking, flaking or other detrinental condition. [0046] The coating 602
has addi twonmalbis3denonstrated stability under thernmal sho®kT/usosrehetié ons.
For exanple, the coating 602 can be rapidly heated to about 475 degrees
Cel sius. After holding this tenperature for about 1.5 hours and allowed to
cool at roomtenperature, no peeling, delamnation, cracks or other

det ri ment Vhatisrnclaimed isvas evi dent when examni ned. 10 WO 03/ 067634

PCT/ US03/ 02616 [0047] A heater or other chanber conponent coated as
descri bed above is advantageous over a conponent having conventionally
appl i ed A4F3 paOHRRhbY Cof lcabhg &OT albwaniane sutfaee mel aap@riidat ublizegde ig. a
seasoni ng) of an alum num heater (substrate supgor,t S) costs approxi mately
10 tines samicoodustor pragepsing ciamberathecmgthagdhCUBPYREEY | bed above. Mor eover,

testing has deg%g}f@éé@?g@ﬁ%atéﬂél?ﬁétgéoreyg%t SABtigR U MlubAde ARAKR flaRdat

| east conparab as’ conpar easoned heaters, |asting

upwar ds OéorﬂtQian&ﬂEQthé thieretheduash tosandemi-tiquid| sernissolithstatesaidl y r epl ace
exi sting heaters with substantially no . inpact,on substrat t hr oughput .
10048) Al t hougtepaesiiing tegshesated ﬁ@aw{%mﬁ’i@r@rﬂ?‘emﬁ%wnfm SH&@‘ée'been shown and
described in detail herein, those skilled in the art can readily devise
other varied enbodinents that still incorporate the teachings and do not
depart fr@n t hThe eeethod af dlaimi 1, wheoéintthe hieatingstemnfurther campeses4spraying

PCT/ US03/ 02616 _ Wat i s chlai dis: 1. Aéégﬁt hod ﬁ‘f C agti ng an al um num
surface othesspating paterigl throyghainlasma frmed AL %% ssi ng chanber, t he
met hod conprising: heating a coating naterial that prevents penetration of
fluoride and/or fluoride containing conpounds therethrough to a .

sem -1 quid, s&he-methatl of atlaim dndvherejibdhe i captingemaderial dnelyses rRURRIRER; al
on the al ﬁm ncilm surface. 2. .The nethod of claim1l1l, wherein the heating step

further cByRNiqedRagnesiumfiiorideREboll i ng material through a pl asma for med
froman inert gas.

4. A method of coating an aluminum surface of an article utilized in a

semiconductor processing chamber, the method comprising:
heating a material to a semi-liquid, semi-solid state, the material including

aluminum fluoride, magnesium fluoride or both; and
allowing the heated material to form a layer on the aluminum surface.

5. The method of claim 4, wherein the step of heating further comprises:
forming a plasma from an inert gas; and
spraying powdered coating material through the plasma.

6. The method of claim 4, wherein the step of allowing the heated material to

form a layer further comprises:
forming a layer of aluminum fluoride having a beta phase grain structure less

than about 10 percent.

7. The method of claim 4, wherein the article having the aluminum surface is at
least one article from the group consisting of a showerhead, a blocker plate, a

support assembly and a chamber body, as used in semiconductor processing.
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3. The nmethod of claim1, wherein the coating material includes alum num
fluoride, magnesium fluoride or both. 4. A nethod of coating an al um num
surface oWoan/oerssd cle utilized in a sem conductor procesgcmgisohesber, the
met hod conprising: heating a material to a sem-liquid, sem-solid state,

the materigl i AChESHONDF cRlatAY BHMAIGMIKIH 8 rfab@@RessuBtidte suppert eomprising: and
allowing the heated material to forma layer on the alum num surface. 5.

The nethod of beatirg aluminemdueridedos sgmbllauid.samigsalidrtales apdnpri ses:

form ng a plas r i t . 0aS+~an i p 1 ter al

t hrough the pl ggrﬁfg_cﬂrgé @hgé%ét%o%?ﬁcﬁgﬁ%%é%grgwﬁﬁ@ ?Pg%&%?wiglﬁl ﬁ£)1v(?/i ng
t he heat edlymiham surfdoe. forma | ayer further conprises: formng a | ayer of
al um num fl uoride having a beta phase grain structure |ess than about 10

percent. 7. The nethod of claim4, wherein the article having the al um num

surface i g at : Hek} ; d,

bl ocker i at SNEFetBELS i, igrom g sEpNpIALr OSRliads Spiayhidc

sem conduct or processing. 12 WO 03/067634 PCT/ US03/ 02616 8. A nethod of

coating an_.alugnum surface .on_a substrat ort copprising: heatin

ot 1050 T RGPS T BI85 Bl B GO soas R ED

| east a ngé %Bﬂ?iﬁﬁmtﬂ%riaé%%%léér%m num fluoride with the alum num surface.
thod o

9. The ne claim 8, wherein the applying step further conprises
spraying. 10. The nethod of claim8, wherein the heating step further

cratm 0. 1Wnor ShACmALE: & Gicld.; WEelIT the, e Bf Feaund pter et um
fluoride bepasiRg afiinhAT fiRstdef todd piasfid formed ofan inbr gaet hod of cl aim 8,

wherein the step of heating further conprises exposing the alum num
fluoride to a plasma fornmed froma gas selected fromthe group of argon,

neon and q%' i UThe method of claim 8, wherein the step of heating further comprises
exposing the aluminum fluoride to a plasma formed from a gas selected from the
group of argon, neon and helium.

13.  The method of claim 10, wherein the aluminum fluoride is in powdered form.

14. The method of claim 13, wherein the aluminum fluoride powder has a grain

structure of at least about 90 percent in the alpha phase.

15. The method of claim 8 further comprising the step of depositing between

about 12 to 28 um of aluminum fluoride on the substrate surface.

16. The method of claim 8, wherein the heating step further comprises heating
the plasma between about 1450 and 1600 degrees Celsius.

17.  The method of claim 8, wherein the deposited aluminum fluoride has a beta

phase grain structure less than about 10 percent.

18. The method of claim 8, wherein the deposited aluminum fluoride has a beta

phase grain structure less than about 6 percent.
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13. The method of claim 10, wherein the alum numfluoride is in powlered
form 14. The nethod of claim 13, wherein the alum numfluoride powder has
a grain woreotwse of at | east about 90 percent in the al poa/yshaewic 15. The
met hod of claim8 further conprising the step of depositing between about

12 to 28 g of ARMBAJHGR ddatRg idteal@mindia stifBsé oAt £sglktfA6 8uppbrt cohprisrigiod
of claim8, wherein the heating step further conprises heating the plasm

bet ween about forsingAPlagoe fipsypadrertgrsi us. 17. The nethod of claim 8,

wherein the de i um | ' . a phase grain structure
| ess than abouBg%ﬁiglru?gﬁp}.n%r{d?ﬁ@mne%h@?@%’ gﬁgi m 8, wherein the

deposi t ed al ungprayirid therhetted atuminbet fuoriitasre thgy alumistmsutrface. | ess t han
about 6 percent. 13 WD 03/067634 PCT/ US03/ 02616 19. A nethod of coating an

al um num surface on a substrate support conprising: formng a plasnma from

an inert S; td | Ak I i i : : F g t-he
heat ed al gg‘l nu?ﬁ? mgﬁﬁeﬁﬂgméai’*ﬁﬂﬂﬁ%ﬂ%ﬁ% a'@gs%% Iheé%%ﬁ'?é%i i m
19, wher ethe plasnizeadtiveensthept fl 450 ke aboutn{B00:dsgreeatCelsjust he pl asna bet ween

about 1450 to about 1600 degrees Celsius. 21. The nethod of claim 19,
wherein the deposited alum num fluoride has |ess than about 10 percent

beta phaseqgr aﬁ'ﬂe%&ﬂﬁ&éﬁclaﬁﬁﬂg%é@hh% 8ép&diidmalthihurht flRYrideORRs Iedsng

grinding the sprayed alum num fluoride to a thickness of at |east about 12
pm 23. Athairabautd Of percaptbéta phasegraiorsiiustwe. pr ocessi ng chanber,
conprising: a showerhead, a gas distribution plate, a face plate, a bl ocker
plate, a support assenbly or a vacuum chanber body having an al um num

surface; opd aTReamefHbdcBMBIHiIA 1W figrkher mfiéingrgrﬁﬁin%‘m%@rw Bl@dihd@ or
both applied in a sem-liquid, sem-solid state to the alum ™ num surface.
24. The sliveftidextaa shipligss offatdgast @begt 1erei n the coating has a beta phase
grain structure of less than 10 percent. 25. The substrate support of claim
23, wherein the coating has a beta phase

23.  An article for use in a semiconductor processing chamber, comprising:

a showerhead, a gas distribution plate, a face plate, a blocker plate, a
support assembly or a vacuum chamber body having an aluminum surface; and

a coating comprising aluminum fluoride, magnesium fluoride or both applied

in a semi-liquid, semi-solid state to the aluminum surface.

24. The substrate support of claim 23, wherein the coating has a beta phase

grain structure of less than 10 percent.

25. The substrate support of claim 23, wherein the coating has a beta phase

grain structure of less than 6 percent.

26. A substrate support having an aluminum surface coated with aluminum
fluoride, said aluminum fluoride coating applied by a method comprising heating
aluminum fluoride to a semi-liquidous state and applying the heated aluminum

fluoride to the aluminum surface.

27. The substrate support of claim 26, wherein the aluminum fluoride coating is
about 12 to 25 um thick.
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grain structure of less than 6 percent. 26. A substrate support having an
al um num surface coated wth alum num fluoride, said alum numfluoride
coati ng awplod@éeeby a net hod conprising heating al um num fPcoarsosiest® a
sem -l iquidous state and applying the heated alumi num fluoride to the

al um num sgr f agfe sibstrdieSspPort SR3IGiIne ZEPRAGrEM tHE alumidém Meridel omattihg has
alum numfluoride coating is about 12 to 25 prn thick. 14 WO 03/067/634

PCT/ US03/ 36 tBan 8. pereentdigha phase gsaipseuctuse. cl ai m 26, wherein the al um num
fluoride coating has |ess than 6 percent beta phase grain structure. 29.
The substrate support of claim 26, wherein the alum num fluoride coating
has | ess2phanThe sueseatat suppont ¢ieisien 86 awhersdin thet aluenin®®. fludridelxiatiag das
support having an _al um num surface coated with alum num fluoride, said

al uni num fa%dga@éomwnff@ea@ﬁhaé%gwnétwﬁt%d conprising: spraying al um num
fluoride powder having a grain orientation of at |east 90 percent in the
al pha phase through a plasma forned froman inert gas; and depositing the
sprayed aB0Om nAms@bstoatedsumpport Havingiramatominuracerfackeceatedt wéh dalposnymd

| um | i de. |, h 10 p . t h in. st t . 31.
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30, wherein the alumnumtluoride <Coating is about 12 to 25 pm

t hi ck. 33pefieat nuthstalpha pbapethrough aglasmaiormedhfroai an inest gasirAnsum f | uori de

coating has a beta.phase grai tructure of less than .6 percent. 34 __An
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shower heaghe ayep8itdd SAILMMUEMONUBH@S Chas? 168 ahah 21@. pércbhPWets Pharee grain
support assenbly or a vacuum chanber body havi ng an al um num surface; a

coati ng cetgetusg.ng an al umi num fluoride |ayer applied in a sem-liquid,
sem-solid state to the al um num surface and having | ess than 10 percent
bet a

31. The substrate support of claim 30, wherein plasma is at a temperature of
between 1450 and 1600 degrees Celsius.

32. The substrate support of claim 30, wherein the deposited aluminum fluoride

coating is about 12 to 25 pm thick.

33. The substrate support of claim 30, wherein the aluminum fluoride coating has

a beta phase grain structure of less than 6 percent.

34. An article for use in a semiconductor process chamber, comprising:

a showerhead, a gas distribution plate, a face plate, a blocker plate, a
support assembly or a vacuum chamber body having an aluminum surface;

a coating comprising an aluminum fluoride layer applied in a semi-liquid,
semi-solid state to the aluminum surface and having less than 10 percent beta

phase grain structure.
35. A substrate support comprising:

a support body having an aluminum surface;
a heating element disposed in the support body; and
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phase grain structure. 35. A substrate support conprising: a support body
havi ng an al um num surface; a heating el enent disposed in the support body;
and 15 Woo03/60e83634 PCT/ US03/ 02616 a coating conpri si ng &aTAISO3M26W6N
fluoride or magnesium fluoride layer applied in a sem-liquid, sem-solid

state to the aé%aamﬁg §Hﬁ1fpﬁ§iﬂg 3R alinFHOS! flabRdS Werb aidgnesiupn i fuorgle dayer
support body having an alumnumfirst surface and an opp05| ng second

surface; appliedtinrgsamiiguid, stmipmalidstate toribe SPPBHM BYERCE-a passage for ned
t hrough the support body between the first surface ad the second surface,
and adapted to evacuate a regi on between the first surface of the support

body and gg subptsidsRaRosigpoptesmptigihgon; and a coati ng conprising an
alumi num fluoride |ayer applied in a sem -1 sem -solid state to

t he
al uni num sur f ag SupRArthRd faviegsan [RHMINGIM dF e‘?Hrfel?@t and 40, 0BPQF1EY rFecond
structure, 37. .The substrate support of claim 36 further conprising: at
| east oneS a gas channel forned through the support body between the
second sur f acea dedting eletrentidisgusesilip tbe suppory bodg;

a passage formed through the support body between the first surface ad the
second surface, and adapted to evacuate a region between the first surface of the
support body and a substrate positioned thereon; and

a coating comprising an aluminum fluoride layer applied in a semi-liquid,
semi-solid state to the aluminum surface and having less than 10 percent beta

phase grain structure.
37. The substrate support of claim 36 further comprising:

at least one purge gas channel formed through the support body between the

second surface and a side of the support body.
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