SEM CONDUCTOR PROCESSI NG EQUI PMENT BACKGROUND OF THE | NVENTION 5 Fiel d of

t he | nverwoomo®e present invention relates to sem conductPEIT/H0dE3EsI Nng
equi pnent and a nethod of inproving corrosion resistance of such
conponents. Description of the Related Art In the field of sem conduct or
processi ng, vacuum processing chanbers are 10 generally used for etching
and chem cal vapor deposition (CvD) of materials on substrates by supplying

an etching or deponll]m‘mmmmmmm the vacuum chanber and application of an RF
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field to the gas t e gas into a plasma state. Exanples of
paral l el plate, transfqrp®s, coupled plasma (TCPTM which is also called

i nductively coupled plasma (1 CP), and el ectron-cyclotron resonance (ECR)
reactors 15 and conponents thereof are disclosed in commonly owned U. S.
Pat ent Nos. 4, 340, 462; 4FALERENPCOXTEBLOMPONEANX OF3. Because of the
scorrosive nature of thgrpfiéyRDECTOR PRRICESRISEGAIQUIRMENT and the

requi renent for mnimzing particle and/or heavy netal contam nation, it is
hi ghly desirable for the conponents of such equi pnment to exhibit high
corrosion resistance. 2 0 During processing of sem conductor substrates,
the substrates are typically held in place within the vacuum chanmber by
substrate hol ders such as 315 & QP HEINVENIIONG st at i ¢ cl anps (ESC).
Exanpl eg of ﬁigpllg fc(! @@':CE@ fystems and conponents thereof can be found in
comonl y own o, Nos. 5,262,029 and 5, 838,529. Process gas can
be supplied to thEhepresdaeinventiviarelaestowayiicondadiorgroessSingyeqgpmenoard £s, gas
rings, gas distribution plates, etc. An e>fga |l e of a tenperature controlled
gas di stri buteted 9f HIRroVBE COFOPIRRAGRSISIANSE YL SHIACBPORFHEna r eact or and
conponents thereof can be found in commonly owned U.S. Patent No.
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5, 8b3, 376. w 0 1121053797 PCT/ US1111~38~.1 -2 In addition to the plasm
chanber equi ps®iptiopbhthe Rdutedaent used in processing sem conduct or
substrates include transport mechani snms, gas supply systens, liners, |ift
mechani sms, | oad Ifb‘c‘}Rf’,e](ﬁtfcﬁﬁmr‘r%’@ﬁ'aq{i“sm?eS?’(S‘Bo‘(flcé‘“@r%?“?‘a%P@ﬁ’é‘?%? Agnd t he
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in view of timstraghbpsupplying e eich@@emndspdsitiongaste tei vaguiee chaobaiaator
substrates such as silicon wafers and dielectric naterials such as the

gl ass subst r&%@atﬂ@b@WﬁP@tmé‘&n&S t?iF%eﬁB'&ﬁét,‘e %ﬁ%%?%“%%ﬁ?'ng i mpr oved
corrosion regisHAREEr Mrf1dl i ¥rafl§BHh@RGpled pREHA (FEP™)QMTER sSiso called

inductively coupled plasma (ICP), and electron-cyclotron resonance (ECR) reactors

15 and components thereof are disclosed in commonly owned U.S. Patent Nos.
4,340,462; 4,948,458; 5,200,232 and 5,820,723. Because of the corrosive nature of
the plasma environment in such reactors and the requirement for minimizing particle
and/or heavy metal contamination, it is highly desirable for the compbnents of such
equipment to exhibit high corrosion resistance.

20 During processing of semiconductor substrates, the substrates are typically
held in place within the vacuum chamber by substrate holders such as mechanical
clamps and electrostatic clamps (ESC). Examples of such clamping systems and
components thereof can be found in commonly owned U.S. Patent Nos. 5,262,029
and 5,838,529. Process gas can be supplied to the chamber in various ways such as

. 25 by gas nozzles, gas rings, gas distribution plates, etc. An example of a temperature
controlled gas distribution plate for an inductively coupled plasma reactor and

components thereof can be found in commonly owned U.S. Patent No. 5,863,376.
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10 Al um num and al um num all oys are comonly used for walls, electrodes,
substrate supports, fasteners and ot her conponents of plasma reactors. In
order towoewessryicorrosi on of such nmetal conponents, vari ®G3/t8UYMHYues
have been proposed for coating the alum num surface with various coatings.
For instance, U S. Patent No. 5,641,375 discloses that al um num chanber
wal | s have been anodi zed to reduce 15 plasnma erosion and wear of the walls.
The " 37S patent states that eventually the anodized |ayer is sputtered or
etched of f and the chanber nust be replaced. U S. Patent No. 5, 895, 586
states that a technique for formng an €tosion resistant filmof A1203,
AlC, TiN, TiC, ALN or the like on alum num material can be found in

Japanese Appli ion Lai d-Ope . 62-103379 0., . 5,680, 013
states that q& aﬁ@‘i‘ﬁﬁi“&h&lﬂﬁ%}%%%e%‘i“é‘iﬂ“ﬁ“} %E‘%ﬁ?m e e?%tug‘?& @[ﬁr?éa!gse'g of an

et chi ng changficdnduétbs SURESEs (Rlude TranfiRiremtcHigismd, dRlsupplg.sydibms, 1k, pat ent
tstates that the differences in thermal expansion coefficients between

al uni num andift mealringsnese daaidrigekssdro nzgshanisins, obataras, fasigaerstapddheliks. ng of

the coatin due to therpal .cycling and g | fallur ; . tin in
COr I OS] vle gg“?rg‘i?mp&qﬁ%ﬁf’g?uqh qB'rp:% Lels SB@%&Q&# avtaﬁ'geli:i%r?grg?'fvsvgwdsﬁ&%. IS >
Patent NoS. RsGfe®Fth semidBdNL6r procedsing 8 BhrtRSIOinDviop @Fehd hipke pudtyr angenent s.

For instance, the 016 patent discloses a |liner of ceramcs, alum num

st eel and/ orrequizgnaentsifor pregessingemiperidugiop fetistrates guahors silicpneavadersgnd

machi nability and having a coat,i ng of al um nu X Y203, with
A1203 bei ng elgpicie maierils Suchdp s Sﬁslf&g?%{?rtﬁstuégg’p?"évfﬁgga‘%a%%la%’/ (153797
PCT/ USUL/ - 43@fnpoReits Bh@iak i0provtd téieosidiibiguntd sremighlpdedrablenia sudB5 pat ent
discloses a free standing ceram c |iner having a thickness of at |east

0. 005 i nchescramranmget®i ned from solid al um na. The 585 patent al so nmentions
use of _ceram c | ayers whic re _depasi ] 1 derlying
al umi ndth can be p%i ey aﬂgaq%ﬁ%msaglr égygrg °§4r“§’§’?‘?§f Lé%ﬁa%gg?ggeeg&g?%@m num

oxi de. The 'g@p6rdat@ifortd] ST andother @ponehtd @f pREmalredttsrs. Binetder toer ami c
shield of alumnumnitride for the wafer pede,staF. U.S. Patent No.

5, 885, 356 di prevan egrresiemad suchimesal campenerss, yarioys gehniquesdors becarpsepesed

Vari ous coat}ngs  hav en_praopaesed f.or ' duct or
processi ng e@ﬂ?%%‘.ﬁe %@P‘?ﬁ%ﬁ‘%ﬁ%"gw‘ﬁf g‘.rmlﬁgt% !é%[fh %glg?gg%%?%ggﬁ@qﬁ{escl oses
a sputt eri ngNeRHPES7INNSEIBEER that biieiRBh|cHampbéray4ll IeabeagaidiAd 20 duse
applied to a netal such as stainless steel or alumnumw th an opti onal

Ni Al x BSnd cplasrmerosionnad searefthe walls. Bag S76 prisst states st gentyglly the 891 53

di scl ose a rhodium,coating..for S ed for

pl asma proc e@@gﬁﬁm&y S hsbsggtrt%rt%gg pgmt%ﬁ%d %@%ﬁ‘?gﬁg‘ﬁ‘%ﬁ I@Egﬁ%gg’g?é elr(:l'g Us!

t her ebet weenpaikhtNo. BeB9BIB8 6Neatesth#t80e HndquSfotl e alins aserosion besidad fimrodm c
protection for metal surfaces in a plasma processing, cha the preferred

Surt. . nber,
ceram ¢ mat eAl&h Ml TgNsTH: YNer sheNikg ermalpminyim, matesial gap l?Fa'E%éPﬁléﬂ s including
al um num oxi I f H.de; ] sium oxide. U.S. Patent No.
5,904, 778 di jsjai) %éslg%‘r@ﬁg#@n&%&g&gﬁynog%gr{ ?fa% standing SiC for use as a
chanberngwal |, chagt®PateaoNo. H680,013 stateatiata techhiguedisretamsprayig AlOggard t o

pl asma reactor conponents such as showerhead gas distributio st ens,
various propesaetl pafacepaban ?ﬁﬁ@ég\ﬁmfﬁb‘?‘é%ﬁ‘é%lf’sqdd“t%é- ﬂ%f?@rw%{lsf%f@ghe

shower heads. TE@ fo 1i3 H)%Eeﬁpgtgtes mrﬁit’fer‘éw&ﬁ G %eﬁnalpéctpﬁﬁgiorg\@oefﬁgéﬁg bdwRen
di scl oses a showerhead of silicon, graphite, or silicon carbide. US.
Pat ent No. S5aldfidnufd andltsamasentiigy suchgs alonahurmiokelefléddnto oraakinglofitenum

el ectrode and a silicon 25 coating filmsych as silicon oxide or. silicon
nitride overceauagafvmiorthermal ﬁYClmB@"d?I@tbajtf%‘H{reg tecQatipgs INCABOYKS ckness of
Lhe S dscon ERdfohRftnlsl 1ORROH ShoRy 4R HEBEr LARSU. DITRIGH Nk Vs 3008Hs; 5 U
.since the al umnumcoating Ti the alumte coating filmand the $ilicon
coating fil n5/188,016 dntier &85t 3 swqebdpase iliaat aramenemsaFoeiptaned, dre ‘Qhd pateaicks ar e
easily generated when the thickness of the ?Sé{déi con coatir] fil %S t oo WO
02/ 053797 PCHselagess linpg of gerampicsplppinu, sipeL AL AUGHE Siihs? gﬂ{"”ﬂb Ver, is
stated to be [ hey [ ; Himiogidestrate is

i nsufficient p%@%ﬂgﬁ?é%ﬁﬁ?ﬁﬁﬁfﬂ@%m 16®g%a§g%o§%0§¥lg%oﬁglger shower head

el ectrode of SsjnionlYg®s, witleal,0, btingipmferred:fop peatingralerhimun toeproyds.  Pat ent  No.
4,61 2,077 discloses a showerhead el ectrode of magnesium 5 U.S. Patent No.
5,888, 907 di scl oses a showerhead el ectrode of anorphous carbon, SiC or Al.
U S. Patent Nos. 5, 00b, 220 and 5,022,979 di scl ose a showerhead el ectrode
either made entirely of SiC or a base of carbon coated with Si C deposited
by CVD to provide a surface |layer of highly pure SiC. In view of the need
for high purity and corrosion resistance for conponents 10 of sem conduct or
processi ng equi pnent, there is a need in the art for inprovenents in
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2 0inventionis the field of study relating to full erenes. Fullerenes,
sonetines referred to as buckyballs or buckm nsterfull erenes, are a cl ass
of pure om@bns3mwl ecul es wherein the carbon atons form a ACIREI1ILRdM] . The
nost commonly di scussed full erenes are C60 and C70. A C60 fullerene

nol ecul e consists of 60 carbon atons joined together to forma cage
structure with 20 hexagonal and 12 pentagonal faces 25 symetrically
arrayed in a soccer ball-like structure. C60 nol ecul es forma cl osepacked
solid nol ecular material having a face-cgntered cubic structure. The
structure of C70 has 25 hexagons, resulting in a shape reniniscent of a
rugby ball. Since the discovery of fullerenes in | 985, researchers have

Jdnvestigated their erti.es and devel oped.dses, for. the nol ec In this
regard, t herpéOtg?téorh%rﬁgga{'f mu'\)\%(’&y)ﬁgg%gﬁ'f?é%ﬁ @%{ep%j'-sﬁl%is .d~flr965§%pn§'t?%t s
detail i ng th@rdsie [@br Adinges ickne@dfail ahtd).003 inBheandd Gmhined From>estid f or
«exanple, U S. Patent Nos. 5,271, 890; S, 310,699; 5,3S6,872; 5,368, 890;

5,374, 463; 3@sdasTbe ‘IR stem oo meioss us@f ceragre laygr; whisl as degesitpds.
SUMVARY OF THE 1 NVENTION 5 Accordin f i tion a
process for %‘E}R}ﬁt 8?'%”“?5@? gﬁ%ﬁb’"ﬁ%%‘l“&fﬁ%‘m c%?# gﬁgga%ﬁébgﬁag}iegsﬁﬁé }ég)gti ng on

a surfaee Ofplﬁsn%i(?r@&ﬂ(éuﬁhi%mm@&esﬂieﬂ%&mémmﬁdatosemmmmlirie$ oprovi ded.
The process includes deposi ti_ngl a fullerene containing coating on a surface
of a procesdluminggod preersmie shipdrmiplumipuagitrigdeforr the Maf@pedestaly Usy. atent

_ : c OB P f
cont i ng that prorbetd Eder SrniTe B Mafts AEfss WCUB MuER e Focts of -

pl asma chanber gasggouédatifigd BiiePebm gropbsisl formefal thapéieats sty by the pl asma
chanber gases. The underlying surface of the process equi pnent conponent to
be coated casmicamdpéterprceRsingequiranaafyi Eoropstiisey HeY. PateneNpa$.879,82% act, one

d_casmicn PRl piece ct.
he sufPace Orse p NG flechibafordh B RY SATH RRER AT Torone.

contai ni ng cplitdth a Metadkuchlisfst@dssstshal on@ymbrinc @ahead dpfichal deARteddzed or
unanodi zed al um num stainless stee a refractory netal such as nol ybdenum

|
or other netesgtiog therabspvassed B PaitnidNes. HA2ADEY and TR LA disslops athodiumat may
b ted ingclud | um i i [ ! ti bl
cor am . mat SRR (BT Bmpoacnts OF Mg ucb i pi BehoPe RO TR 1 B1 €

f 1 uor opol y neyubstedi€wal ad eFﬂi@ﬁa‘DnicR@“ Qoatihgtsrebsitens UVE Ssdnt Nang,680 0¢3
polynmeric materials useful in a plasma chanber at tenperatures up to 200C.

Accor ditkg t dlisclesse aperbandasaerasnic pretestippdar metal swfaces il a RlasipoROREssIng

provi ded. Th e I nGl : . : ol i onal
first 25 in%gﬁﬁeggglg %E{:egg icﬁgﬁﬁ%"fa?é‘aﬁ% aég]éﬁ??%ég;@q’(uc lg%tsﬂ)(il éc;fgx?%nal second
i nt er medi at emgedils igcl@ding blnfinurd oxidel magmdivat fueride) ampmagnesiunt beideet al
surface; and édé an outer fullerene containing coating on said conmponent

whi ch provi dds- BaientNosT. 30 f Bsdistlases a SIWE VD spyimgrgirgastandaigmPiCroguse - 6
outer surfacg., kafhePlvah,Whabt ook M SREAGLNIhEWIRY! ate coatings nay be a

nmetal or
20 With regard to plasma reactor components such as showerhead gas

distribution systems, various proposals have been made with respect to the materials
of the showerheads. For instance, commonly owned U.S. Patent No. 5,569,356
discloses a showerhead of silicon, graphite, or silicon carbide. U.S. Patent No.
5,494,713 discloses forming an alumite film on an aluminum electrode and a silicon

25 coating film such as silicon oxide or silicon nitride over the alumite film. The '713
patent states that the thickness of the silicon coating film should be 10 um or less,
preferably about 5 um, since the aluminum coating film, the alumite coating film
and the silicon coating film have different coefficients of linear expansion and

cracks are easily generated when the thickness of the silicon coating film is too



all oy thereof, ceramc, polynmer or mxture or conposite of such materials.
According to another aspect of the invention, there is provided a

sem condweo oz/oprocessi ng equi pnment conponent nade of a fulPCEASHE4LBdNt ai ni ng
5 material. The conponent may include any one or nore coatings enployed in
such equi pnent. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects and

advant ages of the invention will becone apparent fromthe foll ow ng
detail ed description of the preferred enbodi nents thereof in connection 10
wi th the accompanying drawi ng, in whichﬁ_Figure 1is a schematic
cross-sectional view of a plasma reactor” chanber having a conponent coated
wWth a corrosion resistant coating in accordance with the present

Jdnvention. Fjgur . sh et ai l t he. cor [ S ting in
dotai 1 A of BRBuAT e o3 nd nuebel s SIS R R B ERbe R ) nenrs
OF THE | NVENFbeMiokhef thoyRftiheh siseriede tsafficedrt eTLS. \Paten@Not 9,5p4,6¥6 de
«COrrosion resistance to netal, ceramc and pol yner surfaces of conponents
of sem conduliscdeseppnupresishearheadsglesirode @ staindess slgclpaluminyn, GOPPEYHE
rocessi ng r,eact hanmher Ll Zi ' j i ng. Such
(F:)orrponentg ilﬁ(gl l}gég %“m"r 4\3%?:657'7 désélnorsagsréggh é)%‘éeglgéﬁgg g%ﬁgggéﬁg%%r&?%ﬁut ?on
syst emssi nclugi Patest 10N, $88915, dikvidsks &showérig), elevomdet efameiphous abogner s,
heati ng el enents, plasna screens, liners, transport nodul e conponents, such

as robotic anfer AladtSrRatent NasnsP0&22) and P2 Ehdisslossaa showeshead | 25 and t he
i ke. Although. t inventjon..l Y havi ng
a netal sur feg%cér,olagg}tg r'"(]:adse ue;ﬂpléez}égggbp%la@ér?% Bgﬂa? anc%a(?épef%o‘?{ﬂéggﬁ‘%#&%d
iI'lustrati orpy €UB topyeNilé ®Bunfdellayee oflBighlyi freelSich nore detail with reference
to the apparatus described WO gléé]/ (1S3797 PCT/US(11/.138~~ in U S. Patent
No. 5,820, 723 whilotview of hemepdfarthigh prsite apd pRrrosianciesis@aes for compeRants et y .
Fi gure i1l ystrat vV ) Pr.acessi tor ¢ Lncl udes a
substr e ndl aeroguevRGHTng capERH e SRR SRR ol RdrbGimidic
substrat e 6Qnagatéridehnd/@scaafiny wed doranciRborhparniso Mdreospwith adgardvoi e it is
He backcooled. A focus ring 72 confines ﬁl asnma in an area above the
substrate. Aheeghanaker prateripdy, gpy materivls Whish samigcecass (be sefaiesi lifg of a plpsma
1011-1012 ions/,c I in.t r. 40 power ed by
2 sui tabl e AEVEOL B SRLR HAIEe FOBRA R B g AR Bl Rl

beneficial in reducing the cost of processing the semiconductor wafers.

15 The above-description summarizes the general operation of vacuum
processing chambers used for etching and CVD of materials on substrates by
supplying an etching or deposition gas to the vacuum chamber and application of an
RF field to the gas to energize the gas into a plasma state. With this as background,
a second unrelated technology area important to an understanding of the present

20 invention is the field of study relating to fullerenes. Fullerenes, sometimes referred
to as buckyballs or buckminsterfullerenes, are a class of pure carbon molecules
wherein the carbon atoms form a closed shell. The most commonly discussed
fullerenes are C, and C,,. A C,, fullerene molecule consists of 60 carbon atoms
joined together to form a cage structure with 20 hexagonal and 12 pentagonal faces

25 symmetrically arrayed in a soccer ball-like structure. Cy, molecules form a close-
packed solid molecular material having a face-centered cubic structure. The
structure of C,, has 25 hexagons, resulting in a shape reminiscent of a rugby ball.

Since the discovery of fullerenes in 1985, researchers have investigated their

properties and developed uses for the molecules. In this regard, there are numerous




di sposed at the top of reactor chanber 10. The chanber includes suitable
vacuum 10 punpi ng apparatus for nmaintaining the interior 30 of the chanber
at a desiwed2psgssure (e.g., below 50 mlorr, typically 1-2CTHROt/HI84py
evacuating the chanber through the centrally |ocated vacuum port 20 at the
bottom of the chanber. A substantially planar dielectric w ndow 50 of

uni form thi ckness provi ded between the antenna 40 and the interior of the
processi ng chanber 10 forns the 15 vacuumwall at the top of the processing
chanber 10. A gas distribution plate 52_g_s provi ded beneath w ndow 20 and

i ncl udes openi ngs such as circular holes for delivering process gas froma
gas supply to the chanber 10. A conical liner 54 extends fromthe gas

Jdistribution plate and surrou t he substra 0 re1Q. eration, a
seni conduct o‘?al?es'ﬁ%&t?'ﬁ%ﬁéeuuéﬁ Oggﬁlgr%’ielcloggwl%ﬁé?b ?’gngé)so éﬁgsi?) i oned on the
substrate holdaiplel ©.9ehtént NowPs, 27l 890; 563 10,699; HB66,87NY5, 368, 80006370463 i C
oclanp 74 whil e He backcooling is enployed. Process gas is then supplied to
t he vacuum pi,é&(éé%‘i;ﬁ@g@ﬁé)ﬁbé%ifb%j;?:ff?zé%ﬂohg@%éﬂ)?@gess gas through a gap
bet ween the wi ndow 50 and the gas distribution plate 52. Suitable gas
distribution plate arrangenents (i.e., showerhead) are disclosed in

commonly owned 25 U.S. Pat enSUMMARMOFOTHEENVENTION 08/ 509, 080;
08/ 658, 258; and 08/ 658, 259, the di scl osures of which are hereby

i ncor posat ed by rA¢eordingdo a fisit asnest affbe InvgAationa prosess fALFRVIINE Yhs

distribution pl.ate arr ment in.FEi .1 are i.form

t hi ckness, ngﬁ§18? 5%5Fa“ﬁ@}%6“r“en°8ﬂ@ﬂnﬂ‘%9 g(;aﬁl\n%r?lgc?kbﬁlgégg@g%ao%e F@Iéigg{ézgn be used
for the w ndewycasmbbuipatentiédihpdnbhi is providedl ETheprédeghindridss tepopitagne i s
ignited in the space WO 02/ 1183797 PCT/USOL/.~38.1-L _g between the
substrat e anfillleteae apnidimingspatinppn ¢iswdacs ifaBEPGEsTIE pHHBMERIEOMPONgHtSenna 40.

e e s ool ofr BatdhFatufl sHERR0 By Stias Wl Bl s gnd, 1o 2

or ceramc O?StB onpohent s such as th e , fasteners

5 56, higner sma4nt a&hifface &datihg @ia€ pRX@es@tlictlginglmaesala frdmsthe vosogiveseftdcts
corrosion are candidates for coating according to the invention, thus
avoi di ng t heofwlesma chambsk gasasiviilerresishingrapsien shthecotng by the piRsBRanber .

Ex | f t al / | s t ted. | j
nanbds sed AP BRRG Ty Pt BaeBUANEBrfad Sllipnllt fp AR BT ¢
such as W angh\y @Rdoaipriey & nicher @edmic@e ppBimeanthictdl.ald fayts ohdier mofe, et c.

Exanpl es of ceram c surfaces that may be coated include alumna, SiC) AlLN,
Si 3N4 and BOnt@wedistesncisl, celgmie PPy mgr eoatngsimpy: be uiodherverithe sufaseohat nay

b i ngl ude. f | I : M uch
Vesper and BERETsaRSRLITER eAlpleftafhe AlfterSRbHAECuatitE" °

t enper at ur esM#fal ls@rfZ20 that hiay beRbatke inchstieanbdidedroninand dieed shypoment to be
coated 15 is a chanber wall 28 havi ngl an anodi zed or_ unanodi zed al um num
surface 29. Shinlespsteelng refrecirmegpl such aamelybdsnumper gihermstal oyallogsed yni num

o Lovs 4 (ol SBEOA R U GOPRES b uRabhom g, sre
structure or ASNJ$ia¢g Badbthérqiissmal donipaeible ceramic material. Polymeric surfaces
20 that may be coated include ﬂuorobolymers such as Teflon®, polyimides such as
Vespel®, and other polymeric materials useful in a plasma chamber at temperatures
up to 200°C.
According to a second aspect of the invention, a metal component is
provided. The component includes: (a) a metal surface; (b) an optional first
25 intermediate coating on the metal surface; (c) an optional second intermediate
coating on the first intermediate coating or on the metal surface; and (d) an outer

fullerene containing coating on said component which provides a corrosion resistant



foll ow ng di scussion, an exanple of a conmponent to be coated is an al um num
2 0 chanber wall 28 having a first optional internediate coating 80, a
second om® onedz79nt er medi ate coating 90, and a full erene ECHUSBON#I coati ng
100, as illustrated in Figure 2. In order to ensure good adhesion of the
coated material, the surface of the alum num substrate 28 is preferably

t horoughly cleaned to renove surface material 2 5 such as oxi des or grease
prior to coating. In addition, it is particularly desirable to roughen the
substrate surface, anodi ze the substrat%fsurface and agai n roughen the

anodi zed substrate surface prior to application of any of the desired
coatings. According to the invention, first internediate coating 80 is

optionally coated on the aluymnum si_dewal. j ni que.
The opt i onal®Ufsr Sugface. \%cb?}v g’ﬁﬁéf@ﬁ?%ﬁ@%?%@%\éi nbeér%%e F%’f ‘g‘hcoati ng
80 is suffi GilgpthetedthicthmicopAdher 6r mfxtire®r sompbsirticf sactdmaeriblyr t her al | ow it
vt 0 be processed prior to formng the optional second intermedi ate coating

90 or the full er eheording to avothgr asnget ofgha puyertiass therets mseyidod a The fir st

internedi ate coating 80 can. have any, Sui | e i s. a thickness
of at |east Sﬁﬁ'b‘i?t"d%‘qﬁr. §5eSPIREFEEPTS E?Oé?rg%fb’r§t Té%rﬁqla%g@ﬁ?regggé}i@@ lon%about 0.25
i nches, smor enge@fiermiblcymbehoe aiyGnd@de @ycbrl.of niore beAings dmptstd i afcar abl y
fromO0.00l inches to 0.05 inches. After depositing the optional first

i nt er medi at eequipaentig 80 onto al umi num substrate 28, the plating can be
bl asted or roughened by any suitable technique, and then overcoated with
the second optional coating 90 or the fullerene containing 7.0 coating |00.

A roughened | ayer 80 proBRIBE BE TCONaDF DR ANG Desirably, the

second internediate coating 90 inparts a hi gh mechani cal conpression
strength to the cBatobjestsmdasdyantagasafthesinyentivaryibbeseme ppRasedrqny thene

ti 90. T t I d i ' ' i S i-chentl
hi ck To adHBNvE (Ruer T miey of hEGTEF ueL SupRAbleBg HHabfintHhGeRLE ", Vo
it to he proggsaRhcBshPinyiy drawingl i weickny addi tional internediate coatings

or the outer fullerene containing coating 100 descri bed bel ow. The second
i nt er medi at e coat Figgredois @sahematis capsp-ssetianaby iewrafjagiassaasreagiehelpnbsr « hi ckness

SR l%lte/?nugta err(l)}g)o]ﬁeintnccog%%l’wim § I;(%&%ry reEi'ét?im coating in accordance with the

present invention.

Figure 2 shows details of the corrosion resistant coating in detail A of Figure

15 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The invention provides an effective way to provide corrosion resistance to
metal, ceramic and polymer surfaces of components of semiconductor processing
20 apparatus such as parts of a plasma processing reactor chamber by utilizing an
erosion resistant coating. Such components include chamber walls, substrate
supports, gas distribution systems including showerheads, baffles, rings, nozzles,
etc., fasteners, heating elements, plasma screens, liners, transport module
‘ components, such as robotic arms, fasteners, inner and outer chamber walls, etc.,
25 and the like.
Although the invention is applicable to any type of component having a
metal surface, ceramic surface or polymer surface, for ease of illustration, the

invention will be described in more detail with reference to the apparatus described



about 0.001 to about 0.2S inches, nore preferably between 0.001 and 0.1

i nches and nost preferably between 0.001 inches and 0.05 inches. 2 0 The
first andveenemwh7 nternedi ate coating may be made of any @Q&/USH1/#8H-E

mat eri al s enpl oyed in conventional plasma processing chanbers. Exanples of
such materials include netals, ceram cs and polyners. Particularly
desirable netals include any one or nore refractory nmetal conposites or

al | oys containing such netals. Particularly desirable ceram cs include
A120;, SIiC, Si3M, BC, AIN, Ti®2, 2 5 etec. Particularly desirable polyners
i ncl ude fl uoropol yners such as TeronOG?‘ pol yi m des such as Vespel, and
other polyneric materials useful in a plasma chanber at tenperatures up to

.200C. Speci f.i erials t llated .for the internediate |.ayers al so
i ncl ude ful |'Bi{e§z‘gf‘é%&qw§§§g’ t‘%?‘f“a‘lsé‘?c%l??{%ﬁcth‘F&‘ @Feé%rﬁ“%"o'ﬁt'gi ni ng
materi als sygh.qs di anond and di anond-like materials; carbides, borides,

WO 02/ 1 153797 PCI/ USO1/ ~38~~ -10 nitri des and/or carbonitrides of, for
“exanpl e, haf ni umFiganstlallustrates 4 eachum papetssing sgacios shambgsrlQrihatdpelpdrsst  bor on

o des: b ] docs o1 s o o oo
above. ment | BArTiareRra &prer i Rt W RE o E Bt AW Cona
I nt er megi at ewélﬁ%s%x%vﬂ%gﬁi@@@ias% Wi sabstait@wnié itanHk bagkcobrRdamyfoene of the

above-nentioned materials such that the coatings are the sane or different
dependi ng omitgh® cledinesplapma preat 4res abgve the subistateart sasrgraafcacteyfer addi ti onal

i nt di ate coati. thind, b h.s ' i i ti
of the- sane BRMGTIRER i ShapDy o1y s BTl BEiatihd bk BREE Gudh & coati no
cont ai Ni N9 cpAlHdita 40QowercielOsiliRBlc®F sdifcRiproviat a smadusitPplashetsTedi at e

coating 90, or on the optional first internmediate coating 80, or directly
on the al unidispnsedibisthe tapeofagactortphamheickh By dembreinglwdpesuifblecwaranni ng

ting .is desirably at |east .0, 00l i | t 0.000 t
Chout 9005 {mEnmas eprsran FEmta e B ITER D & G beL aOThARRY" Do os 1 °
nore prefer gkgleééul‘-ef @B, 3R 50 nPkr, bpiauL-20 miT o) Ghesacntngst chambeer abl y

0.00l to O. inches. The thickness 15 of the fullerene containing coating
100 can be stbtaghdhe cantipHy davatsdtviapum pprt ROphthehogemerfdhe cshagmeent to be

encountered in the reacto . 0. 4. etchin ) ' f

ful | erene cont ai n’?ﬁ!jgsg?)rglaiﬁIHé‘?ar?gg/d'lggecggavf”glgooﬁlaﬁfﬁ&g?%%é@&%}s 4 ﬁrﬁg{dre gact or
chanmber and goNBEGT@RGLbteAfa ) Bkt /the Sstedhrfehe Bivcéssingahembectnfornpiitg coat i ng,
it is herein nmeant a coating containing or 2 0 coatm formed from doped or

undoped Scar bewufmlwall @itks topofithd pregessiag shambert19. o gpudiRyibyIPR plate 52 is

buckm nsterful | erenes. The no C n i f [ e C60 and

C70. A 060 erPY@F@S““‘ﬁ{h Wihoy on%}%[}‘g@gh%ﬁ)grgﬁag%%?cg&ag#irjcjﬁgfﬁ@gs Fogget her to

forma cage &livehgprochisidas %nh@é@mpfilly tafiet chanident @gAarahichblies 54

symmetrically arraalyed in a soccer ball-like structure. C60 nolecules forma
rogm

cl ose- packedexdenids therasis distibutiopplase and susrpundyths spbtetecliolder @ cubi ¢
structure. The styucture o i idp ;@ Shape

rem ni scent of a {nu%yatbogr{x'segér 8?@’?%%3“%2%%?%323? %gﬁﬁg%wég?gﬁégo or Cr0,

m Xt ur e theg@ﬁﬁonedﬁb)i tRsubstratehoklep 70 hmkishygibalty Hald irepleceelsy amch as C76,
Cr8, C84, (C92 and so forth, or a mxture of C60, WO U2/ US3797

PCT/ 11501/ . 1@gctrostaticclanap 34 ahile Alebagkeoodipg fiprraplgyed: Heosqsggat isthan er enes. It
is also contegnpl.ated . Qr ful | pded
fromthe fulT% Ilelﬁae?oct(l)l%l? g%”n%é“’gg%{“%n%‘mk ng %ﬁ%&ﬁ%ltgefﬁeﬁegﬁgt%§ ﬁlrt e

i nvention ar gag bitween talwiadowl 6pand fhel dag diznétaition iptse SAoBeicablegasi ncl ude

full erenes contai ning any one or npre of a d‘i)[pi .5 sucgstance rﬁUCh as an

al kali et al dis?ribatiﬁapb@wmmﬁn@&mnw%mé %fg isglpse e OHEBIHEBIPE es's
than or, equa S, 2ol ABBiCADh %ﬁ?gﬁ%sgp&/%ggos&eosf/&% SILRd @%sg,ag% tHOY €

Jdesi rafiy betweeh A I on and one percent wei ght of
t he ful |l er engiscloairengf whitt agviesrebynineorgemtadiyl refaratone Enr mlsmuce,Gviiethand 0. 1
percent by weight of the full erene coating. 10_Al ternatilvel X’d tthe.ff ul | erene
cont ai ni ng c¥aqoygandygasidigribptiongtste PH@%&W‘%@W%@?”G I'are planar and of uniform

thickness, non-planar and/or non-uniform thickness geometries can be used for the

window and/or gas distribution plate. A high density plasma is ignited in the space



be a conposite of any one of the above defined fullerenes with other

mat eri als or conpounds that forma hard corrosion resistant surface. The
conposi t esodpeisrabl y have a continuous matrix phase of th@®CTdlSog#Isne
containing material. The conposite may include other protective materials
in amounts up to about 50 percent of the total 15 conposite and greater.
More desirably, the conposites of the present invention include between
about one and 40 percent by weight additional material, and nore preferably
bet ween about one and 20 percent by wei ght additional material and even
more preferably between about one and 10 percent by wei ght additional

mat eri al based upon the conposite. In sone instances, particularly where

bel ow 20, 1erseiThe et AR AR GHARRRG Dhab e ERERE RVE R ori 8 ¢

may i ncl ude @mphn9ae or nore materials enployed in plasma processing
.chanbers. Exanples of such materials include any one or nore refractory
netal s, conposit €shambeamialy 28 sunit asianpdiged acnanediaedalumanum @llapng 2 5
desirabl e ceram cs incl ude 208, SIC Si3 BC, Al Ti

Part 1 cul ar | ya8L PF MBI RIS comBeTES 1REs Sy e th"?ﬁ”%?“r%‘%e{%n,
polyi m des S4chin@s 5&’,6&9?111@@@@)(@@&&@&0 pRkyiERAd Showsighd éf cortshuke i n a pl asma
chanber at tenperatures up to 200C. It is believed that the nost desirable
mat eri al s woahdidates Fargeatittpeaccotding tortbe invieatinn, drusiayoiditoiha aesdbie maskn
car bi des, boyides,. nitrides Lor P monl2
carbonitri detée‘Btd,%mP%Pp‘gQ%%?%Bg gafsﬁ‘f‘ﬁﬁ\agngéjm%?? ﬁlﬁl?estq?yzf@gmmég%@ Ssili con;
boron car bi dgg mEPEOELaRId ihtIdes andiicdror wakisied aldginu dndaiogs thetdof a or

m xtures of any of the above-nentioned materials. The fullerene containing
coating 100 sdinkebsestenl gefractoryrmetalsisueh anyy sl Mogag aloysdhersat 6OPRFE aBesi r ed
surface by a syi tabl e techni,que, such. as 1 por hfion,

t her matOspr a{’%ﬁ@ﬁ‘eb@g’s Eﬁm?%gjf,c%%'lci %@&gr@a‘%fﬁlg \e/b% cvgbegﬁﬁégg €|¥ on,
sputtering, ApMidaCSiCANREiSiNQAndIBAN BeMiPlePFHdoRBnersiallnMvaiRdld pidymeli p
coating, evaporation, roll-on coating, brush coating, etc. It is,

cont enpl at ednatieriels see may bewosted ieclndel fluareprly mer susthasBeland ipalydmigdes h or

wi t hout internediate yer . i . 8?9% d onto the
desired surf3¢ aﬁg’feﬁpﬁ@u% ds%ﬁ%\ﬁ%ﬁ%ﬁ#?%@é@%‘ﬁt@ﬁ ?%ﬁana |ve¥g{sepect of
the inventi ogmpkhalres iitoR00¥C desla prefefadcantidimert, theeorpdhag tebe tqmeht
component made of a fullerene containing materjal. The conponent may

i ncl udéSany i8Rehamberorall 2D havingan arndizediar sRanadjzed ahppem surfase é% €81 prent .
15 By use of the fullerene nt.at.ni I . resent
Fvent i on, i ofie piterpg REmESsEigh BetuiR s BETuln S THOPOIA AR el
surface. Sucfp isQahipdsitioh (tﬁ@ﬁﬂ%’v@iﬂ% ukSofiasieragbhomichlestumimnmaléoyisah s t hat
adversely react wi th processing chanber gases and/or are chem cally inert
such that t hedditignsto|highlypurgclyainum &Ta@(ﬁglﬂ-'ﬁwqw%&%“bﬁce P‘?‘%dc"l‘%‘sorlnﬁt? corrosi on
of the underlying s al e [ e.Qr t.am j and/ or
little or no%o\Y/l(‘))va'{% ﬁ“g&églgﬁ’ agréghﬁﬁcsot At gﬁ%@r@?%gb%??gca?]q]ﬂgHgﬁgcessed
productaeor r@reitef wall28maeing.a fsnariohhldnfenhediatenvostiny &0, azecton dptiseal, t hey
vol atilize during plasma processing and can be renoved fr t he chanber

wi t hout cont Etgragdiateroaties B@@@é%féaerﬁﬁ“bﬁﬂﬂ‘?‘"S.CQ?t,mf:’alQ,Qs p$ ﬁg}ﬁtr%gfflg}_ It is
preferred thﬁt ;ehf full erene containing coating or conponent be placed 2 5
on or use in tHe 'egions that nay or may not be exposed to the plasna

envi ronnment such Bsofier tonsute goodadhesiontoficie ovated rdterial) the warface qfabe s behi nd

chanber conponents such as liners, etc., t jnimze nmetal contam nation of
the seni conddfafmanun gepstratg28ds prederably éBO"PHglﬁ}‘u g]eﬁg%}ctpd Fmeﬁﬁﬁéc? “Hteriail -

partic rliy i.Mm u : I ot o1 ; g., any
Sne. or deor o S SAIGEE of Gearlor ¥ SR IRaAN it BBy E4EIS & Bt 70
Sl 1 /-138. toughér theghbstiapsueface, 38odibe theghbstiatd surfaoe andragdin onghesihever ), 57
t hrough 79 (Il anthanum t hrough gald) and all known t?.l emantd(s) fhom 89

(actinium ofnqdizedisubsieats srface PreN @ apphication et any phihgidsyTedrogiiiesadvant age of

the present invenhi0ftdign§ e il aRioAr Hrselftdihiddiaf! cdafidg 80 i@OhtRonkAY B8P Of
pi nhol es in deposite %I|ﬁE I's reduced by suppressing 5 occurrence of such
dust by eit hen tlerabsiimanosider 28bypa coientienal eshhiquenThonpties! Besén descri bed
in detail with reference to specific



enbodi ments thereof, it wll be apparent to those skilled in the art that
various changes and nodifications can be nade, and equival ents enpl oyed,

wi t hout depaening fromthe scope of the appended cl ai ns. PONYSORAIHEI 797
-14 ' ' \What Is Clained Is: PCT/USII |/-438-4-1 1. A process for coating a
surface of a conponent of sem conductor processing equi pnent, the process
conprising: (a) optionally depositing a first internediate coating on a
surface of a 5 conponent of sem conductor processing equi pnent; (b)
optionally depositing a second internedi ate coating on said first
internmedi ate |ayer or on said surface; ahd (c) depositing a fullerene
contai ning coating on said conponent to form an outer erosion resistant

surface. 10 2. The processqftor at i ' t .. J rain said
surface of s'&?eémg‘g‘ﬁ%ocﬁgﬁ?g ?)é 'Sssgﬁ?cé%nﬁpﬂgggﬁgé&geggtsos@ﬁgl tgs(lﬁwepar'r]gn ?%rg{r?gri ses a

metal, ceranilfowdlt (B¢ ProREssed pfiaC®.fodning e dptioasisscéat inkomediag wating 90 ng t o
Caim2, wherein said first internediate coating is _not optional. 15 4. The
process for e@ohe fullsrenecontinipg eeptiogdPfdgscrippd peloy. sHiedirst intermedipter nedi at e

cess for_eih ! _ _
coat i ng. acoor g Sp s ENEle ary S koS S ae KRRLR: ol WREMRTEZT o7

val | of sa pl @sorimrhed) prderablythmi abdut 000¢ pabar 92 S iachespmbregrefeeabdy di ng t o
Claiml, further co r|S|n3‘formn 2 0 a_roughened surface gn said
a

conponent , skdtaen9.08} and0d drehes Ardhmogtqueferab b &P Mipsshesda 04 iaghes.

roughened surfac ©After (Yg;))ogi%{ng%§e709pzioﬁgﬁryﬁggalrﬁééﬁéé'c%aﬁ&? 80 onto aluminum
substrate 28, the pllating can be blasted or roughened by any suitable technique, and
then overcoated with the second optional coating 90 or the fullerene containing

10 coating 100. A roughened layer 80 provides a particularly good bond. Desirably,
the second intermediate coating 90 imparts a high mechanical compression strength
to the coating 80 and minimizes formation of fissures in the coating 90.

The optional second intermediate coating 90 is sufficiently thick to adhere to
the first intermediate coating 80 and to further allow it to be processed prior to

15 forming any additional intermediate coatings or the outer fullerene containing
coating 100 described below. The second intermediate coating 90 can have any
suitable thickness such as a thickness of at least about 0.001 inches, preferably from
about 0.001 to about 0.25 inches, more preferably between 0.001 and 0.1 inches and
most preferably between 0.001 inches and 0.05 inches.

20 The first and second intermediate coating may be made of any one or more
materials employed in conventional plasma processing chambers. Examples of such
materials include metals, ceramics and polymers. Particularly desirable metals
include any one or more refractory metal composites or alloys containing such
metals. Particularly desirable ceramics include A1,0;, SiC, Si;N,, BC, AIN, TiO,,

25 etc. Particularly desirable polymers include fluoropolymers such as Teflon®,
polyimides such as Vespel®, and other polymeric materials useful in a plasma
chamber at temperatures up to 200°C. Specific materials contemplated for the
intermediate layers also include fullerene containing materials; other hard carbon

containing materials such as diamond and diamond-like materials; carbides, borides,



7. The process for coating according to Caim1, wherein fullerenes present
in said fullerene containing coating are C60 fullerenes, C70 fullerenes or
m Xt ur es wheres¥797 8. The process for coating accordi ng to PROTAVSM/A384her ei n
said fullerene 5 coating is deposited to a thickness ranging from about
0.001 to about 0.050 inches. 9. The process for coating according to Caim
1, wherein fullerenes present in said fullerene containing coating are
doped fullerenes. 10. The process for coating according to Claim1l, wherein
said fullerene containing coating is de Qéited by chem cal vapor
deposition, plasma spray coating, 10 suﬁlination, | aser vapori zation,
sputtering, sputtering deposition, ion beam coating, spray coating, dip

coating, eva 24 etsia Wor OF ! NEidek %hl ordka ?é[,'h Qlilﬂ{l, tQﬁtgﬁlpn CEIQemiliug%h ?’ The
K7 ABVSEEBPRT RIS 8 LRt 4 Q)

process for i ng i'm erer’n one d6r nore tional

full erene cofili@n)bo@n@artiddsebomd inittides; ®aidn@tboalttdés Rirt®tatydtrizaird
conponent. 15 12. A conponent of sem conductor processing equi pnent
conpri si ng: miurgs ef@fyaefahe aveanesipnpd materiplss st i nt er medi ate coating on

mri si ng: T _ _ 4 | oat
"t or moi at e cont 1 Mo BRI sl M R Tl B B0 850, S i g

coati ngson swhidgh@enGRIvALEmbfBE afipsmeofahe sbivermaiones materiatssush dnt tieur f ace.
13. The conponent according to Claim 12, wherein said surface (a) is a

metal, cer anfaatiags a6 lthmummeserrdifferent depeysling oo S dissireopesties. It4%@%°~- t -16
14. The conp, t i : L rel hdlof ' di at
coating is n%r{?%gbﬁ{e?jgﬁgﬁraﬁd@%p E%gn@%%%ﬁcgﬁ%g§%¢'a|%€qﬁdbf5 aidr% , rr\e/mla?e?n

sai d i nt er neigltednedia@adoatifig bSthe samt af diffeednd Materials Mgy eremphyad.i ng. 5 16. The
conponent according to Claim 12, wherein said conponent conprises a chanber
wal | of a plasma Ehefllgtgne wantaining coating 100 is deposited on the optional second

10 intermediate coating 90, or on the optional first intermediate coating 80, or directly
on the aluminum substrate 28. The thickness of the fullerene containing coating is
desirably at least 0.001 inches, preferably from about 0.001 to about 0.25 inches,
more preferably from about 0.001 to about 0.2 inches, more preferably from about
0.001 to about 0.1 inches and most preferably 0.001 to 0.05 inches. The thickness

15 of the fullerene containing coating 100 can be selected to be compatible with the
plasma environment to be encountered in the reactor (e.g., etching, CVD, etc.). This
layer of fullerene containing coating may be coated on all or part of the reactor
chamber and components as discussed above.

By fullerene containing coating, it is herein meant a coating containing or

20 coating formed from doped or undoped carbon fullerenes sometimes referred to as
buckyballs or buckminsterfullerenes. The most commonly discussed fullerenes are
Cq and C,. A Cq, fullerene molecule includes 60 carbon atoms joined together to
form a cage structure with 20 hexagonal and 12 pentagonal faces symmetrically
arrayed in a soccer ball-like structure. Cg, molecules form a close-packed solid

25 molecular material having a face-centered cubic structure. The structure of C;, has
25 hexagons, resulting in a shape reminiscent of a rugby ball.

Preferred coatings include pure Cg, or C;,, mixtures thereof, any one or more

of the higher fullerenes such as C,, Cyg, Cy, Cy, and so forth, or a mixture of Cg,



17. The conmponent according to Caim212, wherein fullerenes present in said
full erene containing coating are C60 fullerenes, C70 full erenes or m xtures
t her eof . WO 0R/0B79The conponent according to O aim 10, wherRGTAUSAHEBH

full erene containing coating has a thickness ranging fromabout 0.001 to
about 0.050 inches. 19. The conponent according to Caim12, wherein
fullerenes present in said fullerene containing coating are doped

full erenes. 20. The conponent according to Claim 12, further conprising one
or nore 15 additional” fullerene containing or internediate coatings. 21.
The conponent according to Caim12, whér'ein ful | erenes forma continuous
matri x phase of said full erene containing coating 22. A conponent of

-sem conduct of. precessin i _ v, osed to
ol e LR R e R
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%6 ° Also contemplated within the invention are the so called doped fullerenes.
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based upon the composite. In some instances, particularly where cost is significant,
20 the percentage of fullerenes is very low, e.g., below 20, 10, 5 and one percent by
weight of the coating.

Such materials may include any one or more materials employed in plasma
processing chambers. Examples of such materials include any one or more
refractory metals, composites or alloys containing such metals. Particularly

25 desirable ceramics include A1,0,, SiC, Si;N,, BC, AN, TiO,, etc. Particularly
desirable polymers include fluoropolymers such as Teflon®, polyimides such as
Vespel®, and other polymeric materials useful in a plasma chamber at temperatures

up to 200°C. It is believed that the most desirable materials would include the

fullerenes alone or in combination with carbides, borides, nitrides and/or
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' carbides; boron nitrides; boron carbonitride; zirconia; yttria or mixtures of any of
the above-mentioned materials.
The fullerene containing coating 100 of the present invention may be
5 deposited onto the desired surface by any suitable technique such as chemical vapor
deposition, thermal spraying, plasma spraying, sublimation, laser vaporization,
sputtering, sputter deposition, ion beam coating, spray coating, dip coating,
evaporation, roll-on coating, brush coating, etc. It is contemplated that one or
multiple fullerene containing coatings with or without intermediate layers of other
10 materials may be deposited onto the desired surface using such known techniques.
In an alternative aspect of the invention, there is provided a semiconductor
processing equipment component made of a fullerene containing material. The
component may include any one or more coatings conventionally employed in such
equipment.
15 By use of the fullerene containing coatings or components of the present
invention, it is preferred to obtain an ultrahard, erosion resistant surface. Such
coating or component is desirably free of materials that adversely react with
processing chamber gases and/or are chemically inert such that there is low orno
particle contamination, little or no corrosion of the underlying substrate, little or no
20 metal contamination and/or little or no volatile etch products that adversely affect
the processed product or reactor equipment. Since the fullerenes are carbon based,
they volatilize during plasma processing and can be removed from the chamber
without contaminating the processed product, e.g., a silicon wafer.
It is preferred that the fullerene containing coating or component be placed
25 on or use in the regions that may or may not be exposed to the plasma environment
such as parts in direct contact with the plasma or parts behind chamber components
such as liners, etc., to minimize metal contamination of the semiconductor substrates
processed in the reactor chamber. It is particularly preferred to limit or exclude

transition metal dust; e.g., any one or more of elements 21 through 29 (scandium
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Thereby, according to one advantage of the present invention, unsatisfactory etching

or undesirable formation of pinholes in deposited films is reduced by suppressing

5 occurrence of such dust by either erosion or corrosion.
While the invention has been described in detail with reference to specific
embodiments thereof, it will be apparent to those skilled in the art that various
changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.



; 6<<0=1=2=3=Wt=_=I M 10%VpV& ()-M M 10% ()-M 10 10 10 9nilO%: ()- 6

109 () - 43109 ()-===D>>?( @E_=!f, 109%& () -

f 1098 () -WOUBNEIIBYNMLO%R' () -, 10%&' ()-S Y10%&' () - ( @ GEAASBRABISHIASS4L0%R! () -
y$109%&' ()-'y Z"10%& ()-y 10%& ()-yyl0%& ()- f10% ()- BBGCCCCBDIE =!

InLO%& ()-fy/ 109 ()- - 109 ()- @' 109%& ()-y* "109%& ()- (10%& () -
BDDDAEEEEEEAYNC! 10 10 10L9109%& ()- y7109%& ()- 610%& ()-1410%& ()- 2

"109%' ()- EEEFPGGGIEYNC! y10%&' ()- 109& ()- yf10%& ()-

"109& () - 10%& () - &10%&' () - G?HHH8I I | dEYI}Iﬁ! y10%& ()- 109%& ()- y,!10%& ()-
109% () - 10%& () - SL10%& () - | " JuIKKKKKaBYNCT ( 109%& () -

L' 109%&' ()-%0%& ()-!!Y'M 109%& ()- 10%& ()-f

0% () - KAL(IM&M%&' ()-2y 10%&' ()- 1 109%& ()-y/109& () -
,, 109& () -* OPQ@AR{ Y7! f"109%&' ()-!Sf™" 10%33&' ()-1f"109& ()-!*f
"109%& ()- 10 1. A process for coating a surface of a component of semiconductor
processing equipment, the process comprising;:
(a) optionally depositing a first intermediate coating on a surface of a
5 component of semiconductor processing equipment;
(b) optionally depositing a second intermediate coating on said first
intermediate layer or on said surface; and
(c) depositing a fullerene containing coating on said component to form an

outer erosion resistant surface.

10 2. The process for coating according to Claim 1, wherein said surface of
said component of semiconductor processing equipment comprises a metal, ceramic

or polymer surface.

3. The process for coating according to Claim 2, wherein said first

intermediate coating is not optional.

15 4, The process for coating according to Claim 3, wherein said first

intermediate coating comprises a metal, ceramic or polymer coating.

5. The process for coating according to Claim 1, wherein said component

comprises a chamber wall of a plasma etching chamber.

6. The process for coating according to Claim 1, further comprising forming
20 a roughened surface on said component, said fullerene containing coating being

deposited on said roughened surfacc.
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5 coating is deposited to a thickness ranging from about 0.001 to about 0.050 inches.

9. The process for coating according to Claim 1, wherein fullerenes present

in said fullerene containing coating are doped fullerenes.

10. The process for coating according to Claim 1, wherein said fullerene
containing coating is deposited by chemical vapor deposition, plasma spray coating,
10 sublimation, laser vaporization, sputtering, sputtering deposition, ion beam coating,

spray coating, dip coating, evaporation coating, roll-on coating or brush coating,.

11. The process for coating according to Claim 1, wherein one or more
additional fullerene containing or intermediate coatings are applied to said

component.

15 12. A component of semiconductor processing equipment comprising: |
(a) a surface;
(b) an optional first intermediate coating on said surface;
(c) an optional second intermediate coating on said first intermediate
coating or on said surface; and
20 (d) a fullerene containing coating on said component that forms an outer

corrosion resistant surface.

13. The component according to Claim 12, wherein said surface (a) is a

metal, ceramic or polymer surface.
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coating is a metal, ceramic or polymer coating.

5 16. The component according to Claim 12, wherein said component

comprises a chamber wall of a plasma etching chamber.

17. The component according to Claim 12, wherein fullerenes present in
said fullerene containing coating arc C,, fullerenes, C,, fullerenes or mixtures

thereof.

10 [8. The component according to Claim 10, wherein said fullerene

containing coating has a thickness ranging from about 0.001 to about 0.050 inches.

19. The component according to Claim 12, wherein fullerenes present in

said fullerene containing coating are doped fullerenes.

20. The component according to Claim 12, further comprising one or more

15 additional fullerene containing or intermediate coatings.

21. The component according to Claim 12, wherein fullerenes form a

continuous matrix phase of said fullerene containing coating.

22. A component of semiconductor processing equipment having at least
one surface exposed to plasma in the equipment, the component comprising a

20 fullerene containing material forming a surface exposed to plasma in the equipment.



