WO 02/ 053797 PCT/ US01/ 43844 23 JUN 2005 -1 FULLERENE COATED COMPONENT OF
SEM CONDUCTOR PROCESSI NG EQUI PMENT BACKGROUND OF THE I NVENTION 5 Field of

- the | nveWa es¥9e present invention relates to sen conducPGFUBMSSESS| ng

equi prent and a nethod of inproving corrosion resistance of surhyy 2”“?
conponents. Description of the Related Art In the field of sem conduc
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 deposition gas to the vagﬁqm chanber and application of an RF
field to the gas to energize the gas into a plasma state. Exanples of

paral l el plate, transformer 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.

Patent Nos. 4,340, 462; ¥yPLERASE @g@@lﬁ@bm@@ﬁimﬁﬂ Because of the
corrosive nature of SM@ / SELI@J@E TENAENSF S and t he
or

requi rement for mnimzing partlc e eavy tal contam nation, it is
hi ghly desirable for the conponents of such equi pnent to exhi bit hlgh
corrosion resistance. 20 During processing of sem conductor substrates, the
substrates are typically held |n pl ace mﬁthln t he vacuum chanber by
substrate hol ders such as be min03 E LN rostatic cl anps (ESC) .

Exanpl e oﬁg@%system and corrponents t hereof can be found in
commnlg Nos. 5,262,029 and 5,838,529. Process gas can be
supplied to the chamheknt 1ﬁvé&ﬁfoh%!§te‘é\’@6/§n§iké§ﬁﬂu%§)r%ﬁ)é&k’suﬁgaéqdiﬁﬁ@dt%&i adas
_rings, gas distribution plates, etc. An exanple of a tenperature controlled

: gas di stri bunéthod pf mpeovfing cemosiondesisianes ¢t suohipémpomEnés ma r eact or and
conponents thereof can be found in commonly owned U.S. Patent No. 5,863, 376.

Description of the Related Art
In the field of semiconductor processing, vacuum processing chambers are

10 generally used for etching and chemical vapor deposition (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.
Examples of paralle] plate, traﬁsformer coupled plasma (TCP™) which is also called
inductively coupled plasma (ICP), and clectron-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 compénents 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.



WO 02/ 053797 PCT/ USOL/ 43844 23JUN2005 -2 In addition to the plasma chanber
equi pnent, other equi pnent used in processing semconductor substrates

i ncl ude twemnepsa7d7 nechani sns, gas supply systens, |iners, pdwisormghani sns; .
| oad | ocks, door nechani snms, robotic arnms, fasteners, and the?lj & 2005The
conponents of such equi pnent are subject to a variety of corrosive
conditions 5 associated with sem conductor processing. Further, in view of
the high purity requirenments for processing sem conductor substrates such
as silicon wafers and dielectric materials such as the glass substrates
used for flat panel displays, conponenf%'having | nproved corrosion

resi stance are highly desirable in such environnents. 10 Al um num and

al um num al | pys, are commonly used for walls, electrodes, _substrate

supports, fadtasddiion tgihe plagap c FAWPRIERS ofher sARiPTERIYSEE &1 PIORESSINger t o

prevent corrQsi: : 1 ' h been
proposed f o%oéa]}@%tﬁ g ﬁ%t% %ﬁcﬁﬁ%ﬁn@%{r&&% @e\ﬁ(ﬁér@%%ﬁ%ﬁgﬁ@o%ﬁr& m@%’r
i nstance, U. Bf nReh&titms,Woad bckd HoSiedhaneosebotid atme fasnetsmeddaiige. wal | s

have been anodi zed to reduce 15 plasma erosion and wear of the walls. The
375 patent Shaewspangats ofveeh equippentiee subisstiozvariey ef corsosiypronditions or

etched of f and t. chamer. t replaced. . U. S. . Patent ... 5. 895 586
States enat  BpudRATIACeR i G er Ry Jhrast FayiebTTR pi e Ar20a,
ALC, TiN, Tifequiddest frfotdskiag e8mRbhdichtBubRERdd sikh 6a5i1ib6n wafenfaridn
Japanese Application Laid-Open No. 62-103379. 20 U.S. Patent No. 5,680,013

states that dielestrivmafarials suct dsdhe glogs supsingfesuseddor Gaf prockdispleyst aces of an

et ching chanber _is gsi sclosed in . U S .Paten(}jl No. 4 .4@1,496. The . 013 patent
‘states that THBPORSPRIPEMEITPIRYLHBIREPD ESFRHST 8iF WEhWiitTdle 0 Web veen .
al um num andsggFRMeatscoat i ngs such as al um num oxi de | eads to cracking of
the coatings due to thermal cycling and eventual failure of the coatings in
corrosiaMe 25 envi Adumiemtreand ajumitgher aliays prectospnonlyeiseth forivenllsyeledtpdes). S.

Patent Nos. 5,366,585; 5,798, 016; al{ld 5,885, 356. propose | i ner a({r ngenent s.
For inst ancesuﬁsﬁgte\ssg%orﬁafaépppers and other cormponents of lﬂas a reactors. In order fo

prevent corrosion of such metal components, various techniques have been proposed
for coating the aluminum surface with various coatings. For instance, U.S. Patent
No. 5,641,375 discloses that aluminum chamber walls have been anodized to reduce

15 plasma erosion and wear of the walls. The ‘375 patent states that eventually the '
anodizéd layer is sputtered or etched off and the chamber must be replaced. U.S.
Patent No. 5,895,586 states that a technique for forming an erosion resistant film of
Al,O,, AIC, TiN, TiC, AIN or the like on aluminum material can be found in
Japanese Application Laid-Open No. 62-103379,

20 _ U.S. Patent No. 5,680,013 states that a technique for flame spraying ALO,
on metal surfaces of an etching chamber 1s disclosed in U.S. Patent No. 4,491,496.
The ‘013 patent states that the differences in thermal expansion coefficients between
aluminum and ceramic coatings such as aluminum oxide leads to cracking of the
coatings due to thermal cycling and eventual failure of the coatings in corrosive

25 environments. In order to protect the chamber walls, U.S. Patent Nos. 5,366,585;
5,798,016; and 5,885,356 propose liner arrangements. For instance, the ‘016 patent
discloses a liner of ceramics, aluminum, steel and/or quartz with aluminum being
preferred for its ease of machinability and having a coating of aluminum oxide,

Sc,0, or Y,0,, with Al,O, being preferred for coating aluminum to provide



di-scl oses a liner of ceram cs, alum num steel and/or quartz wth alum num
being preferred for its ease of machinability and having a coati ng of

- al um numwoaxddes3797Scc203 or Y2031 with A1203 bei ng pref erredTfisel/e6at i ng

al um numto provide WO 02/053797 PCT/ USOL/ 43844 2 3 JUN 2005 -@Npmxjtection
of the alum num from plasnma. The 585 patent discloses a freZ: S angr ng
ceram c |liner having a thickness of at |east 0.005 inches and nmachi ned from
solid alumna. The 585 patent al so nentions use of ceramc |ayers which
are deposited w thout consum ng the underlying alum num can be provi ded by
flane sprayed or 5 plasma sprayed al umium oxi de. The ' 356 patent discloses
a ceramc liner of alumna and a ceramc shield of alumnumnitride for the

waf er pedest al at,ent 885 6 cl os eram.c | r materials
For sk’ i eomeinn s Ehipr om i ah o 25 L SHER S 50 St P BRRE o

conponent s %Eranﬁ@ﬁh@r%@ ‘gta%mﬁﬁéé‘é%%ﬁr! l@QstQCU@'S %E%@& and Rachined ﬁfB&nE‘sohHJ S. Patent
No. 5,879,523 10 discloSes a sputtering chanb wherein a thermally sprayed

coating of Ah@fiBa.i ?haﬁrSlSrpettnt alsameations lssa@lﬁcmmsi layers edacisare dbpasitedil um num
with an opti Q Ni Al x. bo i ng t her ebetween Pat ent S.
5 502 635 arftiBuEGoHing 8e REERING HBtHHUNR CEUHT AGIFS Py BB PSR Bhent s of
an appa atu ess, 6%t ] optional
ni ckel ‘f’:oatr %&géﬁ%%gfagr%cétﬁf &eﬂgﬁﬂng&%ﬁ PatE E%t cﬁcﬁoeﬁgﬁég%é?;oals Zy]{ugfcglrngg oses
non- bonded aamanh éngdn otragiid shieltl of almtiahm suitritlafershd wafer pbdestah (DEoP&es Ng
chanber, the preferred ceram c nateri al bersotg sintered AIN wth | ess

gl‘

preferred Mt 8r5821 3 oidiselases erarBicUineh ticsiad us¢af ASEP SRAmPESr i de, and
Tagnes! um oxi de. vl k1R e Aokt AR S OVD coating on

. free standing SiC use as a roof. or collar around

the wafer. 2emWohBudtegRbekstingRh@phint. Cauttigtarce PSNRAkAL Nud)msszshomer head
gas distribution systens, various proposals _have been nade wth respect to
the malBri aldiscloses g FRutieRB@aEhamBbaavhersin aithrmally sprayesheRsting obhEH IV, S, Pat ent

No. 5. 569, 396, 8] 83650 An W OMRIAS 3LePSr MlchinG Witk h7BPfid NRAL, Bobhd o0
coating therebetween. U.S. Patent Nos. 5,522,932 and 5,891,53 disclose a rhodium
coating for metal components of an apparatus used for plasma processing of
substrates with an optional nickel coating therebetween. U.S. Patent No. 5,680,013

15 discloses non-bonded ceramic protection for metal surfaces in a plasma processing
chamber, the preferred ceramic material being sintered AIN with less preferred
materials including aluminum oxide, magnesium fluoride, and magnesium oxide.
U.S. Patent No. 5,904,778 discloses a SiC CVD coating on free standing SiC for use
as a chamber wall, chamber roof, or collar around the wafer.

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. .S, Patent No.
5,494,713 discloses forming an alumite film on an aluminu_m 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 pm or less,
preferably about 5 pwm, 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



5,494,713 discloses formng an alumte filmon an alum num el ectrode and-a
silicon 25 coating film'such as silicon oxide or silicon nitride over the

al um t e WiolomossFoe' 713 patent states that the thickness dgbCt/ogoisiskiscon
coating filmshould be 10 mor |less, preferably about 5 m 91 ngeghe

al um num coating film the alumte coating film and the silicon coating
filmhave different coefficients of |inear expansion and cracks are easily
generated when the thickness of the silicon coating filmis too WO 02/ 053797
PCTI USOL/ 43844 2 3 JUN 2005 -4 thick. A thickness below 5 m however, is
stated to be unfavorable since the proféction of the alum num substrate is
insufficient. U S. Patent No. 4,534,516 discloses an upper shower head

el ectrode of ,stajnl.ess steel,_ alumnum .copper or the | ke. U S. Patent No.
4,612,077 dﬂ’éé‘?-oé clnes, Wrﬁe%raﬁé%%ft%a@gﬁg t?rﬁ%ﬁ%ng%Lieﬁi“lﬂieéhe Pat ent No.
5, 888, 907 dj A r SiCor A.
U.S. Patent bﬁgéﬁﬁﬁ%gg@%%ﬂgsﬁgg%égﬂﬁf%éﬁ gg'g" g&gm.%g%mel ect rode

ei t her nmadedsolosdsednyuppbr Siokesticad elvasedodf wanleaystedadlethinin, Ropp<s odelposi t ed

by CVD to provide a surface |ayer of highly pure SiC. In view of the need
for high pubkeyUshdatest NosH6h2.Pekdiselasrsa shovedisahelselrede ofmagiesiyani conduct or

et or a o aga dPTEbAe AeReoen i PioPaiuhebitt kbl of FROPKAGMER.  Coar d 10

t he chanber Srabeal.alss. Paryit Not.ey,008] 2 0uid GLo20aToidisi@e ashbiverheed vi ce |ife of
a plasma reactor chanber and thus reduce the down tinme of the apparatus,

woul d be beRkEFiredegithicn made griitgly afifaCos 8tbagss ofpathoasonied wieSKedapesittduct or
wafers. 15 Th ve-descripiion su ' t general operation of vacuum
processing gﬁ?@?%pi?g‘%af%’?}a_ ?gﬁ?rnéég@énlﬂg% %& materials on substrates by
suppl yi ng an et clih Rgwosf te Resd fot RighGasity shdl doero¥ing UesTitamiBeEorBpshearRP! i cati on
of an RF field to the gas to energize the gas into a plasma state. Wth

t hi s ab0 backgsuminenductprgeessazing equapacidthersoh aseedyin the et fommprovements an

understanding of the present 20 inventi.on is the field of stud elating to
Ui er encs. MEmAeg el o gt ot FERMHBapontnlS. McFedvel wilh fephed 81 211 19

the chamber materials, any materials which can increase the service life of a plasma
reactor chamber and thus reduce the down time of the apparatus, would be
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 Cy, 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, Cg, 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



- to as buckyballs or buckm nsterfullerenes, are a class of pure carbon

nol ecul es wherein the carbon atons forma cl osed shell. The nost commonly

-. di scussedwOfaaiofxsPenes are C60 and C70. A CA ful |l erene nolMENED1IE88H4| st s of

60 carbon atonms joined together to forma cage structure mnig ﬁ%zﬁﬁxagonal
and 12 pentagonal faces 2S symetrically arrayed in a soccer é

structure. C60 nol ecules forma cl ose- packed solid nolecular materi al
having a face-centered cubic structure. The structure of C70 has 25
hexagons, resulting in a shape reniniscgﬁg of a rugby ball. Since the

di scovery of fullerenes in 1985, researchers have investigated their
properties and devel oped uses for the nolecules. In this regard, there are

nurer 0us VD 024 RE3AST O WSOXCAARAE 2Ryl DAY SRl RefISSAl ko the use of

full erene containin s and coa § Pat ent Nos.

5,271, 890; 5e)8a1ag31@9;93 Eat&‘&@qci?s??,zws?@% 806999 5386,836.3F,3658586,399.463;
5,380, 703; 5,395, 496; 5,876, 790; and 5,558, 903. SUMMARY OF THE | NVENTION 5

Accor di ng t 0538059515, é&fb@b—”ﬁ 53051406; 5&%?1?Qs@hdé5é319@éss for providing an

erosion resistant fullerene containing coating on a surface of a
sem conductor processi ng equi pnment conponent is provided. The process

includes depositing a fullesenevody HRTHE INVENTIONWN a surface of a
processi ng equi pnent conponent so as to forman outer erosion resistant

surface.5 By erosi éncardmgstoadirswpﬁcaoéthelmvmsoua pmmfoapmdlag:@n coating that
protects underlé %ga gll:lféa s fromithe corroswefeff cts . dg asma chanber
gases, whil e®P8 PP a‘?‘ﬁ%"e%}a’t%%a%%e HFERRBN U Anber gases.

The under| Y:Tgﬂycééé[rfga&ﬁ;ﬂﬁenft B&nﬁé&%@fsﬁ;r@ﬂ&écpnﬁfgprﬁ&%?%ﬁmtes HepRRin mgfhoat ed can

conprise a netal, Cceramc or polymer material. In fact, one ‘or
i nt er medi at e fulleree, contamang coablmgpula;suéace:@hprng@mnqumemma@bnnmmwesn t he

surface of 15 the sem conduct or rocess qui Elment and the fuI | er ene
cont ai ni ng c8Xt01RG AN G FrasianTe %tgmtsﬁ C‘im@y?fé’ 1O SR SUit#Gel dhodi zed or

unanodi 76 alughiyiireacs balibaRA pRAERS undertyRlg AELAL R &b cBH6vesmemd yPdenum

or ot her or alloy use
of plasma chamber gases, while resisting erosion of the coating by the plasma

chamber gases. The underlying surface of the process equipment component to be
coated can comprise a metal, ceramic or polymer material. In fact, one or more
intermediate metal, ceramic or polymer coatings may be used between the surface of

15 the semiconductor processing equipment and the fullerene containing coating.
Metal surfaces that may be coated include anodized or unanodized aluminum,
stainless steel, a refractory metal such as molybdenum or other metat or alloy used
in plasma chambers. Ceramic surfaces that may be coated include alumina, SiC,
AlN, Si;N,, BC or other plasma compatible ceramic material. Polymeric surfaces

20 that may be coated include ﬂuoro.polymers 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; (¢) 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



in plasma chanbers. Cerami c surfaces that may be coated include al um na,

SiC, AIN, Si3N4, BC or other plasma conpatible ceramic material. Polyneric
surf aces V20 02/6mar97may be coated include fluoropol yners suctrcasushefsbsan @

pol yi m des such as Vespel (r), and other polyneric materials g ﬁw@él n a

pl asma chanber at tenperatures up to 200C. According to a o‘ pect of
the invention, a netal conponent is provided. The corrponent i ncludes: (a) a
nmetal surface; (b) an optional first 25 internediate coating on the netal
surface; (c) an optional second internediate coating on the first

i nternedi ate coating or on the netal sufface; and (d) an outer fullerene
contai ni ng coating on sai d conponent which provides a corrosion resistant WO

02/ 053797 PCT/ USO 2 J 6 outer. surface. ch of the first
and second iPHE S a?E‘a Eé’gﬁ? rfgl\{ ”r?g;fe‘b@dénmﬁ ‘atﬁrcoaté?gsﬂa)fa\’lee? E’(‘ifatl Oteranic,
pol yrer or l%?%&eﬂ c&%&ogblg&e%réﬂ&ﬁ& rg;tcg ééx&ofygawfa?érﬁﬁ to anot her
aspect of th nvent | on I's prow em conduct or processing

equi_pnent conponehd:comdxdgtmﬁno@ha‘rlakpeeteﬁthemhﬂmmlﬂmefsmatneiledal The conponent

may include any one or nore coatjngs enployed in such. equipnent. BRI EF
DESCRI PTI ON semwﬂnéuﬁm@o&mmwauwmee&F%nmnbmm%ﬁgiewet%@a}%nt. on wil |

become %pparrﬁﬁ&l&f !B oﬁé}lt'n%g‘r%ﬂ&&gee&ﬂ}té]&d%%&%%ﬁ % 10){?5% Rigf err ed

enbodi mént s Sof In connect | W e accorrp raw ng, in

whi ch: Fi gur@uipmeénta schematic cross-sectional view of a pI asma reactor

chanber having a conponent coated with a corrosion resistant coating in
accordance with the present invention. Figure 2 shows details of the

corrosion resistant coatigridet#iiTIONhE T DR AbINGs DETA LED

The objects and advantages of the invention will become apparent from the

foliowing detailed description of the preferred embodiments thereof in connection
10 with the accompanying drawing, in which:

Figure 1 is a schematic cross-sectional view of a plasma reactor chamber
having a component coated with a corrosion resistant 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 pfocessing
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



EMBODI MENTS OF THE | NVENTI ON The i nvention provides an effective way to
provi de corrosion resistance to netal, ceram c and pol yner surfaces of

. conponentwOot/03eem conduct or processing 20 apparatus suchPa3/ysar#s+bf a

pl asma processi ng reactor chanber by utilizing an erosion re i;} q@ coat i ng.
Such conponents include chanber walls, substrate supports, Zé‘tﬁi %ribution
systens including showerheads, baffles, rings, nozzles, etc., fasteners,
heati ng el enents, plasna screens, liners, transport nodule conponents, such
as robotic arns, fasteners, inner and outer chanber walls, etc., 25 and the
|l i ke. Al'though the invention is applicable to any type of conponent having a
netal surface, ceramc surface or polyner surface, for ease of illustration,

“the inventio ill be.d i-ned .i.n more detail with reference to the

appar at us de@&‘ybt%}e‘?@%%%@g?g’?vbﬁ%ﬁﬁW%@tﬁﬂhe’?%&’]G%rﬁﬁffsm h U S. Patent
No. -5, 820, 72g,yhiych is incorporated herein by reference in its entirety.
Figure 1 illustrates a vacuum processing reactor chanber 10 that includes a
substrate hol der Figumprlovlustiates savecelmgirocssing iaactor ahpnlmy 10dhatendlodes asubst r at e
60 ds 5 well as providi an, RF bigs to the substrate while it js He
backcool ed. %%F%%Eg‘)fdﬂ providingan ﬁ%@f%?aagﬁ’&mmn%ﬁf%ﬂrf@é SRate ?h@ssubstrate.
A source of Gefhdolfling JPREbAL N L@ AR R id Me b8ciGooled O B2 | ons/ cnB)
pl asma %n t he cha%%’e?ﬁns%c ag%b%ﬂ%ﬁ?gﬂﬁa 40 pod\ergg %yogesui tab‘}% RF source
to provide arihg @hcaefimes plasmph dsarpares abalieshoaddirae. thaure@miechenggdot or chanber

10. The chanber includes suitable vacuum 10 pynpi ng apparatus for

mai nt ai ni ng PABRAINNEAjhigh %@Sl&f (etthel Q?ﬁé@%g]&nslamghpllaw mefge cgé@é%ma@ . 9.,

el ow 50, oKL ek kel 6%, GTGEIIPAURYAG 099 1 ERBIPREgnd vl the
“substanti al | fisposadd ar thelta) efatactar chinmbiemt (6 OTtefchamibbomoluides akablks/apinoni ded

between the antenna 40 and the interior of the processing chapber 10 forns
the 15 WacuuPHWRPE appargthsor gppigpiningdhe interior 308 théehwmber atn desirgd s

di stributi Onpx%Ls%Eee(e.ng., ﬂe?ow 50 mTorr, typically 1-20 mTorr) by evacuating the chamber
through the centrally located vacuum port 20 at the bottom of the chamber.
A substantially planar dielectric window 50 of uniform thickness provided
between the antenna 40 and the interior of the processing chamber 10 forms the
15 vacuum wall at the top of the processing chamber 10. A gas distribution plate 52 is
provided beneath window 20 and includes openings such as circular holes for
delivering process gas from a gas supply to the chamber 10. A conical liner 54
extends from the gas distribution plate and surrounds the substrate holder 70.
In operation, a semiconductor substrate such as a silicon wafer 60 is
20 positioned on the substrate holder 70 and is typically held in place by an
electrostatic clamp 74 while He backcooling is employed. Process gas is then
supplied to the vacuum processing chamber 10 by passing the process gas through a
gap between the window 50 and the gas distribution plate 52. Suitable gas
-distribution plate arrangements (i.e., showerhead) are disclosed in commonly owned
25 U.S. Patent Application Serial Nos. 08/509,080; 08/658,258; and 08/658,259, the
disclosures of which are hereby incorporated by reference. For instance, while the
window and gas distribution plate arrangement in Figure 1 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



provi ded beneath w ndow 20 and i ncl udes openi ngs such as circular holes for
del i vering process gas froma gas supply to the chanber 10. A conical |iner
54 ext 88245 HN t he gas distribution plate and surround®CTRSE 44 r at e

hol der 70. In operation, a sem conductor substrate such as az3iliijcgon waf er
60 is 20 positioned on the substrate holder 70 and is typically held in

pl ace by an electrostatic clanp 74 while He backcooling is enpl oyed.
Process gas is then supplied to the vacuum processi ng chanmber 10 by passing
the process gas through a gap betmeenfﬁhe wi ndow 50 and the gas
distribution plate 52. Suitable gas distribution plate arrangenents (i.e.,
shower head) are disclosed in commonly owned 25 U.S. Patent Application

Ser' ol Nos o A6L508 QR0 091 05 o, A0 BB SR ATRe s Gl oo of

whi ch are heéreby 1 ncorpora by rere Insta e the w ndow
and gas di shfdnhwtgon pl ate arrangenent in Figure | are planar and of uniform
t hi ckness, non-pl anar and/or non-uniformthickness geonetries can be used
for. the w ndow Gheanber wgls 28 sunbrasisaedised pr unaaodizedhalyminmsially apd asma i s

i i di WO 02/ 053797 PCT/ USQ1/ 43844 .2 2 -8 Db
oo sonst r e, REES R RS FOtRBRT T R e The s iate IR 70 astert ot o
40. Crrmoersquhhys 535zt 48 PRUHASaha URASRS) 2k of PcHAR eI | and

metal, or ceramc or polyner conponents such as the substrate hol der 70,
f ast eners d@ndidates foreostigiaccending totthainvantomn tipsswdiding the aseditoamaskshow si gns

f [ .candi dat ti di to t ' ion, th
avor i ng. t HECTIGEHE BPHEGR of NERIAATA NG b Be e BIF oF Tais APSF Al Ranbor
Exanpl es of,p&ha) be @d&@l@qmlﬂhé etlizdd AR AROiIRA HRRInGHh ACligeRRAA zed or

unanodi zed alum™um and all oys thereof, stainless steel, fefractory netal's
such as W astainlvks sierd, refrhaiysy mitelsesoth acBpuel Marmid bllowd thesest, ichppearahd et c.

C g bR L el e £oRled Lo us, Al e, SC KN
be coated ifightdesic, AR, TRE B(S UERASes' & doithérbiallh) Al M ESsiymer
materials that may be coated include fluoropolymers such as Teflon®, polyimides
| such as Vespel®, and other polymeric materials useful in a piasrha chamber at
temperatures up to 200°C. In a preferred embodiment, the component to be coated
15 is a chamber wall 28 having an anodized or unanodized aluminum surface 29. The
coating according to the invention permits use of aluminum alloys without regard as
to its composition (thus allowing use of more economical aluminum alloys in
addition to highly pure aluminum), grain structure or surface conditions. In the
following discussion, an example of a component to be coaied is an aluminum
20 chamber wall 28 having a first optional intermediate coating 80, a second optional
intermediate coating 90, and a fullerene containing coating 100, as illustrated in
Figure 2.
In order to ensure good adhesion of the coated material, the surface of the
aluminum substrate 28 is preferably thoroughly cleaned to remove surface material
25 such as oxides or grease prior to coating. In addition, it is particutarly desirable to
roughen the substrate surface, anodize the substrate surface and again roughen the
anodized substrate surface prior to application of any of the desired coatings.
According to the invention, first intermediate coating 80 is optionally coated

on the aluminum sidewall 28 by a conventional technique. The optional first



such as Vespel (r), and other polymeric materials useful in a plasm chanber
at tenperatures up to 200C. In a preferred enbodi nent, the conponent to be
-coat ed 1Wés2/@essedtanber wall 28 having an anodi zed or unan@draAsdy/adswn num
surface 29. The coating according to the invention permts ggejafgg um num
alloys without regard as to its conposition (thus allow ng use of nore
econom cal alumnumalloys in addition to highly pure alum nun), grain
structure or surface conditions. In the follow ng discussion, an exanple of
a conponent to be coated is an al um num 20 chanber wall 28 having a first
optional internediate coating 80, a secohd optional internediate coating
90, and a fullerene containing coating 100, as illustrated in Figure 2. In

order to ensure od adhesjon of.th at ed terial, the surface of the
a1 i num subBierRPga s BB EA DR Pt opy BRL FEpptloulh spstare T BR UG ( ace
material  25)RNeER 1B MobE8Sd Phiordb ?@%ﬁn@chprtiBﬁal%@@éﬂdrlﬁtenhéﬂiﬁ‘t@Q:bﬁt'ir%?() It is
particul arly desirable to roughen the Substrate surface, anodi ze the

substrat e suwrfthe fillaree agatemingoughieg 100 descabetivelow. hbdirstantermsediftace prior to
application of .any.of the desi.r patings., Accgording to . the invention,
PPt it or g B0 Gunbavegnas i dlc iekarsih b8 TR ot P AORm o1 doval |
28 by accony ' ' ' et

PCT/ USO /438{%965&%%5&’%%%9 om %%é?'@%?ﬂ%wfég%%i’ﬂégg%gﬁé%ﬁ%t%b?i ently

t hi ck to adhesteetr).0bkearslh$ inchtearaidostréfarablyeftromdl 00dvinches to 0106 imthes.essed
prior to form ng the opti.onal sec_ondéj nt,errregc'i.ate coating 90 or the

ful l erene cont ai nf\iigr €B9%iIRg thegwtigaal dirstjatsrmediaig coatrng 39 orip alumigyRedi at e

coating 80 c ' | ' | east
about ' 0. 00TEe A28 phlthl B 6o bREs BERRERUER FSng LAY RERDR o s " Nr
preferably thehoeatodled®@ith aivckeOord dprivielscoating a0 st therfell@eabtontdiniag 0. 001

I nches to 0.05 inches. After _depositing the optional first internediate

coating%0 offasngli%i Aurtehemed lyeedrrovidsea praicilagly @and bend| Retellyor
oushened by e FEILAYD s o I IHER AL AgRecond
to the coating 80 and minimizes formation of fissures in the coating 90.
The optional second intermediate coating 90 is sufficiently thick fo 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,



10 coating 100. A roughened | ayer 80 provides a particularly good bond.
Desirably, the second internmediate coating 90 inparts a high mechanical
conpression strength to the coating 80 and minimzes formation of flssures
in the c®@PEG3v3. The optional second intermedi ate coati RGTAG01/43844 .
sufficiently thick to adhere to the first internmedi ate coat} agygQuund to
further allowit to be processed prior to 15 form ng any additional

i nternedi ate coatings or the outer fullerene containing coating 100

descri bed bel ow. The second internedi ate coating 90 can have any suitable

t hi ckness such as a thickness of at |easf about 0.001 inches, preferably
from about 0.001 to about 0.25 inches, nore preferably between 0.001 and
0.1 inches and nDst preferably between 0.001 inches and 0.05 inches. 20 The

first and seco. di n f any. one or . nore
materials efpr gyse P (&wﬂg%&a 5’%3‘?9% %ﬁfB ﬂ“%ﬁ%&“é N8l es of
such mater islcon] PSR 4ebiRE Al oton KRBT B&oﬁ@ﬂ‘b@ﬁﬂtﬂ&@r Sircondd; yitadbar | y
desirable netals include any one or nore refractory netal conposi tes or

al | oys cont aniprtures afienty of thet abloge-nRativhedinatetiglsdesi r abl e cerami cs i ncl ude
A1203, SiC, Si 3 BC, AN TiQ2 et Par.t.i cul ar.l y.desirabl ol yners

i ncl ude fl uoropol W?t@lpéﬁeiglaﬁ'@%gﬁ(qﬂ;} secogigyi ﬁeﬁm@%%‘%rﬁ g@”\‘;ﬁ%{gel (r), and
other pgl ymgpjigy Gt 10?1!1 6 iy i 194 m&kaﬂaﬁhag}iak%mﬁﬁﬁf fhees up to
200C. Specific mate nte | ate Intermedi ate | ayers al so

i ncl ude ful lcongmgs are)ﬂtmmermg drfﬁarerrtldapmdmgd:reﬂlehiasmbdqaomnes domtasmi ng

mat eri al s such as di anopd-1i ke mat riaI bori des, WO
02/ 053797 P@Pﬁ%@é‘fﬁi@%&gg‘?f’@a\)‘ %&8‘5‘3 cORER SUEH 2k é’ﬁd&’b‘ﬁl‘ ?%m trides of,
for exanple, @{ on car bi des;
boron nitri dgg%ﬁ%gt?nco%ar oni ?kar%éeéﬁ&g@%gﬁg%ﬂﬁls Iﬁéﬂﬁecélﬂplog] xtures of any of
t he above- nent i orEtt fulieené abistainirip doatlﬂg)mmmﬁmlleptbs&xédhhahe bifteonkl gesbnéind second
internediate |ayers 80 and 90, 5 which are OF“ onal a be any one of the

above- ABnt i JREEMediREGoaNRE Q) 0K Oﬂﬂsﬁ optipnal firskinfermediateccophing 8% A8 direcly f f er ent
dependi ng ONyf ljﬂg aﬂﬁﬁlh[lﬁl%u%t%?eeﬁé IPire thkctknks% o%lﬂ% fullerene containing coating is

desirably at least 0.001 inches, preferably from about 0.001 to about 0.25 inches,
more preferably from about 0.0¢1 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
Cgo and Cyp. A Cy 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,¢, C4;, Cyy, Cy, and so forth, or a mixture of C,



anticipated that additional internmediate coatings such as a third, fourth or
fifth internediate coating of the sanme or different naterials may be

enpl oyedWOrs038M7| er ene contai ning coating 100 is deposit BAT®R0Y438490pt i onal
second 10 intermediate coating 90, or on the optional first 1AtdNABli ate
coating 80, or directly on the alum num substrate 28. The thickness of the
full erene containing coating is desirably at | east 0.001 inches, preferably
from about 0.001 to about 0.25 inches, nore preferably fromabout 0.001 to
about 0.2 inches, nore preferably fromapout 0.001 to about 0.1 inches and
nost preferably 0.001 to 0.05 inches. e thickness 15 of the fullerene
contai ning coating 100 can be selected to be conpatible with the plasm

envi ronMent & 0ubeSRBRUPEREH hOnidie: RRRANEL. kS dloo cShaNMARY ABnetC.).

This |ayer of er éne cont ai ni Ing nay be coa r part of

t he react or onebanbes ofxhe fitleraenantexchidedrsmuis adlctdne\ventaBying vbdt@eene
contai ni ng coati nq, it is herein meant a coating containing or 20 coating
formed from dopedilen caniraplaigd svthin thefinyangipn aredthe sopadteddoped Bilisrenedt to as

buckybal | s uc kqmi rfull ~~Jhe. nngnl ' ed full erenes
are C60 an lﬁgeomogk@%%&f:{# g@kﬁ%ﬁﬁ%@ﬁﬁ'@%&c@g es Oé%c’g%?g@ﬁgat ons j oi ned
t oget heg t 0 subdin¥e audp@QnHlkliCGhethEord ko s 2DoPile cdReknirdtipgdragonal faces
symet ri cal | arrayed in a soccer ball-Tike structure. C60 nol ecules forma

cl ose- packedlesisablyilestham beeqiahio ongtpsrdeat bhweighyolihe Adlerensmoetingl neerbi ¢
tructure. T, t f h 25, h | ting, i h

Fen ni scent Py bgyebau T e FLSRAR 30° prcr iy iy &4 o Cro

_m xtures thauRQtnec @AWin2NRdYedRbS dRirablp®ehiiceh aboitW.OMAr S1AKH1 ﬁét%htarg C76,

( C781 C8" (C92 and so forth, or a mxture of C601 WO 02/053797 PCT/ USOL/ 43844
2 3 JUN 2005veightpf@rofullerdnaegatinge or nore of the higher fullerenes. It is

o0, CRBLTPL et B S he IR o B SRER R EATRAESY, o
are the so qald QehAeRESF iy I o? BRSaboTH BSMeATLRSHA R Wit StheRafethls @ enes
contai ning any one or noré of a doping
compounds that form a hard corrosion resistant surface. The composites desirably
have a continuous matrix phase of the fullerene containing material. The composite
may include other protective materials in amounts up to about 50 percent of the total
15 composite and greater. More desirably, the composites of the present invention
include between about one and 40 percent by weight additional material, and more
preferably between about one and 20 percent by weight additional material and even
more preferably between about one and 10 percent by weight additional material
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 Al,0,, SiC, Si;N,, BC, AlN, 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



5 substance such as an alkali netal or a hal ogen atom Doping concentrations
are desirably less thdn or equal to one percent by weight of the fullerene
coat i ng, woones37desi rabl y bet ween about 100 parts per m | |PODUsNG3eHNEe percent:
by weight of the fullerene coating, and even nore desirably ?ebngﬁﬁ about
0.001 and 0.1 percent by weight of the full erene coating. 16 A atively,
the full erene containing coatings of the present invention nmay be a
conposite of any one of the above defined fullerenes with other materials or
conpounds that forma bard corrosion resistant surface. The conposites
desirably have a continuous matrix phd®e of the fullerene containing
material. The conposite may include other protective materials in anmounts
up to about 50 percent of the total 15 conposite and greater. Mre
desirably, takorBidssef fRsexample, Satpiyn dantatugy, dianiwn andios siligan:f®rdken about

one and 40 t i ght L t.er:al abl
botween aboliDiaER bofth WIS nRGE Ly BN Al AR s U iR s AL BEC 2
nor e pref er gblayoteinsaesnednaatrifife and 10 percent by wei ght additi onal

material based ugon the conposite. In sone instances, particularly where
cost is signific&he fullbeencrenpannzenadigs 160 of thel aewentinvertionangy bow, e. g.,

bel , 1Q, 5..and b i ght . of ing.. Such i al
may 1 nt udeacaryGhen e SRUET R by SR il Tt ol Slchad cprtEaLERRg ' °
chambers. EygimpiiRs, SermGhraiiS plading spragind dibiidiationSlagd vEPsrezatibef ract ory

metal s, conposites or alloys containing such netals. Particularly 25
desi rabl e cepuietiog, Sputieiudiposilion3en Biad) cEItBRASPrBCroatKg, dipGRating, .

Parti cul arl desi rabl e pol yners incl ude fl ugr.opol r h as Teflon(r),
pol yi i des SUBRTAION. UEHRECRIRE, bipeh CRABE. ot T oneIRIeEA Bt enEREr 1l in o
pl asma chanmfgiigaé fﬁl%ﬁrcﬂl&ﬂl’ﬁﬁ% céﬁ?in%@w?tﬁ%@wifﬂout mtd¥elehRYedydriaF ofige nost
desirabl e materials would i ncltude the fullerenes alone or in conbination
Wit h car bi demferiate mealebe depdsitediesto dnddasired\@riRe MSRESUciPGTOVIDELhHg8et4 2 3 JUN
2005 -12 car bon'&t rides of, for e>f<%rrpl e, .haf Ri um t an& %t um .titani um and/ or
silicon: boron n an alternative aspect of the invention, there 1s 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
coafing or component is desirably free of materials that adversely react with
processing chamber gases and/or are chemically inert such that there is low or no
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



carbides; boron nitrides; boron carbonitride; zirconia; yttria or mxtures
of any of the above-nentioned materials. The full erene containing coating

- 100 of tWd §YEIWAt i nvention may be 5 deposited onto the BEBUBEA3S4 f ace by
any suitable techni que such as chemical vapor deposition, thér il i8praying,
pl asma spraying, sublimation, |aser vaporization, sputtering, sputter
deposition, ion beam coating, spray coating, dip coating, evaporation,
roll-on coating, brush coating, etc. It is contenplated that one or

mul tiple fullerene containing coatings.wth or without internedi ate |ayers
of other 10 materials nmay be deposited onto the desired surface using such
known techniques. |In an alternative aspect of the invention, there is

.ovi ded i ng.. ' ) |
Cont i ni ng TRPLETAPBEh Ly eRARE 0T A6 GH IR 1RO R Rl A Bafthad 1) 07 O"
convent i onakhrpugh@dldyed dllaueeleBents ROBIBS (adfinibi) 4 én e Hehi@dicurdbes. ene

contai ni ng coatings or_ conponents of the present invention, it is preferred
to obtai n adhatebysrapidingde 95¢ edvanéagest Hiepresent Hyentia, gnsatisBaormefcbing

is desirafly f ' . d | it h
o obasei ng. nnep AR Yorklaifn PEpMEbES Ridobld RRIEHERLH S RRE N ¢ 15 1 ow
Of No  Partiggh@renedbrlicAALEYY eifhef tloSioRbr Bstréir 0i on of the underlying

substrate, little or no 20 metal contam nation and/or little or no volatile
etch products tha¥hidaithe inwehtiomhdsdimen desesibpd brdataibwithrefdrence tor speeidict or

equi pment. Since.th ull eren are caybaop ba - Lhe o)Jatilize during

pl asna proc gg&oﬁ@l@ﬁs(ﬁlgrgﬂ ) E)tewﬁlzt?m&amp{ @ﬁﬁ?ﬁ?&iﬁﬁ?&%g}e *XW\“FL@E’(O“EOM ani nati ng
the proc eSS%ﬂaﬁe@Qh@hodfﬁcﬁtions%aﬁ'b%‘n%ﬂ@,‘ A Rivalentd emMb EWitdut hat the
“fullerene containing coating or conponent be placed ™ 25 on or use in the
"regi ons t hatdepaying fromethe naxipelod tmappsededicdaimie pl asma envi ronnment  such as
parts in direct contact wwth the plasnma or parts behi nd chanber conponents
such as liners, etc., to mnimze netal contam nation of the sem conductor
substrates processed in the reactor chanber. It is particularly preferred

tolimt or exclude transition netal dust; e.g., any one or nore of
el ements 21 through 29 (scandi um WO 02/ 053797 PCT/ USOL/ 43844



2 3 JUN 2005 -13 through copper), 39 through 47 (yttbriumthrough silver),
57 through 79 (Il anthanum through gold) and all known el enments from 89

(acti ni umwonzwss7dhe Periodic Table. '~ Thereby, according tecmescadssmmt age of
the present invention, unsatisfactory etching or undesirable forna %BQ of

pi nhol es in deposited filns is reduced by suppressing 5 occurrérﬁ:é‘J W05 uch
dust by either erosion or corrosion. Wiile the invention has been descri bed
in detail with reference to specific enbodinents thereof, it will be
apparent to those skilled in the art that various changes and nodifications
can be made; and equival ents enpl oyed, Wl thout departing fromthe scope of
t he appended clains. WO 02/ 053797 PCT/ USOL/ 43844 2 3 JUN 2005 -14 Wat Is

C ai med Is: A prgcess for coating a surface of a conponent of

sem conduct or—_—éﬂg‘g@}ﬁéﬁequi pment, the process conprising: (a) optionally
depositing a firstyl Rﬁ&&@?f&%&at&%@éﬁ@c@ﬂf@c Rfifoflenficomiué@fPonent - of
semi conduct or processi'ng equi pnent; optionally depositing a second

i nt ermedi at e proedssing equips@hy thie prodess comprisingli ate | ayer or on said surface;

and (c) depositing a fullerene containing coating qn said conponent to form
an outer erosion (a8pqnaly dspgsitinge firshinfermediateagting enpsurfaeeRfing accor di ng

to d ai mSl, v% &%ﬁ?éﬁsgm&%&ﬁ&gfPqné%egﬁiﬂggg‘ﬁgﬁgﬁpem of sem conduct or

processi Nng equi conprises a > or polymer surface. 3. The
process for coati np)aptietallydgpssiting Asatoad intdrarediar: coakitlg onrsaid firknt er medi at e
coating is not optional. 15 4. The process for coating according to Caim 3,
wher ei n sai d infarwediate 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 surface.



‘intermedi ate coating conprises a netal, ceramc or polyner coating. 5. The
process for coating according to Caim1, wherein said conponent conprises
.a chanber walo/esd7om pl asma et ching chanber. 6. The process POayUsonadsisng
according to Claim1l, further conprising formng 20 a roughegﬂgw?}@?ce on
sai d conmponent, said fullerene containing coating being deposi é sai d
roughened surface. WD 02/053797 PCT/US01143844 2 3 JUN 2005 -15 7. The
process for coating according to Claim1, wherein fullerenes present in
said fullerene containing coating are CG(&:1 fullerenes, C 0 fullerenes or
m xtures thereof. 8. The process for co ?l'ng according to Claim1l, wherein
said fullerene 5 coating is deposited to a thickness ranging from about 0.00
1 to about 0.050 i?c es. 9. .The process,.for é;loatltln‘]g accoiilﬂi nﬁ to Clgi m 1,
wherein ful | er enes’-pFS¥REeSS for COATNE FEPTANERLIAR LoV IR TOSRERePTERT doped
fullerenes. 1§ saiiRIISCACEMEaihiRE c6RRY 8 CATRNERhRICE Fulfe@hes dr mihiRELi N sai d
fullerene containing coating I's deposited by chemcal vapor deposition,
pl asma spray thembf.ng, 10 sublinmation, |aser vaporization, sputtering,
sputtering deposition, ion beamcoating, spray coating, dip coating,
evaporation coating, roll-on coating or brush coating. 11. The process for
coating according i - 0] b erene
cont ai ning or int e%’%%@?ég%g%{%ﬁg@gbrcgﬂgnp%{ai(glg{n?é’ g%“%(‘)@n%g%%h%, 15 12. A
conponents of ating ndbposited tpe tducawsnpnemyifiomeabout 61601 its ebapt 0.458)inches.ur f ace;
(b) an optional first internediate coating on said surface; (c) an optional
second internediate coating on said first internediate coating or on said
fsg; ‘;;‘Cg’n gﬂferzo (09, Pnd ok &k FH2oGHRE ABidid 6 CHINTY, WHersil ANERARGREN: t hat

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 fo Claim 12, wherein said surface (a) is a

metal, ceramic or polymer surface.



corrosion resistant surface. 13. The conponent according to Claim 12
wherein said surface (a) -is a nmetal, ceranmic or polyner surface.

02/ 05379 ¢ HeTbNRHL/ 43844 2 3 JUN 2005 -16 14. The conpongpiy hng to
Claim12, whereln said first internediate coating is not op{llﬁg’ f 15. The

corrponent according to Claim14, wherein said first internmediate 7goghig is
a netal, ceramc or polyner coatl ng. 5 16. The conponent according to Caim
12, wherein said conmponent conprises a chanmber wall of a plasma etching
chanber. 17. The conponent according to C aim 12, wherein full erenes present
in said fullerene containing coating are-C60 full erenes, C70 fullerenes or
m xtures thereof. 10 18. The conponent according to C aim 10, wherein said
full erene containing coating has a thickness ranging fromabout 0.001 to
about 0. 050 incheist. TheGonTjeaent@opmrdmgtto Stam I, mdetein QidifirsthiRtermédiatei n
fullerenes present in sal d fullerene containing coating are doped

full erenes. atingisot gpdeHAdnt according to Claim 12, further conprising one
or nore 15 additional fullerene containing or i nt er medi ate coat | ngs. 21.
The conponent according to Caim12, wherein fullerenes forma continuous

matrix phase of sajd fullerenpeCQpippnbhti@esa 'tBQZIm%?M '%vﬁéi’@iﬂ%ﬂﬁrﬁrspfnteémedlate
semi conduct 0503%1%9@5%1&@ %Rr@ng;oj]eﬁ%g coﬁ%‘} east oné surface expose

plasma in the eq |pnent e co ising a 20 fullerene containing
material formng a surface exposed to plasma in the equi pnment. 23 JUN 2005
23. The conponent according to Caim12, wherein the sen conductor

processixng equi pnegit TEOERTpGRE! AcBidS® Cl8ia¢ | Bwherbifl shitecomfidneste | S erosion
resistant to plasna

comprises a chamber wall of a plasma etching chamber.

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

10 18. 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.



and reduces particl e cont aminati on dur| ng.: pI asna pr‘oces5| ng- of a ST
semi conductor substrate in the plasnma reactor containing the corrponent 24,
The conponent according to Caim 12, wher ein the ful'lerene: ‘containing -
coating is a conposite which conpri Ses at | east one fullerene andzgtJulNez%t
one material selected fromthe grohp consi sting of .carbides, borides,
nitrides, and carbonitrides. 25. The conponent according to CI ai-‘m 24,

wher ei n the fullerene containing coating consi sts essentially of at |east-

one fullereng and theyaf d §ﬁen‘1?'ﬂ@co‘i‘ﬁh§"t6@'l ifi APRARAndaeeP! di ng to
Gai m p ﬁ?oc%%gcgqa Sﬁm&é%@gg{lg e ERE Rk 950 el e 53@09@3%&?%% ke

ransport

gL RuT i coMyBRg SHON b PHICHS A0S AP SHSe e
seni cotffiplauna repelor eenpingizdhe PPMRIRCIbOoNpr i ses a pl asrra reactor, and the
surface is erosion resistant to the plasnma and reduces partlcl e

contani nati @4. duri ng phtRISMpRRORASSIrigigab Claigell ortdeiating fulletdasicoftaiming) t he
pl asma chadfl Bl GRIPoStdWARH LBRPFSERR m@a&t oneZﬁnerEh@ aﬁrPéHPl@ﬁs% Bhe BabR{afbdltitd
A aim g2 er‘ag,gganﬁuh i R s TR Steed, COMBOS! & i

conpri ses one erene an east one erral selected from
t he group conS|st|ng of carbi des, borldes nitrides, and carbonitrides. 29.

The conponer?tS accor di nke GomposeRh aseordingsp &laim b WhﬁrP@r@ﬁ@l@W&OﬁﬁﬂﬁﬁHE
mat er i aloatgeinsists essanially af atylewst one fullseene apd dhd afileast enematediat.he at | east one
material. 30. The conponent according to Caim22, which is a substrate

support, gasg.di stri bufhoOebnipohkfibcchdidg ©. Clain 32, WAREliea sifrh@Napporfedii Ng
el enent ;s BhAGPsySht Hafeld, T’ nofHe, hSAIL p@a&mﬁ@ﬁﬁi&ﬁt PABRRNeNen, liner, or

transport module component.

27. The component according to Claim 22, wherein the semiconductor
processing equipment comprises a plasma reactor, and the surface is erosion resistant to the
plasma and reduces particle contamination during plasma processing of a semiconductor
substrate in the plasma reactor containing the component.

28. The component according to Claim 22, wherein the fullerene containing
material is a composite which comprises at least one fullerene and at least one material selected
from the group consisting of carbides, borides, nitrides, and carbonitrides.

29. The component acéording to Claim 28, wherein the fullerene containing
material consists essentially of at least one fullerene and the at least one material.

30. The component according to Claim 22, which is a substrate support, gas
distribution system, baffle, ring, nozzle, fastener, heating element, plasma screen, liner, or
transport module component. :



