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I nvention 5 The present invention relates generally to the fabrication of
sem conductor wafers, and, nore particularly, to plasm et

havi ng conponents that reduce particle contam nation duri nammmlmwﬂmm
Description of the Related Art In the field of sem conduct or prog ssing,
vacuum processi ng chanbers are 10 generally used for etching and chem cal
vapor depositing (CvD) of materials on substrates by supplying an etching
or deposition gas to the vacuum chanber and application of an RF field to

‘the gas to energize the JeéOW GIONTAMEBNAERIQNRIASMAGHAMBERpar al | el

pl ate, transfornmer T ctively
coupl ed plasma (I @)8awmgmﬁwﬁﬁmw5@weact ors
and conponents thereof are disclosed in comonly owned U S. Patent Nos.

4,340, 462; 4,948, 458; 5, 200, 232 and 5, 820, 723. I n sem conductor i ntegrated
circuit fabrication, devices such as conponent transistors nay be forned

on a sem conductor wafer or substrate, which is typically made of silicon.
Metal lic interconnect Iines,ﬁﬁwmmg froma

metal lization | ayer di sposed above the wafer, may then be enployed to

coupl e the devices together to formthe desired circuit. The netallization
| ayers typi camad@,pmmnﬁgﬁper al um num or one of the known al um num
a.t#oys such as Al --Cu, Al--Status Inquiry or Al -Cu-Status Inquiry. An

anfi -refl eZtive coaf[‘ihnqpresent invention relates generally to the fabrication of semiconductor

wafers, and, more particularly, to plasma etching chambers having components
that reduce particle contamination during processing.

Description of the Related Art |
In the field of semiconductor processing, vacuum processing chambers are
10 generally used for etching and chemical vapor depositing (CVD) of materials on
substrates by supplying an etching or deposiﬁon gas to the vacuum chamber and
application of an RF field to the gas to energize the gas into a plasma state.
Examples of parallel plate, transformer coupled plasma (TCP™) which is also
called inductively coupled plasma (ICP), and electron-cycl'otron Iesonance (ECR)

@)

15 reactors 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.
| In semiconductor integrated circuit fabrication, devices such as component

transistors may be formed on a semiconductor Wéfér or substrate, which is
typically made of silicon. Metallic interconnect lines, which are typically etched

20 from a metallization layer disposed above the wafer, may then be employed to
couple the devices together to form the desired circuit. The metallization layers
typically comprise copper, aluminum or one of the known aluminum alloys such as
Al--Cu, Al--Status Inquiry or Al-Cu--Status Inquiry. An anti-reflective coating
(ARC) layer and an overlying photoresist (PR) layer, may be formed on top of the
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(ARC) | PW=Ya! n overlying photoresist (PR layer, may ' on top
C he SWBlpaBstsosn overlying photoresist (f ) e MY BErSIEE" P,
02/ 057506 PCTI US01/47571 1 NOV 2006 -2 metallization |ayer. The ARC | ayer
typically conprises a titaniumcontaining |ayer such as TiN(ﬂ4J&U¥HgmB
formthe aforementioned netallic interconnect lines, a portion o

| ayers of the layer stack, including the netallization |ayer, can be

etched using a suitable photoresist techgique. The areas of the

nmetal lization layer 5 that are unprotectéd by the mask nay then be etched
away using an appropriate etching source gas, |eaving behind netallization -

i nterconnect |ines or features. 0 achieve greater circuit density, nodem -
i nt egr at ed c@FE@i@@OHA%V%c%@MIW@F M%ﬁ& FRPBIISES A AATIIL FOTIAYHNE (AYEE . As
aresult, th t FZBS , i dt f A r | i nes or
t he spaci ngsgfcéé%.ﬁi\f?%?c 'es'%0 %g?lv\%%h%é ] Sgéﬁﬁﬁé@ﬁfé&é%ﬁﬁg%?%ﬁ%%eas, have

steadily decpempadf tHoldyersmofiielager 80K, GAAHMRE e neRBFaBbn 1476 enigat egr at ed
circuits, highly anisotropic etching is desired. Etch anisotropy refers to

the rate of stehed usihg etsuitablephatoreaistttchuiqube Thateeasof et memllizeticmiaygr | n
order tq formhigh aspect ratjio feature fth vertical ,sidewalls, the rate
of vertioscal trﬂéf ‘H{'}’I&?%?d%@ﬂ%‘?’é‘ﬁ-? P@Xﬁﬁ‘i’%‘@?@% FVHHEHOE AR 2PRICBTBE | at er al
etching. In i ihil et Aidd i f ' d using
si dewal | pasé{ihgglg?s Sﬁegéﬁ’megﬂ%% \SS}E%E?%J t ecﬁﬁ&q@%&{@g@ C%FQ??%\IE‘%%\E/E

i ntroduci ng a pol {weachfeve greageridenit dengitis uaddeyn idtégrated cirthinaresdsledas CH4,
31 CAF8) into the reaction chanber during etching. The polyner which
fofms duri ngWEbdReTEasipgly hasower Aesigh rylesie Ao teat, ghe foature szetndig-sthsf t he

etched featu t by reducing |lateral etching of the.,substrate 0 and
I ncreasi ng eﬁ@hé’?ﬁf%%%%ﬁ@“%ﬁ#ﬁ&% %g%cwggaggr%%ngbgss bﬁng%\?é%?acﬁmzyrrer
?ﬁgoz 't tC 1;7]0 CanimeéRenhd2t The) hhiestbaHiky deefeaSet!.§ 06 T thev@irt W SoRITRAN AR HFOf

modern integrated circuits, highly anisotropic etching is desired. Etch anisotropy
refers to the rate of vertical etching compared to the rate of lateral etching. In
order to form high aspect ratio features with vertical sidewalls, the rate of vertical
etching .must be significantly greater than the rate of lateral etching. In plasma
15 etching, vertical profiles are often achieved using sidewall passivation techniques.
Such techniques typically involve introducing a polymer forming species (usually
fluorocarbons such as CF,, CHF,, C/F;) into the reaction chamber during etching.
= The polymer which forms during etching is preferentially deposited on the
‘) sidewalls of the etched features thereby reducing latéral etching_ of the substrate
20 and increasing etch anisotropy. During the etching process, however_,‘ polymer
deposits can also form on the interior surfaces of various components of the etch
chamber \which are exposed to the plasma. Over time, these polymer deposits can
flake or peel off thus becoming a source of particle contamination in the plasma
reactor. _ |
25 The polymer deposits formed inside the plasma reactor typically comprise
chain molecules of carbon compounds. When. the polymer contacts and adheres to
the substrate being processed, it can contaminate that portion of the substrate and

reduces the die yield therefrom. Polymer deposits'can accumulate on all chzimber




chanber which are exposed to the plasma. COver tine, these polyner deposits:
can f.l akeM§ 0282106 0f f t hus beconing a source of particle cREE/HRMWESTIoN in
the plasna reactor. 25 The polynmer deposits fornmed inside the gl&ﬂgazu
reactor typically conprise chain nolecules of carbon conpoundé. en, #%e
pol ymer contacts and adheres to the substrate being processed, it can
contam nate that portion of the substrate and reduces the die yield
therefrom Polyner deposits can accumul ate on all chanmber WO 02/ 057506

PCT/ USOL/ 47571 1 ti N UV 24 -3 surfaces,Bparticularly on the surfaces of
t he chanber housi ng adjacent the process gas inlet tubes, as well as the
under si de of the chanber cover or gas distribution plate opposite the

substrate surfsaefaces]hartlaiyesn tegoshies dfdhe ¢Haenbed honding adHsdne aRSprotedshe
chanmber can migrate onto the substrate to create a substrate defect. 5

Pol ymer part i c8AsdBist txbes.cas well asghe uaderside of the duntber conerongasdistriytionng of
th t t. ' t ed, pl [ |l es. Th
Fepeat od - hea TG CHRAMEE 3 shitale BRACE| T8r a0 DR BRCSRH R B Fiforeac or
conponent s canuyrf@sSsr hBehARHE Gf ol @f%ﬁto%@@t%sﬁﬁﬁ[tﬁ cgedt©h 's&l&dsﬁta ddfb@ke

off due to CTE differentials betweén the polynmer deposits an e reactor

surf aces. 5The Raliywee partidulitpmmiantination ialexacebextahby diestherdg? dytlingbohtar dment

wi th reactant sgeci es in the, plasma. As integrated circuit devices

continue to shiERGRT FOMBRRERLs drEing psma3 processing evelasr Hisdeneated

I
vol t ages, thei ' %2&% i | r ible to
pa}r/ft icle cont a%g\aﬁgggg%.%@gl : equ% . S&;,ﬁe #%ﬁ%&%@b&%@’d’@?&ﬁﬁ 15
deVi ces havi ngcans@itecidhpied Pobmher Hepbsits'ts @xfoliake driiketldfedheeMrtTES |
particul ate contam nation be |ess than previously considered to be

accept abl e. Vafifferpntialydetiren thepelymer deposiss end thetreacterisurfacemr The pelymer
contam ngjl on deBoﬁksagarﬁa a]sro_ e%l%{esdislodged by bombardment with reactant species in the

plasma.

As integrated circuit devices continue to shrink in both théir physical size
and their operating voltages, their associated manufacturing yields become more
susceptible to particle contamination. Consequently, fabricating integrated circuit

15 devices having smaller physical sizes requires that the level of particulate
contamination be less than previously considered to be acceptable. Various
methods have been employed to reduce particle contamination in plasma reactors.

---‘) . See, for example, U.S. Patent Nos. 5,366,585; 5,391,275; 5,401,319; 5,474,649;
5,851,343; 5,916,454; 5,993,594, 6,120,640; and 6,155,203.

20 - In order to reduce particle contamination, plasma reactors can be
periodically cleaned to remove the polymer deposits. Plasma cleaning processes.
are disclosed in U.S. Patent Nos. 5,486,235; 5,676,759; and 5,685,916.
Additionally, the plasma reactor parts are typically replaced peﬁodicaﬂy with new
reactor parts.

25 It would be desirable to provide plasma reactor components that reduce the
levels of particle contamination inside the reactor chamber. The use of such parts
would help to improve the yield and/or increase the period of time between

cleaning or replacement of plasma reactor components.



See, f U's Patent Nos. 5 366, 585: 5,391, 275 5.4
ce. | Otk B0, 459 aﬁ%”g&“fgéﬂéos 20

5,474,649; 5,851, 343; 5,916, 454; 5,993,594; 6,120, 640;

In order to reduce particle contam nation, plasnma reactors q’ap 2
periodically cleaned to renove the polyner deposits. Plas Q n?qpé
processes are disclosed in U S. Patent Nos. 5,486, 235; 5,676, 759; and
5,685,916. Additionally, the plasm reactor parts are typically replaced
periodically with new reactor parts. It would be desirable to provide
pl asma react or conmponents that reduce thé1 | evel s of particle contam nation
I nside the reactor chanber. The use of such parts would help to inprove
the yield and/or increase the period of t| me betvveen cl eani ng or

repl acenent of plasma react @UMHMABRNEEO)  PCT/ US01/ 47571 1 4
NOv 2006 -4 SU%O: THE INVEE; The ‘gi sent inventors have d| scover ed
that particle con TESRTE SRV SRFPTS N ¥GAIsCoveR P@Qﬁlelfé’npé’éllﬂ%@il 15\PlasSMAS g

spraying a cRatihis iHrye %3,::[5] ol ymer
onto pl asma expo%e g‘éﬂgg f ?‘ﬁga ?%Igg%lg?&?ﬁfelg mf%%gﬁn%}?éﬁ g%/e mat eri al
forns a coatoérigglh eerpegatdespolghes ofifoqslesniDexdRed surfaBa b tHeleh@bi. CPhd O
pronot e adhesi on of polyner deposits. The inproved adhesion of the polyner

deposi t @ on KA ENa¥ad Maews! msmgmwgdﬁw@cwfamtrh@hndgpom ts to

bart oul at o CBRClERE RopromRte Al AT depgies, A perokahetbding;
pol ymer 10 dsfage pbimed dehdseen @Asher sﬁi&@@%ﬂ%eﬁucé%ﬁ&etgg'&%ems may

d to be clean repl aced | ess frequently thereby reducing the cost

élf., oper at i ngdephesits il fiekewr peelodf of tieccmnthien guitfaces terebybrediuoing theleveltuf

present inventj.o a net hod, of,
particulate contamination in the reactor. By improving the adhesion of polymer

10 deposits on plasma reactor components, reactor components may need to be
cleaned or replaced less frequently thereby reducing the cost of operating the
plasma reactor.

According to one embodiment of the present invention, a method of
making a plasma reactor component is provided. The reactor component has one

15 . or more surfaces which are e_:xposed to plasma during use. The method includes
plasma spraying a coating material onto a plasma exposed surface of the

component to form a coating having surface roughness characteristics that promote

0 the adhesion of polymer deposits.

According to another embodiment of the present invention, a .cpmponent of
20 a plasma reactor having one or more surfaces exposed to the plasma during
processing is provided. The component includes a plasma sprayed coating on a
plasma exposed surface thereof. The coating has surface roughness charactenstlcs
that promote the adhesion of polymer deposits.
According to another embodiment of the present invention, a plasma
25 reactor including one or more components as set forth above and a method of
processing a substrate therein are also provided. The method includes contacting

an exposed surface of the substrate with a plasma.




maki ng a pl.asnma reactor conponent is provided. The reactor conponent has
one 15 or WHPH5EPf aces which are exposed to plasna duringPG£E$0Wﬁ§"nethod
i ncl udes plasnma spraying a coating material onto a plasnma eXP%Sﬁg surface
of the conponent to forma coating having surface roughness V 2006
characteristics that pronote the adhesion of polynmer deposits. According
to anot her enbodi nent of the present invention, a conponent of 20 a plasma
react or having one or nore surfaces exposed to the plasna during

processing is provided. The conmponent incltudes a plasna sprayed coating on
a plasma exposed surface thereof. The coating has surface roughness
characteristics that pronote the adhesi on of polyner deposits. According

to anot her enbodi nent of tBRIEFDESCRIPYEION OF TREDRAWINGS reactor

i ncl uding one or nore conponents as set forth above and a nmethod of
processi ng a subst r Jthe inyraten willbe dgsaribedrin grenter. demilewith réforencato udes

contacting an sed.surface of th ubstrate.wth a plasma. WO .02/ Q57506
ST Um0/ 9751 e R ik s tiEs TR 1S piir ke FeRr R R e

i nvention Wl | yhrr&gscribed in greater detail with reference to

acconpanyi ng drawings in which like elenments bear |ike reference nunerals,
and wheredn: 5 Fl GFIG. illillusttatestansonseminnakbplasmn sprap lpacoess; Spray pr ocess;
FIG 2 shows a netal__etch chanber .incorporating plasma sprayed reactor
conmponent s accor di ng 1 2:shawpAdactalietch chamhes gacorpqrpting plasipa WRrayed rRgRtor

density oxide , Ne L0 sprayed reactor conponents
gij_or ding to t Eél‘ﬁg?gés}g%?&%%ﬁﬁggb%h%é% 4 is a top view of a gas
iLstribution plate fRIG.Bhhows atighdstisiy offde etch chamber incorporating plasma
sprayed reactor components according to the present invention; and
10 FIG. 4 is a top view of a gas distribution plate for the etch chamber of

FIG. 3 according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention provides improvements in reducing particle contamination of
substrates such as semiconductor (e.g., silicon, gallium ai'scnide, etc.) wafers, flat
15 panel display substrates, and the like. In particular, the present invention provides
components for use in plasma processing chambers having plasma exposed
) . surfaces with surface roﬁghness characteristics that promote polymer adhesion.
The roughened surfaces are formed by plasma spraying a coating material such as
a ceramic or polymeric material onto the surface. The plasma sprayed
20 components of the present'.invention can be used for any plasma reactor
component that is exposed to plasma during processing. Suitablé components
include, for example, chamber liners, baffle rings, gas distribution plates, focus
rings, plasma confinement rings, pedestals, and liner supports.
The reactor components of the present invention can be made from metallic
25  materials or ceramic materials. Suitable metallic materials include aluminum.
The aluminum surfaces to be plasma spray coated can be bare (except for a native

oxide layer) or anodized. Alternatively, the reactor components can be made from



FIG 3 @ﬁ@@ﬁngp o0 one enbodi ment of the present invention DETAILED
DESCRI. P E PREFERRED EMBODI MENTS The invention proWPedsrsn

i mprovenents in reducing particle contamn nation of substanQﬁ]

sem conductor (e.g., silicon, galliumarsenide, etc.) wafers, flat 5 pane
di splay substrates, and the like. In particular, the present invention
provi des conponents for use in plasma processi ng chanbers having pl asna
exposed j.. surfaces with surface roughngfs characteristics that pronote
pol ynmer adhesion. The roughened surface¥® are fornmed by plasma spraying a
coating material such as a ceramic or polyneric material onto the surface.
The plasna sprayed 20 conponents of the present invention can be used for
any plasma rezremi¢ mateoiaseuen ts dluating, ssikoay quenz, titayih Azirgonihy yitnig, fitanbessi ng.
Sui t abl e conponents, include, for _ exanple, chanber |iners, baffle rings,

gas distribu ﬂé}ﬂep?ﬁ?@gumf%’é%e siliggccarhifedhaion samides plyminumgEIde,

pedestal s, p. t ts of the prese

i nventi on can Dﬂg'ﬁagrsg%& Sq“gﬁli’ gﬁ&@grbﬁﬁqnelﬁ&g% egl?e AT %m%ﬁngp Sal s.

Sui t abl e net gld be maBé BYiany SohveatiBhf @t MR face Y PRIIE fidhfdtes to be
pl asma spray coated can be bare (except for a native oxide |ayer) or

anodi zed. Al p@ﬁﬂ&gmﬂélsgn;eﬂﬂge:ermtpﬂwdcwmm]buﬂkspaCEn be made from WO
02/ 057506 PCTI USO g}q?l 1 4 NOV 2006 Me rials such as

al umina, silica, ii‘lu preseqf jnypRdpn, zﬁn?'coé tg?ﬁ“ %GSP HEHERRIOT car bi de,
zirconiumca S

}Eﬁ ani um ni t‘?&g‘g@m |%%§réﬁfct€@(§g&t an / nméﬁ? gﬂ@%gb%gé%%%@m

onents a@tasbm spmzyedbjgaterml suohnnﬁatcemnﬁb oﬁhig&mempemué@olytnmrngrﬁeechm que
such as hot pr essi ng and sintering ceram c powders into bulk parts. In

t he present PHﬁ@ﬁtSPEﬂYe &A3tingracgprding to the psesenbimvention pravides interiar
10 surfaces of the reactor with surface roughness characteristics that promote the

adhesion of polymer deposits formed in the plasma chamber during etching. In
the present invention, the inventive coatings preferably have surface.roughness
values (Ra) suitable for achieving improved adhesion of polymer byproducts
produced during processing of substrates in the plasma reactor. For example, the

15 arithmetic mean surface roughness (Ra) of the plasma sprayed surfaces according
to the present invention can range from 150 to 190 micro-inches. Surface
roughness values in this range promote the adhesion of polymer deposited on

“) interior surfaces of the reaction chamber during a plasma etch process such as a
metal etch.

20 The plasma spraying process typically involves spraymg a molten or heat
softened material onto a surface. FIG. 1 illustrates a typical plasma spraying
process. The coating material, usually in the form of a powder 112, is injected
into a high temperature plasma flame 114 where it is rapidly heated and
accelerated to a high velocity. The hot material impacts on the substrate surface

25 116 and rapidly cools to form a coating 118. |

The plasma spray gun 120 typically comprises an anode 122 (usually made
of copper) and a cathode 124 (usually made of tungsten), both of which can be
| water cooled. Plasma gas 126 (e.g., argon, nitrogen, hydrogen, helium, etc.)



conponents_whi ch are exposed to the plasna during processing can be coated -
with ~a pl ¥BSHayed material such as a ceranmic or high tRGEESMATYE

pol ymer. The plasma sprayed coating according to the present invention
provides interior 10 surfaces of the reactor with surface nfgqm@fzam
characteristics that pronote the adhesion of polyner deposi bin
the plasna chanber during etching. In the present invention, the inventive
coatings preferably have surface roughness values (Ra) suitable for

achi eving i nproved adhesi on of pol yner bypfoducts produced during
processi ng of substrates in the plasm reactor. For exanple, the 15
arithnetic nean surface roughness (Ra) of the plasm sprayed surfaces .
according to flows proaad e cathtdlelin die dirértion peferallp Mdidated ¥y 426wNi28raadi nches.
Surface roughness values in this range pronote the adhesion of polymer
deposited on threughi the asadef IR2ewhich is $Iape£as:a constridtiaginozzldu rThecplasm @s ma

et ch process sucl

tal etgh.. 20 Th | '
typically invo v\}gﬁﬁﬁﬁﬁ‘g‘%&tagﬁﬁiswg? WM@%%S&{)M#&?@%Q%E Eto a
surface. Fl G dondubeigadl £ LDLYRE 6 ortl BeifiRerd i inBle 194 96 % anl;aé%gégtgt 'ng

material, usually 1nt a po 'S 1njec Into a

t enper at use pl Resistardediertinig] fromhhe ard tavises thegasioyrebdpéatbntdmpeetalesy at ed to
a high velocity. The hot, naterial inpacts on the substrate surface 25 116

and rapidly co®fociage sl ienize o formha Plasma. THie plasmaexits theygnosient 2283 a fygs cal | y

rade of - tungst anrebriRsy e plERAR vicn GRBRB! byfy O plER JWhen R0 1V

{)'g., argon, plhém®gestabiliedraR8aBady R ispriyind! the) RO RAOGISRE RWH HS01/ 47571
14 NOV 2006 -7 flows around the cathode 1n the direction generally

i ndi cated by aRqzale. 1P@vdend 12tis FasLigte theglasmadiamcozsually via drsextérmpkpowdera
constricligng nf))ozr% I1§2 mBrﬁ%teﬁlnacgrnﬁlela%ode nozzle exit 134. The powder 112 is rapidly

heated and accelerated such that the powder particles 112 in a molten or heat-

softened state are caused to impact on substrate 116.
Various bonding mechanisms may be present at the coating/substrate -
interface and between the particles making up the plasma sprayed éoating.

15 Ge'nérally, both mechanical interlocking and diffusion bonding occur. Bonding
mechanisms that may be present include: mechanical keying or interlocking;
diffusion bonding; and other adhesive, éhemical and physical bonding mechanisms

:) \ (e. g , Van der Waals forces). _Factdrs effecting bonding and subsequent build up
of plasma spmyed coatings include: the cleanliness of the substrate surface; the

20 | surface area available for bonding; the surface topogréphy or surface profile; the
temperature (thermal ener_gy) of the particles and substrate; the time (e.g., reaction
rates and cooling rates etc.); the velocity (kinetic énergy) of the powder particles;
the physical and chemical properties of the substrate and the powder particles; and
any physical and chemical reactions that may occur during the process.

25 In the present invention, surface preparation techniques such as Cleaning
and grit or bead blasting can be used to provide a more chemically and physically
active component surface for bonding of the plasma sprayed coating. By grit or

bead blasting, the surface area available for bonding can be increased which can



initiat l%g/ a_high vol tage discharge which causes |ocalized ionization and
a condd¥Pi%L& 5% h for a DC arc to form between the cat hofe/¥SUAIFY t he
anode 122. 5 Resistance heating fromthe arc causes the gislhmv{r&@ﬁg
extrene tenperatures, dissociate and ionize to forma pl dstré | asma
exits the anode 122 as a free or neutral plasma flane (plasma which does
not carry electric current). Wien the -~ plasna is stabilized and ready for
spraying, the electric arc extends down the nozzle. Powder 112 is fed into
the plasma flanme usually via an externaF8powder 10 port 132 nounted near

t he anode nozzle exit 134. The powder 112 is rapidly heated and accel erated
such that the powder particles 112 in a nolten or heat: softened state are
caused to i npsult indincredisl coatieg BRI stéaiztin UBoP SRdiichiBeR CbapBndH, the
present at the coating/substrate interface and between the particles

meki ng up t Ferfpcesdmbedionted e prederably. sritdlastdewith laycontantihantdieh ahimimbim

I nterl ocking_and diffusion bondi,ng occur. . Bopdi chani s t hat, pay be
present inc%&ﬁ%:mﬁ@ehaﬂeﬂugﬁwgﬁ fage Ganythen 5%&&%&52%&?@&%%6 paW¥iesg; and
ot her adhesip E,cgﬁﬁgb Bak @gy RS tﬁ%“ﬂ fg%c i e, O, Van der
Waal s forces;. actors ec egltei ng E%ﬁ%fn ahggrsu sg%(g%trg}b%(i()i u%r of plasm
spr ayedScoatwashing the lsurface witk an laeidnblutieas THe toighaie stifaécepofild @c®e the 20
- surface area 1z;\vai | abl e, for bondi ng; the surface topography or surface

profile; th&UPTEAEssHitinefromythis teeptoaans cafy helpfprometeymeehapicekkeying eubst r at e;
the tine (e, t] . oling rates etc.); the velocity
(ki netic enégt%/]f&g’?gtoﬁﬁkp%gvﬁég%ﬁ%rn@?gﬁ%s ,ateqt he physical and chem cal

nrbperties of t heDsedmk pHsthadipeayled LoRMIRLs Hedh apphdS thBhos@ MY sEcal and
chem cal reactions that may occur during the process. 2571 n the present -

i nvention, d¢be teatmgmanherciednod usiaglany quitabls technigee.c Sedabilegleaning grit or
bead bl.gsti can be ys to. provide a re, chern cal nd physically
acti ve ‘onp %@H{qusea tl?cj%‘zedlf’la‘f‘m%&ﬁﬁ F‘Frgacﬁr%éﬂ ﬂréghhm:dﬁ ra@%’&'s%‘ﬁtcil‘??ﬁ!ngBy grit

or bead bl agds@6} f ' ] ' I ncr eased
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cleanliness or conditioning of the component surface prior to using the component

during plasma processing of substrates. _
Plasma spraying has the advantage that it can spray very high melting point
15 materials such as refractory metals and .ceramics. Plasma sp1fayed coatings of
ceramics, for example, have been employed as protective coatings for varioﬁs
plasma reactor components. See, for example, U.S. Patent Nos. 5,560,780;
N) 5,879.,523; 5,993,594; and 6,120,640. Additionally, plasma spraying processes
have also been developed for high melting point thermoplastic and thermosetting
20 polymers such as polyimides.

In the present invention, the plasma sprayed coating can be any material
that is resistant to erosion by the plasma. For example, any of the ceramic
materials suitable for use as reactor components may also be used as coatings as
long as these materials can be plasma sprayed. When the coating is a ceramic

25 material, the coating is preferably the same material as the underlying component.
By using the same material for the component and the coating, djfferencés in the
coefficients of thermal expansion (CTE) between the coating and component can

be minimized or eliminated. These differences in CTE values can result in



- 14NOV2 6 -8 result in increased coating bond strength. For alum na chanber
conponent s WQ fH05780¢r f aces to be coated are preferably grit PCEBISeU4™ th a
contam nant free alum num oxide nmedia. The roughened surface can then be
cl eaned to renove | oose particles by any suitable techniqu ysNﬁh %ﬁ

bl asting the surface with air or CO2 and/or .5 washing the sur ye Bh an
acid solution. The roughened surface profile of the substrate resulting
fromthis treatnent can hel p pronote nechani cal keying or interlocking of
the coating with the substrate. Once the pl9asma sprayed coating has been
applied, the exposed surface of the coating can be cl eaned using any

sui tabl e techni que. Suitable cleaning 10 techniques include blasting the

surface with aiegfolihtiéz8f MBWoRfing afePmP @t theRflicHBling JNBEGedkGaNi Ng St eps
can be repeated to achieve the desired |evel of sirface cleanliness or

condi ti oni ng ofompenentsehuingases UWhar theoating is@luminag theheatingrisopreferablgur i ng
pl asma processing. ftﬂéﬁbstrat es. Pl asr&ﬁ}sﬂprayi ng has the ag:lvant&qe that it
can spray very? % POTGPORSTR At 2 tickpessdn ity Enge ok 249 Syl {h00F i 008! s

and ceram cs. Bl.g sprayed coatings of ceramcs, for exanple, have been

enpl oyed as protective coatings for various plasnma reactor conponents.

See, for e%anple, UTHe chafiginaiNako e, dxflynt€it materidl.9 WEsh the c8fthghi84; and

6, 120, 640. Additionally, plasnma spraying processes have al so been

devel oped for RPiyAeReibePe i o qapghle of being plasntacspraysdite formn a 2ightly
| h i m.des. .In th t i t he pl d
%?Fﬁé%:ﬁcbﬁéfh@%bé%giﬁn thcmmiporBpte K prefered e GHPGESS POREIGS 8 m.

) exanpl e, apylydhideRcE 8l FHSPEI®GAIhAL § ré ﬁﬁ:ﬁ'@a&eﬁhﬂc‘%?m?oﬁ@amor

conponents may _also be used as coatings as ong as these materials can be
pl asna spr ayed Polpimidetcoatingsaare pgefembly apptiedriocth? Tompoaentadt a thicknessafi10goi S

pr ef er abl YOt he38%]r}ﬁ (61.3(}1 rtioad.oﬁintc}ﬂgs)-under | yi ng conmponent.

In plasma etching of substrates, features are etched into layers of various
materials on substrates such as si]icbn wafers. Materials that are typically etched
include metals and dielectric materials such as oxides (e.g., Si0,). In such etching
processes, a gas distribution plate can be used to control the spatial distribution of

15 gas flow in the volume of the reactor above the plane of the substrate. Polymer
build-up can be particularly problematic in plasma reactors wherein an antenna
coupled to a radiofrequency (RF) source energizes gas into a plasma state within a

j ) process chamber. Plasma reactor of this type are disclosed in U.S. Patent Nos.
4,948,458; 5,198,718; 5,241,245; 5,304,279; 5,401,350; 5,531,834; 5,464,476;
20 5,525,159; 5,529,657; and 5,580,385. In such systems, the antenna is separated
' from the interior of the process chamber by a dielectric member such asa
dielectric window, gas distribution plate, encapsulating layer of epoxy, or the like,
and the RF energy- is supplied into the chamber through the dielectric member.
Such processing systems can be used for a variéty of semiconductor processing

25  applications such as etching, deposition, resist stripping, etc.

During an oxide or metal etch of a semiconductor wafer in a plasma
reactor of the aforementioned type, polymer deposits can build up on internal

surfaces of the reactor including the exposed surface of the dielectric member or



By usin material for the conponent and the “coat] | fferences
i.n the q@%@?@?@%nts of thermal expansion (CTE) between tﬁgglpé ﬁ7ﬁ-6 and
conponent can be mninzed or elimnated. These di fferenf%s in CTE val ues
can result in WD 02/057506 PCT/USOL/ 47571 1 4 N O V 2006 -QNQJIfZB[_IOBat ion of
the coating material during thermal cycling of the reactor conponents
during use. When the coating is alumna, the coating is preferably applied
to the conponent at a thickness in the range of 2 to 5 mls (0.002 to 0.005
inches). 5 The coating may al so be a polyfreric material. Wen the coating
is a polymer, the polyner should be capable of being plasma sprayed to
forma tightly adherent coating on the conponent. A preferred high
t enper at ur e - 25| distaibutien platepfatipirthel waarc MAsithe \rialymEr(build-uph dedpens the
regi stered trademark ,of Pont. _Polyimde coatin ar referably applied
to the corrpo?fﬁﬂ’ﬂle’éfengs fontie arsReel 1% tg% elegiraometnper. MF 6115(3?‘%3‘6
i nches). In : | r yi | ayers
REABER sEb&Id '&Iﬁ&fﬂ?%r ib YE ﬁ%strgt@ %{i‘ thucld \nggfrlglﬁa?g@@st |8m|

of various materials on subs es such as silicon €rials that

are typi cal | falladirsedy ontonhe wdisstraed et theashdcld belo®C t Thede polyehéropagticdecéhnas
oxides (e.g., SiQ2). In such etching processes, a gas distribution plate
can be wWsed WEoduen defects Ho gheagubsiratgitbus dastrasing yiglds. 5 Adternatively, the t he

vol unme of t .eact or _above the plane of the.substrate. Polymer build-up

can be partirﬁaﬁflglr%?)?aolb%rla@ntﬁttﬁ%cﬁ‘?ﬁpﬁ“ﬁ%%%‘?%%“@%ﬁ@@ﬁﬁ“én ant enna

coupl ed to a radi FipRAKEREY elcRR b Y fleOinfe ate

wh hin a process%aﬂn%%r. I%I a?fﬁg&?ﬂé&ﬁ%&@&%fﬂ?ﬁfﬁ?&%%%d are gﬁdsbt%lé(igiﬂg%alin

U-S. Patent $Nofaces dleanrd, (438; udng a8y t&h tigadadntp hbredtic3the, 12V&s obpat€itle350;

5,531,834; 5,464,476; 20 5,525,159; 5,529, 657; and 5,580,385, In such
é“a‘ﬁ%@r?ﬁgbl?'s PRORFL PR FRCOmplste Fleaning RWeyer ofan aiually jeereasec hanber

systens, the™x
by a digj ect ﬁb%m%méﬂﬁﬁnﬁ&véls in the chamber. Further, the delay due to the

"down-time" required for cleaning also represents a substantial loss in production

yield. Therefore, control of the deposition of polymer on the interior surfaces of
the etch chamber is desirable for achieving a high yield and maintaining
through-put of the substrates in the plasma reactor. |
15 An exemplary metal etch reactor of the aforementioned type is a
transformer coupled plasma reactor known as the TCP™ 9600 plasma reactor,
_ which is available from LAM Research Corporation of Fremont, California. FIG.
‘) 2 illustrates a simplified schematic of the TCP™ 9600 plasma reactor. In FIG. 2,
a reactor 150 including a plasma processing chamber 152 is shown. Above
20 chamber 152, there is disposed an antenna 156 to generate plasma, which is
implemented by a planar coil in the example of FIG. 2. The RF coil 156 is
typically energized by an RF generator 158 via a matching network (not shoWn).
Within chamber 152, there is provided a showerhead 154, which preferably
includes a plurality of holes for releasing gﬁseous source maferials, e.g., the
25 etchant source gases, into the RF-induced plasma region between the showerhead
and wafer 170. _
The gaseous source materials may also be released from ports built into the

walls of chamber 152. Etchant source chemicals include, for example, halogens



~dielectric window, gas distribution plate, encapsul ating |ayer of epoxy, or
the i ke, WOHW/OSFO6RF energy is supplied into the chanber theDU§H/4TEHE
dielectric nmenber. Such processing systens can be used for a variety of
seni conduct or processing 25 applications such as etching, deppg{GV @fle
resist stripping, etc. During an oxide or netal etch of a sem conductor
wafer in a. plasma reactor of the aforenentioned type, polyner deposits
can build up on internal surfaces of the reactor including the exposed
surface of the dielectric nmenber or WO 02/-067506 PCT/ USO01/ 47571 1 4 NOV
2006 -10 gas distribution plate facing the wafer. As the pol yner buil d-up
deepens, the polyner tends to flake or peel off of the dielectric nenber.
When the di el esichi 8 CIRPBCL] whérP6ahiag hioh8 hunifRe b8 ohl &f 38 3Rbyat OpRed -
chuck, polymer particles can fall directly onto the substrate or the chuck
bel ow. These peichanschemicalsdkas, CHy, HBrnHONIOHEL) af wellsasipolyanérhfermitgst r at e

t hus decreasin | el ds. ternatively, the particles can mgrate to the

chuck surface &5 fH° RRrbons, flerocanhpys.cand hy drq-fuoracarbops fereside-i s

Gsing a dry ot taneetson s, A 86 R, RAAR s Bl O S R AGRs Wi

cont am nat3 on. optignabiyeft 2d/driieateicaie ggdegani ng, however, can actually
i ncrease 10 the particle contam nant Fevel s in the chanber. Further, the

del ay due to the " bbuie aiwafer 1Hhisiintddvosd intb chabey 2siefined by whamben
substantial 1o ' roduction vyield, Therefo qQntrol of the deposition
of_pol ymer on i’%‘g‘j’ W@cfglﬁp%ﬁﬁap&ae?béﬁatetsﬂ@ﬁ L%’é’ﬁ’é&bé?ts_f“%ad‘é‘é’?rr%‘bl e for -
achi eving a hi geond ] TR irni RUstiies! i Gec in the
pl asma reactor. 25 g\ir?gtégcgjrrprlng? 3%%?‘21 &ef%lgh reagt&g& agrffa thee@@?%gééﬁ?%gfned
type is a trahé4 (alseetypicallpiviach matching netwotk)r Thewaferacant dotnprela Hi6Alinp! asna

Eg?ﬂ 8; ni léﬁm ::f% f.n%eg%z\l/tg& Ll%gllltes &é&?akrpi\(l:\gtgf fh%?ero(lzl.h 'Igl:l%rl (;,r %rie%%;e, Eﬁrﬁ?ﬁde
logic devices such as PLAs, FPGAs and ASICs or memory devices such as |
random access memories (RAMs), dynamic RAMs (DRAMs), synchroﬁous
DRAMs (SDRAMS), or read only memories (ROMs). When the RF power is
applied, reactive species (formed from the etchant source gas) etch exposed

15 surfaces of the wafer 170. The by-products, which may be volatile, are then

exhausted through an exit port 166. After processing is complete, the wafer can
be diced to separate the ICs into individual chips.
) } In the present invention, plasma exposed surfaces of .a plasma confinement

ring (not shown), chamber wall 172, a chamber liner (not shown) and/or

20 showerhead 154 can be provided with a plasma sprayed coating 160 with surface
roughness characteristics that promote polymer adhesion. In addition, plasma
exposed surfaces of the substrate support 168 can also be provided with a plasma
sprayed coating (not shown) according to the present invention. In this manner,
substantially all surfaces that confine the high density plasma will have surface

25 roughness characteristics that promote polymer adhesion. In this manner,
particulate contamination inside the reactor can be substantially reduced.

The reactor components of the present invention can also be used in a high-

density oxide etch process. An exemplary oxide etch reactor is the TCP 9100™



2 illus - i nplified schematic of the TCPTM 9600 pl ictor. In
FIG.'Z,RﬁQﬁgﬁﬁégir 150 including a plasnma processing chaﬁﬁgﬂﬁ%g§S?§ shown.
Above 20 chanber 152, there is disposed an antenna 156 to gﬁgegﬁvéaﬁlasna,
which is inplenented by a planar coil in the exanple of FI UV 2l rr
coil 156 is typically energized by an RF generator 158 via a matching
network (not shown). Wthin chanber 152, there is provided a showerhead
154, which preferably includes a pluraljty of holes for rel easi ng gaseous
source materials, e.g., the 25 etchant sdtr ce gases, into the RF-induced
pl asma regi on between the showerhead and wafer 170. The gaseous source
materials may al so be released fromports built into the walls of chanber
152. Et chantplasiua eteh c¢astor @akidatile Staml EAM ReseaxelnGbmoratiimogeRemant,02/ 057506
PCT/ US01/ 47571.14 . 0 - ch as (2 and BCL3 en,etching. .through
al umi num or %?]‘}Q%WN%%&IQE% g .}&Qlﬁ#hﬁacm‘étt% gt dlé‘ﬁ@#ﬂeaﬂ]at% B yeirculgnplateg, :

HC, CHOA 3) G544 'e@l@ B&{) hE T‘éﬁmﬁﬁd?sﬁgﬁﬁbl?ﬁ ANUF heRc LG /I00NS,
and hydr Wall- passi vat |

fl uorocar bons, uor ocar bons for ‘srde- &n may al so

be used. Thesgfagaaese 1Yy oDeatidtoy Bh plhingbovetadd pabillel &Ndlsethitefiductdrd/ or
nonreactive gases. In use, a wafer 170 is introduced into chanber 152

defi nedSby cWafeperhe gas distribprionningifesgrogas fram asovrgesiniodhe voluppodafingd 2,
whi ch acts as | ower . ar .. secaond .el ectrode. The fer is preferahly biased
by a radio f ye%e&%@“&@?’r‘&ogtpg?w' 1 %ﬁl@%‘ﬂ?f“@&%f@ a?%rﬁfaé’h(? es

network). T e P Uhubo f A ; &gﬁrg);[']- bES
(HECs) fabri(r?;fte efe{rflgraeon. %hfc%s@@gr exﬁ%%ﬂa%én%%l%% ogpgﬁlggvi ces

such as PLAsthefpladshrangh A 25 distribvetion platbeandbesvasied ho aptimizensicim access

nmenori es (RAl , ngm c. RAMs ( DRAMB).,, synchronous . DRAMs ( SDRAMs), or read
only rrermﬁi elg/ntl%qﬁ%)o% %@Meqsﬁg%t%aeg.g&a photoresist layer, a sﬂgcon d10x1)de

10 layer and an underlayer material on the wafer. The cross-sectional shape of the

gas distribution plate can be varied to manipulate the distribution of REF power into
the plasma in the reactor. The gas distribution plate material is made from a
dielectric material to enable coupling of this RF power through the gas distribution
plate into the reactor. Further, it is desirable for the material of the gas
15 distribution plate to be highly resistant to chemical sputter-etching in environments
such as oxygen or a hydro-fluorocarbon gas plasma in order to avoid breakdown
- and the resultant particle generation associated therewith.
'i: ) | : A vacuum processing chamber for oxide etching according to one
embodiment of the present invention is illustrated in FIG. 3. The vacuum
20 processiﬁg chamber 10 includes a substrate holder 12 in the form of a bottom
~ electrode providing an electrostatic clamping force to a substrate 13 as well as an
RF bias to a substrate supported thereon and a focus ring 14 for confining plasma
in an area above the substrate. The substrate may be back-cooled with a heat
transfer gas such as helium. A source of energy for maintaining a high density
25 (e.g. 10" - 10*? jons/cm’) plasma in the chamber such as an antenna 18 in the
form of a flat spiral coil powered by a suitable RF source and suitable RF
impedance matching circuitry inductively couples RF energy into the chamber 10

so as to provide a high density plasma. The chamber includes suitable vacuum




applied, r ive.species (forned fromthe etchant source gas) etch exposed
15 sUrfaceSﬁg§b¥ﬁ3%mafer 170. The by-products, which may bePG¢HUAY47871 ar e
then exhausted through an exit port 166. After processing ig conplete, the
wafer can be diced to separate the tCs into individual chipiﬁ NAVt B
present invention, plasm exposed surfaces of a plasma confinenent ring
(not shown), chanber wall 172, a chanber |iner (not shown) and/or 20

shower head 154 can be provided with a plasna sprayed coating 160 with
surface roughness characteristics that prgﬁbte pol ymer adhesion. In
addition, plasma exposed surfaces of the substrate support 168 can al so be
provided with a plasma sprayed coating (not shown) according to the

pr esent - i nvent Pempinghappatatuson maintainingithe interiad ofithelchamberf saalesitddat confi ne
t he high densit

| asma Wil | rface 25 r hne characteristics that
pronot e pol yrrepyeﬁ%ﬂ@:(f’tgnwdpﬁ’ %@@ﬁm@y ga?&f%gmféiZAo%lhﬁm&HX;BSl@I@fisnsi de

t he reactor cag; ' Ve nts of,th
prasent | nvent Lh caas WO A0 0L olf ol e b 1E R AR e ST SRR 15 0
An exenpl ary ottiedategiot lof teasoedssing chi@bdiCi) Shdl RPmYEhOPAREADRN at the fop of

PCT/ USQL/ 47571 14NOV2006 -12 pl asma etch reactor available from LA
Resear ch Cdr pothgtnreeessingchamben 10. A&-gasidistributionl plateheomm@en1&ditd aeact or, t he

gas distributi s .a_cirtecul.ar te .sit ed directly below the
TEPTM i ndow wiioeRbRA 5 pifvided et B wingowe B it Bolodes RSRIY S (e
reactor in a pbgéien ¥E ag'B ) as
distribution ring f%‘g%s Sgsﬁ?lp%rmﬁgéf%lgﬁ &@%ﬁg} ?ﬁgﬁé\g@%g’&n‘%&gé\?i{sﬁéggpﬁ%gb?he
gas' di stri buti the gassupply PRdo dglassprbcessingtohhmber p0.aAecanicl inss 3@ extatidsafyomf

hol es of a specified djameter which extend through the plate. The spati al
di stribution o egaﬁéﬁi%inggont #15354 sumeurglscthe substrate kaldar 3. alhe @ﬁ@@e‘p&ari ed

0 0PI M #p et el bl dakWich chllfel 2 B:SuiPwRionSs Ehdrarfie ol MIF5E" 51 S°

|l ayer, a silicon di _
passed via inlet and outlet conduits 25, 26. However, the antenna 18 and/or

window 20 could be cooled by other techniques such as by blowing air over
the antenna and window, passing a cooling medium through or in heat transfer
contact with the window and/or. gas distribution plate, etc. -

15 In operation, a wafer is positioned on the substrate holder 12 and is
typically held in place by an electrostatic clamp, a mechanical clamp, or other
clamping mechanism. Process gas is then suppliéd to the vacuum processing

) | . chamber 10 by passing the process gas through a gap between the window 20 and
the gas distribution plate 22. Suitable gas distribution plate anangemeﬁts G.e.,

20 showerhead) arrangements are disclosed in commonly owned U.S. Patent Nos.
5,824,605; 5,863,376; and 6,048,798.

The gas distribution plate can have various designs one example of which
is shown in FIG. 4. The gas distribution plate 40 shown in FIG. 4 includes
eighty-nine holes 41 and four emboséments 42 pear the center thereof for

25 providing a passage for supply of process gas between the gas distribution plate
and the dielectric window.

As shown in FIG. 3, the plasma exposed surfaces of the gas distribution
plate 22, chamber liner 30, and/or focus ring 14 are provided with plasma sprayed



10 layer and an underlayer material on the wafer. The cross-sectional shape
of the WA2QH78%r i buti on plate can be varied to nmani pul atREWBR1IETFAr i but i on
of RF power into the plasnma in the reactor. The gas di St{, bﬁl& on plate
material is made froma dielectric material to enable co fﬁ Bﬁﬂbthls RF
power through the gas distribution plate into the reactor. Further, it is
desirable for the material of the gas 15 distribution plate to be hi ghly
resistant to chemical sputter-etching in environnents such as oxygen or a
hydr o-f | uor ocarbon gas plasma in order -14- avoi d breakdown and the
resultant particle generation associated therewith. A vacuum processing
chanber for oxide etching according to one enbodi nent of the present

i nvention Iéoaﬂn?glsnro@tceﬁme of bSlynieric ThaeMals Ha uPfa6€ Bsiphids chanber- 10
i ncl udes a substrate hol der | n t he form of ottom €l ectrode providing

. an el ect rostMrachenﬂ;twmhatg)rbmomqacﬂma aﬂnbsmnatlathismamﬂelparmﬂaﬂ RF bias to
a substrate supported th&r on and a focus ring, 14 for,  confining plasma in

an area abof@RtEREALg e TeLoLsGAp e SuPstapEdLEedYed - cool ed W|th a heat

transfer gas suc h
density 25 (e.g. %ﬁﬁﬁéwronéﬁ%@?ﬂﬁh@?&%@% o Rab et

ant ennas 18 tonheliftesene itvedfioicdd iicosricoaled cpith pPIy s @ep dsﬁsamom@gm RF
source and suitable RF inpedance matching circuitry inductively couples RF

energy int oamtbeltmh@bmemoof e paeseRidnpesiong shexcomponeakeasi ey TepIoNeddtonT he

hanb d t 02/05 06 BPCT/USOL/ 47 71.14.NOV 2-13
o ory anotHEERedr s B0 o Gt R SRRV S ity Al ™o 26 1 v e

pti’pl ng app ALoF 8‘?
pressure (eq oslﬂ§ leovHe %h?ﬁ@ﬂfy’ reintReE oy k- co%%)pdﬁ-gﬁf i0d a Ao phska %Pfa%ﬁ y

pl anar di el ectr| c w ndow 20 of uniformthi ess Is provided between the
ant enna 18 aoating dppliedt dheald oéathig&:ap ibeaesmived) using mehariCal ancing suclsast he
vacuum1 |1 at t he rt op fsu% t )" %:a%iSi n A chaaggt)ecr 1%.1161,16{3 gas edll:e%tséd bution
pl at e, Apging-01 gi¢f g. s er, the reactor comp
A tape test was performed to determine the adhesion properties of the
plasma sprayed coatings of the present invention. An alumina gas distribution
'plate with a plasma sprayed coating of alumina according to the present invention
was installed and used in a TCP 9600™ metal etch reactor. A standard hot-
15 pressed and sintered alumina gas distribution plate (without the plasma sprayed
coating) was used in the same type of reactor under similar conditions. .Substantial
polymer deposits formed on the plasma exposed surfaces of both gas distribution
) plates. In the tape test, a piece of tape was adhered to the surface of each gas
distribution plate and peeled off. No polymer was visible on the piece of tape
20 removed from the plasma sprayed GDP. A visual inspection of the tape removed
from the standard (non-plasma sprayed) GDP, however, revealed substantial
polymer deposits thereon.
The foregoing has described the principles, preferred embodiments and
modes of operation of the present invention. However, the invention should not
25  be construed as being limited to the particular embodiments discussed. Thus, the
above-described embodiments should be regarded as illustrative rather than

restrictive, and it should be appreciated that variations may be made in those



shomerhead _%;grOV|ded beneath the mnndom120 and |ncludes a Iurallty
openlnaﬁggﬂ) %s circular hol es (not shown) for dellver?GEFQE 14788s gas
supplled by the gas supply 23 to the processing chanber AQ coni cal
liner 30 extends from the gas distribution plate and surrou $ N0 2006
substrate holder 12.- The antenna 18 10 can be provided with a channel 24
t hrough which a tenperature control fluid is passed via inlet and outl et
conduits 25, 26. However, the antenna 18 and/or w ndow 20 coul d be cool ed
by ot her techni ques such as by bl ow ng ai rl¥ver the antenna and wi ndow,
passing a cooling nediumthrough or in heat transfer contact with the
w ndow and/or gas distribution plate, etc. 15 In operation, a wafer is
posi tioned on embodimsstsrbyt wotkatsdﬂsdlleﬂzin&hd artswitltoyp deprrting frencthe scqpeadfehdy an
el ectrostatic clqgﬁ a nechag_%gj éyq% or, other clanping nmechani sm
Process gas i sPEHgH [YRBHOR &8 de sdolowiBesdmsi ng chanber 10 by

passi ng the process gas through a gap between the wi ndow 20 and the gas
distribution plate 22. Suitable gas distribution plate arrangenments (i.e
20 shower head) arrangenents are disclosed in comonly owned U.S. Patent
Nos. 5, 824,605; 5,863,376; and 6,048, 798. The gas distribution plate can
have vari ous desi gns one exanple of which is shown in FIG 4. The gas
distribution plate 40 shown in FIG 4 includes eighty-nine holes 41 and
four enbossnents 42 near the center thereof for 25 providing a passage for
supply of process gas between the gas distribution plate and the
gi~el ectric wndow. As shown in FIG 3, the plasma exposed surfaces of the
‘distribution plate 22, chanber liner 30, and/or focus ring 14 are
provi ded with plasma sprayed WD 02/ 057506 PCT/USOL/47 71 1 4 NOY 2006 -14
coatings 32 of ceramc or polyneric materials having surface roughness



characteristics that pronote pol yrrer adhe5| on. In th| S manner })artl cuI ate
cont'am N&R PHH7F¥si de t he reactor can be substantially recﬂiHéHSOl AFYTér tinme
in use, the interior surfaces of the reactor conponents aCC£ duﬁg a@ to the
present invention can beconme coated wi th polynmer deposits. éc bt o

anot her enbodi nent of the present invention, the conponent can be rermved
from the reactor so that the existing plasma sprayed coating and any
accunul ated 110 deposits can be physically renoved fromthe conponent and a
new pl asma sprayed coating applied. Thelf%l d coating can be renoved using
mechani cal nmeans such as 10 grinding or grit blasting. In this manner, the
reactor conponents can be reused. A tape test was perforned to determ ne

t he adhesio dStCEAIMEDAS: pl asma sprayed coatings of the present
invention. An alumina gas distribution plate with a plasma sprayed coating
of al um na according to the present invention was installed and used in a
TCP 9600' netal e c ctor standard hot 1 and sintered

al uni na gas di str# Qﬂl%ﬁ%ﬁ?w fgalpatrﬁ%ct%q %fgﬁﬁo%ﬁﬁg%yé%g TR was
used in the gamee %Bi%h e ERFELR o HAGRE Btk L 0 RJIRpr RIS AR A

pol ymer deposits forne e plasma. exposed surfaces of bot’h gas

di stri bt i orsprpting Q&oaﬂlm’g tdatbriaiapﬁtotaqﬂasmaexpoeabsmfadeaﬂehe/\mmbmmd to the
surface of each gas _ distribution plate and peel ed off. No pol yner, was

vi si bl e on tiRENH eeatingthayingesupiace Bpshaess ChyreHatS ta%trpéogﬂmf‘a%adl@ﬂ@

vi sual inspe ape renmoved fromthe standard (non-plasna
:Eiayed) GDF&I%OQ \%flé S’lef%/eal ed substantial polyner deposits thereon. The
egoi ng has described the principles, preferred enbodi nrents and nodes of

operation of the present invention. However, the invention should not 25
be construed as b aﬂanelmeﬂno@@fsblmﬂeﬂpmuceum@smsrﬁm|%nts di scussed.

Thus, the above- des i bed di nrents sho arded. as | | lustrative
rat her -t han restf‘? tgegglo @agﬁ%qucgs%iacgpogﬁggpgp kA ar i ati ons rmay

be madejg n those cleanmg the roughened surface prior to plasma spraying the coating

material.

3. The method of claim 1, further comprising cleaning exposed surfaces of

the plasma sprayed coating.

4. The method of claim 1, wherein the coating material is a ceramic or a
) 15 polymeric material.
5. The method of claim 1, wherein the component has openings
‘therethrough, the method further comprising plugging the openings before plasma
spraying the coating.

6. The method of claim 1, further comprising removing the component
20 from a plasma reaction chamber and cleaning the plasma exposed surface thereof
by removing any existing coating and/or adhered polymer deposits therefrom prior

to plasma spraying the coating onto the cleaned surface.



WO 02/ 0575% ﬁ?ﬂ _lﬂ?Ol/ 47571 1. ANOV2006 -15 enbodi nents by workers skilled -
ikn the art Bt departing fromthe scope of the presentP(i:W%f“Vﬂﬂ as
defined by the follow ng clains. WO 02/ 057506 PCT/ US01/47 71 14 mg @12006
-16 WHAT IS CLAIMED I'S: 1. A nethod of naking a plasma reaCt(‘lr H t
having one or nore surfaces which are exposed to plasnma during use, the
nmet hod conprising plasma 5 spraying a coating material onto a plasm
exposed surface of the conponent to formal_/coati ng havi ng surface roughness
characteristics that pronote the adhesion™6f pol ymer deposits. 2. The

met hod of claim1, further conprising steps of, roughening the plasnma
exposed surface of the conponent; and 10 cl eaning the roughened surface
prior to plasma sprdyiThy metbod oficiain 4, mherein tie plasmarsprayast doatingis 2| ai m 1,
further conprising.cleani exposed, surfaces_of.. the plasnma sprayed
coating. 4. Thﬁeﬁq&‘t‘%@&tegﬁfgqvé? F“gW?éﬁ’ i 71 Ad&S0ating material is a
ceramic or a 15 polyneric material. 5. The nethod of claim1l, wherein the
conponent has openings therethrough, the method further conprising

pl uggi ng the openi n§s Tefmetodbfshim 4, syherm g doheponent dndghe Coatihp enatedidlod

of claim1, further, conprising renoving the conponent 20 froma plasm
reaction chanbé?mﬁﬁﬁf@Pé%iﬁPﬁgfaﬁh@E}ﬂQi@ga exposed surface thereof

5 ' 9. The method of claim 4, wherein the coating material is a polyimide.

_I'F7
(. j

10. The method of claim 9, whgrein the coating has a thickness of 10 to
30 mils.

11. The method of claim 1, wherein the component is selected from the
group consisting of a plasma confinement ring, a focus ring, a pedestal, a chamber
10 wall, a chamber liner and a gas distribution plate.

12. The method of claim 2, wherein the roughening step comprises bead

blasting the surface of the component.

13. The method of claim 1, wherein the coating has an arithmetic mean
surface roughness value (Ra) of between 150 and 190 micro-inches.

15 14. A component of a plasma reactor, the component having' one or more
surfaces exposed to the plasma during processing, the component comprising a
plasma sprayed coating on a plasma exposed surface thereof, wherein the coating
has surface roughness characteristics that promote the adhesion of polymer
deposits.



by renoy xi sting coating and/or adhered pol yner deposits therefrom
prior . &&gf/ggs]’fyﬁ%fsprayi ng the coating onto the cleaned sﬁ‘fp'%g%ql/wl

02/ 057506 PCT/ USOL/ 47571 1 4 NOV 2006 -17 7. The nethod of IM{@Vnzﬂﬂﬁ
wherein the plasma sprayed coating is a ceramc material having a
thickness of 2 to 5 mls. 8 The nethod of claim4, wherein the conponent
and the coating material conprise the sane ceramc material. 5 9. The

nmet hod of claim4, wherein the coating terial is a polyimde. 10. The
nmet hod of claim9, wherein the coating S a thickness of 10 to 30 mls.
11. The method of claim1l, wherein the conmponent is selected fromthe
group consisting of a plasma confinenent ring, a focus ring, a pedestal, a
chanber 10 wal |, B.chheisempbnentiof elaiin 44 gwhertis thei compomenpisanale from22. The
met hod of cl aim.2, wherein the roughening step conprises bead blasting the
surface of trﬂﬁtgﬁ’ﬁrﬁ%tﬁ’é‘ﬂltqr 3 QETAmMARTIAL G of claim 1, wherein the coating
has an arithnetic nean surface roughness value (Ra) of between 150 and 190
m cro-inches. 15 14. A conponent of a plasma reactor, the conponent having

one or nore surfigeThexp@peser: @f tlafn b aGMBre! tHe ChuRydHeBE & tstiset he
conponent conpri si ng a plasm ;gr ayed coating on a plasma exposed surface

t her eof , whedl@ininuihBaypgah rgodinet ook anodized e exposed swrfaeei stics t hat

pronot e the adhesi on of polymer deposits. WO 02/ 057506 PCTIUS01/47571 14 N
0 V 2006 -18 ' :

5 17. The component of claim 14, wherein the component is made from a
€D ceramic material selected from the group consisting of alumina, yitria, zirconia,

silicon carbide, silicon nitride, boron carbide and boron nitride.

18. The component of claim 14, wherein the component is selected from
the group consisting of a plasma confinement ring, a focus ring, a pedestal, a

10 chamber wall, a chamber lim/'e'r and a gas distribution plate.

19. The component of claim 14, wherein the coating is a ceramic or

polymeric material.
.- J 20. The component of claim 19, wherein the coating is a ceramic material
selected from the group consisting of alumina, yttria, zirconia, silicon carbide,

15 silicon nitride, boroh carbide and boron nitride.

21. The method of claim 20, wherein the component and the coating

material comprise the same ceramic material.

22. The component of claim 20, wherein the coating has a thickness of 2

to 5 mils.

20 23. The component of claim 19, wherein the coating is a polyimide.



15. The co _of claim 14, mhereln the conponent is nade ro

metallic n§39&ﬁpgﬂﬁ a ceramic material. 16. The conponent BFT@$$VﬁFT5
herei n the component conprises al um num having an anodi zed rk NOV 2006
non- anodi zed pl asma exposed surface. 5 17. The conponent of claim 14,
wherein the conponent is nmade froma ceramc nmaterial selected fromthe
group consisting of alumna, yttria, zirconia, silicon carbide, silicon
nitride, boron carbide and boron nitride. ig The conponent of claim 14,
wherein the conponent is selected from the’group consisting of a plasm
confinement ring, a focus ring, a pedestal, a 10 chanber wall, a chanber
liner and a gas distribution plate. 19. The conponent of cIa|n114 wher ei n
the coating is a cerkni Eherpompasiephef ¢laimn2d, evhesein the coating basrpthickmess of 161 ai m
19, wherein th; §§3ﬁ@pg is a ceramc material selected fromthe group
consi sting of ina,” yttria, zirconia, silicon carbide, 15 silicon
nitride, boron carbide and boron nitride. 21. The nethod of claim 20,
wherein the conponent and the coating mnaterial conprise the same ceranic
material . 22. The C(ﬁﬁpdﬂmttomponehad)fmlﬁﬂ: 14yheliezein thé eostirgt haatimhaithrdetic

t hi ckness g to mls. 20 23. The conponent of claim 19, wherein the
coating is>a pd!lffﬁﬂrﬁldace 1uehpess yaledRa 1597990 miczo-iheR006 - 19 24.
The conponent of claim 23, wherein the coating has a thickness of 10 to 30
mls. 25. The conponent of claim 14, wherein the coating has an arithnetic

_5,)%‘8” surface roughpgess prdscrefdtdy cothprisitachedt bae t8Hpoiti Lcdriinl es -
oy claim 14.

27. A method of processing a substrate in the plasma reactor of claim 26,
the method comprising contacting an exposed surface of the substrate with a
10 plasma.

28. The method.of claim 27, further comprising steps of:

positioning the substrate on a substrate sﬁpport m the reactor;

introducing a process gas into the reactor;

applying RF energy to the process gas to generate a plasma adjacent an
j) ) 15  exposed surface of the substrate; and

etching the exposed substrate surface with a plasma.

29. The method of claim 28, wherein the process gas comprises at least

one polymer forming species.

20 30. The method of claim 27, wherein the exposed surface of the substrate

comprises a metallic material or an oxide.



26. A phasomoFerct or conprising at | east one conponent - a m% claim
14. 27. A method of processing a substrate in the plasma reactor o claim
26, the nethod conprising contacting an exposed surface qgf gﬂﬁbsubstrate
with a 10 plasma. 28. The net hod-of claim 27, further cong ﬁ ps of :
positioning the substrate on a substrate support in the reactor;
i ntroducing a process gas into the reactor; applying RF energy to t he
process gas to generate a plasnma adj acenf_an 15 exposed surface of the
substrate; and etching the exposed substrate surface with a plasma. 29. The
met hod of claim 28, wherein the process gas conprises at |east one polyner
7, wherein the exposed surface

of 1 he substr at & JlooTh PELOBE 7. oitatia e PomBOMRt ha 56 AVBPBIS7506
Component 1 Sae 08 oMo 8ARcr Eting HFod R Rkof b B ol RBE R "

i ntroduci ng thivagipoperisgs gotheigas dlstﬂil;ﬁmbﬁ ®r through openings in the gas
distribution plate. 1 4 NOV 2006 2i 32. A conponent of a plasma reactor,

t he conponent having one or nore surfaces exposed to the plasma during
processi ng, the conponent conprising an as-sprayed plasma sprayed
polyi m de coating on a plasma exposed surface of the conponent, wherein the
coating has an as-sprayed surface roughness that pronotes the adhesion of
pol ymer deposits.

O




33. The conmponent of claim 32, wherein the coating has a thickness of 10 to
30 mils. ., 34." A conponent of a plasma etch reactor, the conponent havi ng
ane or nore surfaces exposed to the plasma during processing,} &hﬂu 0
conmponent conprising a coating formed by a process consisting essenf%gﬁly
of plasma spraying a coating materiahjon a plasm exposed surface of the
conponent_ t hat has not been roughened, the coating being a ceramc nateri al
conprising at |east one material selected fromthe group consisting of
yttria, zirconia, silicon carbide and boron carbide, the coating having an
as-sprayed surface roughness that pronotes the adhesion of polyner
deposits fornmed during etching of sem conductor substrates in the plasm
etch reactor. 35. The conponent of claim 34, wherein the coating has an
surface roughness value (Ra) of between 150 and 190 nmicro-inches. 36. The
met hod of BRai m 1A comporinh of hplasmapenson, thoepnpensst baving Auerohmrngpreages
anodi zesgpesedno theplasthz edripy proaessing) trecobnepunearcemid singl e asveprape plhsoid ai m 1,
wher ei Rptayed @ryﬂﬁf&r&oanﬁg 6R 4 9l dshRrexposa sakiate GRiheICodlpone| Rgikksh HeQButitie

group ,ﬁ-géggl | ilicon
nitri dgﬁgﬁ%or 0 E) a&gg %%Sgﬂ;\lh &oﬁdéég%%gdhqﬁrt @bhﬁg&bd&% lésls m 1

wherein th coatl has an as ed surf e rou ess hat s .t he
adhesi on of3-pol yr{@?e RPRATERLOT ci@m ARG ?C?Péwgﬁ)@%tmc Wﬁogéﬁg‘?g&m&s'
conponent having one or nore surfaces which are exposed to plasma during
use, the nBthod chmrpmpsheny ofhpdasmasgienrcantgr ythe compontns having|cmgor mpe pl asna

mos edusfacdsaxpostd tohke plasmoderihg prockssing, ahe témpeneavadmprisihg aicoatirg foimed
ghnesysa gdeeofsikaig §s‘§eﬂtﬁﬂ§ df pd¥Biacspt4yen 2 sl Beging maderianby Bplasaie RREbded -

40. A rgﬁm@éiopﬁe%e KipBfer 1Rl B3 Rot 26 8o HeREP 10E Bbatlid itk 2RErafic HafeRial
; :J;fs o° tomp in% t%%a?t Séé’%ifeéaf el&llt E?’“g%éel géo%sls of u%&gﬂﬁr %ﬁmﬁﬂ
conponé:ﬁaba an P 8 3}3 g&li’ ﬁ'P %h %‘org%tgﬁhﬁ
i hcl udiaﬁlq]esé?fl glp @ww&gﬁew fpranegrd urwg fmic éeestrates in the plasma
etch reactor.
35. | The component of claim 34, wherein the coating has an surface roughness value

(Ra) of between 150 and 190 micro-inches.

36. The method of Claim 1, wherein the component comprises aluminum having an
anodized or non-anodized plasma exposed surface.

37. The method of Claim 1, wherein the component is made from a ceramic material
selected from the group consisting of alumina, yttria, zirconia, silicon carbide, silicon nitride,
4 ) boron carbide and boron nitride.

38. The method of Claim 1, wherein the coating has an as-sprayed surface roughness
that promotes the adhesion of polymer deposits.

- 30. A method of making a plasma reactor component having one or more surfaces
which are exposed to plasma during use, the method comprising plasma spraying yttria onto at
least one plasma exposed surface of the component to form a yttria coating havmg surface
roughness characteristics that promote the adhesion of polymer dep031ts

40. A method of making a plasma reactor component having one or more surfaces
which are exposed to plasma during use, the method comprising plasma spraying yttria onto at
least one plasma exposed surface of the component to form a coating consisting essentially of
yttria, the coating including an outermost surface of the component.




22 41. The conponent of O aim 35, wherein the conponent conprises al uninum -
having an anodi zed or non-anodi zed pl asna exposed surface. 42} 4TN@Vgg}UBod
of C aim 36, wherein the conponent conprises alum num having an anodi zed

or non-anodi zed pl asma exposed surface.
22

41. The component of Claim 35, wherein the component comprises aluminumzhaving
an anodized or non-anodized plasma exposed surface. :

42. The method of Claim 36, wherein the component comprises aluminum having an
anodized or non-anodized plasma exposed surface.



