;e3es?s: ;D<@ | >6>T?Yc : WD 02/ 057506 PCT/ US01/ 47571 LOW CONTAM NATI ON
PLASVA CHAMBER COVPONENTS AND METHODS FOR MAKI NG THE SAME BACKGROUND OF
| NVENTI OW®6 04/057586 20 Field of the Invention The present | RCFASOUATSTE| at e
generally to the fabrication of sem conductor wafers, and, nore
particularly, to plasma etching chanbers having conponents that reduce
particle contam nation during processing. Descriptio ted Art In
the field of sem conductor processing, vacuum procesw’”m;’” mmwg are
general ly used for etching and chem cal vapor depositing materi al s
on substrates by supplying an etching or -fteposi tion gas £8%he vacuum
chanber and application of an RF field to the gas to energize the gas into
-a plasna state. Exanples of parallel plate, transforner coupled plasm
(TCPTM which is al so caOWICONTAMINATION PhASMAl €HEeMBERP) , and
el ectron-cycl otron resonance <594 react ors and co nents thereof are
.di scl osed in commf FORWA
5, 200, 232 and 5, 820, 723 In sem conduct or i nt egr at ed ci rcur t fabrr cati on,
devi ces such as conponent transistors nay be fornmed on a sem conduct or
waf er or substrate, which is typically nade of silicon. Metallic
i nterconnect |ines, which ar e typi caI I y etched from a rret allization | ayer
di sposed above the wafer, nBAGKEROE 3 [HDN t he devi ces
together to formthe desi red circuit. The metal |ization | ayers typically
conprise copper, alum num or one of the known al um num al |l oys such as
A --Cu, Al-- Al --Cu--Status Inquiry. An anti-reflective
coating (Amﬁﬁgyéﬁéﬂoﬁivgﬁtl%erl yi ng photoresist (PR) |layer, may be forned
on top ofsthe WWCh @ Bte&it; ifVenBG réIAeH pertally to2thewitaidaticabf semitandactor The
ARC | ayer typically conprises a titani um containing |ayer such as Ti N or
Ti W To form Vhisrafand emert patiealartis @Inlasmg ﬂ@@ﬂ%@hﬁé@m %ﬁﬂég COPRREIYS on of
the | ayers of ack n{gl lljddél ﬁﬁt he I i zation | ayer, can be
1R

t
et ched usi ng %‘C dt‘%% t‘ﬁf‘f&(’t}tﬂé‘&? Pd'%% e ar ea
metallization layer 5 that are unprotected by the mask Wl‘ I mlml I“atched
away using an appropriate etching source gas, |eaving be
i nt erconnect Desveiption dfcthe Redated Rotachi eve greater circuit dler‘\sgr ty, m)der n
;nJ; ggL?t edt ﬁler ](3 glai eé}eitggt gqcrit_n\é\f_)ﬁdhugﬁqg%;oec%gslu?gg Vact nt%ﬁrp?c\g\c':eersange %ha%%ers are”
10 generally used for etching and chemical vapor depositing (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 parallel plate, transformer coupled plasma (TCP™) which is also
called inductively coupled plasma (ICP), and electron-cyclotron resonance (ECR)

15 reactors and components thereof are disclosed in comntonty 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 forrned on a semiconductor wafer 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



wi dth of the interconnect |ines or the spacings (e.g., trenches) between
adj acent 10 interconnect |ines, have steadily decreased. To formthe narrow
conduct oWO pHewsS@f nodern integrated circuits, highly ani 86TASP/€758t chi ng
is desired. Etch anisotropy refers to the rate of vertical etching conpared
to the rate of lateral etching. In order to form high aspect ratio features
with vertical sidewalls, the rate of vertical etching nust be significantly
greater than the rate of lateral etching. In plasma 15 etching, vertica
profiles are often achieved using sidewall passivation techniques. Such

t echni ques typically involve introduci ng=%& pol yner forning species (usually
fl uorocarbons such as CF4, CHF3, C4F8) into the reaction chanber during
.etching. The pol yner which forns during etching is preferentially deposited
on t he si dewahétallizhtibhRyert. Tt AREAIayeretypichly etayprissd uditagiuina¢ctahingtlayerng of
t he substrate 20 and increasing etch anisotropy. During the etching

'pr ocess, homéméhﬁsBEN}W@F“@eF@g¢¥%ﬂﬁéﬁbﬁmgﬁnPWﬂﬂF@HuFHémﬂﬁmgﬁﬁde§dFfaces

f [ t i I :
Over ti e, ¢ RRRGORRT Pdbveblfe B iRy I bR R Gkl 72
source of parétélfehﬂlsfr%”é SitlabRiphetbredistttE@mifuRds Mehe' Redkt sTTthe AletalliAtiv T
deposits forned inside the pllasma reactor typically conprise chain

mol ecul e$ of thatrdre mnprigetednizisthe \Wiask. mayhdiep bk wtobed away asing anrppropiatees t o
t he substrate hein rocessed, it._c contam nate that porti of the
substrate anf'HB @8‘3? g@,i‘?aéﬂl‘% l?:qhHladPWEtia FZAU0R 0BT LORRCH @%ﬁ&g@?ﬁn
accunul ate on all ; 4. - h Tackis Yrd @SR,
particularly on t h’g(}}gg@%c%sey% gﬁdféﬁg%%’elrﬁoﬁﬁs#n ge&cz%éht?ﬂt h% process
gas inlet tubeith imseasitigly asréwer desigarralede Axfa teselt ctha fimturecsinesy i.@1, tigas

di stribution plate opposite the substrate surface. The pol yner deposited on
the interior %idih af B ipterconpect hinpoer the SHAGIREF e, WD Ret¥earsadiagent t o

create substrate defect., 5 Pol I Iy C ] i (.S

SR T R R R R b S S D
repeat ed pl asfBdéthafiRgmitddifnis, afghlyRisoappieteathitteRidenigednEichagidoroppf the
pl asma exposed surfacés of reactor conponents can cause the adhered pol yner

deposits to exfab tathe rate dflvektisabétthing sompaiio dhe fate ehlateniletefingvedh t he
pol ynmer deposits and the reactor .surfaces.. The.polynmer 10 deposjits. .can al so
becone di sl odJder OB'BHB%H HpErfratp ?‘F?u?rgﬁc‘yﬂ@n‘ferg‘%gﬁﬁﬁga]il%%%ﬁﬁ%?ggwpﬁ%

integrated cidigi nﬂfst")é:ﬁ nﬁiemthgg%akpﬂfaﬁrth@i‘aéé Bf ek dibifhs. BRpRimal Size

and their operating voltades, t r associ ated nanufacturing ylelds becone

mor e suséept idutling overecdl ipedfdecanetofennahicoed usion sidemalhphsgivatiai rdchaigiesy

integrated circuit 15 devi ces having, smal | er physical sizes r.quli&rgﬁ t hat

the level of Pichitechniques tavcally Mylve Brroducing apolyimer IOFBgRErYSs BHaYer ed

to be accept i V, dcle
A ffocafBohOMEn I8 CROdeH é,e€4rg?ﬁﬂo mm%&g@@ygﬁmg&g@g.

contami nation 1n plasima reactofs. or exanp t ent

5, 366, 585; 5, Blpayher Whithlfodhddulingl déhing s pref@bitialdepbsittliconithé ;
5,993, 594; 6,120, 640; and 6,155,203. 20 In order to reduce particle
cont am nat i orsidgywallsraf theetchesk fsaysgs thereby reducing lateral 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 chamber



periodically cleaned to renove the polymer deposits. Plasma cl eani ng
processes are disclosed in U S. Patent Nos. 5,486, 235; 5,676,759; and

5, 685, 918voAddiTseconal | y, the plasma reactor parts are typiP€IIUI/HERL aced
periodically with new reactor parts. 25 It would be desirable to provide

pl asma reactor conponents that reduce the levels of particle contam nation
I nside the reactor chanber. The use of such parts would help to inprove the
yi el d and/ or increase the period of tinme between cl eaning or replacenent of
pl asma react or conponents. VW O 112/ 0S7S0OG -4 SUMVARY OF THE | NVENTI ON
PCT/ US011. 47571 The present inventors havwe discovered that particle

contam nation in plasma reactors can be reduced by plasma spraying a
.coating material such as a cerami c or high tenperature polyner onto plasna
exposed surf agfgeda! piﬁi@ulﬁﬂ?@h%e sufed oPthRIambE RyiRhe Rl Rehiathe posdess a
coating having desired surface roughness characteristics to pronote

-adhesi on of [@ab jntelrtublesy @s wedl.as Theeundepsids efithgchambercayer ongasghistyistorieposi t s
on chanber surfaces can, redquce osi.ts. to flake or

thei.te enCél of the ﬁe
peel of f of tﬂlla_éeé’ﬂﬁ?ﬁb@rth%ﬂ’r dESTAET € S‘FP AT AgPas : PRI EFOhar t i cul at e
contam nat | nglffgcetshﬁ th& 8icfnMer cRY iR FCHItd thed BB eS LA subSiritERIefebt)

f
deposits on asnma reactor conponents, reactor conponents may need to be
cl eaned 6r r @olypnadpdrdedatt rconamidatipntihexasbybatedchyciha gherimal cyding of thgper at i ng

the plasma reactor. According to one enbodi nent of the ppr%sent I nvention, a

met hod of maKEIFEPICOMPAIRLS (GRERE 6ePCASHNAREIA PLosessing \Fyeles. THAECRealEt or

conponent has _opne 15 r u | during
use. The net ﬁlg‘?}m?%ﬂ%g‘;eoéﬁglogé%ag lé r%é’fp\rg{géég%rg%c? i %&(r%aétt%{ej F {) ap@%eﬁ)?sg& él pl asma
exposed surf aggse0the biRere@ PERARE Uepsbit @ Bxfalig@arifAge biduedoCIHE ace roughness

characteristics that pronote the adhesion of polyner deposits.
differentials between the polymer deposits and the reactor surfaces. The polymer

10 deposits can also become dislodged by bombardment with reactant species in the
plasma.

As integrated circuit devices continue to shrink in both their 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 periodically with new
reactor parts.

25 It would be desirable to provide plasma reactor components that reduce the
Jevels 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.



Accordi ng to anot her enbodi nent of the present invention, a conponent of 20
a plasma reactor having one or nore surfaces exposed to the plasma during
processi mgongosavi ded. The conponent includes a plasna spCajiedl/@mat i ng on
a plasma exposed surface thereof. The coating has surface roughness
characteristics that pronote the adhesion of polyner deposits. According to
anot her enbodi nent of the present invention, a plasma 25 reactor including
one or nore conponents as set forth above and a nmethod of processing a
substrate therein are al so provided. The nethod includes contacting an
exposed surface of the substrate wth a pi#asna. WO 02/ 057501 -5

PCT/ USO1/ - 17571 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be
.described in greater detail with reference to acconpanyi ng drawi ngs in
which I'ike elements bear |ik&uMVARYCOF PR AVENTIONErein: 5 FIG 1

Il lustrates a conventional plasma spray procCess,; shows a netal etch
-chanber i ncor por at Thgpiekas imvenmrahedt discovered thamaoticie tantamimtidi gy plsma he
present invention; FIG 3 shows a high density oxide etch chanber

i ncor por at i ngreBFaERRNNSTaJREd y Alasna gAY Bs & soatmgmaerahichs AfsTHRiEs ent

! Do or . ! ceorurng.

et ch chamber g teh nberitutepdykEP olfo Bl B0 ke tthe Mhellif el of 1R

inventi o DEJiMhERBRaGRhEriE a%&i@%ﬁ@&@i@%ﬁﬁh&ﬁ‘éﬁ@hﬂd@@ i nvention
Cc

provi des inprovenments in reducing parti e cont am nation of )
characteristics to promote adhesion of polymer deposits. The improved adhesion

of the polymer deposits on chamber surfaces can reduce the tendency of the
deposits to flake or peel off of the chamber surfaces thereby reducing the level 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 exposed 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
the adhesion of polymer deposits.
According to another embodiment of the present invention, a component 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 characteristics
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.



substrates such as sem conductor (e.g., silicon, galliumarsenide, etc.)
wafers, flat 15 panel display substrates, and the like. In particular, the
present iwWOeRD376¢v provi des conponents for use in plasna pPEFEAS8I/METthanber s
havi ng pl asma exposed surfaces with surface roughness characteristics that
pronot e pol yner adhesi on. The roughened surfaces are fornmed by plasm
spraying a coating material such as a ceramc or polyneric material onto
the surface. The plasna sprayed 20 conponents of the present invention can
be used for any plasnma reactor conponent that is exposed to plasna during
processi ng. Suitable conponents include, -bor exanple, chanber liners,
baffle rings, gas distribution plates, focus rings, plasm confinenent
-rings, pedestals, and |liner supports. The reactor conponents of the present
invention can be made fr QRTIEHE PESCRIPTION OF #HF DPRAWIRGS naterial s.
Suitable netallic materials 1nclude alum num The alum num surfaces to be
.pl asma spray coat e@he mvehtonbailebg descuped inogrestendetal withxietbeencayter ) or

anodi zed. Alternatively, the react.or .ﬁo onents c be nmade fro

02/ 0575( 1C - cAMSETPRRRY Urandses BAVih KR glemens weat ks relerense mpmeralss g ca
quartz, titanjge..cf.rconia, yttria, titanium carbide, zirconium carbide,
silicon carbide, boron carbide,, alumnumnitride, titaniumnitride,
silicon mitride, apUGol ilheiraws Biconvendonallptasory spraycprooggepnent s can be nade
by any conventional ceram c manufacturing techni que such as hot 5 pressing
and sintering cerakl@ Peharsrametal @tcb@hkmg@rm@mPWtIFEQI%%ﬁWeﬂﬁ@ﬂ?ﬁﬁﬁ on,
any or all of the sugf ace the reactor conponents which are exposed to

. of
t he pl asna du‘f‘?‘ﬂ%"”ﬁfl @88@1@ tgélhegrgs AWt h a pl asma sprayed materi al

such as a ceranmic pIGM ghhw h3AeHdity PQIYBBA chaiSerRh@TPBraiRg prRMacoat i ng
according to the present invention provides interior 10 surfaces of the

react or w th sprayescreactoucimpmenisaacardingrtodhs presert dnveptiommnd t he adhesi on of
pol yner deposits f .in the plasma chanber duri tching. In the
present li%nvent i on, gi@ggi‘ﬁﬂ/@ﬁ_ﬂ’l‘?fg 0?6&‘? ﬁ&&f@l@f@f%?@ tﬁ%@@@?@h%" r oughness
val ues (Ra) St ablgoffihg B¢ BRLUHASIIR QAL pALBRSHARuGH, POl yrer byproduct s
produced during processing of substrates i1n‘the plasma reactor. For

exanple, the 15 arithnetic nean surface roughness (Ra) of the plasma
sprayed surfaces accordi

in
DETAILED BESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention provides improvements in reducing particle contamination of
substrates such as semiconductor (e.g., silicon, gallium arsenide, 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 roughness 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. Suitable 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



to the present invention can range from 150 to 190 m cro-inches. Surface
roughness values in this range pronote the adhesi on of pol yner deposited on
i nterior vanrt/exose of the reaction chanber during a pl asmaPETAISOPEBEESS such
as a netal etch. 20 The plasma spraying process typically involves spraying
a nolten or heat softened material onto a surface. PIG 1 illustrates a
typi cal plasma spraying process. The coating material, usually in the form
of a powder 112, is injected into a high tenperature plasma flanme 114 where
it is rapidly heated and accelerated to a high velocity. The hot materi al

i npacts on the substrate surface 25 116 afid rapidly cools to forma coating
118. The plasma spray gun 120 typically conprises an anode 122 (usually
-made of copper) and a cathode 124 (usually made of tungsten), both of which
can be water gQam@dmaRkiakFRclasaltd®na Silicl; quarB! Gfiia, Rirk6A8STrid) WHAGGAN,
helium etc . ) WO 02/ 057511C PCT/USQO /-47571 "7  flows around the

-cat hode i n t heartiidee zir¢camum eaebide, Isiticom darbides hoton carbidey, d@@inmdnithdeugh t he
anode 122 which |s shaped,as a,cpnstr'ctén nozzl e, The pl.asma is initiated
by a high vol HRgRmRnKHAe SiopitEide c3HYs PR 0 The SEARE SoMARREns
conductive pa r : : . e anode
122. 5 Resi st %%c%é){?gg? Pﬁaﬂ}f ?%&n‘%%{l (%Hag}b %@@g\ﬁgfe&gﬁitaﬁtgﬁggg& g@@éé‘éﬁp%x%?ene

t enper at |y es, pitksifig ahdbidteing ce@niz owdedsdnim lllppassra. The plasnma exits the
anode 122 as a free or neutral plasma flame (plasma which does not carry
el ectric current). Ivlerpressat ipvemion. pay ox albof fiecyriagesPIHBRERACOEr sprayi ng,

lame usual |y TRTREOYRc R e e Biasin W8he hietslnd G AN ik 2™
nozzle exit 1341ashA®p Pfatekia? siich arsado(&éiihwdtﬁaﬁgﬁit raGeepdymeedTRICh that

t he powder particles 112 in a nolten or heatsoftened state are caused to

i mpact on subplasmaeprhyéed caming aosorthimgdo the prestndmventiomprovidespateent at t he
coating/ substrate inferface and between the rticles making up the plasma
corayed fbat i FTACes ObHiRaFaALp Y b SRS ORI LS R R Broaie B1% 1 s on
bondi ng occur i i 4 i shihEchani cal
keyi ng or int %dr}*%gié%id% ;O%?%ﬁég% f%%ﬁécﬂ %St}iegﬁagﬁ (%? ﬁgﬁ&gj&ﬁgis#s%?hl%e%lcal and

physi cal bondihegresnbaivention, (& @ventivercodtngs\Wafesatlp havesgurfaba edughaesf f ect i ng
bondi ng and subsequent build up of plasnma sprayed coatings include: the
cl eanl i ness ovalppre(Rp)sekiable or aghieviag impryed adhepionaeiapolyaer BXpIpdues e f or

bondi ng; the r 0 Y Q. ofl e t r.e
(thermal ener é%d];‘@?&g‘ﬁ@?%&o? ?Sg%gs fas.ﬁl%r & ge(ég{x Eléet é}]hgrﬁ%getaptﬁ rrre%}?g%{ﬁgﬁlbﬁ r éghgt ion
rates angs Coohifhhetidirisanausfads roubEnés (RS dithé lsianmh isprageeag¥ace®hcdobdingowder
particles; the physical and chem cal nfggopertl es of the substrate and the

powder parti cloethe paergnimyensiopgian aangerfgors Hoflite P0 muiekorinetes. tffacemy occur
during the process. 25 In.the present inventjon surface preparation
t echni ques suE‘ngiEesélv e Hbﬁ%‘(%“é‘? P’Eo%qteglbea?fihﬁflggf’h YE'&HQB%"%ﬁS@a“t 0
provi de a nor &F@:g‘ I | Sk il oebdsfsaciead @r
bondi ng of thgltp asn%ﬁgéb%l%?ggrdgggﬁ ng. %;agfrqih%ﬁ(yr;&ggad b rastisnsg, '?he

surface area metdlleadhl. e f or bondi ng can be increased which can WO

02/ 057501 g PCT/USOL/ ~7s71 result in increased coating bond, strength. For
al umi na #hanber COEFSSIPMPE',SWW@%WPF%@?‘?%% V&B%& %aﬂg%a&l‘g’fe@roiﬁ?egt grit

bl asted wLh SoffRL M onld £RulUFIOM GLdRAREhBica A YshgRgd, Surface

can then be cleane 0 renove [ oose particles e techni que
such as bl ast prgetd)eTheltdating nvitérial pusualhy ifxH2 fanm/ofn powdes hl2gs idjectedir f ace

wth an acid isncé(l) l;tljigt?ien;gé?aurlr%up :?s?nr::lef?anig 5 If %%ex%riﬂsi rlagid%]: héart]gd 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.)



substrate resulting fromthis treatnment can hel p pronote nechani cal keying
or interlocking of the coating wiwth the substrate. Once the plasnma sprayed
coat i ng he@ opyessfvGappl i ed, the exposed surface of the coat iPEG/UESEN41E1 cl eaned
usi ng any suitable technique. Suitable cleaning 10 techni ques include

bl asting the surface with air or CO02 and/or ultra-sonic cleaning. These

cl eaning steps can be repeated to achieve the desired | evel of surface

cl eanliness or conditioning of the conponent surface prior to using the
conponent during plasma processing of substrates. Plasnma spraying has the
advantage that it can spray very high nmetli ng point 1S materials such as
refractory netals and ceram cs. Plasna sprayed coatings of ceramcs, for
-exanpl e, have been enpl oyed as protective coatings for various plasna

react or CONPOMKHY SroukEthe cfaﬂl'bd@i&ﬁﬂ@cﬁrecﬁbnsggrfé@il%diﬂﬁ&d by, &288v 189 and

5,879, 523; 5,993,594; and 6,120, 640. Additionally, plasfa spraying
.processes havbraghshhamde d22 evhigherd shapedrasghcanstricting npzélewt Thaelasoplisasti ¢ and
t hernosetting 20 I rs such as polyimdes. In the present invention, the
pl asma spray é@t@%&%@nﬁﬁgﬂ oﬁggea %W%WP‘&H CAVSEE ?chﬁ;eélsxpg{zawgn 28 &r osi on by
the plasma. Fc%hdﬁé‘t%aﬂr ﬁo?%%@faré i&gfo‘fx‘?{ﬁé%&en E@ﬁﬂl@({l@l?&hﬁ(ﬁ@lﬁ%&@é 135€ as
react or conponents y al'so be used as coatings as long as these materials
can be pbasneResistape deatitheforh ke groatausey thes ga toaeil extidmentainperaalres,t he
coating is preferably the sane material as the underlying conponent. By

usi ng t he sarfssegiatergng|ionige ta fpsmobplasmenThampspacexits fig anpde digg peadiees in

Component | carotieufal L Rime CHARR Wiichioel adCiatficlodflE Bk YRR g oo
can resul t i Mplasn$s(BARET SEPERT B OHragite e eftordrelex@initotodf e coat i ng

material during thermal cycling of the reactor conponents during use. \Wen
t he coating imzaleurRavaler il h2 icfedtintoghé plapme filanmbisyallppihiancxtanalippwedenponent

R RO R M M e
the POl ymer _shabkichrGosanahlsud syl Re FB RS Y2t handIRiBrdhehd oMt | ¥

adherent coating on e conponent. refer tenperature polyner is

a pol yi m de sgofenabstmMEaRAausedhiocimpast en sidgirateeiriéd trademark of DuPont.
Pol yi mi de coatings are preferably applied to the conponent at a thickness
of 10 to 10 30 m | ¥agi@us(ppding mechawisiug aryshe presenpaihegodinglsubsirae

subst 1 at o3’ suBRTHEE Bnd DehEhEMR ARG HBNRL bo the MRS WU E8ade® 00,
i ncl ude et al GeRpAllyd ibBtiERbiHagicHPintI iRk mgHna i FesiGXbéiRling Sccihr, Hon@dp. 1N

such etching processes, a gas distribution plate can be used to control the
spatial di st ringehanismsdhat may be present include: mechanical keying or interlocking;

diffusion bonding; and other adhesive, chemical and physical bonding mechanisms
(e.g., Van der Waals forces). Factors effecting bonding and subsequent build up
of plasma sprayed coatings include: the cleanliness of the substrate surface; the

20 surface area available for bonding; the surface topography or surface profile; the
temperature (thermal energy) of the particles and substrate; the time (e.g., reaction
rates and cooling rates etc.); the velocity (kinetic energy) 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



15 gas flow in the volune of the reactor above the plane of the substrate.
Pol ymer buil d-up can be particularly problematic in plasma reactors wherein
an ant enneO0Y0b&d to a radi of requency (ItF) source ener giPEFEYHI’STht o a

pl asma state within a process chanber. 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; 5,53l,834; 5,464,476; 20 5,525,159; 5,529,657, and 5,580,385. In
such systens, the antenna is separated fromthe interior of the process
chanmber by a dielectric nmenber such as a dielectric w ndow, gas

di stribution plate, encapsul ating | ayer & epoxy, or the like, and the RF
energy is supplied into the chanber through the dielectric nenber. Such
processi ng systens can be used for a variety of sem conductor processing 25
appl i cati ons rgfinafciRhseldl ddaingdBRRISIlehdih, FRSdl®hiridhaBeNempinentsDiei ng an
oxide or nmetal etch of a sem conductor wafer in a plasma reactor of the

-af or enent i onedrfaggsdo beaogted araipyetesalily geinblabied Ivithup contaiinant fre¢ alvminumes of
the reactor inc¢|luding the exposed surface of the dielectric menber .ar WO
027 06750 PERASTERI 1 PP HOMBTER SoTce CAR BAF b FIpATeq o0 PR Vg OPRPAETES  ns
t he pol yner id.d- : of f of the
dielectric n@#bdélgls @%qﬁgﬁ%‘?tg{;@cgﬁ%&ﬁgr%éégﬂ?asdeﬁ%@a?ggrgjiforzggtg}loxg above the
substrat 8 andvashingkhe godfyoeewitpan héid lselatiomn Thalrbughiened surfaceprafile € tlubst r at e
or the chuck bel ow. These polynmer particles_can 5 intécadu_ce defects into

the subst r at Subfitase msulimgdrom s aeameniandhelp Profagts mechanipal keylg s can
mgrate to the chuc ce.. } i.ng problens. Typically, the etch
process is st‘%‘S‘E‘8§“§%§’?E‘{o"?%"?‘ﬁ%‘ﬁgﬂ? ﬁ{ebldﬁfgl{te’eri or chanber surfaces cl eaned
(e.g., using a dryofdeCiie pladafapriyed ESatin@dias BedhgppiRuethe exbodearshifateof
contam nation. |nproper or inconplete cleaning, however, can actually

i ncrease 10 tthecqsingi candexisnedrisingany suitable teehnigue. chitabler cleming her, t he
delay dye to the."down-tine" required for cl.eani al.so represents .a

subst anﬁﬁal |UeFSEuques b?%‘b‘i&rﬁﬁﬁwggﬁ%flﬁ?acer%%%P%,t?g&m”rs%|“5‘6$S‘%%%&8%‘B8%1 tion
of polymer o le2higE! 1€d 1d AhiSleGhe AEARRAEYd Df SiPickabl e for
achieving a Eﬂgﬁ@ﬁ!legﬂhgﬁas%s%ﬁ%?ﬁ? ng t rcl)ugh-%ut of t‘F]e substcr ates in the
pl asma r eact @ieanlibesArorexaditbaing ofiticadongionbntr seafate priof ta isingthe cempoténsned
type is a transforner coupled plasma reactor known as the TCPTM 9600 pl asma
reactor, whi ¢lring plasma processmethspbiiatessear ch Cor poration of Frenont,

California. FIG i : i Lfie J . 0
pl asma reactor. h?PlHJé’%Xa?%@?xggg}%oar %ﬂg%éel @%ﬁs@g?'ﬂgﬁﬂé‘g; Hﬁgs%ﬁﬁ%gﬁ(ﬁﬁg
chanber 1352 igaeAfdRuc\ROrErad@re hrtikeindlderamiche Piasnt Praedsedis oint enna
156 to generate plasma, which is inplenented by a planar coil in the

exanpl e of Flogramics,Tios eREmplei havedwen smplayied a5 protegibego2EREsH)r waigys

generator 158.via a matching network_.(not 0 oWt hin. ¢ 152, there
e o ovi ded PITREATES GomBanen . firamari o Fh EGRCNGs TRER 0 s %o

hol es for relegs 593.09999494 S 6, E20TBA®! AdldRiongHE, I?]Ia:idit?sp%ﬁyiﬁﬁ phwRtsesour ce
gases, into tRe RF-induced plasna regi on between the shower head and wafer

170. The gasdmue alsolhecr dewtlepadabs highymeltisg poiat thermaplesticf ansnthgrorassttingi | t
into the wall s_of chanper 152.. Etchant source chem cals include, for
exanpl e,20hal qpkyraers 8SPOIVIAESS - 11 PCT/ USOL/ - 47s71 such as Cl2 and BCL3

when etching thro ' Wolg! ' ; iglhem cal s
(e. g. , CH4, HBr %EB?&’W%‘S ﬂv\gﬁefi)flzgisﬂazsgfdj r?taa)ré%? %%n%bi%@tglﬂ ﬂ%rls uch as
hydr ocar bons, thid is eesistanitlro rsosicrishy thy plasnfal Uorcexamipte) any of te cbeaaicl

passivation nn%gteﬁlllss C;uil%aebltlsJ %grdﬁse-g? ?ga%togr %%I%%mrlrg%{s Pn%y %rlrs%l b%yl?sgd aals E’S'a%n‘é“é t;élsh
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, differences 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



5 optional inert and/or nonreactive gases. In use, a wafer 170 is

i ntroduced into chanber 152 defined by chanber walls 172 and di sposed on a
subst r at V@ OPHEF6 162, which acts as a | ower or second el ETASEE475The waf er
is preferably biased by a radio frequency generator 164 (also typically via
a matching network). The wafer can conprise a plurality 10 of integrated
circuits (1Cs) fabricated thereon. The 1 Cs, for exanple, can include |ogic
devi ces such as PLAs, FPGAs and ASICs or nenory devices such as random
access nmenories (RAMB), dynam c RAMs (DRAMs), synchronous DRAMs ( SDRAMs),
or read only menories (ROVs). Wen the RM-power is applied, reactive
species (fornmed fromthe etchant source gas) etch exposed 15 surfaces of
‘the wafer |70. The by-products, which may be volatile, are then exhausted

t hrough an exxfoliafibh of & codting marit a6fhg thetPalcERThe b thel feectvaf er can be
diced to separate the ICs into individual chips. In the present invention,
-pl asma exposegmpanénis during use. pMendhe ensting énalnming, dlae ¢orvng shpraforablyhanber

wal | 172, a ch r Liner (not sh and/ or 20 showerhead a

b ovi ded w t PRI tesihe COmPLREt ab A St Phstn i e 2 Bruis B §80.008
characteristij &egjjat pronote pol yner adhesion. In addition, plasm exposed
surfaces of the substrate support 168 can al so be provided with a plasm
sprayed éoating (rittie cofating maycatay bl a golymetib engueréad e rWhemtherdoatmg islan t hi s
manner, substantially all surfaces that caonfine the high density plasma

Wldlh | have surBokeers the palymae shouldihe ganablejaftbeing Rlpsma praygst @ fpEn Prightly
ne oot ant e ARG o BIOEDE BORSANEABATRRTIR AR ERELeY Co

be substanti y Teduced. ere _canponentsTo _
can al so be Usddmide suchiagVESPELS Wit Be Rpilered faeasarkATT Rip! ary oxi de
etch reactor is the TCP 9100TM WO U210s750(~ PCT/USQOL/-17571 -12 pl asnma
etch react or Bolyimidgpheaatings are prrferehdy applied o ithsoeampanenbt athigksess of 10 to

California. Ip the T 1 .reactor, the gas distribution plate is a
ci rcul agopl at@ @H’E E%&E%?Od&?%;mlﬁ‘e el ow the TCPTM wi ndow which is also the
vacuum seal i ng Surlhgﬁfsn?at ettRifg b@@uﬂ%{ra{eﬁ,gfeﬁtﬁ?ééta‘i’é elcHed b &RreH48i0a8 d

parallel to a sem conductor 5 wafer. The gas distribution’ring feeds gas
from a sour canitetigls bheubsitatesesudi bis sifidotbwafehe Nderdils that et typicalpl ettled The
gas distribution plate contajns, an array (§]}c hol es of a%i)oec&fi eg di_ anet er
whi ch ext end Peipdipstahandiglegtricnaedplapnch asxidesi (B i 9125t 11 shehieihang

t hrough the Lstei {.QR. 0 I | M.7q:

uni form ty ofbtoRE R ans siiRioR il B By L St BB Bisitilon of |

di oxi de 150 | apaeflodniah e vohGey biadie redtiir@bbwd the ipldreeofwhé swbstratee Polymer
cross-sectional shape of the gas distribution plate can be varied to

mani pul at e t Huildiup andier pasHcarlRprobésiratici ip plaspadeaptars harein ananedagt or . The

gas distributjig l.at e, m ial i f a diel.ectr] (=Y
nabl e coupl 1990eR 6 halBiehudliey REFBAT SR AIEIEE WieENER bR
the reactor. grdédsh6hambér. | Blagifsidasl of iM typbard@ikEbscdl indll. 3. PatedtNodS
distribution plate to be highly resistant 'to chem cal sputter-etching in

envi ronnent s 4%4h458; D193 05,241 2¢8r 5364,839:08.40b3A0HS.S3 pi8I4 NS, 40t 4dbder to
avoid br2%akdog:@25% ? 9;t§1,g2§,%§171;l én%ng,Sg&ggé.c &ne su.%%ns%t%}nls,o Hle%lsn e%%a?é[ sece%a}ape%r ew th.

from the interior of the process chamber by a dielectric member such as a

-

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 variety of semiconductor processing
25 applications such as eiching, 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



A vacuum processi ng chanber for oxide etching according to one enbodi nent
of the present invention is illustrated in FIG 3. The vacuum 20 processing
chanmber MoimoeiTaaes a substrate holder 12 in the form of &CHAISHOMSE] ect r ode
providing an el ectrostatic clanping force to a substrate 13 as well as an
RF bias to a substrate supported thereon and a focus ring 14 for confining
pl asma in an area above the substrate. The substrate may be back-cool ed
with a heat transfer gas such as helium A source of energy for nmaintaining
a high density 25 (e.g. 1011 - 1012 ions/cnB) plasma in the chanber such as
an antenna 18 in the formof a flat spirdl0-coil powered by a suitable RF
source and suitable RF inpedance matching circuitry inductively couples RF
-energy into the chanber 10 so as to provide a high density plasma. The
chamber i ncl ugdgsiisMbitfR MatbasiiHEthe Wilef. 1 As &ﬁéﬁﬁ%e?ﬁfﬂld—hﬁ@éépeﬂ%& -13
punpi ng apparatus for maintaining the interior of the chanber at a desired
-pressure (e. gpoliméntendsOtonflakeror peghoff af the diclectfio mn”ﬁdmr) .Whes thestielectiial | y

pl anar dielectric w ndow of i formthickness is vi ded befween the
ant enna 18 an‘E}e‘Pﬁg ‘Fﬁ‘f"@qudﬁreﬁflytaE%"ep'ihSéB'%%‘Ia r@tfé’h‘ﬁ]e’r Oibsn%aa% AS2R he

vacuum wal | t f Rapb ution
pl ate, common ydglgﬁq}ggmg b (S)l\ilxlgr {eé;(g-ctggéhqbg t%r ovi gﬁgsjeg%or%grgg %rﬁgﬁ%}m&é{gow 20
and incl ydes iauplwealefdcys dto Geenbsigae tius dea@sdashig yleldar Aledrastivehqtthshown) for
delivering process gas supplied by the gas supply 23 to the processing
chamber 10. Aateletedn migiate tgthasiuek gurf #qecﬁﬁl@lﬂécéé@\ﬂ%ﬂ BHODI9RS&: | on pl ate and

channel 24 1 hr ougnTVEIAN- 314 S bFacet IS sRRRET ftidtially SRS Tudif nifibe, " *
and outl et cofgictsScléied 46.g. HANRY £ tiry étbﬁueﬁtheﬂt)ao I&nRB dheTevisls o purtRe coul d

be cool ed by other techniques such as |l owi ng air over the antenna and
wi ndow, passi cuptamioatiin. ninprepéLon mhmmplgttt oiﬂamng, hewever; aam Anallyoinceease wi t h

t he wi ndow and/ or s distribut at etc. | n_opgr at a wafer is
posi ti ondd onthEmart %qmaa?eawé\%fg? “{i‘é‘e&ﬁ@np? tWF}?&Wd%quoAqeﬂbﬂ'I‘eace by an
el ectrostati Cn g r tﬁﬁﬂ?e' (b;l@cﬁ{

Process gas is L“ﬁ{;@m ré&%ﬂ@@?{)xﬁﬁl{eﬂﬁﬁ@g@%lrjc%’r%s?%@gissg?%‘g cm?ﬁos 10 cy passi ng
the process ggisldt ITigigfors cgapobef the depdsitpnvafpdtumaCorathe infeeiogasfaces of

distribution plate 22. Suitable gas distribution plate arrangenments (i. e.
, 20 shower hethd etcichamerisilesirahle foy; achieyinga high yishdrand agiaBiey, . Pat ent

Nos. 5, 824, 60 S, 86 6 as distribution plate can
have vari ous @‘5%1}%‘%&8}3@1 e%?gﬁ%ftgs &%\AAE’% a;{ga%é ovvn in FIG 4. The gas
di stributg on pl at eAfQxehpiary etdtlefoh réadibicofutie afceeibiiondd Rgpdiglaes 41 and

four enbossnents 42 near the center thereof fox 28T rovi (riﬁﬁ%g a passage for
supply of proeassforges Cbmlﬁéehsmhée@w lﬁiowlrﬁstthlt TER "prabe plasmatrpactefi el ectri c

wi ndow. As sho i.n FI osed.surfaces

di stribution W '&pés Qﬁll%wgﬁ%giﬁﬁng se%rg rgfion éﬁ’ée“?qrﬁgciﬂtegﬁe 57Gvi ded
Wi th plasm S?'ilﬁiéﬁrgtes a‘é%@?ﬁé&%ﬁ%aﬁ’&ff HePHP™ G563 Ria%ﬁxa%ﬁ'étbﬁgﬁl Bit;.of,
ceram c or polyneric materials having surface roughness characteristics

t hat pronote podagwer]Sadidsdioga Iilasmamrscesmngehamba‘rltihaISha)wncdd:toam nation

i nside the reactaqr e substantjall ed. After tine in.use, the
interior2G&urf erlgg ng‘fee‘éé‘ESBPS igg&g?l&ﬁfﬁt‘j s, (fichiSe s et

i nvention can, not her
enbodi nment of u@ﬂgﬂ%@g@g e;ﬁ%ﬁ\’/éﬂé%plllgﬁ'tﬁér%{amgfeo onlgflt2 ggﬁé)gg érzglng&elg fromthe

reactor so t hgipidalig eferigived by amlmsrgmamaye&lvmmmgngmmm @otshowmt ed
deposits can be physically renoved fromthe corrponent and a new pl asnma

sprayed coati H\@ﬂmpplnar@wr 1‘5%%&113(15@{111%3 shgwasheadelnsdy el prederadly hani cal
h 1 t. bl ast t

Comonents caeu® & ishy ¥r s pRtcfinl Ysachfly bollsBe PRAIEDs, 8 i he "

adhesi ompgr Ope&ﬁalﬁmﬂﬁe Ghes Pinas i BRiRNesh @@@ha ReSorpbetiveen BeeshbWerhead

invention. An alumna gas distribution plate with a plasm sprayed coating
.of al um na acamd wafeg 1@ t he present invention was installed and used in a

TCP 9600TM nret al h reactor. A standard ed an i.nt.ere

al um na gas distri EE? BEHTOPT SRUEC Rt S%P%E%E“SS‘S %’%Hoﬂ%ﬁ ‘ﬂﬁa‘)‘”&%
used in the sghg g; r 11520 aﬂf\?&frcéw&ﬂ@ls fiRefde! fd?"e%an@lbb%ﬁ@&xhsal

pol yrer dep03|ts orne asrra 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 pol yner was
visible on the piece of tape 20 renoved fromthe plasnma sprayed GDP. A

vi sual inspection of the tape renoved fromthe standard (non-plasna
sprayed) GDP, however, reveal ed substantial polynmer deposits thereon.



The foregoing has described the principles, preferred enbodi nents and nodes
of operation of the present invention. However, the invention should not 25
be const wed285¢eing limted to the particul ar enbodi mnentPCTHIS9EHTEEd.

Thus, the above-described enbodi nents should be regarded as illustrative
rather than restrictive, and it should be appreciated that variations may
be made in those WO 02/ 057;t16 -15 PCTI US111/~7571 enbodi nents by workers
skilled in the art without departing fromthe scope of the present

i nvention as defined by the foll ow ng clains. WO 02/ 05750G -16 WHAT IS
CLAIMED | S: PCT/USIII/-47571 1. A nethod-1df naki ng a plasnma reactor
conponent having one or nore surfaces which are exposed to plasma during
-use, the nethod conprising plasma 5 spraying a coating naterial onto a

pl asma exposedich dk CACIdBCE, RMhcaReMEMroded di@hifugh 608id GTItNAKYRY Grligd ace
roughness characteristics that pronote the adhesion of polynmer deposits. 2.

-The met hod ofetchaat ohemicdlsie.5arCldoripbi, Hely (HEpsasavell appolyaer figrming pl asma
o e iSRRG A obPPhoAM Bol R B S,
DT O3 BRoRAR D NEGAS ILBESeohal 6 GHSIR BIEYRN, oot o

5 optional inert and/or nonreactive gases.

In use, a wafer 170 is introduced into chamber 152 defined by chamber
walls 172 and disposed on a substrate support 162, which acts as a lower or
second electrode. The wafer is preferably biased by a radio frequency generator
164 (also typically via a matching network). The wafer can comprise a plurality

10 of integrated circuits (ICs) fabricated thereon. The ICs, for example, can include
logic devices such as PLAs, FPGAs and ASICs or memory devices such as
random access memories (RAMs), dynamic RAMs (DRAMs), synchronous
DRAMs (SDRAMSs), 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™



15 polyneric material. 5. The nethod of claim1, wherein the conponent has
openi ngs therethrough, the nethod further conprising plugging the openings
bef ore plwemosso@yi ng the coating. 6. The nmethod of clai mcyudountdrer
conprising renoving the conponent 20 froma plasma reaction chanber and

cl eaning the plasm exposed surface thereof by renoving any existing
coating and/ or adhered polyner deposits therefromprior to plasma spraying
the coating onto the cleaned surface. WO 02/ 0575111 -17 PCT/USII1 /-17571
7. The nethod of claim4, wherein the plasnma sprayed coating is a ceramc
material having a thickness of 2 to 5 milQ- 8. The nethod of claimi4,
wherein the conponent and the coating material conprise the sanme ceramc
material. 5 9. The nmethod of claim4, wherein the coating material is a

polyi m de. 10yastheelRtdRthr Wvattdtid Foth LANERBEArdhCorpBRition b 8mdnt, hi ckness

of 10 to 30 mils. 11. The nethod of claim 1, wherein the conponent is
-sel ect ed fr onCalifermia.olipthe PEP 91007y mwehctor, ghegasadisitibtitioreplatet israi aipnlaa plade us
ring, a pedestal, a, chanber f0 wal a chanmber |iner_and a gas_distribution

|
o e, 12" TiAAROD e AR amao oHRCI b e N SRL Bl | sos
cad bl ast| ng e SHEL 4580 Phe R GOMIIERS aooh?und BBl AP ichlER L

wherein the as "an ari et c mean sur roughness val ue
bet ween 150 apgfelOTheiges Qistribukies ringYedds. gaé (RN OOE0E iNd tee Polamerlefigett or,

t he conponent having one or nore

by the gas distribution plate. The gas distribution plate contains an array of holes
of a specified diameter which extend through the plate. The spatial distribution of
the holes through the gas distribution plate can be varied to optimize etch
uniformity of the layers to be etched, e.g., a photoresist layer, a silicon dioxide

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 RF 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.

A vacuum processing chamber for oxide etching according to one

embodiment of the present invention is illustrated in FIG. 3. The vacuum

20 processing 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



surfaces exposed to the plasma during processing,
a plasma sprayed coating on a plasnma exposed surface thereof,

t he conponent conpri sing
wherein the

coati ng WO B{FTS8ee r oughness characteristics that pronot eQestadhisi on of

pol ymer deposits.

claim 14, wherein the conponent is made froma netallic material or a

ceram ¢ mater

lal. 16. The conponent of claim 15, wherein the conponent

conpri ses al um num havi ng an anodi zed or non-anodi zed pl asna exposed

surface. 5 17. The component of claim 14, wherein the conponent

froma ceram

c material selected fromthel3group consisting of alunina,

i's made

WO U 2/US7SUC -18 PCT/I1SU/-~7~71 15. The conponent of

yttria, zirconia, silicon carbide, silicon nitride, boron carbide and boron
The conponent of claim 14, wherein the conponent is sel ected

nitride. 18.

fromthe gr ou;mm%ng lapparﬂﬂls%r Maidtag AR teOtdrioe BE e ¢Haktber at 4 86uSdr i ng, a

pedestal, a 10 chanber wall, a chanber liner and a gas distribution plate.

19. The corrpopr@mul@{e gl l@ﬁlmv_ﬁ@ mprzr Bipicallid cdhmTiogr)i sA qubstansinily pbunar

pol ymeri c mat
ceram c nater
zirconia, sSil
nitride. 21.
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The net hod 20, whereln the conponent an

mat eri al ﬁconpmemodebﬁngahmnbmrlﬁmm gamndstribakion D2ate, Tdammmﬂp(aalmlta of claim 20,

wherein the coatl

claim 19, wh
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openings such as circular holes (not shown) for delivering process gas supplied by
the gas supply 23 to the processing chamber 10. A conical liner 30 extends from
the gas distribution plate and surrounds the substrate holder 12. The antenna 18
can be provided with a channel 24 through which a temperature control fluid is
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.

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 supplied 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 arrangements (i.e.,
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 embossments 42 near the center thereof for
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

sathlckness of 2 to.5 mls. . The_conponent of
Hiead 22



-19 PCT/USQ /: 17571 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 HA® 0aM5&Mé t hnetic 5 mean surface roughness val ue (IRayusfi/4Fsam 150
to 190 mcro-inches. 26. A plasma reactor conprising at | east one conponent
according to claim14. 27. A method of processing a substrate in the plasnma
reactor of claim26, the nmethod conprising contacting an exposed surface of
the substrate with a 10 plasna. 28. The method of claim 27, further
conprising steps of: positioning the substrate on a substrate support in
the reactor; introducing a process gas i+l#o the reactor; applying RF energy
to the process gas to generate a plasma adjacent an 15 exposed surface of
the substrate; and etching the exposed substrate surface with a plasm. 29.

The met hod ofcogtidisM22SE cephrficedr o‘lﬁﬁeri&ﬂﬁ@ﬁﬁls%ﬁﬁg@iﬁ?ﬂa&@&ﬁl esseast one
pol ynmer form ng 1ggpem es. 20 3 Orp he met hod of cl aim 27, whggirlel n the exposed

surface of tthaxgiesisties téat:mmqt@p@ymemmlsllonc Invthis mizginer rpagticuisté de. VO
02/ 0:i 7506 -20 PCI/US01/ - ?l?l 31. Th Wi) ‘ﬂl}' cl al 28, wherein the
conponent s conigmunaiar, insige, eo‘i‘?a?}f“é?aé‘ & HostARd dleldﬂ? er conprising

| ntroducing the pr&ﬁ@xst%ngfi’ﬁuéemt& inf¥Biok SRTARS of MPHEEoP B&TbSERLs cbiingdas

di stribution plate.
. AA9. A&. A&h9 té&é@pn&@dsr& m[e@ltléf:czm BedotheAldateA{vAtABHIY mef SepRitd\l Alcdrdéng to
. A&2. A&L. A(&E1 >i vaehr

07 [ 1zupkf a\ VieBather priRpdiment pE te Rapseny l@aflam Heceomaponesl caa heapmgyed pey] caj ¢
a] ca] ca] ca] C@)@ ?e]a(é%]r %o"ﬁ]wﬁ%é: g)ll&ﬁ%] Iﬁgsll‘gac Ira§e£<]l c%%h&g and any accumulated

deposits can be physically removed from the component and a new plasma sprayed
coating applied. The old coating can be removed using mechanical means such as

10 grinding or grit blasting. In this manner, the reactor components can be reused.

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
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1. A method of making a plasma reactor component having one or more
surfaces which are exposed to plasma during use, the method comprising plasma
5 spraying a coating material onto a plasma exposed surface of the component to
form a coating having surface roughness characteristics that promote the adhesion

of polymer deposits.

2. The method of claim 1, further comprising steps of;
roughening the plasma exposed surface of the component; and
10 cleaning 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.
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5 9. The method of claim 4, wherein the coating material is a polyimide.

10. The method of claim 9, wherein 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.



10 10MV CbPPQCR} [ 972/

101 & mM'10% " & ()- 1 & m'10% " & ()- &% 109& ()-! &I 10% " & ()-9G 109& ()-!9G'1
09" & () -VORRBRRRRRS6TUV7 109F1096& () - 3" 91096& () - L109%6&' ( )PCaIOSBAI{7y - 10" "
10"" 10""!&810% " & () - 6TaTTTCUUUIEUV7 109F&sm 1096& ()- 109B& () -

31096& ()-1f10%& ()-109%& () - 10%B& () - UVNVWAKC XdEUV?

109F* F1096& () - (1096& ()-L' 1096& () - 9B1096& () - &#

1096& () -, L109B& () - cXXY@Zz% &' [dE:/ 105 1059 109%& ()- 38@LOYGE () -
61096& () - &4109%6& ()--110%& ()- @F"109%& ()-' [([KI\\"~u”_oP./!&, "10%H& (
)--&" 109%P&' ()-! &" 10%H&' ()- 9" 10%&' () - ! ~9*1BO%-H-H&' ()-! [ 9" 10%gq& () -

105 Y%@bcccowi [M ! & "109%4H& () 10HH 10HH

LOHH! (" 10984H& () - ! (" 109%HH& ()-! (" 109& ()-!&, "10%4H& () - - cdUeef 1gPhz[ 9M ! & 9
109 & () - 9 10% & (et Sosb¥icrkof kinhh 19@ci 16 cLAYRIDASS Gk 1611 0%

& () - Phhi H %K. | zX6M 11 710%m& ()-1& "10%"& () -

1004 " & ()-I&n%anwmamrl@emmmﬂ@mm&a() VD: | 109&: () 1710111 Sl $mmoM ! 1 71
0% " 10%-4H& () - 3! Ns&ni 10%-H& () - | ks&n 10%kk& () -!}s&nt 1096$& ()- 10mm 10mm
10mmpprr > sNEzX6M 111 31Y" 109%4H& () - ! 31Y" 10967 T& () - ! &U10%& () - ! %+10%HHE () -

"109%& () - 3! C 10% (4 - §iNe QofpGherdt Ve claith1; Whefel?#E% dmponent comprises

aluminum having an anodized or non-anodized plasma exposed surface.

5 17. The component of claim 14, wherein the component is made from a
ceramic material selected from the group consisting of alumina, yttria, 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 liner and a gas distribution plate.

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

polymeric material.

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, boron 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.
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25. The component of claim 14, wherein the coating has an arithmetic

5 mean surface roughness value (Ra) of from 150 to 190 micro-inches.

26. A plasma reactor comprising at least one component according to

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 support in the reactor;

introducing a process gas into the reactor;

applying RF energy to the process gas to generate a plasma adjacent an
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.
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