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AND METHODS FOR MAKI NG THE SAME BACKGROUND OF THE | NVENTI ON Fi el d of the
I nvention 5 The present invention relates generally to the fabrication of
seni conducdY@P203i8f%er s, and, nore particularly, to plasma ePEHUSH/ERANDer s
havi ng conponents that reduce particle contam nation during processing.
Description of the Related Art In the field of sem conductor processiyngils
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 IIl field to
the gas to energize the gas into a pl asma-ist at e, Exanpl es of parall el

pl ate, transformer coupled plasnma (TCP ) which is also called inductively
coupled plasma (1 CP), and el ectron-cyclotron resonance (ECR) 15 reactors
and conponents t hereof aIEW@GNﬂSﬁVIHNAT&ONrBhA;SMM@HAMBER Pat ent  Nos.
4,340, 462; 4,948, 458; 200 232 and 5,820, 723. In sem conduct or i ntegrated

circuit fabrication} QMPQ!@ sME&HQH@ me f ormed

on a seniconductor wafer or substrate which is typically nmade of silicon,
Metallic interconnect lines, which are typically etched 20 froma
netallization | ayer disposed above the wafer, may then be enployed to

coupl e the devices together to formthe desired circuit. The netallization

layers typically conprise RAGCEKGRAUND QTHIE INVENTEON known al um num
all oys such as Al --Cu, Al--Status Inquiry or Al-Cu--Status Inquiry. An

anti-reflective coating (ARC) |ayer and an overlying photoresist (PR

layer, my be LG inbatid the

5 The present 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 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 commoniy 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 fon;]ed 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



WO 02/ 957506 Pd 7) netallization |layer, The ARC | ayer typically conprises
a titaniumconta=inh g layer such as TiNor TM To formthe aforenenti oned
metallic interconnect lines, a portion of the layers of the |ayer stack,

i ncl udi Ng%N& Bt al 1i zation Iayer, can be etched using d“?UF$H%V%”

phot oresi st technique. The areas of the netallization layer 5 that are
unprotected by the nmask may then be etched away using an approprﬁp;gUNzws
etching source gas, |eaving behind nmetallization interconnect hares or
features. To achieve greater circuit density, nodern integrated circuits
are scaled wth increasingly narrower de?ign rules. As a result, the
feature sizes, he., the wdth of the interconnect lines or the spacings
(e.g., trenches) between adjacent 10 interconnect |ines, have steadily
decreased. To formthe narrow conductor |lines of nodern integrated

circuits, hipicrallizatiosdayeopilde dtRGilaygr itepicalyi osprises & hitaamirs con@pyng taykers t o
the rate of verti etchjng. c ared.to the rate of lateral etching. In
order to for M ‘ifﬁﬁégﬁreﬁ% r gl}q @%eté? af%emw@%eaé?%tﬁﬁaﬂn@icew ﬁ%“?s’tahe Late
of verti cal [ | gLt : : t | at er al
etching. In B asrra&%hgléghrlsﬁ,tﬁélgyﬁ %@‘?%#%P%gg{eg‘?%{a@?? %%Egdghﬁec\e?igg;eusi ng

si dewal | passicHed using heahitl€PesoresSt@BhhigadNTaEateat YPtRahtMllizaN6h VEer

i ntroducing a polyner form ng species (usually fluorocarbons such as CF4,
CHI ", ,, I, Fshat atounpietected oy itommeblamag theiube efghast asvayi wsgng amhppreprigiger whi ch

f duri hi i f ti.al,l i t.ed t he. id || f th
forme i ng oho0 0L 1 ELerentl sl depocled on LS, 8 dougl s of the
i ncreasing etch a’i‘os&hf&%r%@rdiﬁgit?dléﬁsi% ?156(1%911 Hft%??t%& cirP@VEYE scall@! yIer

deposits can also formon~the interior aces of” various conponents of

the etch chanbeincwasiafiyamerosxpdssgn hded. hdspl s thékarture ishies, itdhege pol yner
deposits can flake or peel off thus becom ng a source of particle
cont ani nat i oiviflth afibe piterspmnect lines or the spacings (e.g., trenches) between adjacent

10 interconnect lines, have steadily decreased. To form the narrow conductor lines of
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 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



reactor. 25 The pol ynmer deposits forned inside the. plasma reactor
typically conprise chain nolecules of carbon conpounds. Wen-the pol yner
contacts aMd® @di’esoées to the substrate being processed, it mEEUSTONTsIT nat e
that portion of the substrate and reduces the die yield therefrom Polyner
deposits can accunul ate on all chanber WO 02/ 057506 PCT/ USO1i 9757127 UM 2005
surfaces, particularly on the surfaces of the chanber housing adjacent t%[}(g
process gas inlet tubes, as well as the underside of the chanber cover or
gas distribution plate opposite the substrate surface. The pol yner
deposited on the interior surfaces of the3dchanber can migrate onto the
substrate to create a substrate defect. 5 Polyner particulate contam nation
is exacerbated by the thermal cycling of the reactor conponents during
repeat ed pl as”ﬁrﬁc@&ﬁ;ﬁﬂi&ﬁ’axﬁy&l &1%-suﬂfﬁ&sro?w&lﬁﬂlbehﬁéﬁdiﬁ@aﬁﬂ&nﬁQﬁ' ;erGes‘éf the
pl asma exposed. surfaces of reactor conponents can cause 't he adhered

pol ymer deposi gas intet entfes) asawel]l oy the halerside fof theechambeT Eovediof fgas distritaition

bet ween t he polérrer deposits and the reactor_ surfaces. The polyner 1.0
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fabricating integrated circuit 15 devices having snaller physical sizes
requires that tdaetor eomipondntpdurinigogpeated plasmapravassimcyrdesl el repeated

previ ously con]sli dered to pe aﬁc epk abl e. Various nethods have been enpl oyed
to reduce part NEAIREASACAIREOF 1BR Plasma cxBosed SBHaGesAf reackyLoMRoNeRts SAP)| e,
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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
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.



20 In order to reduce particle contam nation, plasnma reactors can be
periodically cleaned to renove the pol yner deposits. Plasma. cleaning
process .disclosed in US, Patent dos. 5,486, 235; , 759; and
5,685, 9 .Oﬁ%ﬁagtionally, the plasnma reactor parts are t?&&égwygbpbplaced
periodically with. new reactor parts. 25 It would be desirable to provide
pl asma reactor conponents that reduce the |levels of particle copyapynati on
i nside the reactor chanber. The use of such parts would help to inprove
the yield and/or increase the period of tinme between cleaning or

repl acenent of plasma reactor conponents, WO 02/ 0575506 JUN 2' 005 i
SUWARY OF THE | NVENTI ON The present inV%htors have di scovered that
particle contam nation in plasma reactors can be reduced by plasm
spraying a coating material such as a ceramic or high tenperature pol yner

onto plasma exposed surfaceSUNIMARYr O IPMNsma sprayed materi al
hness _glharact eristics . to

forms a coating h@\i/in desired surface rou
promot e adhesi on of¢ vaea%ﬁg‘?‘t’es, SCAYETGUNBRIRAEHCIS GABLQITYRALIOBAN PREMBo| yer
deposits on r : g e..d jts to
fl ake or peell%gﬁié}ﬁg e{)afl%;é ﬁé@{tﬁ%#&@%ﬁéj%&%& t?l r?tg?%&%}e%ﬁg igl':llégil Shaeﬁpégl\%/fgl of

particul at e gofipRMEmMErARR HdlyinBe ofiaslistia expipsddqur CENGF thBGeachstheFieon of
pol ymer t? deposits on plasma reactor conponents, reactor conponents may
need toShe plrymameptayed mefstialckodms estoafinghaang Hesitedeuefage reghoesig t he cost
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provided. Thge ﬁl@%ﬁwer%ﬂm@%ﬁtcﬂﬂ%ep Bfrfaces 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.



15 or nore surfaces which are exposed to plasma during use, The nethod

i ncl udes plasnma spraying a coating material onto a plasna exposed surface
of the coWdoR@aT5060 form a coating having surface. roughne&sI/US01/47571
characteristics that pronote the adhesion of polynmer deposits. According
to another enbodi ment of the present invention, a conponent of 20 apl@sma
reactor haying one or nore surfaces exposed to the plasnma during
processing is provided. The conponent includes a plasna sprayed coating on
a plasma exposed surface thereof. The coating has surface roughness
characteristics that pronote the adhesi onSef pol ynmer deposits. According
to anot her enbodi nent of the present invention, a plasma 25 reactor

i ncl udi ng one or nore conponents as set forth above and a net hod of
processing a substrate thegRINFPESCRAECTIORN\OFTHE DreavanN®g i ncl udes
contacting an exposed surface of the substrate wth a plasma, WO

02/ 0: 57506 PCT/ USO1/Bi5idention “dmheﬂes:nbedrmgraawerdeiadrwm tefeteaceiascr i bed in
greater detail with reference to a awings in which Iike

el enents bear IaFWPWME‘@mﬁ&%Wﬁ-ICE, m@?%%é"é‘irrl\‘keﬁe feregce pumeraisiandt es a
conventional plgspg spray process, FIG 2 shows a netal etch chanber

i ncorporating plasma” sprayed reactor conponents according to the present
invention, 5FIG 3 shags 1al8kes adwnsettonakplden iy pheeer incorporating
plasma sprayed reactor conponents according to the present invention; and
10 FIG 4 is a top Klew2cshows gasetaliettlr ¢hambieo incoiporatinfgoplatrhe spraged wheober of
FIG 3 according to one enbadi nent of the resent i nvention. DETAILED
DESCRI PTI ON OF CBEDRREIS agge PRASRRtigmven |

FIG. 3 shows a high density oxide 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 FERRED 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



The invention provides inprovenents in reducing particle contam nation of
substrates such as sem conductor (e.g, gsilicon, galliumarsenide, etc.)
waf er s, W9 &¥0578%panel di spl ay substrates, and the |ike. PETARY#&Itar, the
present invention provides conponents for use in plasm processing
chanbers having pl asma exposed surfaces with surface roughness 77 juy 005
characteristics that pronote polyner adhesion, The roughened surfaces are
formed by plasma spraying a coating nmaterial such as a ceramc or
polymeric material onto the surface, The plasma sprayed ' 20 conponents of
the present invention can be used for anﬁ‘plasna reactor conponent that is
exposed to plasma during processing, Suitable conponents include, for
exanpl e, chanber liners, baffle rings, gas distribution plates, focus
rings, plasnecremid magnaBtsuch agsinnpeeiiical guarar)ditdnia)eircsniapontis, tithhenr eact or
conponents of the present invention can _be made fromnetallic 25 materials
or cerani c neArBidcariscongun caBlide, sdican|crRBigmtboremearbidacalugenen gHidam The

al um num surf.aces to .he plas ray.coated can be bare (except for a

nat i ve oxt dioRagRpridy. SHERTERE. Re/Er RERERTe T B e SPTBAE hent s can
be made fromH 6 RAAOBY 3P BivEnkbil tafd mmlRN BRI BB HE HopS
alumna, silica, quartz, titama, Lircouia, yttria, "titanfum carbi de,
zi r coni uin capiussiag asd kincaringaardmidpowdersomtccbulbipdes., al umi num ni tri de,

titaruiun nitride, silicon nitride, and/or boron nitride. The ceramc
conponents can b&h FHSJEERt BGNESHhEROT GHAIL tatesuafaces MehameaiQr i ng t echni que

such as hot i sinteri eram.c, powders i.ntq kK parts, In
the present FRUBREEAnERE Rt BPof RERTH o RBEIR Rtk Sl FoftB8 Wi
conponent s VWRIptAnd $r qBQekidl Quéthes RaghBc Gyhigﬂgerﬁp&ﬁﬁé bPgnfean TR coat ed
with a plasma sprayed material such as a ceramc or high ténperature

pol ynmer. Theplasinasspeysprcasteg aoatdimytoabe pratemgnyentioherpridsemterionvent i on
provides interior 1Q surfaces, of tthe reactor with surface roughness

char act &9 st Pedagey ﬂﬁr@ﬁgpbwﬁhéur ace 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 Thé plasma spraying process typically involves spraying 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.)



adhesi on of polynmer deposits forned in the plasnma chanber during etching.
In the present invention, the inventive coatings preferably have surface
roughness wWoal2wews0¢ Ra) suitable for achieving inproved adhexiTovstof70! yner
byproducts produced during processing of substrates in the plasna reactor.
For exanple, the 15 arithnetic nean surface roughness (Ra) of the plasma
sprayed surfaces according to the present invention can range froo/ 150 X%
190 mcro-inches. Surface roughness values in this range pronote the
adhesi on of polyner deposited on interior surfaces of the reaction chanber
during a plasma etch process such as a M¥%al etch. 20 The plasma spraying
process typically involves spraying a nolten or heat softened materi al
onto a surface. FIG 1 illustrates a typical plasna spraying process. The

coating materi ghys ld?diﬁh'tﬂe EdihddaSin R Ar&tioR cBAMAIR indifcdted BY ér'i‘b@cltzgcbnd' nto a
hi gh tenperature plasma flanme 114 where it 1s rapidly heated and

accel er at ed t otlmoughgthe mbdleZywhiEhes Simpedrad & comtridting awkae orTHensasnbst r at e
surface 25 116, and rapl dly cools to forma coating 118  The plasma spray

gun 120 typi caltifatedhyppiigsvalissa disgarge whichsgausasyogabiged 1 lomzaé@ppedya and a
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PCT/ US01/ 47571 RefibiaM& likraﬁiég"ﬁoid"@xe(é?é bades e shdR ﬁhé}ﬁé}i&e‘?ﬁb ﬁ:ﬁftféfa%bx'e!
i ndi cated by arrow 128 an t hrough the anode 122 which is shaped as a
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10 port 132 mounted near the anode 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 coating.

15 Generally, both mechanical interlocking and diffusion bonding occur. Bonding
mechanisms that 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 ener_gy) of the particles and substrate; the time (e.g., reaction
rates and cooling rates etc.); the velocity (kinetic eﬁergy) 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



plasma is stabilized and ready for spraying, the electric arc extends down
the nozzle. Powder 1.12 is fed into the plasma flanme usually via an

ext er nalWRAWATIEV6.0 port 132 nounted near the anode nozzl #@EXYI014341 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 ippact on
substrate 116. Various bondi ng nechani sns may be present at the L7 JUN 2005
coating/substrate interface and between the particles making up the plasna
sprayed coating. 15 Generally, both nechanical interlocking and diffusion
bondi ng occur. Bonding mechani sns that -%ray be present include: mechani cal
keying or interlocking; diffusion bonding; and ot her adhesive, chem cal
and physi cal bonding nechanisns (e.g., Van der Waals forces). Factors

ef fecting baagliing mpfbaseidsRaneBbndstidnd i PRooAlulli @S fRinef ayafoeaat itgs
i nclude: the cleanliness of the substrate surface; the 20 surface area
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reacti oms t haishimy thesatfacélwithag atiliesop t@e Skhe @aghdhetiRerfeesefile sfuent i on,
surface preparation techniques such as cleaning and grit or bead bl asting

can be used tubsiprtovesidting fromehishenstmenticgn elg pshypolecabthpanicatkaying onponent
Sytace Tor bonlng ol hIs B as, RGadysoat ine, By orif o bead
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are preferabihy cghiifig bioisd €danstitiRing a9 uRm]e sthniguee Saltable Bleaning
10 techniques include blasting the surface with air or CO, and/or ultra-sonic cleaning.
These cleaning steps can be repeated to achieve the desired level of surface
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 sprayed coatings of
ceramics, for example, have been employed as protective coatings for various
plasma reactor components. See, for example, U.S. Patent Nos. 5,560,780;
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, 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



oxi de nedia.. The roughened surface can then be cleaned to renove | oose
particles by any suitable technique such as blasting the surface with air
or CO2 andwero2Bswashi ng the surface with an acid sol uti on. POTaIS0oMTziT@Ned
surface profile of the substrate resulting from this treatnment can help
pronmo e nechani cal keying or interlocking of the coating with the,- 12005
substrate, Once the plasma sprayed coating has been applied, the eﬁﬁo@é&“
surface of the coating can be cl eaned using any suitable technique,

Sui tabl e cleaning 10 techni ques include blasting the surface with air or
CO2 and/or ultra-sonic cleaning. These cleaning steps can be repeated to
achi eve the desired | evel of surface cleanliness or conditioning of the
conmponent surface prior to using the conponent during plasma processing of
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10 30 mils (0.010 to 0.030 inches).

In plasma etching of substrates, features are etched into layers of various
materials on substrates such as silicon wafers. Materials that are typically etched
include metals and dielectric materials such as oxides (e.g., SiO,). 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
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 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 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 inclnding the exposed surface of the dielectric member or



WD 02/ 057506 PCT/USO1/47571 N5 27 J HL exfoliation of the coating
material during thermal cycling of the reactor conponents during use. Wen
t he coatWa@2h¥sed um na, the coating is preferably appli € eSHH&T¢onponent
at a thickness in the range of 2 to 5 mls (0.002 to G005 inches). 5 The
coating may also be a polyneric material. Wen the coating is a polyner,
t he pol yner shoul d be capabl e of being plasma sprayed to forma ti gIZt/IMJNZ(JGb
adherent coating on the conponent. A preferred high tenperature polymner is
a polyimde such as VFSPFL(r), which is a registered trademark of DuPont,
Pol yi mi de coatings are preferably applied-to the conponent at a thickness
of 10 to 10 30 mls (0.010 to 0.030 inches). In plasm etching of
substrates, features are etched into layers of various naterials on

substrates spghiasibsiidd saR Memhee wikl erdshg pbtyﬁier%ﬂdlu\(gm&@bﬁ%ﬂ@t ched
e.g.,

include netals and dielectric materials such as oxides i),). In
such et chi ngpolpmer emde ) flakegaspati sffrafbthe dislecpicanemban WBéhengbeldietecoont r ol

the spatial distribution of 1.5 gas flowin the volune of the, reactor above
the plane of MERBEK|fHe¢ated @reqty) %P?m% theppptaate an¢ aligke PRRIRGT GRFtilgsycan

probl emati ¢ 1) SLAATBYCAE SIS BEMAN AHEN s BRI idks can

r adi of r equency source energrzes gas in in a

process ghamigfodufd age@s (R etOsubefrat crem%siﬁggiéiwcméﬂﬁﬁivag%- Pat ent
Nos. 4,948, 458, 5,198, 718, b5, 241, 245, 5,304,279; 5, 401, 350; , 531, 834;

5, 464, 476; 2Qarfick25ai BOgrat, t628¢ 6BUtk wnfics c8B8Mg3BECcking psololhmsy st ens, t he

antenna is separated. fromthe interior of the process chanber b
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contamination. Improper or incomplete cleaning, however, can actually increase

10 the particle contaminant levels 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 gaseous source materials, 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



Such processing systens can be used for a variety of sem conductor
processi ng 25 applications such as etching, deposition, resist stripping,
et c. Duringoam/06%0de or netal etch of a sem conductor waf errdIURA1IPIASNE
reactor of the aforenentioned type, polyner deposits can build up.on
internal surfaces of the reactor including the exposed surface of t RN 2005
dielectric nenber or WO 02/ 657506 PCT/US01/ 47571 -10 gas distribution
plate facing the wafer. As the polyner buil d-up deepens, the polyner tends
to flake or peel off of the dielectric nmenber. Wien the dielectric nenber
is located directly above the substrate and-chuck, polymer particles can
fall directly onto the substrate or the chuck bel ow. These pol yner
particles can 5 introduce defects into the substrate thus decreasing
yields. AlternaidhvalQl, ahdBCLPAdD &bEiag ¢@Bugl AtAkfint 8r bAC oty aloyUrd@ee
causi ng chucki ng probfens. ypically, "'the etch process is stopped

peri odi cal | y aagthattehemicalsi(erg. c6HypEBr, HGL,fGHEL) ed walhas p0lymper, fousingg a dry
etch treatnent) to reduce the levels of particle_  contam nation. |nproper

or i nconpl etle %&ﬁﬁisﬁ@, andEgerbons, flugracaops, qﬂﬂ@b’?’é’s@u‘_lr@cﬂ"i’@ni)g}ftsii e
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productions yi ghflonal HRHEIAYE nonestctipé g¥est he deposition of polymer on the
interior surfaces of the etch chanber is desirable for achieving a high

yi el d and mai nt ai ni fgustehracvafhr pift isahirofeced ids chames 152 defimed bashemberact or .
15 An exenpl ar t etch regctor of the afor nti.oned type is a

t ransf or mer co&ﬁﬁgd%@é‘iaﬁp? @t sy msagp%ggﬁ@ﬁﬂch a%é%ag?‘ﬁ?n%{ react or,
whi ch is availl f : [, gy f j | a.
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reactor. In Fl %4 2also §ypicalg tvid a A@himChétdrory). ahelvageRcddr @eEsddegplakainber

152 is shown. ove
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 (DRAMSs), synchronous
DRAMSs (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 bigh-

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



20 chanber 152, there is disposed an antenna 156 to generate plasma, which
is inplenmented by a planar coil in the, exanple of FIG 2. The RF coil 156
is typiVC@APMYSEHer gi zed by an RE generator 158 via a nmat dbiTAgSMEiWdr k (not
shown). Wthin chanber 152, there is provided a showerhead 154, bcp _
preferably includes a plurality of holes for releasing gaseous sodrceN 2005
materials, e.g., the 25 etchant source gases, into the RF-induced plasm
regi on between the showerhead and wafer 170. The gaseous source materials
may al so be rel eased fromports built into the walls of chanber 152.

Et chant source chemicals include, for exd@nple, hal ogens WO 021057506

PCT/ US01/ 47571 27 such as Cl12 and BCl; when etching through al um num or
one of its alloys. Qther etchant chemcals (e, g., CH4, | r, 11C, Cl11Cl,)

as wel | as pghyn®etch @EdttdrGvadfee fRsn BAGN RascantdCogrivisef Flet@necar bons,
and hydro-fluorocarbons for side- wall passivation nmay al so be used, These

gases may beCeliforagedn diedHgP WiloO ™ breaginr,chalzas distributioe plte isoneiccudar plafegases.
In use, a wafer 170 is |{ntrodu iNnto cha r.152 defi ned by chanber

wal I's 1.72 aﬂ@aﬁﬁ%s‘gﬁgaﬂhglﬁwaggmﬂ# a‘Y‘é‘d%\?iﬁ’gggq 154 ,&Rﬁﬁaﬁlll}“%é%/aém&s a | oner
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conpri s& a phuferl iMhe gh difributiog gigt RedCedsCbrh 3 sohfes)infoahe iveRin@dddiihed eon.
The 1Cs, for exanple, can include |ogic devices such as PLAs, FPGAs and
ASI Cs or nmenby yhedgasidéssbuiontplais. Fherghs sisidowion maasoneins(@Ravedy, ofdiphesni ¢ R

el CRAL VL) o SIS DO, LEORAMNRL Lo ROL Y IEFREL Syl B V)
orme o) S R eSS RS gt odhets,
processi ng i andomptyedfathe ldyerswafteretcland, 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*2 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



be diced to separate the ICs into individual chips. In the present

i nvention, plasma exposed surfaces of a plasma confinenment ring (not
shown), chanber wall 172, a chanber |iner (not shown) and/or 20 showerhead
154 can beWHrBEHEH with a pl asma sprayed coating 160 with REF¥HE7571
roughness characteristics that pronote polyner adhesion. -In addition, . .
pl asma exposed surfaces of the substrate support 169 can al so be Zp/ré\W éﬁgﬁh
with a plasma sprayed coating (not shown) according to the present
invention. In this manner, substantially all surfaces that confine the

hi gh density plasma w |l have surface 25 roughness characteristics that
pronote pol ymer adhesion. In this manner, -13particul ate contanination inside
the reactor can be substantially reduced. The reactor conponents of the
present invention can also be used in a high- density oxide etch process.
An exenpl ary opuepingtapparaesddomaimsaibing tHC it OF e/ €D afitheOat a Qesired

PCT/ USO01/ 47571 -12 plasma etch reactor avail able from LAM Research

Cor por at i on of Pras@Hsre-2. beddawi Jomndpy, tipicallye TP pe0: M seastwially plaagas

distribution plate.is a circular .plate.  situated.direct| el ow the, TCE "a
i ndow i on | SeRus wTSYLAT B Fiokits bl Biedh B st s &, or
in a plane aboyg iﬂfé‘i‘io%'fﬁie'sﬁkycésﬁngcﬁﬁﬁﬁé‘roﬂwﬁ, L 1BFme theBf R hum WA 4a8e tot? of
distribution ring feeds ga roma source into the volune defined y the
gas distributi tre prbedssing Thembers10di Atgas distiimnioplpdite, coomheanbyscaded ar r ay of

hol es of a specified dianmeter which extend through the plate, The spati al

di stribution OFIEIOW%E‘:W%&és Prvédsgrpeneadh gheswimdewri0nand i&ﬁ‘“g?%% BlugalRy & vari ed
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mani pul ate the distri ion of BF power into the plasma in the reactor.
The gas di stri khet gasrdigtibwtéonnplaterand Isuireumisdbe fubstrate holder 12. The antenna 18

10 can be provided with a channel 24 through which a temperature control fluid is

2

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 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.,

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 embossments 42 near 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



dielectric material to enable coupling of this RF power through the gas
distribution plate into the. reactor. Further, it is desirable for the
mat er i aWV@P2/§Figlégas t5 distribution plate to be highly r@SiTSisant7370
chemi cal sputter-etching in environments such as oxygen or a

hydr o- f| uor ocarbon gas plasma in order to avoid breakdown and the27J N 200%
resultant particle generation associated therewith. A vacuum processi na
chanber for oxide etching according to one enbodinment of the present
invention is illustrated in FIJI. 3. The vacuum 20 processing chanber 10
includes a substrate holder 12 in the f-&#m of a bottom electrode providing
an electrostatic clanping 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 abovgatidpe 39WITkratie -orEb@n’idﬂéShﬁt@ﬁ@ls mayidpeubRekrdu@phes W th a heat
transfer gas such as helium source of energy for maintaining a high

density 25 (kamgctetistrbithat prom@te mriwher addesiphadnwhis mmaoher, pagmutte such as an
antenna 18 in the ,for_m&f a flat spiral coil powered by a suitable RF

source and §9i‘@%ﬁlaéloﬂﬂn3i TREdEHY FRRCHURY2BIAOUTERSE: nduct | vIeI y couplhes RF
chanber 1ol udes oty Bt e BHLE B telbhof R aB S8 Ring |
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desired pressure (e.g. bel ow 51 niforr, typically 1 - 20 niforr). A
subst ant i al lapofbengmbodidiest eCthe ipresghingdventRm, die comnpanenm can ekisewsed §opr ovi ded
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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



openi ngs such as circular holes (not shown) for delivering process gas
supplied by the gas supply 23 to the processing chanber 10. A coni cal
liner 30 &XP&XHRIS¥rom the gas distribution plate and surrBOGR#SOV4ET1
substrate holder 12. The antenna 18 10 can be provided with a charnel 24

t hrough which a tenperature control fluid is passed via inlet and7alted
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 blowing air over the antenna and w ndow,
passi ng a cooling nediumthrough or in heat transfer contact with the

wi ndow and/or gas distribution platet etcl515 In operation, a wafer is
positioned on the substrate holder 12 and is typically held in place by an
el ectrostatic clanp, a nechanical clanp, or other clanping nechani sm
Process gas i soifvdimsntppl ivedkér skilled uathéun pitheoasipagng droarterscdfe bfthe
passing the process_gas through a gap between the wi ndow 20 and the gas
di stribution Rrateat pyentnn 1adateed 3% thn Hllowing ¢lawsl at e arrangenents (rive. ,
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 designs one exanple of which is shown in FICA 4. The gas
distribution plate 40 shown in P1(3. 4 includes eighty-nine holes 41 and
four enbossnments 42 near 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 plasnma exposed surfaces of the
gas distribution plate 22, chanber liner 30, and/or focus ring 14 are
provi ded with plasna sprayed WD 02/ 057506 rf euSot/47571 2 /| Jy~ tl
....4-14 coatings 32 of ceramic or polyneric materials having surface
roughness characteristics that pronote polynmer adhesion. In this maner,
particul ate



contam nation inside the reactor can he substantially reduced. After time
in use, the interior surfaces of the reactor conponents according 5 to the
present J tk can becone coated with pol yner deposits, rding to
another‘%@éggfh@ﬂt of the present invention, the conpone%FT@%ﬁgégh?ennved
from the reactor so that the existing plasm sprayed coating andj;an o
accunul ated deposits can be physically renoved fromthe conponent a 2405
new pl asma sprayed coating applied, The old coating can be renoved using
mechani cal neans such as 10 grinding or grit blasting. In this manner, the
reactor conponents can be reused. A tapg test was perfornmed to determ ne

t he adhesion properties of the plasm sprayed coatings of the present
invention, An tale mna gas distribution plate with a plasma sprayed
coating of 2$H£%33Eﬁ§§§é§: o the present invention was installed and
used in a T ] ISh reactor. A standard hot 15 pressed and
sintered alum na gas distribution plate (wthout the plasm sprayed
coating) was used in the sanme, type of reactor under simlar conditions,
Subst antial pol ynerA gegesi dfsnilandedlomna rbatd asifmexeset sirdrages of both
gas distribution plates. In the tape test, a piece of tape was adhered to
t he surface vfrfasatwhighsare dkpased buplagna g g usen dhpmethed coffprisiNg phasimaner was
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operation of oft helypieedemisite.nvent i on. However, the invention should not 25
be construed as being limted to the particul ar enbodi nents di scussed.

Thus, the above-described enbodi nents should be regarded as illustrative
e s S0 88e o Il SRR et et var ot ons ey
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.



_I'5_ enbodi nents by workers skilled i s the art wthout departing fromthe
scope of the present invention as defined by the fallow ng clains. WO

02/ 077506 WOIPAIBGD647571 -1F- WHAT IS CLAIMED IS PCT/US01/47571
------------------------------------------------------- 1. A nethod of
making a plasma reactor conponent having one or nore surfaces whjghyane
exposed to plasma during use, the nmethod conprising plasma 5 spraying a
coating material onto a plasm exposed surface of the conponent to forma
costing having surface roughness characteristics that pronote the adhesion
of polyner deposits. 2. The nethod of clatl#l., further conprising steps
of ;  rougheni ng the plasma exposed surface of the conponent; and 10

cl eani ng the roughened surface prior to plasma spraying the coating

material:. 3. The mathﬂﬂxﬁémsaafellaﬂfwwn&ﬂeﬁ{trﬁqm&ﬁasspwyeqlc@aﬁm aexposed
surfaces of the plasma sprayed coating. 4. The nethdd 'of claim 1, wherein

t he coating natenimat matrial haiagra chicmess of 5tpbimilseri ¢ material. 5. The
nmet hod of claim 1, wherein the conponent has openings therethrough, the
met hod further conprising plugging the openi ngs before plasma spraying the

coating. 6, The nmetho r
conmponent 20 fromg g’lwhaslprg&l eac%taglfﬁluth}g er anghﬁo@%%ﬂﬁlﬁ%@&nﬁg%atenal

exposed surfaceompate®t same ceramic material.
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.



by renoving any existing coating and/or adhered pol yner deposits therefrom
prior to plasma spraying the coating onto the cleaned surface. WO

02/ 047506 WONY29800647571 |1jNi -17 7. The nmethod of clai mECT/UsmareIm t he
pl asma sprayed coating is a ceramc material having a thickness o? 72J1}NOZG§‘.
;nits. S. The nethod of claim4, wherein the conponent and the coafling )
material conprise the same ceramc material, 5 9. The nethod of claim4,
wherein the coating material is a polyin ide. 10. The nethod of claim?9,
wherein the coating Las a thickness -of 110 to 30 mls, 11., The nethod of
claim1, wherein the conponent is selectedl9romthe group consisting of a
pl asma confinenent ring, a focus ring, a pedestal, a chanber 10 wall, a
chanber liner and a gas distribution plate. 12. The nethod of claim 2,
wherei n the roughenizg Bhcegorisiiehi SRgaikersd wHekda thd8odtihg i hafthieRnes®bf the
conmponent. 13. The nethod of claim1l, wherein the coating has an arithnmetic
mean surface rtod§imidss val ue (am) of between 150 and 190 micro-inches, 15
14, A conmponent of a plasma reactor, the conponent having one or nore
surfaces exposed to the plasma during processing, the conponent conpri sing

a plasma sprayed c i ,@&J’@.i- I , mlg‘{ in the
coating has surfacgﬁﬁ o’g%n%g@ong%ar ac @P@?ﬁ%é r%?%ar%@ag%r%l a ngsi on of
pol ymer  déposihéan 62 Adiphb&e vEuE/(RPOIF foth 15010 "190Nhicro-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.



219.. 24. The conponent of claim 23, wherein the coating has a thickness of
25. The conponent of claim 14, wherein the coating has an
arlthnegw“M“5§ﬁ§an surface roughness val ue (Ra) of fron1f§6“§8/ﬁ@gl
m cro-inches. 26.k plasma reactor conprising at |east one conpone?? e
according to claim114. 27. A nethod of processing a substrate in h@NSWésm
reactor of claim26, the nethod conprising contacting an exposed surface
of the substrate with a 10 plasma. 28. The nethod-of claim 27, further
conprising steps of: positioning the Q_B§trate on a substrate support in
the reactor; introducing a process gas’rnto the reactor; applying R?
energy to the process gas to generate a plasnma adjacent an 15 exposed
surface of the substrate; and etchlng t he exposed substrate surface with a
pl asma, 29. The rAdt Kb Bkthedaifplaingls, m@r@n ﬂlqmmﬂr@a@w gjiashsér@bmhomses at

the exposed it aa oich REUEES Paiias rugir P du B gt ol it o an
oxi de. WO 0240% hog g%gga;sg%yr%umg Bde. The nethod of claim"' 28,

wherein the co S a gas |str|bu Ion plate, the nethod further
conpri sing |ntrodu0|ng the process gas into the reactor through openings
in the gas distribution plate.



L. 21 32. A conponent of a plasnma reactor, the conmponent having one or
nore surfaces exposed to the plasma during processing, the conponent
conprising an as-sprayed plasma. sprayed polyin de coating on a plasna
exposed surface of the conponent, wherein the coating has an as-qqrﬂﬂgﬂf
surface roughness that pronotes the adhesi on of polyner deposits. 33. g
conponent of claim 32, wherein the coating has a thickness of 10 to 30
mls. 34. A conponent of a plasma etg¢h reactor. the conponent having one
or nore surfaces exposed to the plasma during processing, the conponent
conprising a coating formed by a process consisting essentially of plasm
spraying a coating nmaterial on a plasnma exposed surface of the conponent

t hat has not been roughened, the coating being a ceramic materi 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 " oWned dbrqompoaewiif aplemasisasteb it eeBponsiibBaYiag e8¢ Op Mok SWiashm

et ch r eaqosrd to3be plahmaclunpg pesteswig, chacompenenvb@ngining he asopitayedyplasisa an

sur f acesprapghiesimidatding ORa) plafmbeipseansul fide an theldthponesiQ-whaedig she dating he

met hod pfs {d AlPrdyed sWHBELIONgAREs ARATPRIMIEs B8 ARAdsEGSoFpdBUAR RN Ng an
anodi zed or non-anodi zed pl asma exposed surface. 37. The nmethod of Claiml1,

wherei n the,conponent is nade.fro ceram ¢ materi.al electe rom.th
G oup constidt i ng. R SPRRRRAL Sl 20 SFEsyns coufe B BEkBRIGT LI PRaRE:
nitride, boron carbide and boron nitride. 38. The nethod of Caim1l,
wher ei n t héd4coat i Agcamponant of9- plasmea/eldh seactoac herconponeydavinganemoniees t he
adhesi osurfdcepetposed tadiap @dastna.duBi9g phoaeetigdhe tompoeng camptisisga. congmg favmed
conmponepy ahaydeBYcoIBtiAL effehi@al BUST RERSa spibliff adbtipaceid] bR aplasiiexgodedng
use, thg,fREREhLHMEInehNgaiAHBLER RUL R eY ! thE lcBattY Bif a ceramic material
comprising at least one material selected from the group consisting of yttria, zirconia, silicon
carbide and boron carbide, the coating having an as-sprayed surface roughness that promotes the
adhesion of polymer deposits formed during etching of semiconductor substrates 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,
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.

39. 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 having surface
roughness characteristics that promote the adhesion of polymer deposits.

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.



| east one plasma exposed surface of the conponent to forma yttria coating
having surface roughness characteristics that pronote the adheSLﬁf?OL*QME
pol ymer deposits. 40. A nmethod of making a plasnma reactor conponen {H_GFWQ
one or nore surfaces which are exposed to plasnma during use, the nethod
conprising plasma spraying yttria onto at |east one plasnma exposed surface
of the conponent to forma coating coa§isting essentially of yttria, the
coating including an outernost surfaceé of the conponent. 2i 41, The
conmponent of C aim 35, wherein; the conponent conprises alum num having an
anodi zed or non-anodi zed pl asma exposed surface. 42. The nethod of C aim
36, wherein the conponent conprises alum num having an anodi zed or

non- anodi zed pl asnma exposed surface.

41. The component of Claim 35, wherein the component comprises aluminum having
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.



