27 DEC 2005 PROCESS CHAMBER COMPONENTS HAVI NG TEXTURED | NTERNAL SURFACES
AND METHOD OF MANUFACTURE BACKGROUND [ 0001] Enbodi nents of the present
invention relate to a process chanber for processing a substrate &POOZ]
process chanber is capable of processing a substrate in an ené

process gas. The process chanber conprises an encl osure wall that encloses a

nergize. the procoboRE S iRMBRE AR OREMHL QAVIRR. 1r Ocese Gas.

Typical ly, the encl osureTewgURES ”qmﬁsomi_t SUfR:‘PJﬁ#éEéat e post-process cleaning
of the enclosure wall. A process or exanple, be used to

deposit material on a sub DrMEé'HjBDt@FM&NUFMTé}REI froma substrate, for
exanpl e, by sputter etching a substrate surface before a subsequent
deposition process is conducted on the substrate. The sputter etching
process may, for exanple, renove a native oxide |layer fromthe surface of a
netal |ayer before a netal deposition step so that the deposited netal can
make good electrical contact WBACKEGROQUNE | ying netal |ayer of the
substrate. [0003] During such sputter cleaning of the substrate, the
material that is etched fromthe substrate can often redeposit on the

subst [@ge]i NSt eEnOEdiARAES bi thBdhr@Se M iRREnticHAARE 96 al gtobbss eﬁéﬁiﬁ%F forAl SO,

mat er I al that is etched fromthe substrate that deposits e encl osure
wal | peoceskiigea stibstrateo t he process zone and fall upon and contaninate the
substrate, for exanple, because a rise in tenperature of the encl osure wal |
causes thermal expansion msmatch stresses which cause the deposits

f I akegggd2)f r om tahgrosaks chhmbaef sagible @ﬂbﬂﬁ%élﬂﬁ ﬂuﬁé@#a% iith §n "B -8

‘trapped in the enclosure wall can occur when the enclosure I's puhped out to
| ow vRIANESE [gass sUne procetachsmigr somprises an énnlosuce wadlthat bacleses at ower

that POBsEZRrE oo WHHa tRse gasBer PRIBa etcn B BE R BefriR i ng
the stspiorss gést Bnl eAUHefust to exhaust the process gas. Typically, the enclosure

wall is smooth to facilitate post-process cleaning of the enclosure wall. A process

chamber may, for example, be used to deposit material on a substrate or to etch

material from a substrate, for example, by spﬁtter etching a substrate surface before a

subsequent deposition process is conducted on the substrate. The sputter etching

process may, for example, remove a native oxide layer from the surface of a metal

layer before a metal deposition step so that the deposited metal can make gocd

electrical contact with the underiyfng metal layer of the substrate.

"10003] During such sputter cleaning of the substrate, the material that is etched
from the substrate can often redeposit on the substrate instead of depositing on other
surfaces in the chamber. Also, material that is etched from the substrate that deposits
on the enclosure wall can flake off into the process zone and fall upon and
contaminate the substrate, for example, because a rise in temperature of the
enclosure wall causes thermal expansion mismatch stresses which cause the deposits
to flake off from the wall. In addition, outgassing of volatile material trapped in the
enclosure wall can occur when the enclosure is pumped out to low vacuum pressures.
These materials can further contribute to lower substrate yields.

[0004] Thus, it is desirable to have a process chamber that is capable of
processing a substrate, for example by sputter etching the substrate, with reduced



27 DU 2005 redeposition on or contam nation of the substrate. It is also
desirable to mnimze outgassing fromthe enclosure wall of the process
chanber. SUMVARY [0005] A domed enclosure wall for a plasma processi e 2905
chanber conprising a dielectric material having a roughened surface Wl%ﬂl a
roughness average of from about 150 to about 450 m croinches; and a plasm

werage of _ i nches: an
o o LS B R o R e Rate. OIS B e M e o

t ext oueghsxppiech s éades ir@vwaly ohtheoprgbaesshavnbbr.an aver age skewness that
I's a negative value, whereby sputtered material generated by a plasma in a
pl asma processing chanber may adhere to the textured exposed surface.

[ 0006] A substrate processing apparatus conprising a chanber conprising a
donmed encl osure wall conprising (i) a dielectric material having a roughened
surface with a roughness average B8UMMARYabout 150 to about 450

m croi nches, and (ii) a plasma sprayed ceram c coating deposited on the
roughened surface of the dielectric material, the plasna sprayed ceranc

coat i onpri s4 ' r ! L th an
cver L0 2 BB B O B e S b S A ST R  he
chanb@giectricyastesiabphyinga muhetiedapfaesedth gasughtiasst dergfasbabin sbdltasma
generator to fao | asma of  the process gas I n_the chanber to process the

subst!PAite;abad 4§r9n"]“&€ﬁ§8§?3?c%?ﬂjﬁ iRfagraa sRIAYES Caramip FerRting depesitegian gy

sput ter [ | re to the
ot (ST Srides O BB iR RSP e BV BB aRON ol osuro
wal | comprigingartextared essosed soiiacdbavingrproughngsowihi h ageragderednsbaped
dielectric preform roqgaening a surface .of the dielectric preformto form

a_r offifdhadedatvac@Iig W RErebYrRrdiered Balerdl agnestted nd piasiia M lass about
450 B} GUAISTNERAmBRA nfEPAgIL ENG the MASEN SRIAUAL GRIEN © coating on the

roughened s ace of the dielectric prefo SO t the plasnma sprayed
ceram c coating conprises a textured exposed surface having a roughness
W th verage, skewness that. is _a negative value. K 2 ,

[&5106’5 9% sugstrate processing apparaﬁgs comprising a chamber comprising a

domed enclosure wall comprising (i) a dielectric material having a roughened surface with

a roughness average of from about 150 to about 450 microinches, and (ii) a plasma
sprayed ceramic coating deposited on the roughened surface of the dielectric material,
the plasma sprayed ceramic coating comprising a textured exposed surface having a
roughness with an average skewness that is a negative value; a substrate support in the
chamber; a gas supply to provide a process gas into the chamber; a piasma generator to
form a plasma of the process gas in the chamber to process the substrate; and an
exhaust conduit to exhaust the process gas, whereby sputtered material generated by a
plasma in the chamber may adhere to the textured exposed surface.

[0007] A method of fabricating a domed enclosure wall of a plasma processing
chamber comprising providing a domed shaped dielectric preform; roughening a surface
of the dielectric preform to form a roughened surface having a roughness average of from
about 150 to about 450 microinches; and depositing a plasma sprayed ceramic coating cn
the roughened surface of the dielectric preform so that the plasma sprayed ceramic
coating comprises a textured exposed surface having a roughness with an average

skawness that is a negative value.



N DEC 2005 DRAW NGS [ 0008] These features, aspects, and advantages of the
present invention will becone better understood with regard to the
foll ow ng description, appended clains, and acconpanying dpawrnggiswhi ch
illustrate exanples of the invention. However, it is to be understood that
each of the features can be used in the invention in general, not nerely in
the context of the particular drawy the i nvention includes any
conbi nati on of these features, wh X ] Figure 1 is a process chanber
according to an enbodi nent of the present invention; [0010] Figure 2 is a
cross-sectionalggartial vi ew of a conponent havingea textured exposed

u

surf al®00Rlt h a JOepaleat iy RERESISHANY R Vantaegataf e presertdrvaiignsMbni ng t he
adhesy ter jis| d ;

R gur 205 Re SR UTIB B3 i BOal 1 R RS e RIBASR, aBta i Foiginie s

r oughaoszmppogihd]drEwqgsevBibhiilkistrate essmpisst ofdhalinveregigrof Hblwevegpeone e of
Figure 3a aft the surface has been roughened and while a plasm sprayed
Cot | WIS 0Re Mt Egeh alane FRatdies, C00R SRERiI Marentian in gpaels) Rlmell i ew
of t i reg ; f f; i . ; 014]
P gur e e G R g e RS o B Pl 2 et

pr ocefemtotaanbdrere] 0015] Figure 5 is a schematic di agram of an enbodi nent of
a conputer program code; 3 ~ 7 PFC ME [00161 Figure 6 is a cross-sectional
view of a plasma torch depositing a coating naterial on a roughened surface
of a nent; 7 :<H { i r | zed
nunbefdﬁ(;q‘gqredepgs édﬂ lspéagltblrcgégh%gf?:eg%ggﬁdﬁancg?R%r?%@%n?%gﬁe{’@{egg ,g# ze
rangepventiohpr a conventional surface and

[0010] Figure 2 is a cross-sectional partial view of a component having a textured
exposed surface with a surface roughness having a negative skewness and showing the
adhesion of sputtered particles to the textured exposed surface;

{0011] Figure 3a is a cross-sectional view of a surface of a component being
roughened,
[0012] Figure 3b is a cross-sectional view of the component of Figure 3a after the

surface has been roughened and while a plasma sprayed coating is being applied thereto,

[0013] Figure 3c is a cross-sectional view of the final textured exposed surface of

the component of Figure 3b;

[0014] Figure 4 is a schematic diagram of an embodiment of a controlier of a

process chamber;

[0015] Figure 5 is a schematic diagram of an embodiment of a computer program

code;



a textured surface according to the present invention; and [0018] Figure 8
I's a conparative bar graph of a normalized nunber of redeposited particles
per substrate of a process chanber for a conventional sur f ace’ Bhd?@5 t ext ur ed
surface according to the present invention. DESCRI PTION [0019] A process
chanber 100, an enbodi nent of which is illustrated in Figure 1, may be used

for I fferes Y i . - SSi.n Lnel udi ng. for ex | e,
depogﬁbﬁgﬂ and 3@%’%&3% g@égtsé%?‘&%%@%ﬁ% @asrl%ﬁ t?rﬁ:g %’Eﬁg‘&g ﬁﬁ@,aﬁ'gggas may
be enataridieth & cogghédet siafade ofed esipbonkehem a substrate 110 by bonbar dnment

of the substrate wth ions and neutral particles, to for exanple clean and
prepare the surface of the substrate 110 for subsequent processes. As the

part il of the-: . 10, _t ubstrat terial is
Cout 120 chea iR oSt B tpative B RAEh Br P e EHERbRR o R
sur f gegrticlBrepeubstistadte al dfferent peotitle isite Angekaind RABIdoRVEStiorsR EUFRRE UHP! |
dielectric, or conductor_ |ayers. The sem conductor |ayers nmay include

si | i dIRderahpuiage racedinglo t8e pfesentdneertianaiandi 1 i con or silicon conpounds.

The dielectric layers may include silicon dioxide, undoped silicate glass,
phosphosilicate glass (PSG, borophosphosilicate glass (BPSG, Si, N, or

TECS [gone}i t ed Fliqse. 8 Ehecompatativebarlgagh $f BBbrirattatl fuRlibeon tEBeRRRET
tungsten silicide, and cobalt silicide. The substrate | 10 may undergo the

sput tRartieleshpeN whftraie of aprocassrehambernios agssyeatioral syrface anst@lexturedch as a

nmet al H?zﬂ%? Lon. I : l.tent, the process chanber 100 cl eans a
native o3 dé%‘g@éﬁré nt(g"ﬁCJ d;ﬁgé\/\}ﬁ)‘ﬁ‘fn%g&nhas devel oped t hrough oxi dati on on an

underlying netal layer (not shown), so that a subsequent netal deposition
step can deposit a netal |ayer that makes good el ectrical contact with the
underlying netal layer. 4 2 7 DEC 2005 [0020] A portion or all of the

process chanber 100 may be fabricg g@ﬁ,rpaﬂbgpt al or ceramc materials.
H'F‘e—r'rre—p'rvce

Metals that may be used to fabric ss chanber 100 i ncl ude
al um num anodi zed al um num " HAYNES 242," "Al-6061, "SS 304," "SS 316," and

| NCOGae] "M Ao eest ERSmBer ThE SR embodiment of which is Hlustiated in Figure T & ©
may be used for many different types of substrate processing, including for example,
deposition and etching processes. For example, in the chamber 100, a gas may be
energized to sputter etch material from a substrate 110 by bombardment of the substrate
with ions and neutra! particles, to for example clean and prepare the surface of the
substrate 110 for subsequent processes. As the particles of the gas bombard the
substrate 110, the substrate material is sputter etched off the substrate 110 to provide the
desired substrate surface. The substrate 110 may comprise a wafer comprising
semiconductor, dielectric, or conductor layers. The semiconductor layers may include
silicon-containing material such as elementat silicon or silicon compounds. The dielectric
layers may include silicon dioxide, undoped silicate glass, phosphosilicate glass (PSG),
borophosphosilicate glass (BPSG), SiyN,, or TEOS deposited glass. The conductor
layers may include aluminum, copper tungsten silicide, and cobalt silicide. The substrate
110 may undergo the spulter etch cleaning step before it undergoes a deposition step,
such as a metal deposition step. in one embodiment, the process chamber 100 cleans a
native oxide layer (not shown) that has developed through oxidation on an underlying
metal layer (not shown), so that a subseguent metal deposition step can deposit a metal
layer that makes good electrical contact with the underlying metal layer.



materials include quartz or alum na. For exanple, in one version, the
process chanber 100 conprises an enclosure wall 120 that is fabricated from
a ceramic material that is substantially perneable to RF wngkquﬁhs, such
as quartz. The enclosure wall 120 may serve as a sidewal | 0, bottom wal |
135, or ceiling 140 of the chanber 100, or may be an internal wall such as
a liner (not shown) positioned adjacent to the sidewalls 130 or ceiling

140. The encl osure wall 120 may be donmed shaped to serve as a bell-jar type
encl ¢802@] t hatA pertorsepall atteeetrcnwstsuasrmrﬁbem P enayi tefadkibatédGrandnd@l Epm

wal | 135 of the chanber 100. The doned encl osure wall 120 may be a

cyli ﬁ&Fﬁ‘B&I matrfials nMetalsHast may b@d#%d tarfabrcaterthe ipregass shamper it pleneludeus

arcu fna " ructure.

[ 002 e pr océgggg%ﬁmgpﬁhggﬁggﬁ%%s g ég st‘rj%$§O§Up§§r$%1 63{10 support
the |INGONER! ef Whizh anddizedalasdasn ¢heastretimdiOorefdreeds UppitHtie tofinfay conpri se
an el ectrode 200 covered by a dielectric layer 170 having a substrate

recelnﬁtﬁ@3[§dPF&‘@§ q¥rrz ahaldMming: ro@fee’fﬂmﬂﬂe HUBRE yemign, é’ﬁ%ﬂc@é@s ghpmbar AC
bi éﬁgﬁn g@m
elngfgl ze the S{:]%és)én e owt ‘eégl1g§ttﬁé@§ %@ g@groﬂ glég}ﬁ“ rﬁﬁfe{r@?ﬁ%aﬁ% tsuch

as asgbsiantiapy peemnecaoleclocRF rwawelelngthss sluaheast dnearty. e'bl'aef enleloﬂﬁ@ vialbh20 neayt her

l1s 120 of t. h t | 1 ded
T oaBEiE & @ SPwAIeY: betormalCl B Gcsiing 14T by g chagibaray L evebe e
el ecweﬁenmﬂ} Jéte a8 B rqﬁ&'s'hbwn%%ﬁ@n@&%ééé?ﬁt@% ﬁhé@%‘ﬁs ‘Fﬁ@ B Be; éiﬂp t he
substrate 110 y energi zi ng and accelerating’ the sputter [ons towar he

substidt eTHelenclasurewsil 12Cpoay bedotesd ampbedm:[)sematasl $bell-fac1typecahdlgasure

cond cti.n S preferabl ro ded t|v e

ot nisAtied spaie Shiickde Homils el 198 and Hegtit el 138 e champeh: ed
encl ggr eTH@Hbme@Qﬂci@@&ﬂe%ﬁl m mtab%éarbwﬁanc#‘v%ow hhish Héﬂﬁbﬁ&fmenor

el ectrostati ¢ chuck (not shown) capabl ectrostatically ding the
substQtIa&resnge eromuitipis tativs arclet® shaped domeoknddeprafenablycfabppateddst @ t he
eIectr %QO t generate the electrostatic attractive forces. 5 2 7 DEC
2005 69@? %l ectrode 200 may al so conprise one or nore conduits (not
shown) extendi ng therethrough, such as for exanple, a gas conduit (not

shomn% rovided_ to
[6021] The process chamber 100 comprtses a substrate support 160 to support the

substrate 110 in the process chamber 100. The support 180 may comprise an electrode
200 coverad by a dielectric tayer 170 having a substrate receiving surface 180. An
electrode power supply 240 provides a DC or AC bias voltage, for example, an RF bias
voltage, to the electrode 200 to energize the gas. Below the electrode 200 is a dielectric
plate 190, such as a quartz plate, to electrically isolate the electrode 200 from the other
walls 120 of the chamber 100, some of which may be electricaily grounded or floating or
which may be otherwise electrically biased relative to the electrode 200. The electrically
biased electrode 200 allows etching of the substrate 110 by energizing and accelerating
the sputter ions toward the substrate 110. At least a portion the wall 120 that is
electrically conducting is preferably grounded, so that a negative voltage may be
maintained on the substrate 110 with respect to the grounded or floated enclosure wall
120. Optionally, the support 160 may aiso include an electrostatic chuck (not shown)
capable of electrostatically holding the substrate 110 to the support 160, or a DC voitage
may be applied to the electrode 200 to generate the electrostatic atiractive forces.



supply heat transfer gas froma heat transfer gas supply (not shown) to the
surface 180. The heat transfer gas, typically helium pronotes heat
transfer between the substrate 11 0 and the support 160. the” ﬁ@quﬁ%ts
(not shown) allow lift pins (not shown) to extend through the ‘efetc de 200
for | oading or unloading of the substrate 110 by a lift nmechani sm (not

sho e pr | so.conprise a su rt liftin
recnd802d o2 57 BIeEBER RoERy B SriRese et i e bt da¥ tiber 100
to i nptenting tiedrethvangn, sdth aatdiigxaaiple | gapcRpasRi(ASt oG rsubsg gt e 110.
[0023] The wall 120 of the process chanber 100 may al so serve as a gas

shi elS¥PPisteatdransfer gapapisa beat HantRaase suRPY Mobshowe) nbegiuffadepvditess

: - | ial | hj,el d .t he |
hamd hER e o8 ORI LR SRhdIBY nRUPRLRCle Beledile b tRe &1 e
and coid taetsupploet $HUt Otnerctomaius i(adt ShHoam)tdiiow BRibts @ioe sAdWn) [Bhatgag shiel d
150 may be suspended within the chanber 100 and include an annular ring 390
on

whRIR top ARC Pdry< 00 far leading)or sinicading 1of e swbstiae 1SRdwng it ggy be y
h° PG (0bEEhAURP T AitetS Shabes S RANGY 58 chihelih pdieBRag il mae

of almethanismared toriiseomiower the Buppdray 60 ivthaprodavdraraxite 10016 iipPsass
chanber 100 may further conprise an electric-magnetic shield 152 to prevent

el ectichangsthaaghese & thegrrgsessing ehtle substiaie 1hocess chanber 100 from
interfering with the operation of the chanber 100. The electric-nmagnetic
shield 152 conprises a material suitable to provide electrical or .nmagnetic

shi el[0028], suclThswallcd@idbfthe peocssohagntiarci Gl iy alkO@eAk I8 gRs @PRsg
chanber. 100 al so cogpri ses a gas supplf\{9260 to distribute a process gas -

i nt o SPoshugidhartoo Reshampes 100EBthe roergizest pioesss Ias. frasaxesnpiesthe r om

t he / | ' | hert gas,

uch SATEHICIACAS mid) UBlartang Ridld the (oRer BRGNS AR PRIREINSE pfcs

subsigast eTtmgas ishield T80 algneceives| and2édlienty theosputtsred angtedisifesmaas  suppl y
process and one or nore gas conduits 262 to introduce

the %%géﬁgﬁe' é&@-hi ﬁﬁgg%@'%ﬁgf%maw@ Hspegaed withigtge 2BambaA1e and one

eohiIEI arei ula? hhd 300 raiehfh SEREARSA MR SURRRER ot At

supplryapbe suspended over the support 160 when the support 160 is retracted downwardly in
the process chamber 100. In one smbodiment, the gas shield 150 is made of ailuminum
and coated with a thin layer of aiuminum oxide. The process chamber 100 may further
comprise an electric-magnetic shield 152 to prevent electrical or magnetic fields external
to the process chamber 100 from interfering with the operation of the chamber 100. The
electric-magnetic shield 152 comprises a material suitable to provide electrical or

.magnetic shielding, such as a conducting or magnetic alloy.

[0024] The process chamber 100 also comprises a gas supply 260 to distribute a
process gas into the chamber 100 and a gas exhaust 270 to exhaust the process gas
from the chamber 100. in sputter etching, the process gas comprises an inert gas, such
as argon or xenon, which does not chemically interact with the substrate matenal. The
gas supply 260 may comprise a process gas supply 280 to supply the process gas and
one or more gas conduits 262 to introduce the process gas into the chamber 100 via gas
inlets 263, which in one embodiment, are positioned around the periphery of the substrate
110 to introduce the process gas near the substrate 110. For example, the gas supply



2 7 DEC 2005 260 nmay conprise about 1 to about 10 gas inlets. Optionally,
the gas supply 260 may further conprise a gas trench cover 264 to evenly
distribute the flow of the process gas into the chanber 10077 ThelHas trench
cover 264 may be coated with a protective coating. The gas inlets 263 are
positioned in the gas trench cover 264 to provide uniform dispersion of the
pr oced¥) gwy ¢amphee sheutbeto Algout {DG25|nidthe Qmum'%ls hleagdzesuptDO 26Qrhder

I hown | the fl
of " HuREE CagePad i BoT SRl Fuptm B e <Bs Aaiar b GTaREP AR | se A

unpil S r ; i
A S R i s b i R S R L S

100, Hmigeaeniets aregdsiticnedimipe gasolrersdioowver 2Bdctogrbeidetuniforp may

conpr for anpl a_nmechani cal pu r a turbo punp, such as a 350 Its
Leybd '?PérsﬁrbBF%ﬁﬁpgélsﬁegﬁsa@ @?h‘i‘lﬂ‘f‘@ggﬁ)q?ray al so contain a system for
abating undesirable gases fromthe process gas. [00261 The gas conposition

and pressure in the chanber 100 is typically achieved by evacuating the
chan{802590 dowhhe ofmessefmamtw:fo‘tﬂﬂ fugther Tompribe$ one dranref inkss figwt he

o es e ot sHEREN S %%r-@aﬁeﬁé Foftbebrifver bPoiabie chambAGIEer The0. 1 n
one ejHOEK ALt zmhﬁay BORIPASE CHap § SHEh e (RSt SHRWD tmqlacéwes S?EHW“) t hat

can be rotated by an operator to ust the height "'of the substrate 110 in
t he frocess ganaarﬂferotﬂ@omivq 0o Fhowg ttp mo'éebthermﬁswremmromssr@as cotiner i ses a

b ener b Eh i ariene Brmils SEhafntAlinPS BEESheAR), e e el BB 85,0 o
the pipREESe, dBRERERHPIEO] rﬁaéhash@wﬁumpbr atufbo pEFRL §uéﬁ’8§ aUpss peaaybEam t he

process chamber 100 (not shown I'n one version, the plasma genefator 330
corrprtumpblmf-'an'f@mas gBhaYs Y] @ﬁﬁ@lsﬁ]@omlmﬁw&minrtahatx@glur@esgable The

i nduc ve a circular symmetry about the center of the
pr ocei%se@hﬁ%stpg%gﬁggg cally, the antenna 350 conprises one or nore
sol enoi ds shaped and positioned to provide a strong inductive flux coupling

to the process gas. Wen the antenna 350 is positioned near the ceiling 140
of tHO0BPbcess thagpecomresitianeand pressure in the chamber 100 is typically achieved

by evacuating the chamber 100 down to at least about 107 Torr before back-filling the
chamber 100 with argon to a pressure of a few milliTorr. At these gas pressures, the
support 160 can be raised upward within the chamber 100. In one embodiment, the
process chamber 100 comprises a knob (not shown) that can be rotated by an operator to
adjust the height of the substrate 110 in the process chamber 100.

[0027] The process chamber 100 further comprises a plasma generator 330 to
energize the process gas into a plasma. The plasma generator 330 couples energy to the
process gas in a process zone 340 of the process chamber 100 (as shown), orin a
remote zone upstream from the process chamber 100 (not shown). In one version, the
plasma generator 330 comprises an antenna 350 comprising one or more inductor coils
360. The inductor coils 360 may have a circular symmetry about the center of the
process chamber 100. Typically, the antenna 350 comprises one or more solenoids
shaped and positioned to provide a strong inductive flux coupling to the process gas.
When the antenna 350 is positioned near the ceiling 140 of the process chamber 100, the
adjacent portion of the ceiling 140 may be made from a dielectric material, such as silicon



adj acent portion of the ceiling 140 may be nade froma dielectric material,

such as silicon 7 2 7 DEC 2Q05 di oxide, which is transparent to the

el ectromagnetic radiation emtted by the antenna 350, such ag} R pgwer. An

ant enna power supply 370 provides, for exanple, RF power to the antenna 350
at a frequency of typically about 50 kHz to about 60 MHz, and nore typically

aboutdidi@ek Whictaisctraispargrwerthé evedtrathadfetio alftion ditied HRAE a0 ¥abt s.

An RF match network (not shown) may al so be provided to match the RF power
to arfychps Biceowsf. fAENRURBWEREUPP HibpisuideseiosisyamplenRpbawes to the

gener | r clea electric field.in
She i hehad B arghEaten6r IR il S0 N BaWhE S Pl Y iy
el ectabarde 400WeHz samphya powter oy fronowbdes 1 POWEEL&E 5008 Waltsciarore 200,
such as at a frequency of from about 50 kHz to about 60 MHz, and nore

typi CERIC) AR 1306HIWE . MAY Blsnke PreYged o madeh thenBF Inpwerite aplismpadance
' ! ' : . [0028
Sno’ e pioCed s CRTBACEE: feffich W Kiadfl RARING! 250 FEOPIPESMY, oooed

sur f axecti@de 208ttoi seateparseldctric fidld ivthe provses tzone Jadetotdrergibenthe brdedysand
that is textured to enhance the substrate Erocessing,properties provi ded by

t he @Rsnbi&ythiHversion anieeyRrdR) PWES SHRPY NPhskRoOWDPIRKidesPoverdathece of a

conp h | I L all L gi , such
e b UpStode Qb Bl 25 3 2 BRRlendR i fidth sbolt BRRRH b il s RGP 700838, o

sur f dgpicdlly absus 4Bj5EctiHzo Altgrnatively or additiomady the niadmya generagert 330 neay and
neut r al slfi)eci es. in the plasm, the c onent 410 having the textured
exposONRI$e aJBICIPYAYHE %é‘ﬁt,“’?fﬁfl('?@esg‘%)be occasional ly replaced. In one

version, the component 410 having the textured surface 422 conprises a
domed encl osure wall 120 that serves as the ceiling 140 of the chanmber 100.
[ 0029D028] one vEmns anmoteheorhpahentsdd Expbthedtambercki0Ravenars tatu@aghness with

et orRPORSBrS MRS 4 it i pepdeatb o TG e T be D)6 SAben] Pa.aaAna as
s dasiEuBfed B BhANc ihe stihiate Pociisiid bRieHfES flovided APiR Gieiperide s o
and tThe takiced egiosey sifffacef 422 maybebadsuligeoftascdropomehtd 0 that is at least
par‘cia‘lly exposed to the energized gas, such as a plasma, that is formed in the chamber
100. If the textured exposed surface 422 is subject to deposition or bombardment by
energetic ion and neutral species in the plasma, the component 410 having the textured
exposed surface 422 thereon, may need to be occasionally replaced. in one version, the
component 410 having the textured surface 422 comprises a domed enclosure wall 120

that serves as the ceiling 140 of the chamber 100,

[0029] in one version, the textured exposed surface 422 has a roughness with a
skewness that significantly and unexpectediy improves the adhesion and retention of
sputtered materials onto the textured exposed surface 422 as illustrated in Figure 2.
Adhesion and retention of the sputtered particles is desirable to reduce redeposition of the
particles onto the substrate, and to reduce flaking off of accumulated deposits formed on
the textured exposed surfaces. The skewness (R,) is determined using the following
farmula:



the textured exposed surfaces. The skewness (Rsk) is determ ned using the
followng fornmula: 8 2 7 DEC 2005 1 3 RSk=R, Z EN Z where Rg = Nis the
root mean square roughness of the surface 422, N is a nunber of gpggt@a
points of the surface 422 used to make each skewness neasurenent, an %"
Z2, ... ZN are the height deviations fromthe nean |ine neasured at the
sanpl e poipts, The skewness is a nmeasure of the asymetry of the surface
profiR@kab9u$—Lh Ziean line. A surface having negative skewness 422, as
shown ih FRjude 7Z, has concavities 424, such as pits, extending into the
surface 422, and may al so have substantially flat areas 428 distributed
between mainly concavities 424. The skewness should be sufficiently
negative to all sputtered or other material that is formed in the
chanber to cont gﬁnd adhere to the textured exposed surface 422. Suitable
skewness val uep« i range fromabout -0.7 to about 0.1, or even from about
-0. 5 whemRut= 4= 04 thenrcam enearbogliarenbughhessyftha garfakewnes s igfa t he
textured ex%os d Nirface 422, which represents the average of a numnber of
measur ed skewness val ues across the surface 422, is a negative value (Iess
than zero) such as |ess than about -0.1. The negative average skewness of

the textured surface 422 oVi %es iurfa e nor phol ogz t hat has been found
to ulpBet sy mPiPRDE oHaS suiiace A72HFY BIBAKS SACE PaplestmeaseREa=nhng
ot heraapt i I.e..schealrraweds highf GeAEATHS ﬁoﬁptﬁé}ﬁéghmném&we&aﬁmgée%ﬂgfé ormance

and substrdte y . Wiile it Is desirable Tor the average ss val ue
t o bepointgatThe skewneshisud hessutsmabihet agyinmetty of the surface proficalsowtetieskewness

| b { b it | th f
nunbdPeah IB8C K. FHOPGT GadroyiHdatys skegness 4227 e siaind Figlre2 Baki eved ¢ hat a
t ext WetkaQKiRaSAEl, SUchaaepitk? axtandirny info ﬂ?‘éé&ﬂfﬁ’& 4@2,&{%@3?%%% pr onot es

adhesion of the particulate matter fornmed in the cha
substantially flat areas 428 distributed between mainly concavities 424. The skewness

should be sufficiently negative to allow the sputtered or other material that is formed in the
chamber to contact and adhere to the textured exposed surface 422. Suitable skewness
values can range from about -0.7 to about 0.1, or even from about -0.5 to ahout 0.

[0030] in one embodiment, the average skewness of the textured exposed surface
422, which represents the average of a number of measured skewness values across the
surface 422, is a negative value (less than zero) such as less than about-0.1. The
negative average skewness of the textured surface 422 provides a surface morphology
that has been found to unexpectedly improve the adhesion and retention of sputter etched
and other particles formed in the chamber to thereby improve chamber performance and
substrate yields. While it is desirable for the average skewness value to be negative, it
should be understood that individually measured skewness values may be negative or
may be positive, so long as the average of a number of such individual values is a
negative value. It is believed that a textured exposed surface 422 having a negative
average skewness promotes adhesion of the particulate matter formed in the chamber
100, such as sputter etched particles, by allowing the troughs and valleys present in such
a surface 422 to have a better grip to the particles.



100, such as sputter etched particles, by allow ng the troughs and vall eys
present in such a surface 422 to have a better grip to the particles. 9 77
DEC 2005 [0031] Another property of the textured exposed surfaggr@dzfst hat
may be used to characterize the surface 422 is the roughness average of the
surface that is the nean of the absolute values of the displacenents from
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the top, substantially flat portionh of the ceiling 140, a second coupon is

at a seswonsalompaneat #0 is cutinoeeurnnsanot Rkows), landpreior mane a t hird
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Chers Dt Rhrrt Rl Pl it Supolip e iis e shadPeadiifeadt SuseR:

si gni fiheaatdkewrEREaMeasrenfaiie aiedtheandlaraged to 8atediirdth EoERGBAIhals o
suitabl e roughness average value is from about 150 m croinches (- 3

ni cr oftied 8HERCE ¢2dbdntonesembadimment niies couparss afecussbard fur tercasrefrthgbout -

360 m ' : 9. 0, ' ' - .1

i or 0s0pEuEs Wi Befnty 6f GRTERaf el SoadM tl/E ot MABH cdcritburan o ce
422 t IFar exayndle, whed méasuringrtae tserfaze 42Reaofthe fcating4m), opetddeipands agehgeak

sl ope val ue of the surface roughness. |In one enbodi nent, the average peak
sl ope o SHbssanYally ﬂaém%ogﬂi‘%f%@%t@-r?a?%‘d cUROR isdtacide, sylsiratislin 20

to abquf pArion'SH thANUiHY 186 OB & XhifR¥olorfisREHISFY Bortion of the ceiling 140.
The avérage skewness of the textured surface 422 that is a negative value was found to
significantly improve the adhesion and retention of sputtered material. A suitable
roughness average value is from about 150 microinches (~ 3 micrometers) to about 450
microinches (~ 18 micrometers), or from about ~ 360 microinches (~ 9 micrometers) to
about 400 microinches (~ 10 micrometers).

[0032] Yet another property of the textured exposed surface 422 that may be used
to characterize the surface 422 is the average peak slope value of the surface roughness.
In one embodiment, the average peak siope value of the textured surface 422 may be
selected to be from about 20 to about 25. Yet another property may be a measurement
of the number of surface peaks that exceed the height of a mean height line through the
roughness peaks and valleys. For example, the value of the peaks over the mean line for
the textured surface 422 may be selected to be from about 175 to about 225.

[0033] in measuring properties of the surface 422 such as roughness average,
skewness, or other characteristics, the international standard ANSI/ASME B.46.1 - 1985
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of the nunmber of surface peaks that exceed the height of a nean height |ine
t hrough the roughness peaks and val |l eys. For exanple, the value of the
peaks over the nean line for the textured surface 422 may be jgejechgd to be
fromabout 175 to about 225. [00331 In neasuring properties of the surface
422 such as roughness average, skewness, or other characteristics, the
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Lengt hM n. Eval uation Typ. Evaluation LengthLength O to 0.8 n1cr0|ncheso.003
i nches0. 016 i nches0.016 inches 0.8 to 4 nicroinches0.010 i nches0. 050

i nches0. 050 i nches 4 to 80 microi ncHé®® b30 i nches0. 160 i nches0. 160 i nches
80 to 400 m croi nches0. 100 i nches0. 300 i nches0. 500 i nches 400 m croi nches
and 0. 300 i nches0. 900 i nchesl. 600 i nches above [00341 The textured exposed

surface 422 may be the surf atln 0,_or of ul K_conpone
410, h?& PESY ?S\é‘ﬁfa&f to hav Lﬁr& H%’%Q ed tg ﬁfﬂ@vaﬂ‘i‘\atiﬂﬁ\e q%ﬂBd Hﬁggtiona%
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di el ¢Ctri be Torned as eleciric pr Navi ng tﬂQ’Fe-TE'S‘T‘r‘EU‘Th‘_ ' ape.
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80 to 400 microinches 0.100 inches 0.300 inches 0.500 inches
400 microinches and 0.300 inches 0.900 inches 1.600 inches
ahove

{G034] The textured exposed surface 422 may be the surface of a coating 420, or

of a bulk component 410, that is treated to have the desired texture. In one embodiment,
as shown in Figure 2, the textured exposed surface 422 is a surface of a coating 420 on
an underlying roughened surface 436 of a compaonent 410, as for example, shown in
Figure 2. In this version, the component 410 may be formed from a dielectric matenal into
the desired shape, roughened, and then coated by a coating process, such as plasma
spraying. For example, the dielectric may be formed as a dielectric preform having the
desired shape. In one embodiment, the dielectric is made of a material that is permeable
to RF energy, such as to be substantially transparent to RF energy from the plasma
generator 330. For example, the dielectric may be a ceramic material, such as quartz or
aluminum oxide. An exemplary compaonent 410 is the domed enclosure wall 120 that
serves as the ceiling 140, and that is made from a dielectric material such as quartz.

[0035] The component 410 is surface roughened to particular levels that provide at

least some of the final texture of the exposed surface 422. The roughened surface 436 is
coated with a plasma sprayed coating 420 that at least partially conforms to the surface

1



to RF energy, such as to be substantially transparent to RF energy fromthe
pl asma generator 330. For exanple, the dielectric nmay be a ceramc
material, such as quartz or alum num oxide. An exenplary conpar&it?l®%10 is
t he doned enclosure wall 120 that serves as the ceiling 140, and that is
made froma dielectric material such as quartz. [00351 The conponent 410 is
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si gni Fﬁaqarails/udm@é%eéxémléme@ OIT?OOfortH‘?lQ’tLﬁ@é'iHé?éoietChed material onto the
conponent 410. The coating 420° may made a material 425, such as a

ceramic material, such as, for exanple, Al CB Ti 2, or mxtures thereof.
0036 coat dvant ageousl ecreasg the anpunt of

E)ut gatosq-gﬁg from &OE{EB@Q@(Q ‘lt“‘Hh ‘@aP 8&’5%2]%”% &@aﬁ‘mﬂﬂnt@ shovvn | n
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one enbodi nent, the coating 420 has a thi ckness ss than about
(- 25mayihaverethieknesstssitablatmaeoid excessiv outgaseing: rlomnebembodiment, (he 25

about SGaia42 Rad 3Nl of iess 633 s TORNR Rogf miorBritener xdnoig 0037,
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sufficiently high to pronote the adherence of chanber generated partlcul ate
mat t ed thinkress ¢idremratasé 2amils (THS pisroseteys)de atiout Sonils (rg1BAwiciomhe 2. i s

the ratio of the volune of pore interstices to the volune of its mass. For
exanpl e, the coating material 425 may have a porosity of from about 5%to

about [0 suchThe cakfn n?&fenb@ﬁ@@]md 1869 \'tﬁﬂéi'ba Hallg &£ HefQs! S
appllled to the surface %36 of th yrr%oner?t 410 :1?1 thg bg&tgvsv-ﬂgéscrlsbed
@

st epssuffipiestip Hiamisnprogioterthe radr@remcm gharekir generaigdrparticelateomatter Pntor t o

conpol B f22; The BeipabL aeEcbatb U naRAel 424 KB akd o s Voime o o
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for the characteristics
have a porosity of from about 5% to about 10%, such as about 7%.

[0038] in o'ne version, the coating 420 is applied to the surface 436 of the
component 410 in the below-described steps, an embodiment of which is illustrated in
Figures 3a to 3c. Prior to the appiication of the coating 420, the underlying surface 436 of
the component 410 is typically smooth, as shown in Figure 3a. Referring to Figure 3a, the
underlying surface 436 is then roughéned to provide a basis for the characteristics of the
surface morphblogy of the overlying coating 420. The surface 436 may be roughened by
bead blasting the surface 436. In bead blasting, solid beads 442 are propelled toward the
surface 436 by air at a pressure that is sufficiently high to suitably roughen the surface
436, such as for example, a pressure of from about 40 to about 50 pounds per square
inch (psi). Also, the angle of incidence of the beads 442 relative to the surface 436 is
selected to roughen the surface 436 to promote adherence of the sputtered material to
the final coating 420, such as from about 30 degrees to about 60 degrees. For example,
the angle of incidence of the beads 442 relative to the surface 436 may be about 45
degrees.
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surface norphol ogy of the overlying coating 420. The surface 436 may be
roughened by bead blasting the surface 436. In bead blasting, solid beads
442 are propelled toward the surface 436 by air at a pressure EP2@5iS
sufficiently high to suitably roughen the surface 436, such ag exanpl e,
a pressure of from about 40 to about 50 pounds per square inch (psi). Also,
the angl e of incidence of the beads 442 relative to the surface 436 is

sel ected to roughen the surface 436 to pronote adherence of the sputtered
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surface 436. [004Q] After bead blasting, the surface 436 is cleaned to

i npr ;Afehesirfag®4sfuent adhesion and retention of the coating material 420.

oL R Bpib e BhAGR flEnce dibe RhEPASHAWinBhOY S oSl B MHEY irh ©F

ni trogén gas across the surface absequent
the bead blasting source to the component surface 436.

[0040] After bead blasting, the surface 436 is cleaned to improve the subsequent
adhesion and retention of the coating material 420. For example, the surface 436 can be
cleaned by blowing clean dry air or nitrogen gas across the surface 436. Subsequently, in
one version, the surface 436 is further cleaned, for example chemically, using distilled
water, or in an ultrasonic rinse. Additionally, the component 410 is baked in an oven to
bake out any residues, such as from the cleaning process. For example, the component
surface 436 may be baked at a temperature of at least about 100° Celsius to improve the
subsequent deposition of the coating matenal 420 onto the surface 436.

[0041] After cleaning of the component surface 436, a coating 420 is plasma
sprayed onto the surface 436 as for example, as illustrated in Figure 3b. In plasma
spraying, a plasma is formed to atomize and at least partially liquefy a spray of particulate
coating material 425 injécted through the plasma. For example, the plasma may liquefy
the coating material 425 by heating the coating material 425 to a temperature of
thousands of degrees Celsius. The liquified droplets of the coating material 425 impinge
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one version, the surface 436 is further cleaned, for exanple chemcally,
using distilled water, or in an ultrasonic rinse. Additionally, the
component 410 is baked in an oven to bake out any residues]ig¥chms from
t he cl eaning process. For exanple, the conponent surface 436 nmay be baked
at a tenperature of at |east about 100 Cel sius to inprove the subsequent

depost higaveticitidieos o rdwgrf@%arwrﬁieﬁg%@ QiHR el 45 §H4 fr%i@!ﬁ{tﬁidfi%@@fﬂf]m After

cl eaning of the conponent surface 436, a coating 420 1s ‘plas sprayed onto
t he SerfPgoa! mlwﬁ?%rasesmm Figore Btustrated in Figure 3b. In plasma
spraying, a plasma is forned to atom ze and at |east partially liquefy a
spray of particulate coating material 425 injected through the plasma. For

exanpiey2)t he plrasn@vearsion,i fpkina §pray ¢ohi 7% g0t 18l p) ing the
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material 425 onto the surface 436, as shown in Figure 6. The plasma torch
705 inside dehamber éartemoavrydacostohihiecgasopxiionmantin wdick heplasta w@dgiust t he
distzggﬁsﬁ@ﬂe |l e of the plasmtorch 705 fromthe surface 436. Also, the
pl as 0 ‘may be inside a chanber (not shown) to control the gas
environment in which the plasma torch 705 is inmmersed. [0043] In the plasm

torch 705, a carrier gas is flowed between two el ectrodes, such as a
cat hEH43}42 ankn the plasma teech 70%hea eairier gas imowed betwesh dvo eldatrodes, hi gh-

pressure_plasne. .S as, argon IL,tragen, hydrogen, .or helium Argon may be
(seasditeladatioes 250 a0 &1 ARGae Rb: MR ket ta R RosuRin By it Pl
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Addi tawedel2n2 and anode 244 comprise materials suitable to generate an electric discharge
arc ihrough the plasma, such as metals like tungsten or copper. In one embodiment, the
cathcde 242 is made of tungsten and the anode 244 is made of copper. Additionally, in
one version, the anode is cooled, for example water-cooled, to prevent overheating. The
cathode 242 and the anode 244 may be correspondingly shaped to suitably generate an
electric arc between them. For example, the cathode 242 may be cone-shaped and the
anode 244 may be cylindricali.

[0044] An AC high-frequency discharge initiates an electric arc between the
cathode 242 and the anode 244 and is sustained using DC power. The electric arc
ionizes the carrier gas, creating a high-pressure plasma. The resulting increase in gas
temperature increases the volume of the gas and, thus, the pressure and velocity of the
gas as it exits a nozzle 710. The coating material 425 is introduced into the gas stream
715 in powder form. The powdered coating material 425 can be introduced just outside
the plasma torch 705 or in the diverging exit region of the nozzle 710. The coating
material 425 is heated and accelerated by the high-temperature, high-velocity plasma
stream.
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one version, the anode is cool ed, for exanple water-cooled, to prevent
overheating. The cathode 242 and the anode 244 may be correspondi ngly
shaped to suitably generate an electric arc between them Fbf Jekaifpl e, the
cat hode 242 nmay be cone-shaped and the anode 244 may be cylindrical. [0044]
An AC hi gh-frequency discharge initiates an electric arc between the
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244 may be selected to be fromabout 500 Anps to about 700 Anps, such as
about 600 Anps. The power |evel of the plasma torch 705 is usually in the

OSOR LTe g teraheund ol oo g SRR PR D
adj ustepohifion characteristics of the coating material 425 on the surface 436. For example,

the standoff distance and angle of deposition can be adjusted to modify the pattern in

which the molten coating material 425 splatters upon impacting the surface 436, {o form

for example, “pancake’ and “lamelia’ patterns. The standoff distance and angle of

deposition can also be adjusted to modify the phase, velocity, or droplet size of the

coating material 425 when it impacts the surface 436. In one embodiment, the standoff

distance between the plasma torch 705 and the substrate 110 is from about 2 inches to

about 4 inches, such as about 3 inches. The angle of deposition of the coating material-

425 onto the surface 436 may be from about 75 degrees to about 105 degrees relative to

the surface 436, such as about 90 degrees.

[0047] The velocity of the powdered coating material 425 can be adjusted to
suitably deposit the coating material 425 on the surface 436. In one embodiment, the
velocity of the powdered coating material 425 is from about 300 to about 550
meters/second. Also, the plasina torch 705 may be adapted so that the temperature of
the powdered coating material 425 is at least about the melting temperature of'the coating
material 425 when the powdered coating material 425 impacts the component surface

ok
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deposition characteristics of the coating material 425 on the surface 436.
For exanple, the standoff distance and angle of deposition can be adjusted
to nodify the pattern in which the nolten coating materi al 4252759&@%0?“
upon inpacting the surface 436, to form for exanple, "pancake" and

"l anel | a" patterns. The standoff distance and angle of deposition can also

ot et o T8aErAR phig Lhe g BrREcaY yisld alchabng 42l hiderensinend |
st andedddinglistbagee bet é‘@@rﬂplé?@h@!té\ﬁﬁ@ra‘t%cd? tHO Bt H}@ &Hé%hf?é,gﬂé%.i S
2 es, t I nches. e an

from about inCches to about 4 inche such as abou gl e of
deposint¢renemiboditeeno e hgndidestrength istPemanaut 2RdMPartt abeuwt 36 MBg. be from
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can bise adifidringd 16w thatineaddatindemasdrial 4 re@alisaonBh & fbefle® o@ﬂn%éﬁsp§h' ' f2 ace

436. |In one enbodinent, the velocity of the powdered coating nmateria
i s frifiRashedith thecorepengiltsusiage 4. of ¢ @mpie. amappropriade pessdwf tiore Maj05

o o157 BEEASERRAR 002 stk TR G BBoRLO 1 WERBaRoat gt ori &1 425 when

the powdered coating material 425 inpacts the conponent surface 1 -5 27 DEC
2005 436. Tenperatures above the nelting point can yield a coating 420 of
hi gh [9848]1ty antl Preesss embeed§fmavingra exmpprent 4 Hewitbrptexdyredesusfaaehe

From oat-ThT e P asartnuehba i AEB8HEH o i Rt 5t F e pease
abouthddsigalfieaht 'asvaﬂtagégro@ér eafbrveffomd fpﬂ(j‘csesTsQ:ha_*%i!oé*’(hta't Sh&Wh) Withewt t hat
t he coatlng material 425 renains nolten for a period of tine upon | npact

wit h susd & meredraurfane 442 £36 exaawiesthepresesarchaperidtacan fasticed of tinme
L. .. 10048] A
o 5o J20eBhsiERR sBBRHle Prite el buane A LT et S ME TTEE pe 055

accorgtaph dfFigure Pshewsta honealizednurabercofeticies reddpoditedpdrsubirate 1N0
Figure 3c, has significant advant ages over a conventional process chamnber

(not ahadMnctian ploybether he ghembeaihnag conveational sompogentsitiepled bars 838 etess
chamgimdReid M 1050HA S textured surface 422 according to the present invention (the right

bars 835), and also as a function of the redeposition of particle sizes in micrometers. The
data points are based on measurements of 11 substrates using two conventional sets of
components, and 50 substrates 110 using four sets of components 410 having the
textured surfaces 422 according to the present invention. The left and right bars 830, 835
of each bar pair correspond to the amount of redeposition onto a substrate (not shown) in
a conventional process chamber with conventional intemal surfaces and a substrate 110
in a process chamber 100 having components 410 with textured surfaces 422 according
to the present invention, respectively. By comparing the left and right bars 830, 835
across the ranges of particle sizes, one can see that the redeposition of material onto the
substrate 110 is typically reduced about 5 times using the textured surface components
410.

[0049] Additionally, components 410 having a textured exposed surfaces 422
typically have a longer operational lifetime than other conventional components (not
shown). In one embodiment, the lifetime of these components is prolonged by at least
about 4 times over conventional components, as shown in the bar graph of Figure 8. A
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redeposition of sputtered material onto the substrate 110 by a factor of
five. The bar graph of Figure 7 shows a nornalized nunber of partJ&Les
redeposited per substrate 110 as a function of whether the IHabidetlThas
conventi onal  conponents(the left bars 830) or conponents 410 with a

textured surface 422 according to the present invention (the right bars

835) , noithizkg fATodr dtRabpbasited phRiidsatarasiidatdt thhn RS i #ohét%gé?# n
on Su rat es

m croneters. The data points are based asurenments o
usi ngopetsticn iveinttednaiheseegchbar cenrpoerintas, craTdtic® JhbHarataes atrkBgesi ng four

o cocttroTRTBRE Bt e MR Tr R b Erasbb Eitiodes siar b pair
cor 1 esApsndras W16 WERLIRpIRted. CTIRP I bOMORKCide SDTLHRIR BBbrRBANH o N 2

conventional process chanber with conventional internal surfaces a
subst RrCESY ERAMPRT 4Siidot 68RVRNINGE FODOONEAls While bappnetine righ0sidetd2 ext ur ed

surf | r knvention. respectively. conparing
the | BHESHS PRSI b5 sBarREr o dbhaile Gneb PRI Vi sudtste W one
can s422 thaiard fextuedbacsrtiingitothe Présdritadverrtion. The datalsdin@tfte bEebSon
typically reduced about 5 tines using the textured surface conponents 410.

[ 0049eABdEMeacf Y 1 wihsyatrmusing rhambernyith tweaets eficenyrntisasur f aces 422

typic L; L fetir h t her_.conventi onal
compoRantR S, and A0S RS LIR Ehabitsl AR P of Mo SR S S omponent s
i's predrapgeshtby 18t Tieabar 8D eian Hadi dms poire thatwhoad b@rd%re?amw@é%@seas
shown in the bar graph of Figure 8. A 16 27 DEC 2005 normalized nunber of

r edepRRfIVEBHORRrAarapRIIEHP @Bﬂgn G eaffesponding Imianvremmtiondiso peavideshbadt i on i s
| ott s .
Phr o8, 15 Tielpnd cbe bERHERATL bre REARY it 4088 08 SRR VBIREL nen

the climgpddEohshe léit and anotpracetical The 8d8ran the didie. 1By torapdeing 8tk rRidigsent
on t FRAP B IePaRten s 2l RsHTo dinEN BT SHEES Fo Shtn SR TN ENe ) 3881 g
vorg Eote delclt (FRepUsIBABnodie drapiehi (oBLY BY ARG EbR hdmar el e g
chanbesisg woiponeats418 astordimy entHeoprasent invention. The component lifetime, which

is about proportional to the rate of redeposition of the particles, is thus also typically

reduced by at least about 4 times.

[0050] The process chamber 100 may also include additional systems, such as for
example, a process monitoring system (not shown) comprising one or more detectors (not
shown) that are used to detect or monitor process conditions continuously during an
operation of the process chamber 100, or monitor a process being conducted on the
substrate 110. The detecters include, for example, but are not limited to, a radiation
sensing device (not shawn) such as a photomultiplier or optical detection system; a gas
pressure sensing device (not shown) such as a pressure gauge, for example, a
manometer; a temperature sensing device (not shown) such as a thermocouple or RTD;
ammeters and voitmeters (not shown) to measure the currents and voltages applied to the
chamber components 415; or any other device capable of measuring a process condition
in the process chamber 100 and providing an output signal, such as an electrical signal,
that varies in relation to the measurable process condition. For example, the process
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conponents, and 50 substrates using chanbers with four sets of textured
surface conponents 410. The bar 815 is an bad data point that should be

di sregarded because conventional conponents used in a corgegponghing simlar
operation also provided bad data. The nedi ans of the bar heights on the

| eft and right sides are shown by a vertical 1line 805 on the left and

anot heeni¥@ g Saltetn st BAQsen thRRt&hIRE theBhi KPR bk aqagggb&ﬁgispg&es%%téﬁ' e

redeposition values on the left and right sides 820, ectively, one
can dbBe subnf@tet he particle redeposition amounts are typically reduced by at
| east about 4 tinmes by using conmponents 410 according to the present

i nvention. The conponent lifetinme, which is about proportional to the rate

of rqdesoFi ti o ebntrbRemns8d tohtesls dperdtitmsofahs enkitibies AldDVby fraA4ERGhPUnat
| east about times. [0050] The process chanmber 100 may al so incl ude
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110. The detectors include, for exanple, but are not |limted to, a radiation
sensithgn gbanges prrressHmndjiichscrhen the ggasloracheppithiesboldbpaliealAltheugtt i on

ror SsBrEter MERHARFEED Ml o SxeMBlard SR cSHER e BiR e e
a t heo maplfpltiee destiBlion mmzﬁaemdvmidmtsﬁb@ud Pelundeestbod tieattRasure the
currents and voltages applied to the chanber conponents 415; or any ot her

devi conigpetel maynke apiuimiitacheenteller daviges that are goppeciaddomne aneihseor 100

d L g | i it rl
o BB Bon deldh ey Bt o CSh AT BRIt 215 12 Bhg oecs 17
2 7 Dbc@fidchambet 000 NGuSyiHeapresant ineentierstiould pbebsilintitdd® thBiitletesveol a

| ayer bei ng processed on the substrate. [0051] A controller 480 controls
oper &NdPXIPR aReemhadinaenteodessyibed ieteint t i ng and receiving el ectri cal
signals to and fromthe various chanber conponents and systens. For

exanpl e, the process conditions neasured by the process nonitoring systemin
t he [0052] In one embodiment, the controiler 480 comprises electronic hardware

including electrical circuitry comprising integrated circuits that is suitable for operating the
process chamber 100. Generally, the controller 480 is adapted to accept data input, run
algorithms, produce useful output signals, and may also be used to detect data signals
from the detectors and other chamber components 415, and to monitor or contro! the
process conditions in the process chamber 100. For example, the controller 480 may
comprise (i) a computer comprising a central processing unit 500 (CPU), which is
interconnected to a memory system with peripheral control components, (jii} application
specific integrated circuits (ASICs) (not shown) that operate particular components 415 of
the process chamber 100, and (iii) one or more controller interface boards (not shown)
along with suitable support circuitry. Typical central CPUs 500 include the PowerPC™,
Pentium™, and other such processors. The ASICs are designed and preprogrammed for
particular tasks, such as retrieval of data and other information from the process chamber
100, or operation of particular chamber components 415. The controller interface boards
are used in specific signal processing tasks, such as for example, to process a signal from
the process monitoring system and provide a data signal to the central processing unit
(CPU) 500. Typical support circuitry includes, for example, co-processars, clock circuits,
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process chanber 100 nay be transmitted as electrical signals to a controller
480, which then changes process conditions when the signal reaches a
threshol d value. Although the controller 480 is illustrated ﬁﬁ‘ﬁ@w ﬁf an
exenplary single controller device in Figure 4 to sinplify t sgription
of the present invention, it should be understood that the controller 480

may beachedbunal isUppés, cart oler evelldeioweesor pdierns enH0AHR8SK (8Fhrh Gni apghher
or a plurality of controller devices that are connected to different

conpoherftBUALS. of of examples dhae & R ZRE sftenoperatesdn conpinsties evith a ravedtrion

descrtieneRaree Ui BRNAY skt BEmAR R RGN FT a8t i s

el ectdonces wall iwewa inithelantdi Tige RAMEM0GaN b (Sed td Yiore i kSfRErd Nt egr at ed
circuits that is suitable for operating the process chanber 100. Cenerally,
t he cBIReBENEIORFaLINIGERIEaenS S SLMBAPACEeRSIMPlementatiogorThenns, produce

usef i : t | Ls . fromthe
ot ectsTIEY a0 RRPrRec T CoRBUI Rerite 1B o KonREL PR A PRI B31S pirer ne
pr oc esmoberdtdrnposents 41fe process chanmber 100. For exanple, the controller
480 may conprise (i) a conputer conprising a central processing unit 500

(CPU), which is interconnected to a nenory systemw th peripheral control

conp , (i ' [ hfid Gal r ' i Sl Cs) (not
hoarPOPRL: oper 3 SOAAHINP CPUSRIN batdld B A RN B8 L U™ natwer 100
and (¢drinunivating deviee. cmplut dielizesiSa0edibacan bperatsr foiapusbaanhto kong wi th
sui tabl e ?uppo t ci rcuLtr . .Typical central CPUs 500 Include the Power PCTM
Pent i SRAHAIEHASE LR EPNTRE APPIASORS 6 1Q altaribe softwarg i thesoifeler 488. For

_ ; . Cher -
P o AR el erf U bLGILGH ah 8BKTator4liRed RN SObteM nfd e BRRD) N1
chanbapn'rtmmo. hlehown}liaﬁd.all@‘t' ttqm;(n{rmltbbara]wh)]t'?né figlet m?détgtdaﬂgiwtm&' erby_ I
specli I C nal, I 0cessl n aSKs, u or e e, (0] rocess a Si gha
B A Il S T LRSS R o7 it e T3 BhiSe & Sallenlr sorcas b o
Pr oCEgfkfish, YRk boper&idFlofites 4 HBbgﬂbteﬂ%Q Idf té C@Rr[ac E{dnﬂo?%hﬂgﬁ%gfg%r b&¥GP! e,

co-processors, clock circuits, 18 27 DEC 2005 power I es, and
ot heromtild pamowheciapdauched changes iés celotonhanmeme menuronsaréen ishdisgiRye800. For

eXa”pclzoedﬁr%r}ﬁe%%%r?\ggic%ftitoﬁrbe%%@ﬁttﬁé Iigi;ﬂ pceonnér!lﬁ] tcl. &rh'lw.mto?\it%r.r 6%’?&@(—3\1&(:93,
such as a keyboard, mouse, or pointing communication device can also be used to
communicate with the controller 480. in one embodiment, two monitors (not shown) are
used, one mounted in a clean room wall for operators and the other behind the wall for
service technicians. Both monitors (not shown) simuttaneously display the same
information, but only one light pen is enabled.

[0054] The computer program code 600 of the controller 480 may be stored in a
memory device, such as a floppy disk 481 or the hard drive 492, and called into the RAM
510 during execution by the controlier 480, as shown in Figure 5. The computer program
code may he written in conventional computer readable programming languages, such as
for example, assembly language, C, C++, or Pascal. Suitable program code is entered
into a single file, or multiple files, using a conventional text editor and stored or embodied
in a computer-usabie medium, such as a memory 503 of the computer system. If the
entered code text is in a high level language, the code is compiled to a compiler code,
which is linked with an object code of precompiled library routines. To execute the linked
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access nmenory (RAM 510, a read-only nenory (ROM not shown), and ot her
storage devices well known in the art. The RAM 510 can be used to store the
software inplenmentation used in the present system during procéﬂsUEE 1003
i mpl enentation. The controller 480 conprises a controller interface 506 to
connect the controller 480 to other chanber conponents 415. [0053] The

out p : | L SRl 5 . L.cating
dov| ant e el tous PE S S rstbuRes e, el e MRS

cont cohiparte8Btém todohd the apde &t hamsorg50Gao derfrm the 2eks Verdified id b
controller 480. For exanple, the interface between an operator and the
conpGPBIPULE/SR@H 3Ry be a CRT nonitor (not shown) and a |ight pen (not
shown). The |ight pen detects light emtted by the CRT nonitor with a |ight
sensor in the tip of the pen. To select a particular screen or function,
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clean, roomwal|l for operators and f{he other behind the wal]l for service
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info i A nput &l ol ' ; ram
code CHB5 ST 108, TR pYmper dy3QFari €Bak S0BUY EohntrefS Sein s for LR el P2
f | opthe dnsigyi@iupbed tdéhénpladmis gererdd 2, 338nthecfidwdevelatand cempdditiorbdDgasir i ng

i by . [ 1 480, h i, [ . T
o o TR e Pl st 2harthes 10D, SR MR UFrRYHAL & pretreh i oftheayas.
such ca&p&wp@gml®d%9@%m¢se§we #lﬁifg{rgﬁ?‘co@é seeS 68D, s 42R! e program

code is enter into a single file, I ple files, using a conventi onal
t ext peafiassrsatnensed pegram code 628 dhat allowsamppemtentoadhter apdiselsct such as a

e edht B B BB ES R aten o e oS ERAIE 4 Sierlsh diBode i)
\fgt h cRBrRRIraQh Sfehamber etaiaidrfodrahi edde 630 fbr@seralifgrtCmbRagiig | | nked
priorities of the chamber processes in the process chamber 100. While illustrated as
separate program code sets 680 that perform a set of tasks, it should be understood that
these program code sets 880 can be integrated, or the tasks of one program code
integrated with the tasks of another program code to provide a desired set of tasks. Thus
the controlier 480 and computer program code 600 described herein should not be limited
to the specific embodiment of the program codes described herein or housed as shown
herein, and other sets of program code or computer instructions that perform equivalent
functions are within the scope of the present invention.

[0056] In operation, an operator enters a process set and process chamber number
into the process sequencer program code 625 via the input device 540. The process sets
are composed of process parameters necessary to carry out a specific process in the
chamber 100, and are identified by predefined set numbers. The process sequencer
program code 625 identifies the desired set of process parameters needed to operate the
process chamber 100 for performing a particular process. The process parameters
include process conditions, such as for example, process gas composition and flow rates,
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27 DES 2915 and conpil ed object code, the system operator invokes the object
code, causing the conputer systemto |load the code in nenory 503 to perform
the tasks identified in the conputer program [0065] Typicallyﬁlnmqmw
conput er program code 600 conprises one or nore sets of conputer

I nstructions, including, for exanple, process nonitoring software 605,

endpgh dthbe ARiRSéia0teSHHd PrIsSufEl Qasandrfizip %?aﬁ?%r%ucﬁoist Wr@wg@gl; Rt

dictates the timng, process_ gas conposition, er pressure an
t enpleipatnaves” [&re!pandrmpgneliafigidqicierienelpraootisg gashaabeure180d cohmber ode

posi t Lenl ot her process paraneters of the process chanber 100. The
conp%?g?érggsﬁg%'code 600 al so controls settings for power |evels of the

energy coupled to the plasma generator 330, the flow | evels and conposition
of gas _introduced into the process chanber 100, and the display 530. A
pr ef BO5dY ver sTHbA PoPCEIRSEQUARSE! BrOgiRBI0sR Gftlexe00es anpocsss salivt i pl e

B RS B PR e s e el S e O BB et PR it s
operghichreaHirdidithedpreessingagsvfh ihe frosedLeifAbeF 968 aScofdiRethe FP0cand
chanber manager program code 630 for operating and managing priorities of

t he ettarb¥rexamriesteschampaemgnagesrroghamsede B campriees plagsamatode fas

Cnacr e s 3pEERRENER Shapidind Mike R r BiPuiite 110, TAE Parthe” BR BT sk

of o graROtEIB® 630 eontrolsagieaution \of VaridUsecHzmatier edmporehEsrogfecade getle o
provide a desired set of tasks. Thus the controller 480 and conputer
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I n operation, an operator enter rocess set and process chanber nu
i nt oprtq'-p@sw@é@@t@@atf&fém C?A%Eggﬁ?igcﬁ?@feﬁéh?iC&"’E‘W'ﬁ'%aﬂd devi @tessafdhe The
DrocheS8 ks ABIESTRENE Hpriidagbo e I S 00508 KBt o
nunbprografhecds 66@ dwatseds thesire githeyopening dé o625 rderd gés eslvesissudbsisrad set
of ptrh?g lsesvaq\?é,aaqledt glgagm%egegr?edragoor porgger%?r% €0 eh 6§70 that controls the power level of the
plasma generator 330. In operaticn, the chamber manager program code 630 selectively
calls the chamber component program code sets 680 in accordance with the particular
process set being executed, schedules the chamber component program code sets 680,
monitors operation of the various chamber components 415, determines which
component 415 needs to be operated based on the process parameters for the process
set to be executed, and causes execution of a chamber component program code set 680
responsive to the monitoring steps. These are merely examples of chamber component

program code sets 680.

[0058] Although the present invention has been described in considerable detail
with regard to éertain preferred versions thereof, other versions are possible. For
example, the present invention could be used with other process chambers, such as a
chemical vapor deposition {CVD) process chamber or an etching chamber. The process
chamber 100 may also comprise other equivalent configurations as wouid be apparent to
one of ordinary skill in the art. As another example, one of more companents 410 of the
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process chanber 100 for performng a particular process. The process
paraneters include process conditions, such as for exanple, process gas
conposition and flow rates, 20 Z7 DEC ZOD5 chanber tenperature aQq[gﬁzﬂgure,
gas energi zi ng paraneters such as m crowave or RF bias power |evel

magnetic field power |evels, cooling gas pressure, and chanber wall

t enDBFGHdtseehdRBEY | 0T ReayDEQRESSe & PIUANGSH dIROFNRELERMIR £25 Trasuhes a
process set by passing ‘the particular process set paraneters to the chanber
managepepded camsosirowdd oot helictieddathedeschptiqr obibegiratertaatkerisionshe process
chanber, 100 %ccording to the process set. For exanple, the chanber manager
pr ogFaRaR 858 conpri ses program code for etching a substrate 110 or
depositing material on a substrate 110. The chanber nanager program code
630 controls execution of various chanmber conponent program code sets 680
that control operation of chanmber conponents 415. Exanpl es of chanber
conponent control program code include substrate positioning program code
640 that controls robot conponents that |oad and renove the substrate 110
onto the support 160, process gas control program code 650 that controls
the conposition and flow rates of the process gas supplied into the chanber
100 by the gas supply 260, gas pressure control programcode 660 that sets
the size of the opening of one or nore gas valves, such as a throttle

val ve, and pl asna generator program code 670 that controls the power |evel
of the plasma generator 330. In operation, the chanber nmanager program code
630 selectively calls the chanber conponent program code sets 680 in
accordance with the particular process set being executed, schedules the
chanber conponent program code sets 680, nonitors operation of the various
chanber conponents 415, determ nes which conmponent 415 needs to be operated
based on the process paraneters for the process set to be executed, and
causes execution of a chanber conponent program code set 680 responsive to
the nonitoring steps. These are nerely exanpl es of chanber conponent
program code sets 680. 10068] Although the present invention has been
described in considerabl e detai
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with regard to certain preferred versions thereof, other versions are
possi bl e. For exanple, the present invention could be used w th_ other
process chanbers, such as a chem cal vapor deposition (CVD) pro%k§§IHMhnber
or an etching chanber. The process chanber 100 may al so conpri se ot her

equi val ent configurations as would be apparent to one of ordinary skill in
the art. As another exanple, one or nore conponents 410 of the 21 2 7 DEC
2005 process chanber 100 nmay conprise a plurality of different coatings 420.
Thus, the  appended clains should not be [imted to the description of the
pr ef er PR EMEAS: cont ai ned herein. 22 2 7 DEC 7005 What is claimed is: 1.
A doned encl osure wall for a plasma processing chanber, the doned enclosure
wal | conprising: a dielectric material conprising a roughened surface having
a roughnessl. avefaglemefl tradesuzborall 160 & plaspmutpra®@sesing celvimbehete anvied
plas"ae§$é§¥§ﬁaﬁg&ﬁn¥? coating deposited on the roughened surface of the

di el ectr naterra ? e pl asma sprayed ceram c coating conprising a
textured exposed divkttgicemagyianGomptidighnesaghdntd fRfady Ry aK OMIRASSs acr 0SS
the textured _exposed surface that. is a negative value and | ess than about
0.1, WhErESRS EuRha dof foerbars 40 HSHERAEBd 'y a plasma in a pl asma

i h - ; . |1
processing cC ag?ﬁ]ﬁlﬁw es?%?@df &eldhit h&aﬁlgﬁ(g(tég&qtegx&i)stﬁg r%H%ﬁeﬂ@@ su?f]gceAgWa

according to cl n the averag wness IS an average o

pl ur al ithey dfleetuas nraatiag k dhwneplasmal speayedhatranangeodtingmeatmprising 0a7 texturadout

0.1. 3. _ Awall according to claiml erein the plasma sprayed ceram

Coat i g PTrBEE e o PGBl il ohE elshf, SRR “RoR e RO

accor diergpst®staat haliswheesiv ahe Jpl asithagpbéyted Icerami c coating conprises

al um num oxi de, titanium oxide, or m xtures thereof. .
whereby sputtered material generated by a plasma in a plasma processing

chamber may adhere to the textured exposed surface.

2. A wall according to claim 1 wherein the average skewness is an average of

a plurality of measured skewness values that range from about -0.7 to about 0.1.

3. A wall according to claim | wherein the plasma sprayed ceramic coating

comprises a porosity of from about 5% to about 10%.

4. A wall according to claim 1 wherein the plasma sprayed ceramic coating

comprises aluminum oxide, titanium oxide, or mixtures thereof.

5. A wall according to claim | wherein the dielectric material comprises a

ceramic material,

6. A wall according to claim 5 wherein the ceramic material comprises quartz

or aluminum oxide.
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5. Awall according to claim1 wherein the dielectric material conprises a
ceramic material. 6. A wall according to claim5 wherein the ceramc
material conprises quartz or alum numoxide. 23 2 7 DEC 2905 7. A nethod of
processing a substrate in a process chamber conprising the doned’&hEI2iure
wal | of claim1, the method conprising: (a) placing a substrate in chanber;
and (b) form ng an energi zed gas in the chanber to sputter etch the
substrate. 8. A substrate processing apparatus conprising: a chamnber

conpri sing doned encl.osure wal.l conprising a dielectri mat er.i al

conpri si ng 'rogghgﬁaﬁﬁsﬁ ﬂﬁ%ﬁ”ﬂ?gﬁiEBFBBﬁh%b§SP%§$¥aﬁ@ I {OBRriER8 L 150 to
about  4afheAhdQURCHES of ARFh & (Bé ARIBJ SHpN§RL:Cceram ¢ coating deposited on the
roughened surface of the dielectric material, the plasma sprayed ceram c

coating conprisidg aprleeirgaseebtiepgposbiambairdndce havi ng a roughness with an
aver age skewness,..acr -t he textur f t hat LS a negative
F_lbg ot %r}g_ 381 ef%?%%g%gss fﬁ?&ﬂ? a%qnb%i‘l fo st%%lﬁer &-{%ﬁ't the

val ue and less than a at € suppor n e Chanber, a gas
suppl y stilestyateovi de a process gas into the chanber, a plasma generator to form
a plasma of the process gas in the chanber to process the substrate; and an

exhaust conduit to exhaust the process gas, whereby sputtered materi al

generated by a phagBBrdidplob&smBaphainubBimmshgre to the textured exposed
surface. 9. An apparatus according to claim§& wherein average skewness is an

average of a pluralit¥ chpmheragumpingkewiaxd englogws wilhcompngeg far disteeibout
-0.7 to_ab rat.us a orgén tBlasma

Spr ayec'in i Eér?ag;%oc 'p%'iéi(r)lé? ? ﬁ@%%ﬁ%fi%rté Ceawglgraomulg)g/D%E a%’%%%lcmaago%r%gﬁog%tlggout 10%
about 450 microinches, and a plasma sprayed ceramic coating deposited on the
roughened surface of the dielectric material, the plasma sprayed ceramic coating
comprising a textured exposed surface having a roughness with an average skewness
across the textured exposed surface that is a negative value and less than about —0.1;

a substrate support in the chamber,
a gas supply to provide a process gas into the chamber,
a plasma generator to form a plasma of the process gas in the
chamber to process the substrate; and
an exhaust conduit to exhaust the process gas,
whereby sputtered material generated by a plasma in the chamber may adhere to

the textured exposed surface.
9. An apparatus according to claim 8 wherein average skewness is an
average of a plurality of measured skewness values that range from about -0.7 to about 0.1.

10.  An apparatus according to claim 8 wherein the plasma sprayed ceramic

coating comprises a porosity of from about 5% to about 10%.

24



24 27 DEC 2005 11. An apparatus according to claim8 wherein the plasm
sprayed ceram c coating conprises alum num oxide, titanium oxide, or

m xtures thereof. 12. An apparatus according to claim8 wherein thg JEC 2005
dielectric material conprises a ceramc material. 13. An apparatus
according to claim12 wherein the ceramc material conprises alum num oxide
or quartz. 14. A nethod of fabricating a donmed enclosure wall of a plasnma
processing chanber, the nethod conprising: (a) providing a doned shaped

dielectric preform (b) roughening a ?urf ce of the dielectric preformto
form a roughbnedAnsBPREERIES HEGATHINEA ¢ GURIFNEs MaTFEL B RIFSTH GRIZBOUASTAES t o

about  458in¥ ShPHGNERNInBRD A de) iHBRASHLEA G ikl AS MRr&Rr ayed ceranic coating
on the roughened surface of the dielectric preformso that the plasm

sprayed ceram c coating conprises a textured exposed surface having a

h it h : : . . . h
o egat i ve valaciTARUR ZESIGE o BEEASS s LR G CHBRNAD SHuage §p%

A net hadeaadomdiengl.t o cl ai m 14 wherein (b) conprises grit blasting the
surface, the grit blasting step conprising at | east one of the follow ng
characteristics: (i) using a grit having a nesh size of about 36; (ii) using

a grit conpngsi nﬁnaéﬁfﬁ}a%é”h&éf&?g RATCIdif! BS whedeid Ihe BdrAhf RialiaP cOhpiises

bl asti ng pressure of from about 40 to about 50 pounds per square Inch; and
(iv) neiluminimioniglear gudrtz. bl asting i nci dence angle with the surface of from
about 30 to about 60 degrees. 16. A nethod according to claim 14 wherein (c)
conprises injecting a ceramic powder through a plasma arc forned by

mai nt ai ni ng14wo @l estiicddes fabriatingl atdovedvelcdage ofall bf amphlmut prdfestiag about
60 Vol tclslémber, the method comprising:
(a) providing a domed shaped dielectric preform;
(b) roughening a surface of the dielectric preform to form a roughened
surface having a roughness average of from about 150 to about 450 microinches; and
(c) depositing a plasma sprayed ceramic coating on the roughened
surface of the dielectric preform so that the plasma sprayed ceramic coating comprises a
textured exposed surface having a roughness with an average skewness across the

textured exposed surface that is a negative value and less than about —0.1 that is a

negative value.

15, A method according to claim 14 wherein (b) comprises grit blasting the
surface, the grit blasting step comprising at least one of the following characteristics:
(L) using a grit having a mesh size of about 36;
(i)  using a grit comprising aluminum oxide particles;
(iii) maintaining a grit blasting pressure of from about 40 to about 50
pounds per square inch; and
(iv)  maintaining a grit blasting incidence angle with the surface of from

about 30 to about 60 degrees.

16. A method according to claim 14 wherein (¢) comprises injecting a ceramic
powder through a plasma arc formed by maintaining two electrodes at a relative voltage of
from about 30 to about 60 Volts.
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25 2 7 DEC 2005 17. A method according to claim 14 wherein (c) conprises
injecting a ceramc powder through a plasma arc forned by maintaining two
el ectrodes at a relative voltage of about 45 Volts. 18. A ”Eth°d2?§ﬁ9§ﬂ§n9
to claim14 wherein (c) conprises injecting a ceramc powler throug

pl asma arc forned by maintaining a current between two el ectrodes of about
600 Anps. 19. A nethod according to claim 14 wherein (c) conprises injecting
a ceramic powder through a plasma arc maintained at a tenperature of at

| east about 30,000 C. 20. A nethod according to claim.14 wherein (c) .

conpri ses i nj/ect ithdnedhed AEArAng gevidwm {hr RGN LCpICRTRESSEr LUSHN B FHRY Cat
tenper afdy & ttﬁ%hgl? 2 ?M&{lb &M inYed"b 9 MndifaintR R ielkchDfesC & #Mehtiv@BRA@ 1N a
nol ten state unt It 1nmpacts the substrateand sufficiently low that the
cer am cofrahberdSaVoltsemai ns nolten for a period of tine upon inpact wth the
surface. 21. A nethod according to claim 14 wherein (c) conprises formng a
pl asma sprayed ceram c coating conprising a textured surface having a
roughness wfgh am raBsRgEcoskiapnesdaithal Wwikeréif @Y @bagesaf infecihgiraabérhiyicof
nmeasur ed skewness val ues that range from about -0.7 to about 0.1. 22. A

met hod BT dhigysh @ Rleaingnaly fomed ebdh madntaipggp? icuents betyeey twe sleslades eor ayed
ceranicﬂﬁﬁp&gﬂgmﬁgving a porosity of fromabout 5%to about 10% 23. A

met hod according to claim 14 wherein (c) conprises formng a plasma sprayed
ceram c coating conprising alum num oxide, titanium oxide, or mxtures

t hereof. 26 7 DEC 2005 24. A met had cordi.ng to claiml4 wherein (a
conprises foPm ng* d“ﬁg‘?éﬂccoé‘ﬁ&%eta ‘g?‘m th‘?’]?e&elﬂr $5PPAPE‘8%B%%$ 052 5er(a:’£‘fc)an1 c
mat er i abowdd thréudiBl )19ehAGE aladtiifed & aGbRpdthrhfe JAETRLALOR)300IPC. ses fornming a

donmed shaped dielectric preformconprising quartz or al um num oxi de.
20. A method according to claim 14 wherein (c) comprises injecting a ceramic
powder through a plasma arc maintained at a temperature that is sufficiently high to
maintain the ceramic material in a molten state until it impacts the substrate and
sufficiently low that the ceramic material remains molten for a period of time upon impact

with the surface.

21. A method according to claim 14 wherein (¢) comprises forming a plasma
sprayed ceramic coating comprising a textured surface having a roughness with an
average skewness that is an average of a plurality of measured skewness values that

range from about -0.7 to about 0.1.

22. A method according to claim 14 wherein (c) comprises forming a plasma

sprayed ceramic coating having a porosity of from about 5% to about 10%.

23. A method according to claim 14 wherein (c¢) comprises forming a plasma

sprayed ceramic coating comprising aluminum oxide, titanium oxide, or mixtures thereof.
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26. A conponent for a plasma processing chanber, the conponent conprising a
ceramc coating on a dielectric material, the ceramc coating conprising a

t extured exposed surface having a roughness with an average skem?ﬁggggmﬁoss
the textured exposed surface that is a negative value and | ess an about
-0.1, whereby sputtered material generated by a plasma in a plasm
processi ng chanber nmay adhere to the textured exposed surface. 27. A
conponent according to claim26 wherein the average skewness is an average
of a plurality of neasured skewness val ues that range from about -0.7 to
about 0.1. 3428. Aameghndoneaerding dagHaiRed 4swhergivle (44 ¢HNRIEED AL D demsA m 26

wher ei gpgg:!gﬁ dﬁ@&ﬁ&%ﬁ‘ﬁ%mﬁwOfgg’%{%‘f* Baffk@m ¢ coating deposited thereon,

and wh rou ess avera rom about 150 to about 450 roughened
surface has a mcroinches. 29. A conponent conprises an enclosure wall.

according tq_claim?2 erein the co ent 30. A wall.for.a plas

processi ng 2r:’|anb§‘r }ne?}?y]&&ﬂor&}%nﬁr‘ﬁ%lgﬁg? ‘gh?‘fleléll £t PQTAPTISS? efPF‘&‘ﬁgc%%P}egi ng a
r oughengshes Wid@a®: foforMGompritiAbghness Avusinagexede. f rom about 150 to about 450
m croi nches; and a ceram c coating on the roughened surface of the

dielectric material, the coating conprising a textured exposed surface
havi ng a royghness w avgr age EFﬁgvn RGHOS S Bet EXhET ednfysRGs €d
surface tha?gi S g&n\é}%l}'; ?lségltvafﬁue an esseg?ﬁ%n bout -8.’1, V\hergﬁ?’
sput t ercethprisihgrd abragenepatired obya aligitcauserandteriad, fgleassrampr ocasgi cgnprohrenber may
adhere to the tex%yred exposed surfaﬁ]. 27 2 7 DEC 2DD5
textured exposed surface "having a roughness with an average skewness across the
textured exposed surface that is a negative value and less than about -0.1, whereby
sputtered material generated by a plasma in a plasma processing chamber may adhere

to the textured exposed surface.

27. A component according to claim 26 wherein the average skewness is

an average of a plurality of measured skewness values that range from about -0.7 to about 0.1.

28. A component according to claim 26 wherein the dielectric material has
a roughened surface with the ceramic coating deposited thereon, and wherein the
roughened surface has a roughness average of from about 150 to about 450

microinches.

29, A component according to claim 26 wherein the component

comprises an enclosure wall.

30. A wall for a plasma processing chamber, the wall comprising:

a dielectric material comprising a roughened surface having a
roughness average of from about 150 to about 450 microinches; and

a ceramic coating on the roughened surface of the dielectric material,
the coating comprising a textured exposed surface having a roughness with an average
skewness across the textured exposed surface that is a negative value and less than
about -0.1, whereby sputtered material generated by a plasma in a plasma processing
chamber may adhere to the textured exposed surface.
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31. Awall for a plasma processing chanber, the wall conprising: a
dielectric material conprising quartz having a roughened surface, thg 700&
roughened surface having a roughness average of from about 150 to about 450

m croi nches; and a plasma sprayed ceram ¢ coating deposited on the roughened
surface of the dielectric material, the ceram c coating conprising at |east
one of A1203 and Ti 2, the ceramic coating conprising a textured exposed
surface having a roughness with an average skewness across the textured
exposed surfgce that is a. negative value and | ess than about -0.1, whereby
sputtered naﬁerl W@Qﬁ@r%ﬁlwwoﬁesﬁpﬁghﬁﬁ?eﬁ the b’P]igﬂ‘ﬁp‘ﬁ?lB%esm ng chanber may

adhere to the te>§t L&@l@ctﬁép%&&la‘aur&a@ﬁsm§2 qu&ﬂvahémﬁg)r a8 BhARAB PEAERESI NY
chanber, the wall conprising ielectFic material conprising a roughened

sur f acethe amlglaencér aurface clwaritieng oenghhessr ovegéasnedl Sunf abantof 54 He eltoat et¥ri ¢
mat er i aIi qﬁ %tl ng conprising a textured exposed surface having a

CToin 5,4
roughness WS EN average skewness across the textured exposed surface that
is a negative Valauepﬁi@ﬁhal egﬁa)telﬂancera;lmwt cofling, dheistby wpUt tier edoughtesd al
gener at ed_ by gl asma i.n a pr ocessi n%ﬁ chanber may adhere to t he
textureﬂlr%&epagé siglrddie. maéeﬂa A i PFraRce P geUBPIANng At 32astuar finAdaf

aver age, SKempessk S BimeVEIALE bmArfhir 8l hul FRANM e duikeWaDeval Ues

that range from about -0.7 to about A wal | according to claim 32
wher ei rrotigigieso ugitie nad asmmgacekdwasssa acmmgﬂhnewwvbrea@esedf stirfare dhwsuis B50 to
about 450 m cr according to claim 32 wherein the ceramc

i nc I
coati ngne’ggtl‘belvg Bgﬁlsélgfgc?b%tm@ the roughened surface of the dielectric

materi al . 28vhereby sputtered material generated by a plasma in a plasma processing

chamber may adhere to the textured exposed surface.

32. A wall for a plasma processing chamber, the wall comprising:
a dielectric material comprising a roughened surface; and
a ceramic coating on the roughened surface of the dielectric material,
the coating comprising a textured exposed surface having a roughness with an average
skewness across the textured exposed surface that is a negative value and less than
about -0.1,
whereby sputtered material generated by a plasma in a plasma processing

chamber may adhere to the textured exposed surface.

33. A wall according to claim 32 wherein the average skewness is an

average of a plurality of measured skewness values that range from about -0.7 to about 0.1,

34, A wall according to claim 32 wherein the roughened surface has a

roughness average of from about 150 to about 450 microinches.

35. A wall according to claim 32 wherein the ceramic coating is plasma

sprayed onto the roughened surface of the dielectric material.
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