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| NTERNAL SURFACES AND METHOD OF MANUFACTURE BACKGROUND [ 0001] Enbodi nents
of the prweaatoisvention relate to a process chanber for PoTASEE2000F a
substrate. [0002] A process chanber is capable of processing a substrate in
an energi zed process gas. The process chanmber conprises an encl osure wall

that encloses a preEROSEZS CHAMBERICOMRONENTSSISAYASGMRY be introduced, a
gas energi zer to energize and an exhaust to exhaust the

t he process gas
process gas. Typically, TRXTOREIBINTERNAL SURFAGRSh to facilitate
post - process cl eani ng of ‘ ess chanber may, for
exanpl e, be used to depdéﬁ?ﬁwgﬁgbﬁgﬁﬁgAmﬂhQEQQ?E§§% or to etch materia
froma substrate, for exanple, 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 |ayer from
the surface of a nmetal |ayer bggQrrcROBN® deposition step so that the
deposited netal can make good erectrical contact with the underlying netal
| ayer of the substrate. 10003] During such sputter cleaning of the
subst the materi.al that. is etched fromthe, substrate can, offen
edopt@ftlon s hETabaente s et Ba R M e Telale (S H Rpfdrs o HIRp Sl 1 ¢ he
chambgrocelshify a¥Bbsirafl that is etched fromthe substrate that deposits on
t he enclosure wall can flake off into the process zone and fall upon and
contam nate the substrate, for exanple, because a rise in tenperature of
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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 good
electrical contact with the underlying metal layer of the substrate.

"[0003] 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



WO 03/ 003404 PCT/ US02/ 20095 redeposition on or contam nation of the
substrate. It is also desirable to mnimze outgassing fromthe enclosure
wal | of twe oprnaiess chanber. SUVMARY [0005] A doned encl esaresowadobs f or a
pl asma processi ng chanber conprising a dielectric material having a
roughened surface with a roughness average of from about 150 to about 450
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coating~ conprising a textur surrace nhaving a roughness with an
average skewness that is a negative value, whereby sputtered materi al
generated by a plasnma in a plasnma processing chanber may adhere to the
textured exposed surface. [0006] A substrate processing apparatus
conprising a chanber conprising a sgampdrencl osure wall conprising (i) a
dielectric material having a roughened surface wth a roughness average of
from about 150 to about 450 m croinches, and (ii) a plasma sprayed ceramc
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support in the chanber; a gas supply to provide a proces as into the

chambt30 tabeultRD guereinshes: aod afplasma sprayesecasamictheogtingcdaposifed anrthehe
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roughness average of froom about t m cr oi nches; and
depositing a plasma sprayed ceram ¢ coating on the roughened surface of
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skewnRsified kakldstrewaliddimpifsivg (iV'8 didectric material having a roughened surface with
a roughness average of from about 150 to about 450 microinches, and (i) 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 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.

[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 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 that is a negative value.



WO 03/ 003404 PCT/ US02/ 20095 DRAW NGS [0008] These features, aspects, and
advant ages of the present invention will becone better understood with
regard t owbhe/obaabd ow ng description, appended cl ai ns, andPCaasowp@pyi ng
drawi ngs which 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 cont exBRAWINGSparticul ar drawi ngs, and the

i nvention includes any conbination of these features, where: [0009] Figure
1 is a process chanber according to an enbodi nent of the present

i nvenf0a08] [ 001Qhebeé Geutarss, IaSpacterMaEe@rﬁtagégbfW bteRleri irR&n@bn a,m:orrponent
haV|n8§a textured exposed surface a surface roughness having a
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surface of a co bei ng roug ene ure

cr ossueéertsﬁmrhthaheamhm‘f thenfeatures araarie osedzlrguh:eenﬁenta:frt v géreral, S0t frecelyhas
been ou hene d whi.le a plasma s ed coati.ng i,s bein | i ed eret o;
[ oonharskiinet affe ot atuBudids Bl AE Tagrden ngurSs Sy O PatoTorbses
sur f afitdles, WhHareonponent of Figure 3b; [0014] Figure 4 is a schematic

di agram of an enbodi nent of a controller of a process chanber; [0015]
Figure 5 is a schematic diagram of an enbodi nent of a conputer program
code; 03/0Q3404 .PCT/ US02/ 20095 0016 ure S,.a Cr -sectignal
e BOOST, S R IS ALBERES ROrBoeb AcRartnenid A PRPoBlet i rete

sur f agQeftiod; component ; [0017] F| gure 7 is a conparative bar graph of a

nornal i zed nunber of redeposited particles per substrate at different
particle size ranges and for 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 controller 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
Is a conparative bar graph of a normalized nunber of redeposited particles
per substwatoa/oef40e process chanber for a conventional surfrarzasanchoas
textured surface according to the present invention. DESCRI PTION [0019] A
process chanber 100, an enbodi ment of which.is illustrated in Figure 1,

may bEAISdd f or Figwe Gisfa ereessectignal visw of B plasioa tgsch depositing ai enatingi ng f or

exanp, . de | L [ s. For exanple, in the chanber
100, é‘%&%%grﬁﬁﬁgﬂéhgﬁ%ﬁbg?@ﬁ téggasép){fﬁﬁg'ﬁé@&ch material froma substrate 110
by bonbardnment of the substrate wth ions and neutral particles, to for

exanpl e cl ean and prepare the surface of the substrate 110 for subsequent
procek¥BL] As t (FdOWErt is@ eynpdrative bghgrapbabangrazedsiysberefaedepositac
subst | | f . rovid he
desi r%%&@t S ?a%@séta?? ggg%%né%tgﬁtgbz?rs %{eerah%s %@*95’%@%??‘?&99 \%!31 %r(r?é{ée gna
conpra $extgred suifacadocerding tditeé peesent inwentioapdndt or | ayers. The

sem conductor |ayers may include silicon-containing material such as

el enmental silicon or silicon conmpounds. The dielectric |ayers may include

silic hoxi de g; | ] ; hil ra?ﬁ :

bor op 051% osili féﬁ%ﬁggs%'{é%&s%}'?e glbg%zaprggpérgggﬁ %‘gﬁgﬁﬁ%g agéé&%’g&d
condupanicles pgrsubstrmfe oha poekesslanambenfora gpaventiongs senface and adextuasd
cobalt silicide. Hjél’gr;fog@‘ubstrate 110 may undergo the sputter etch cleaning

step PEfARaPEO EPTESHE DENOBN step, such as a netal deposition

step. I n one enbodi nent, the process chanber 100 cleans a native oxide
| ayer (not shown) that has devel oped t hrough oxidation on an underlying
nmetal | ayer (not shown), so that a subsequent netal deposition step can

deposit a netal |ayer that mkegﬁ%@%rical contact with the
underlying netal |ayer. 4 WO 03/ S02/ 20095 [0020] A portion or
all of the process chanber 100 may be fabricated fromnetal or ceramc
mat erj al
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deposition and etching processes. For example, in the chamber 100, a gas may be
energized to sputter etch materiai from a substrate 110 by bombardment of the substrate
with ions and neutral 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 elemental silicon or silicon compounds. The dielectric
layers may include silicon dioxide, undoped silicate glass, phosphosilicate glass (PSG),
borophosphosilicate glass (BPSG), Si;N,, or TEOS deposited glass. The conductor
layers may include aluminum, copper tungsten silicide, and cobalt silicide. The substrate
110 may undergo the sputter 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 subsequent 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
froma cewamsooirat erial that is substantially perneabl e traTRSom2000% engt hs,
such as quartz. The enclosure wall 120 may serve as a sidewall 130, 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
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substrate 110. At |east a_ portion the wall 120 that is electrical

conditRting sepyyats siraeiuie GrodRasiewall 13hend betigar wak 195 0f ﬁw@echmb%re
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el ectotioatsingle ahmaktipleycdishannite sheped domé, ahe i presdrablyfabricatédadiang t he
substrgte 10 to the support 160, or a DC voltage may be applied to the

el ectd! a@'é@%‘: WEP-generate the el ectrostatic attractive forces. 5 WO

03/ 003404 PCT/ US02/ 20095 [0022] The el ectrode 200 may al so conpri se one or
nore conduits (not shown) extending therethrough, such as for exanple, a
gas ¢e@2n} t ( nothshtaessshembaeliOd comprises a substrate support 160 to support the

substrate 110 in the process chamber 100. The support 160 may comprise an electrode

200 covered by a dielectric layer 170 having a substrate receiving surface 180. An
electrode power supply 240 provides a DC or AC bias voitage, 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 electrically 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 also include an electrostatic chuck (not shown)
capable of electrostatically holding the substrate 110 to the support 160, or a DC voltage
may be applied to the electrode 200 to generate the electrostatic attractive 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 wetmmedrod he substrate 110 and the support 160. @CHArSOZNELI t S
(not shown) allow lift pins (not shown) to extend through the el ectrode
200 for | oading or unloading of the substrate 110 by a lift mechani sm (not
shown0022he pr otks :elaﬂtmnibe?wmmey msp airspriseoone ios enaresaopdaits (Hot Ehow)

mechanl sm,.16 cess anber 100
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390 on ich a claﬂg ring (not sho %Wr a _collimator (not shown) rmay be
suspdREetays (nokhehewpho em‘}%ﬁ@ er JGP BRY alsscorgprise 7 supRert hftmg
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The mrcnfmgedhanta&mrel@fothmyobasmth@oftfmmqbst@e an0e| ectric-nmagnetic Shl el d
152 to prevent electrical or magnetic fields external to the process
chanber ,100 frominterfering with the operation of the chanber 100. The

el ect[ougs gnetTite wallelo8 dfke F%H@'ss TABNDSTAN0D hal aM sabk %staﬁ%apsr SHieftf

el ectrica magneti c shi el di ng such as a cohducti ng netic all oy.
w

[ 0024150rwesrpebdw§s efthstnbambso 180Jwne theenergized gma@gsy Fzsexample the
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pr ocefiss. ghise gagRhicie d 50mlsockives andsattiBctsahedpunered mt:-@émnfro\ﬂvhtl-xtzalq does not
chemcally interact with the substrate material. The gas su ER y 260 may

conpritbstiatei 48 e Jbegas shigldi 0 may be susppnged mathin theehanbey Néne or
gas. EREERAtIar i B30 o RC BB (PG R ShR) bF e SoldtRucrBBEShowtty ¥ 2
per i phay yecfusphadediover ﬁ'teesuppbmt 160 when damlsappOH 160ds estsagied dowawardly in
SUbStthtp?oclels% ch':z.-zor‘szng %B) A o.?ehs-n*%a?j‘: urﬁp%i'ye gas shield 150 is made of aluminum
and coated with a thin layer of aluminum 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 material. 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



WO 03/ 003404 PCT/ US02/ 20095 260 may conprise about 1 to about 10 gas
inlets. Optionally, the gas supply 260 nay further conprise a gas trench
cover 264wom3vaEmy distribute the flow of the process ga®CTiushz200be
chanber 100. The gas trench cover 264 nay be coated with a protective

coat i Th as _inlet ar.e, bos one n as_trench er 264 to
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ressure o rocess and one or nore
exhau&i@pptamsoftmﬁprsbesmgas'l‘htheemmulsertﬂﬁrp may conprise, for exanple, a
mechani cal punp or a turbo punp, such as a 350 I/s Leybold turbo punp. The
gas exhaust 270 nay al so contain a system for abating undesirable gases

from oces %h]m j &5 t he
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chambgfockQg ”Br‘chr%%?e Va8 phot(SHwrD h@wahtrbhmb pradsihe dfgiradasd dus mnnhaper at or
to adjust t hei ght of the .substrate 110 in the process chanber 100.

[0027% ambepﬂae ene /b aTore @Xhaust prenps ¢girshown)a Theevhaugtpematmay 330 t o

energ " S | . t | es
cner e BliPRBr BRERBE BmetidhiBaraRlEr XU haRRL oSS 3 B0 K B 100
(as stupb®puney. The gas exhatst Mmammw eantalrr asysieen forabating undebieablg00 ( not
shown). 1n_one version, the plasm generator 330 conprises an antenna 350
conpr 93%8% froRLtherPrABRSS 93%duct or coils 360. The inductor coils 360 may have
a circular symmetry about the center of the process chanber 100.

Typically, the antenna 350 conprises one or nore sol enoids shaped and

posi t[0d26] to pﬁ'beigae_nmasaﬁ@ amd pogssuees in the chambemtPQ is typieakly ackisgedas.
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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), orina
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 WD 03/003404 PCT/ US02/ 20095 di oxide, which is

t ranspar ew0D 0B0034he el ect romagnetic radi ation emtted by treTarsbmzmes 350,
such as RF power. An antenna power supply 370 provides, for exanple, RF
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the textured exposed surface 422 thereon, nay need to be occasionally

repl aced. In one version, the conponent 410 having the textured surface

422 Cﬁmm]ses a gtedmenctamporentsl 410L80thet dhaimtsp100shave diexteedi ng 140 of
t he chanmber 10Q. [0029] I n one version, the textured exposed surface 422

has a®¥RARAtheWEack fA2 Hatixevpesad tonle enviisnmeniinside therhambgieldleang that
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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 unexpectedly 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
formula:



the textured exposed surfaces. The skewness (R$k) is determined using the
following forrmula: 8 WD 03/003404 PCT/US02/20095 1 1 N Rsk=R3Nj _1ZJ N Z;
wher e Rg wO 03Mo34s4 t he root nmean square roughness of the sechase22@®2; N is a
nunber of sanple points of the surface 422 used to nmake each skewness
measurenent, and Z,, Z2, ... ZN are the height deviations fromthe nean

| i ne measur ¢d ptd h§ sanple points. The skewness is a neasure of the
asymm & y= of3 gz;ﬁgface profile about the nean Iine. A surface having
negative s gst 422, as shown in Figure 2, has concavities 424, such as
pits, extending into the surface 422, and may al so have substantially fl at
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 myer to contact and adhere to the textured exposed
surface 422. SyjfHbl'e skewness values can range from about -0.7 to about
0.1, Whe® By Fr _b—”}? ou# theyroot meaheguarg ropghngss 9fiihe sefagdddZntiis 2 t he

aver age skewness the textured exposed surface 422, which represents the
average of a nunber of neasured skewness val ues across the surface 422, is
a negative value (less than zero) such as less than about -0.1. The

negat hiyRbay 6f S8 pikFUNESES the suFfack Ui BUhARS Bad? SkeWardsdRBadudthémce
nor phol o%y t hat has -been found _to unexpect edlﬁ i nprove the adhesi on and
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r et en@N@k .ok spduntase tee BRight dayiatieanEpmyhietmear ine gigasyrehat the sampliser to
th e ; . AR

st BRI PER SIERAERETs £ e SLAPOP MmUYy bf fistsldbe Bropitfidinthe ©
undergieaadinehad surfdte ihdviaglnegatias skednesevpb2 sss siidwein Rigyrd2, hagat i ve or

may be positiv so |ong .as the aver of nupber of such i ndi vi dual
Vol ueRoevitles b st SRt SXIRRCIG BUT e, i adRALE AETEY Aol ed surf ace
422 SH8ntaill) tdr?&s 428 %Es%ﬁiﬁ:téb%@&@mégrr» PRAAD BRcaries o8, Theldk@wness

particul ate tter forned in the cha
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 about 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 WO
03/ 003404wB@3/0080L/ 20095 [0031] Anot her property of the trertusopeboexposed
surface 422 that may be used to characterize the surface 422 is the
roughness average of the surface that is the nmean of the absol ute val ues
of th§0eBHp! acerantiserfpropetthef theatextured erposdrbsyréades4 2hthal ahdyels uskd tohe

roughness features al on e textured exposed surface 422. The roughness
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comportrt a1 wr et FoheBhesTe R Nabiuf Rt Bichbrnilr R ppkes stbede
MeasUpQaeiteSsafad B and geaehteounitetdd tHE flatiliationd bEthekaigiesss the each
coupon. These skewness neasurenents are then averaged to determ ne an
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and vdlTeys are nade on eac neasur

sur f aqersia?, toinpenert 410 dAlhto moepons: frast shewar), afdone opmarabst anti al |y
flat portion of the ceiling 140, a second coupon is at a side,
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surface that 1's a negative value was™found to significantly Inprove
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char atamssiubstantially fist pedionxd the ceilieg 4168, a §ecprAROUPHpIS atA Sigeosubsiantaliv ace

cur f a8 ooy g SIREIAT. 3hy o hRSEROARS BESNIAP BN sfe celifig £ T e
pr opeMhg dvrade skewrassiotthertextured surface 422 that is a negative value was found to
significantly improve the adhesion and retention of sputtered material. A suitabie
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 slope 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 - 1995
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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 ovewotlamozean line for the textured surface 422 mapcChasopbmes ed to
be from about 175 to about 225. [0033] In neasuring properties of the
surface 422 such as roughness average, skewness, or other characteristics,
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bet wesut-oftlangéh cind mirghmes anavppisgicevatpitiordiehgittas asfinéd by hﬁélg{d?»g d
m ni mum and typical evaluation Iength as defined by this Standard: Table |
Roughness Average Cut-off Length Mn. Evaluation Typ. Evaluation Length
Length O to 0.8 mcroinches 0.003 iﬂﬁggg 0.016 inches 0.016 inches 0.8 to
4 m croinches 0.010 inches 0.050 inches 0.050 inches 4 to 80 m croinches
0.030 inches 0.160 inches 0.160 inches 80 to 400 m croi nches 0.100 inches
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[0034] 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 component 410, as for example, shown in
Figure 2. In this version, the component 410 may be formed from a dielectric material 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 dielegtric 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 component 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
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al um num oxi de. An exenpl ary conponent 410 is the doned enclosure wall 120
that serves as the ceiling 140, and that is nade froma dielectric

mat eri al woab/oestogquartz. [0035] The conponent 410 is surfracaSopegbened to
particular levels that provide at |east sonme of the final texture of the
exposed surface 422. The roughened surface 436 is coated with a plasm
spr ay6a6 whieialap imwartingadgitionahtaxtyerchasaateristiens orprevide a textwedexpesed WO
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t he corrponent 410. The coatl S_ be made of mat eri al 425, such as a
cer aninatenialt #15haas, fei@xamgle, &gagpém"ﬁ%ﬂ?é hergofp or i xtures thereof.

[ 0036] The coating 420 can al so advant ageously decrease the anmount of
out gassing fromthe exposed chanber surfaces 422. The coating 420, shown in
Fi gur p00B6] may ‘ﬁlaeeoatlmg]neamalsuiadmtagemsiwdmreeseélse arwuntivhassi ng. | n
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of its mass. For exanple, the coating naterial 425 may have a porosity of

from about 5% to about 10% such as about 7% [0038] In one version, the

ti 0 gl h
gg?ol @il’l def“s??g%gﬁ'”%ﬁ’éé?}ﬁ%g‘f&r{%ﬁ@?@ |s | ust r?&%whégl gurees 3a
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overl yrng coa surface 436 nmay roughened by bead blasting
t he shaﬁaaepoﬁ@ﬁty d:frfrm'eaabdut@%rtmgboebm%l m aioutat%. propel | ed toward the

[0038] In dne 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 application 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 436 by air at a pressure that is sufficiently high to suitably
roughen the surface 436, such as for exanple, a pressure of from about 40
t o about WO opmosads per square inch (psi). Al so, the angl ecafusoneiodence of
the beads 442 relative to the surface 436 is selected to roughen the
surface 436 to pronote adherence of the sputtered material to the final
coating 420, such as from about 30 degrees to about 60 degrees. For
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bl asting, the surface 436 is cleaned to I nprove e subsequen esion
and ref Betsusiace43Bhe coating material 420. For exanple, the surface 436 can

256, EERERIY, MPYGRAR aBock o) e Aok R3S ICS1 ST ke Yot 1 o

exanpthe bdahblastihy soursent tHe Sompad@nt vaifede 486, i n an ultrasonic rinse.

Additionally, the conponent 410 is baked in an oven to
[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 material 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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bake out any residues, such as fromthe cleaning process. For exanple, the
conponent surface 436 may be baked at a tenperature of at |east about 100
Cel si us twoimspozve the subsequent deposition of the coat ipag/usat/ecpal 420

onto the surface 436. [0041] After cleaning of the conponent surface 436, a

coating.420.is,.plas spr.ayed onto the surface 436 as for exanple, as
st eyeipigs B e s3franec Glal ngoa ARt ey solidy fotoriroa
at onmceafag @(_t)at_i,fgmgo A Ehddh Yn Flg%@@& a spray of particulate coating
material 425 injected through thé plasma. For exanple, the plasma may

| iquefy the coating material 425 by heating the coating material 425 to a
tenp re of , thousands of, K degrees | si_us.. The lLiquified droplets of the
coat iﬁg‘aﬂat eri 4 oRs XeSip. A alap r_@é%@éi&% ipEpeddo P 3R0SPraytingi gh

vel ogohtigg meterddl&o50abeRe dutRes ubE | A9sKoWH Wﬁigﬁgégg“ﬂ[%g%ﬁ#oﬁé}{ psfy to

forma conformal coating 420, as shown in Fig n one
ver sy, bamauates os gregnticlieble mbstic @midpot shown)de realjiesirthe distancecandii ng
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di st arside amtambey|(eotashdwrs tplcanitrof edfasdHvirohaiant ewhitH fedidsifa téicho, the
pl asggﬁtorch 705 may be inside a chanber (not shown) to control the gas

envi ARIRMESeshi ch the plasma torch 705 is i mmersed. [0043] In the
pl asma torch 705, a carrier gas is flowed between two el ectrodes, such as
a cat hode 242 and an anode 244. The carrier gas is suitable to forma high-

pr es §i043] pl asnin theplasma tarohor05, 1 ¢artgegas Byfitwagkbetwierld electrddeon my be
used ecause . it i hem cal ly i srt gnd because of its ionization

char SHERA? gtqa&ng\gﬁf Rgd ) %‘i‘%‘?ﬁg HadB8 cagigfigasds isjiablede form i higbyen, can

. ¢ :

e e asiel SUEH a8 arb ger ydrogii ar Befidh, RACHIRGR pe e e | °°

materi al s s.u_ltab e_to gen rate a I SCharge ~arc
pl ashesausgdhisshamicallysinert@nd becaiserofdts ionigation characteristicbodiddimg , t he

Adal ioriefarstsn i, 85 phHRRER S, AlSasganSRasF due Srillty. g pecdds The
wat ecathode @42 4ol HEIELDE4 @UART) i@@tm@ariaﬂi@itaaréttbcq&]e%é% andiddifc R8eHsgeds

may grec‘t ?orurg stRondi ngly shaped to suitably generate an

e plasma, such as metals like tungsten or copper. In one embodiment, the
cathode 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 cylindrical.

[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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el ectric arc between them For exanple, the cathode 242 nay be cone-shaped
and the anode 244 may be cylindrical. [0044] An AC hi gh-frequency
di schar geworBwdabes an el ectric arc between the cathode 2¢2/sod2d0b® 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
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range of fromabout 12 to about 120 kil oWatts, such as about 80 kil oWatts.

[ 004 stagﬂ_&ff di,s e _and agngl e of  depgsition, can | ected to
b udbodet GRS taREE AN ARGl & CoRBTRSLAaTRS SRleited o ABLSEIS he
sur f afAiten dﬁérraétéﬂ%se@f thé%a‘ﬁh?'?ﬁét%ﬁamﬂ 8RE% sidacd1dB6. For@RaRTIE! ON
can be ‘adjusted to nodify the pattern in
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, to form
for example, “pancake’ and “lamella” 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 plasma 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
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whi ch the nolten coating material 425 splatters upon inpacting the surface
436, to form for exanple, "pancake" and "lanella" patterns. The standoff
di st ance wod3amgh£ of deposition can al so be adjusted topPaodishy2dobe phase,
velocity, or droplet size of the coating nmaterial 425 when it inpacts the
surface 436. I n one enbodi nent, the standoff distance between the plasnma
t or ch4365 Temperaturssiabovatte hidltingpbinboambield a 2oaied 230 e highdetisity amehes,

such . 3 inches. The, angl e of deposition of the coating naterial.
425 oﬁ?@?ﬁgféﬂsﬁcg%%am{ﬁ'6’39 f?%rég‘g'ﬁt‘)fﬁ?? B'@@F@é@aV@Xéﬁ%SOM ¥egr ees
rel at invénd empdagment, tias BoAd ' pr«{ the velocity
of the povvdgr ed coating gat @ﬂ%@gg%ciﬁﬁbggogg?gm%ﬁgbgsui QBZIJ; deposi t

t he cHQWﬁH@f ¥ae éemaerajors ehtherplasmatabost thesslettric diszhando damaiso, bd bet to

| ocj ; i terbal 425 i bout 300, t bout
550 Be e 8 R € SoRtdIalRErEe tamabs rlrobr Adassiaskoidsne haen: he
t ingpact evithf the tdoenpervede rseelf; 6! ' ' ﬁ@fﬁ-}d @ﬂﬁ»ﬂ
mealrr![:):a:;rm¥ m)erateur gf thre cggte;iﬁgng:rg?exrgfﬁgé'g%&m%%ﬁﬂ%ﬁe powder e écng%fi ng
mat er PRR t?%‘é*c@ t96SoRgH 96 Rt ifast abeulc® 1 sscomIn3/ 003404 PCT/ US02/ 20095

436. Tenperatures above the nelting point can yield a coating 420 of high
density and bonding strength. For exanple, the tenperature of the plasna

may c0Od8Y 30, 0AQPratess chambeemPdHavRgta coiysorsM 100V BeBRtFed Sufs&en about
However, the tenperature of the plasma about the

29 I\/P%jco abqut 73 MPa. of IS IE

el ect aﬁ"r%’@&‘i‘&r‘& he presgradgnyentian, apembrdiment ptwhichlis shewntin Figuresdx oat i ng
Corial o . . ; : ! he

Conporans SRR RTRI ATy BVl 8 coftvetilonafpiSests BRaBAR (dt FRBF Wibdhy© b

at | esush ateodired. fasectRis For exampleatite priocess thdmbec 900iganré®4dd A process

ot neospagudt ¥f Roufe R TRa A sobinhsibsBrte b ChY Roacios i e Fhgies ac.
o e e s A St B albstia® 13010
can raud&nctiendsydiathenthss chgmbeehasiconuestivasl components @b teft are 8B0) dry a
L:ﬂ ?fcﬁngéoriéggﬁ 3 1 gmrgégeeyﬁg%gggﬁé&{ htgﬁ é&c?rdﬁ‘:@%ﬁhg prr]é)srenrﬁlirlwzeer]ctliom{ﬁoee fig of

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 internal 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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as a function of whether the chanber has conventional conponents(the |eft
bars 830) or conponents 410 with a textured surface 422 according to the
present iwoeamdzm (the right bars 835), and al so as a fumrctiusn2/eft he
redeposition of particle sizes in mcronmeters. The data points are based
on neasurepents-of 11 substrates using two conventional sets of
corrpoH@FW%“ZeéﬂrmeB@ers%U%ﬁQPé%edlm@fthﬁbisrﬁj sizegrestarsham Ochmpemoemeters4ddr havi ng

h t ention. The Ieft and

ot CEalatbfde BRAERCAMafE ¢alfi A st s N RS ThLERS B argnde

r edepoBicnotogicatly dram sefb & righte aﬁdoﬁeﬂmnm)umber 4T MaNees WHn tREOCEeSS
surfaces and a substrate 110 in a

h |
bt 006 SATBRERHS A ORI (L b Hon LATSOn U5 FiiRa 620 iPRiasnt spwetongtn a
accor gide@ss ERainber Bk EohVWRnp Bom&@ﬁ@r‘ﬂgt Mﬁé M %{% ﬁgelnggﬁf sﬂg%gEg al eft

and right bars 830, 835 across t nges o n see
t hat tetmewﬂ@p@satmr@nn(ﬁ progess ichamier doo Hnavumgmmm;nmmim Oigith ypifacdd v

ndd | Ton A e BtBRE AR D g Rive RiteErt muinfian Sngolia pounts asebaseson
typi caidagufeavents of aNafibstaesatsing chatiberd Wik tMS %@ts%hé‘dn p&ﬁﬁnt ' Ona'

conponents (not shown). In one enbodi nent, fetime o
conpofRIAPenends pard §AGepstates using shambsmwita fwrrms ofx@dwedmnﬂacenm

03/Q03
Ty URD0PaRaE 4105 The Pat 8% ik Pl haih 8% SnSycfhe tistReaedPacaloeat er
t han @oriventionalnminepongres usegdn atcdvrespan@lhgtsﬁrﬁnhr dﬁ‘e@ﬁﬁoﬁé@&) Pravide8Bfpent s
an op&rtg';l n.emT e bars are rranged  chronologically fromleft to right,

and r Reianerotdhe ba heidhts on e Iefi and emage showndya vericaked.
The DS ok g I %n& 'a%ﬂ%%@eﬁ?dgvﬁﬁf BY B%Hetﬁé‘trfgﬁﬂz Byirbgﬂ'tlpé;rl n?get‘?%%ggg%nber

using a convention conponent's ars on
r epr eRasticlespdepesition valuea qir thedeft aridarigi side8(B20a 826 grespentiveln! snet¢8n wekh
422 hat are t.extured.,acco to,the ent i nvention. The

. di
cat o DT hebaibeeaBhSulion A iE RS DI Gy tSodesauly S Bastabolg 4 Hawsdre wi t h
two sedifg eémp@némsu,mabcorem@owmetpﬁesaﬂ%\iéméhbweaécﬁﬁ Hﬁémuf&hﬂgb\§h§hw th

four sets of textured surface conponents ) IS an
poi ntis@kgtt RIperipnAl taithe eajacd saderasitinneof 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 detectors include, for example, but are not limited to, a radiation
sensing device (not shown) 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 voltmeters (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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conventional conponents used in a corresponding simlar operation also
provi ded bad data. The nedi ans of the bar heights on the |eft and right
si des ar ewelomm4by a vertical |ine 805 on the |eft and amotrhso2/2mpi i cal
line 810 on the right. By conparing the nedian particle redeposition
values on the left and right sides 820, 825, respectively, one can see

t hat TR8iteEng ﬁbfft@"‘r e’ pediseddn defermine the thickpese af a jayesdieirgiptacessed oast
abouqhggu usi ng conponents 410 according to the present invention
The conponen |fet|ne which 1is about proportional to the rate of
redeposition of the particles, is thus also typically reduced by at |east

about 005 rocess cha al sqg i ncl ude additi onal
yst iBS hch oA ORISR FETTAS SPEECR qtdi EhRkgT 300U AR RAERCRRY
C0”prHe%éﬂv@hQOQ%cf?fanPtbﬁaiiecbeaq{ooﬁém(tﬂé’tvanétﬁ@%ﬁm&@@éorﬁé@né‘ﬁ@%ﬁdosﬁ?érﬁgt or
nmoni tor process condi'tions continuously during an operation of ‘the process

chanbleor ex@npler theomiocess aonditiors maaeuragi b,sothm;m'oedsm mctrhtenng lslysﬂenatrethblo
The det ect or tion

T HoCELS FRarnber 108 b be TR 88 kiebhival Slpnisdb '€ ForsRaitel 488 JuRla T on

Syst efen@Han§es @l’r@é@s@%nﬂﬁﬁsmh&etﬁe@ &él%a@iw\@}hrégﬁbldaﬁal@e pAﬁﬁé&ﬁi‘?
gauge, for exanple, a nmanoneter; a terrperature sensi ng device (not” shown)

such the Q@nm@é&rnﬁ%mﬂlgstoatem way afan exemalady singlereortrallerideyvicstirigunect

or - ary SRy He b el ol e EntRR R 3rbUBLS DB R BRI AR e
pr ocesshtiian®80 malPba rdpipraiity of cantrliepdévicds thagasd connsdted 3o dne enethidr ¢ral
signal, that varies in relation to the neasurable process condition. For

ex arrp? pluralify of caet é@léefldﬁ“msd§ﬁb6??4@%'\9@9‘1}8@2?%@0950"1%’%?&4%0%@7\9 em can

be u 1 t

substrare® PEYERE 160 s HegRiEh Rierionttlic fbfite RrAEARR e Msirali®s o 1y
t r ansand exergp g embexdimentsgdedogibed ihesdinsi gnal s to and fromthe various
chanber conponents and systens. For exanple, the process conditions
nmeasured by the process nonitoring systemin the process chanber 100 may
be traosp]tted Ao esbbumaents tHEN@ frdiier aa@eaﬁfpﬁbé%lé’&%mdm'@maré hen

changes process conditions mhen t he signal reaches a threshold val ue.
Al t hdogihding 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 control 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, (ii) 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-processors, clock circuits,
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the controller 480 is illustrated by way of an exenplary single controller
device in Figure 4 to sinplify the description of the present invention,
it shoul dwbe3wesdes st ood that the controller 480 may be aPpprursat/edoys of
control |l er devices that are connected to one another or a plurality of
controller devices that are connected to different conponents 415 of the
pr oceSachen arwer supplies. sl othre weil kaewn Gompaneants that@ie in semmumicatientwith t o

th I

bnbod P U0 o RS L PO SR BpBrfiEe i ke nPiiEivin o Rt g "

el ect acoasls memony (RAM) G0, lasrieag-dnh,t egnatr;ecROiM nottshowmt amd other siirhge f or
rocess ch he controller 480 is

oper ng the ner

adapté%" o w&ﬂéBPW&dBéh?ﬁ tﬁ“? ég\% Q%GPF n%se tocdarethessatyargut put

si gn h etectors
o e B R B B L ocess
condi ¢cardradler A80 lwomprisesss cohiaottasintedoce BO6 teganpéd, thelmentrolen48Q tor oth80 may

conpr i onprising a central processing unit 500 (CPU),
whi chcqaef“é? nQOéPB%'% ‘{gécto a menmory systemwi th peripheral control
conponents, (ii) application specific integrated circuits (ASICs) (not

shownn) that operate particul ar corrgqnents 415 of the Oprocess chanber 100,
and (Onﬁ;ﬂone ofherottpw @f the ORY 508 ispassed ta@dtsplae/rm ehothey along with

pent | dRrmnangY sfvige it grYBaE Bap Mol oo dP bR Tb e
pr epr&gﬁmmdao @6 coRBol bseratibns 88 ks altsrund saftwiaes I #ieadorfolldpn80.ardr ot her
i nformati on fromthe process chanber 100, or operation of particular

c hanb@?a@@ﬁpm%ﬁtﬁf%bewmﬁpﬂﬁﬁ randrtheqomeuteh sysiem may bese6RTh
I
£F om it (RESNBHAP ARG o PR not Hich e THET IdHER. detel IR efTedy ' 7
cent rtaé mﬁcmtmgwﬂnathgh( éﬁhsormﬂihe fiy pf thel perupipo rselent racpartxczyla'r screedes, for
t / US02/ 20095
oG the 3peras foudheSH v RleH e oh TR HBOnERNLoT ARG PLSBSY § Button
CO”TWCEH 7 pEm Thelares h6udhidd StPshgesafs @W'@neﬁvhﬁeﬁﬁ"ér%@%éhﬂ%%p%)ﬁﬂoes in

conjunction with a random access menory (RAM 510, a read-only nenory

( ROVl candirmdhewemmenigation detween a“g%hghi@@nm CRIfranitorn @ther deviceshe RAM
510 canmbes 4380pb8rdS b GE 1§ pRHhAHfamunication 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) simultaneously 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 491 or the hard drive 492, and called into the RAM
510 during execution by the controller 480, as shown in Figure 5. The computer program
code may be 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-usable 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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I npl ementation used in the present systemduring process inplenentation.
The <controller 480 conprises a controller interface 506 to connect the
cont rol | ewo48003404 ot her chanber conponents 415. [0053] ThreTasppaiosdf the
CPU 500 is passed to a display 530 or other conmunicating device. I|nput
devices, 540 allow an operator to input data into the controller 480 to
cont r 819 6pEWIed GRiecd cods, e systemepsaatonarekésthenebjechtods, lcausitgthe For

' . r..and.t he, co te ystem may be a
CRT PR YR T RRAWE R o B o arBtit rke Fardiied Feinadet oct <
| i ght camputeegrdgrant.he CRT nonitor with a |light sensor in the tip of the

pen. To select a particular screen or function, the operator touches a
designated area of the CRT nonitor and pushes a button on the pen. The

area ed chﬁykg ' r reen is displayed to

conf i[fr{)g]BtS e (_:orrrrur]ie?:]awt’ ?@%%géﬁﬁéﬁf rt8 %%W?%%]g%gﬁoﬁf%@%eoraﬁx WBFﬁ &5 ofx her
devi cexniputen gistristiangepbluding, forexaemplerprocesy fridgite ARG SBRAAE 805 deydgofntcan

al soﬁi ed_t cogmuni cate with the controller 480. In one enbodi ment,
tvo. MERPEETLSE AR L BT pEocess Gantrd) sotWatmBel that dictates ihe tmingnaracaser
oper iti ' YA A clans. Both

o oD Em e Mhrernale. RE PO LR TE P o B8ts on
one 1GhgbesetNq, slegitasiecpositionibg] arkhetheoproess paramgetarsasdice pRftegs t he

tr tored in a devi ce, ch as_a flo di sk 491
or "t sdienfHer 0. "B, BT ErooPar] coflE BObscr g tals SeHnas g BResLEVEl oy ¢ he
cont rthé leeergh8Eoupied $b e pldsnd gefiérator 3B0EtHeNBW I&/eld "aﬂﬁ ;c"r?]:gﬂLPadg.gg)‘ﬁ é%?bgs

witten in conventional conputer readable progranmm ng

for éXERgHGed ipigiaupRpcess ghamber ¢00@nd therdispiay £30. Shipreferredprensjonnf thede | s

ent er, | ' ' : | | I n nventi onal text

ol £ GOTIPAHEL B B 600 onfiis B U plddr ot ST El e

MenoIpyoSBS sHquencec prggraeT cege BRthatfalibwe anaiperaed t6 @itert gid séisci & 2 hi gh
e is conpi a conpiler code, which is |linked

Lm'e}/ﬁlpé‘h‘%c: }J’agt%ec t@ﬁ@ tﬁgpﬁ?(%%ﬁﬁ EB'@%:? igr' t@?ﬁ}%pm&eﬁ feaipeTo asalected proressi nked
B Y M L ) s SRS and o
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 680 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 controller 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 barameters
include process conditions, such as for example, process gas composition and flow rates,
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conputer systemto |load the code in nenory 503 to performthe tasks
identified in the conputer program [0055] Typically, the conputer program
code 600 wormpnixies one or nore sets of conputer instructipemaiSoz/mwbaidi ng,
for exanple, process nonitoring software 605, endpoint detection software
610, and process control software 620 that dictates the tim ng, process

gas & rieEWeratHEmBRY PFeEsikes gasenergiingeparamaiers¥ugoae midrowals or RF de

o 28 oy I il LB AL SR AL LI R o o

cont walsteswparatugs. f or power | evels of the ‘energy coupled to the plasma
generator 330, the flow |l evels and conposition of gas introduced into the
process chanber 100, and the display 530. A preferred version of the

co rogr | ' [ code sets 680, such as
e A e AL K A
sel e o dh
in a & egt ed process champe .18% and ch nger nanageray;?r_rtggtfgarﬁ] code 6%% fgr
oper &&\ ‘114'{; 3%@'%&%8(9@3351’3 @F{(t"i‘ UPC‘F%QH@%%F 09 aseeriingsto thetpiecgssocess
o T of . o Nples U Shenbe! HarRgel BeRRAIR BBl BEBACE: BRIt AT dR 1Bt e
set sSHING arsubstrate 49 ar depositing imateralion asulsteater U@y, afhe ohembéninagagéecd

i th r_program.code t rovide a desired set of tasks.
ThusPliiahESsTs 8pp EPRYER R BRTt PR s Sl P ete i sarrbeetnere: n
shou680 tieat duntidl wpeeationt of dHzenisgranidonep PO "ERGnRfied B?ctﬁ%rﬁ&#:am codes
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descri bed he{ei n or housed as shown herein, and other sets program code
or cBHPRCBRN FAMFQl AFPGiAN cRde inrdudesyhstigte pesitianingiprograrmeede 6d0hathi n t he
scop | | | n_onper at or rs a
ot oceaarols PEoBt FaBn M THE B8 antl Bbve P bRk A 8aRBBG ShBkaT o am
codepBREssigastdontiohpragrdeveade 680 thatlvenpoletie Sosicsitic and fonesed dhthe

DRSS G PRl TR RE chrirbes B bydhs ohs FURRIY ASHrIASpesRUaDT0k S
SeqUERREEM CUdIGEINRACRIS e si88 0 tHe &%m@oﬁgﬁr%@fﬂlog%tqﬂ vaN&E §8Sh as a

paraneters needed to operate the. process c or pertrorm ﬁa a
par t iheeftigrvalye @nskplasma gensratos pregramesasiest 70 thetwdetrplsthegowsrieid obtie

SUChB8nfzPEeferaBN 330, PLOGSH5tG3ShE RABL! im%rﬁa%re]g pfrcl)gor\étvmr 3§ 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 certain 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 would be apparent to
one of ordinary skill in the art. As another example, one or more components 410 of the
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20 WO 03/003404 PCT/ US02/ 20095 chanber tenperature and pressure, gas
energi zi ng paraneters such as mcrowave or RF bias power |evels and
magnet i ¢ WoeBdog@owner | evels, cooling gas pressure, and chacharso2/wabi
tenperature. [0057] The process sequencer program code 625 executes a

process set as the particul ar, process set paraneters to the
chanb?® Cﬁﬁﬁ&g}ém%’ @t%%ﬁ%@@@%é@ a piuadly efniffesnd cw@q& $2@s3hug, thesk in the

procegsp &{Hﬂg)éléuﬂ@ghéggq{di'bgglrﬁ&& f3an8 ro%%@ﬁﬁtxofo the':;ﬂé &f?d*@ L giopkhe chamber
manager program code conpri ses program co ing a Substrate
110 oconteimesi hénein.mat eri al on a substrate 110. The chanber manager program
code 630 controls execution of various chanber conponent program code sets
680 that control operation of chanber 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 program code 660
that sets the size of the opening of one or nore gas val ves, such as a
throttle val ve, and plasma generator program code 670 that controls the
power |evel of the plasma generator 330. In operation, the chanber manager
program code 630 selectively calls the chanber conmponent program code sets
680 in accordance with the particular process set being executed,
schedul es the chanber conponent program code sets 680, nonitors operation
of the various chanber conponents 415, determ nes which conponent 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. [0058] Although the present

i nvention has been described in considerable detail wth regard to certain
preferred versions thereof, other versions are possible. For exanple, the
present invention could be used with other process chanbers, such as a
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chem cal vapor deposition (CVD) process chanber or an etching chanber. The
process chanber 100 may al so conprise ot her equival ent configurations as
woul d be wppanesapsto one of ordinary skill in the art. Acarusotrenexanpl e,
one or nore conponents 410 of the 21 WO 03/003404 PCT/ US02/ 20095 process
Qhan‘&% 100 may conprise a plurality of different coatings 420. Thus, the
apperfdeat is alaideshigal d not be linited to the description of the preferred
versions contained herein. 22 WO 03/003404 PCT/ US02/ 20095 What is clained
is: 1. A donmed enclosure wall for a plasnma processing chanber, the doned

encl osure al | Adopradsemgosuae tval fec arplasmatpeotedsimpodmber dhe domeghened
surface, havi ng,a rc‘)u,g]:)hne_ss average of from about 150 to about 450

m cr(ﬁnﬁiﬂ?é’@ Ioccﬁn‘bl%{g% sprayed ceranmi c coating deposited on the
roughened surf aggieRdctrid H%téﬁé?'c@ﬁiﬁris%d@?@ﬁéﬁénec{}é\ﬁfm%arraﬁgﬁing am ¢

coating conprising a textured exposed surface having a roughness wth an
aver &yerage-oheem abnit 159 ta abeyh#b0 enicedinehesmaadeby sputtered materi al

generated by a p| i | asma _progcessj ng .. chanmber nay adhere to the
t ext ur ed exposeegp@gﬁﬁa%%?%c?c r%f:lcoéﬁ%@ﬁa't?%ogﬁﬁ? ﬁ?ﬁ%&?@?’étﬂf&fsﬁ@f
t ext e dietediris esateraf Qh?@plé@lziér%ﬁ@zed é.leré?ﬁﬂzmb%‘fiﬁg cOrrighisiiy a\ekags skewness

that is | ess than about - . according to claim2 wherein the
aver £§B0se@aHEase having alaighgess withamaveradetskeyness thalrie @ ragativesslua| ues

t hat > 4 I di laim1
wher el ' LBy 3R0UGredindierl GoRbtatclt by e piatnillh = BESRERBERITS of 1 om
abouth&prbies nednpathd@dto the téxturdd exposeddurfaceo claim 1 wherein the plasna

sprayed cerami c coating conprises alum num oxide, titanium oxide, or
m xtures thereof. 6. A wall according to claim1 wherein the dielectric

mat erial  gonpr izl &ccording to claim 1 wherein the textured exposed surface comprises
a roughness with an average skewness that is less than about -0.1.

3. A wall according to claim 2 wherein the average skewness is an average of
a plurality of measured skewness values that range from about -0.7 to about 0.1.

4, A wall according to claim 1 wherein the plasma sprayed ceramic coating
comprises a porosity of from about 5% to about 10%.

5. A wall according to claim 1 wherein the plasma sprayed ceramic coating
comprises aluminum oxide, titanium oxide, or mixtures thereof.

8. A wall according to claim 1 wherein the dielectric material comprises a
ceramic material.

7. A wall according to claim 6 wherein the ceramic material comprises quartz
or aluminum oxide.
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ceramic material. 7. Awall according to claim®6 wherein the ceramc

mat eri al conprises quartz or alum num oxide. 23 WO 03/003404

PCT/ US02/\®009560804 A net hod of processing a substrate in aprpmaseysoghanber
conprising the domed enclosure wall of claim1, the method conprising: (a)

pl acing a substrate . n,chanmber: and (b) form ng an energi zed gas_in the
chanber to%sput téfneéb%iuc PIECeS3iBE @ sbstrate ina ﬁ&hé”&%@éwﬂﬁg‘gﬁﬁar at us

COMpr UBdi eAcIBBaMRaI 6PERIM 31 e MefiRPCoRARLAGUr @ wal | conpri sing a
dielectric material conprising a roughened surface with a roughness

average of from(aboutplagog asubatratet inab@nmberr shdiches, and a pl asma sprayed
ceram c coating posi t he .. rquaghened surface, of the dielectric
material, the pl(ggmﬁé{g&g@%g] ec’%(%'ﬁeg g%&df‘?'ﬁﬁc %@ﬁﬁﬁoﬁ 8f et i@ ed exposed
sur f asgbsteateng a roughness with an average skewness that is a negative

val ue; a substrate support in the chanber; a gas supply to provide a
process gas into the chanber; a plasma generator to forma plasma of the

process gag in W%?ﬂiﬁ%p%cetsgmg; mﬁtgisreb%n%%ﬁ .ate; and an exhaust

conduit to exhaus ocess y 'sputtered material generated by
a plasma in the chantzechambyeragheprisitga domed entivsad wxpesRprisHE AgRleckt An

Do Rl oL St sUSubhissh aredos Foraabo o0 o
PPl s 455 NI, S uHAGHISTAISH HEMASERSHRIARSIEE g e 208 O,
0. 1. 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 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.

10.  An apparatus according to claim 9 wherein the textured surface comprises a
roughness with an average skewness of less than about -0.1.

11.  An apparatus according to claim 10 wherein average skewness is an

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

12.  An apparatus according to claim 9 wherein the plasma sprayed ceramic
coating comprises a porosity of from about 5% to about 10%.
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12. An apparatus according to claim9 wherein the plasma sprayed ceramc
coating conprises a porosity of fromabout 5%to about 10% 24 WO 03/003404
PCT/ US02/\®009503408. An apparatus according to claim9 whereTrusotrzoops asna
sprayed cerami c coating conprises alum num oxi de titani um oxi de, or

m xtures thereof. 14. An apparatus according to claim9 wherein the

di el ectri c 18at eAradpRaratis assordiag ¢e clhaiind wineezin dhe plBSmalsprappdcatarsic

accor dj Y ej ceranm.c material conprjses a alum num
oxi deg%%% g?@?%%%ﬂ'ﬂﬁgh@gd%p%r%mi%‘?‘?’nﬁ' rﬁ'%ﬁ%@“%ﬁﬁ#-osure wall of a
pl asma processing chanber, the nethod conprising: (a) providing a doned
shaped dielectric preform (b) roughening a surface of the dielectric

pref or m t o 1ftor PR FRRAABISAFCORING 12 6laimg whetein dhe Histeotriamataris comgrises
about 5 Lafa i AB8HK4 450 microinches; and (c) depositing a plasna sprayed
ceram c coating on the roughened surface of the dielectric preformso that
the plasna sprayed ceram c coating conprises a textured exposed surface
having a r gghn ss_with an avg&&gqsremess that is a negative value. 17.
A net hod adtor df RPRRRATEIUSiaacel siaim (4 whergin theseergmie materalioegnpises

surfagg;urhnﬁmgbkfdebé,a@jgr&g 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 conprising alum num oxide particles; (iii) maintaining a grit

bl astin SSur, fir out 40 .to about 50 ds per square inch; and
(iv) mat?nlto liaig'ni n'S‘enegg oldt&g‘l?ggﬁ%ﬂa 9 HBW&?n%‘?eC'%%Fﬁ%ﬂW@ P'ﬁé”@lﬁq‘f’%%s'ﬁg from
aboutcrai}nber,ab@metﬁed@egfpeigmg; 18. A nethod according to claim 16 wherein

(c) conprises injecting. a ceramc gowder_thro_ugh a plasma arc fornmed by
mai nt ai ni ng t wo(@I ecPiAYiHRg aidomned phapee dirlestrg prefpm;

(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 thatis a
negative value.

17. A method according to claim 16 wherein (b) comprises grit blasting the

surface, the grit blasting step comprising at least one of the following characteristics:

0] using a grit having a mesh size of about 36;

(i) using a grit comprising aluminum oxide particles;

(i)  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.

18. A method according to claim 16 wherein (¢c) 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 Voits.
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from about 30 to about 60 Volts. 25 WO 03/003404 PCT/US02/ 20095 19. A
nmet hod according to claim 16 wherein (c) conprises injecting a ceramc
powder thwouglozxopl asma arc forned by naintaining two el eeCrasey2@bs a

rel ative voltage of about 45 Volts. 20. A nethod according to claim16
wherein (c),conprises injectjng a ceramc powder through a plasma arc
formed by ma¥ntafiNEgo gc,cl‘}P t%@?\ﬁ%é?“('ﬂ\ﬁe& € crowEseY iNjedHeLA C8GTMINDS.
21. A a@dme@@gﬁ Qig‘%l rh& afd Rribd ByWRSIHEARird v CABRY I} 'er\q?

cer arrié:mpomder rough a plasm a|yc nan?énlpél neé) %g&g& enar)ted:getq%é\)e 0 I?aag(e of
| east athmitdSBYo®0 C.  22. A nethod accordihg to claim 16 wherein (c)
conprises injecting a ceram c powder through a plasma arc naintained at a
tenperature that is sufficiently high to maintain the ceramc material in

a nolten stzge UAthbtholl doaBamiPtd H8ing YBSikerm @) donprbE m‘idghbya E@Mrhfaat

the ceramc material remains nolten for a period of tine n~inpact wth

t he sRawder thpaighna plasiea aEiosnad by Mainiaining a eumerirhstweer two @aticdes of

form %Oqjt@@sl&r%ﬁssprayed ceram c coating having a textured surface with a
h

roughness wt average skewness of |ess than about -0.1. 24. A method

according to claim16 wherein (c) conprises formng a plasma sprayed

ceram c coat ] ngsﬁt?ﬁ%%i sing a, textured gurface havi ng a roughness w th an
aver age skewhes ofd achprdingiofaimy 1 0 vhgrgina(c) comprise MILAtEY & RIS

val Urenspléélblﬁ]r thi (% ;pﬁéé%égﬂf-%arn?aiﬁe& %t aR8HpePathre 8Pat Ié‘a%eéﬂb‘lﬁi 3BGEY 9Eng to

cl ai erel conprises formng a pllasma sprayed ceram ¢ coafi ng
havi ng a porosity of from about 5% to about 10% 26. A nethod according to

conpr | 51 ng 24-um AT BR AEeC BTG RoIP QeI (i RORPESSR MDD & COGME

03/ 003HMder@htddiRfiRa PdPRa 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.

23. A method according to claim 16 wherein (c) comprises forming a plasma
sprayed ceramic coating having a textured surface with a roughness with an average
skewness of less than about -0.1.

24. A method according to claim 16 wherein (c) 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.

25. A method according to claim 16 wherein (c) comprises forming a plasma
sprayed ceramic coating having a porosity of from about 5% to about 10%.

26. A method according to claim 16 wherein (c) comprises forming a plasma
sprayed ceramic coating comprising aluminum oxide, titanium oxide, or mixtures thereof.
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27. A nmethod according to claim 16 wherein (a) conprises formng a doned
shaped dielectric preformconposed of a ceramic material. 28. A nethod
accor di ngwoesobanm 16 wherein (a) conprises form ng a donedT/GShapwas
dielectric preformconprising quartz or alum num oxi de. 27

27. A method according to claim 16 wherein (a) comprises forming a domed
shaped dielectric preform composed of a ceramic material.

28. A method according to claim 16 wherein (a) comprises forming a domed
shaped dielectric preform comprising quartz or aluminum oxide.
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