Er osi on Resi stant Process Chanber Conponents BACKGROUND 5 Enbodi nents of
the present invention relate to substrate processing chanber conponents
that exhibit resistance to erosion. In the processing of substrates, such as
sem conductor wafers and 10 displays, a substrate is placed in a process
chanber and exposed to an energized gas to deposit or etch material on the
substrate. During these processes, process residues are generated and
deposited on internal surfaces in the chanber. For exanple, in chenica
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surfaces in the chanber, such as on tron rings and shadow rings. In
subsequent 15 process cycles, the deposited process residues "flake off"from
t he chanber conmponent surfaces to ['i‘bk N nd contam nate the substrate.
Consequently, the deposited processS residues are periodically cleaned from
t he chafrber surfaces. However, the exposed surfaces of the chanber
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as NF3 or CF4, that can rapidly erode the conmponent surfaces. The cl eaning
gases are typically activated by m crowaves or RF energy. Oher erosive

gases, such as for exeEprecadsily sTbuBspfss, st adlsemistndastor dafefs ahg@de 25 the
surfaces of the chanber conponents. Erosion of the chanber conponents is
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surfaces to fall upon and contaminate the substrate. Consequently, the deposited

process residues are periodically cleaned from the chamber surfaces.

However, the exposed surfaces of the chamber components are often
20 eroded during the cleaning processes or when exposed to other erosive gases. For
example, during a dry-cleaning process, the components may be exposed to energized
halogenated cleaning gases, such as NF; or CF,, that can rapidly erode the component
surfaces. The cleaning gases are typically activated by microwaves or RF energy.
Other erosive gases, such as for example etching gases, can also undesirably erode
25 the surfaces of the chamber components. Erosion of the chamber components is
undesirable, as particles of the eroded component often flake off from the component

and fall upon and contaminate the substrates being processed in the chamber.

In one version, the erosion resistance of the components is improved by
30  providing components comprising an erosion-resistant ceramic material, such as for
example, aluminum oxide. Ceramic materials such as aluminum oxide typically exhibit
good resistance to erosion in energized gases, and can reduce the generation of
particles in the chamber. For example, U.S. Patent No. 6,083,451 to Gupta et al.,

describes an alumina ceramic material that is resistant to fluorine-containing plasma.



1 However, even these materials do not provide sufficiently good results, as
the ceramc materials can still becone eroded by sone gas fornul ations.
When they do get eroded, the conponents can typically be cleaned and
re-used in the chanber only a fewtinmes before they becone too eroded for
use and need to be replaced, a practice 5 that can be both costly and result
in downtine of the processing apparatus. The chanber conponents can al so be
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regi ons GBfR simgonent.about 0.25 to about 2.5; (ii) at |east about 80% of the
10 grains in the ceramc structure having a grain size in the range of from
about 1 mcron

15 Thus, there is a need for chamber components having improved
resistance to erosion by energized gases, such as for example etching and cleaning
gases, and cleaning solutions. There is a further need for such erosion resistant
components to be made of ceramic materials, and methods of manufacturing such
components.

20



to about 20 mcrons; and (iii) the ceramc structure having a purity of at

| east about 99.8% by weight. The high purity ceramic with fewer grain
boundary regions and the desired grain size range has been found to
significantly reduce erosion of the surface by a factor of about 10. 15 In
anot her version, a nethod of fabricating a conponent having a ceramc
structure conposed of alum num oxide is provided. The nethod incl udes
providing a ceranic powder having a SHMMARYGf al uni num oxi de of at | east
about 99.8% by weight. The ceram c powder is then ball mlled with mlling
surfaces having al um num oxide to 20 form a powder having particle sizes
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a sectional side view of an enbodi nent of an erosion resistant conponent

havi ng a c&y arfretosefrabeutii@ composed of al umi num oxi de;
15

In another version, a method of fabricating a component having a ceramic

structure composed of aluminum oxide is provided. The method includes providing a
ceramic powder having a purity of aluminum oxide of at least about 99.8% by weight.
The ceramic powder is then ball milled with milling surfaces having aluminum oxide to

20 form a powder having particle sizes ranging from about 0.2 microns to about 5 microns.
A ceramic preform having a predetermined shape is formed from the powder. The
ceramic preform is sintered at a temperature of from about 1300°C to about 1800°C, to
form a sintered ceramic material composed of aluminum oxide having a purity of at
least about 99.8% by weight. The sintered ceramic material also has grain and grain

25  boundary regions such that the ratio of the total area of the grains Ggsa to the total area
of the grain boundary regions GBga is from about 0.25 to about 2.5. Furthermore, at
least about 80% of the grains in the sintered ceramic material have a size in the range
of from about 1 micron to about 20 microns.

30



Figure 2 is a sectional view of an enbodi nent of a cross-section of the
conponent of Figure 1 showi ng grains and grain boundary regions; 15 Figure 3
is a sectional side view of an enbodinment of a ball mlling container;
Figure 4 is a sectional side view of an enbodi nent of a spray drying 20
chanmber; Figure 5a is a sectional side view of an enbodi nrent of a cold
isostatic pressing apparatus; 25 Fi BE{ WRQ; s a side view of an enbodi nent
of a shaped ceram c preform Figure ﬁ ectional side view of an

enbodi ment of a chem cal vapor deposition chanber having the erosion

resi stant conponent;_ and_30 Figures, 7a-7d ar raphs showing the .
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chanmber 10® b&uricdasstohdthratieactFobihededyresznan beoursdiis & iavertioann geseralicotir e 22
havi ng an gxpg i I i an
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ceramc stﬁ%b'ﬂﬁﬁo@thg%ﬁ featurggievherg.or exanpl e, a portion of a gas supply
130 that provides process gas in the chanber 106, a substrate support 100
to support a substrate 104 in ng (fhﬁnber 106, a 88\5 1? nergi zer 116 ghat
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exenpl ary version of a chem cal vapor deposition chanber 106, in which, the
conponents 20 having the ceram c structure 22 can include a portion of at

| east one of a chaniiégure2d$ asectonsviewld&n esoloddimsniofdocress-sedtionmg tHel 9,

component Sc%p&we‘?ﬁ BFP'@ﬁre 1 showing grains and grain boundary regions;
15
Figure 3 is a sectional side view of an embodiment of a ball milling

container;

Figure 4 is a sectional side view of an embodiment of a spray drying
20 chamber;

Figure 5a is a sectional side view of an embodiment of a cold isostatic
pressing apparatus;

25 Figure 5b is a side view of an embodiment of a shaped ceramic preform;

Figure 6 is a sectional side view of an embodiment of a chemical vapor
deposition chamber having the erosion resistant component; and

30 Figures 7a-7d are graphs showing the concentration of particles on the
surface of materials for increasing ultrasonication time before and after cleaning with a
cleaning solution.



15 kit 124, such as at |east one of a cover ring 126 and a collar ring 128,
a surface of the substrate support 100, and lift pins 152. The conponents
20 having the ceramic structure 22 can also conprise conponents of chanbers
such as etching chanbers, pre-clean chanbers, ashing chanbers, physical
vapor deposition chanbers, and other chanbers. Thus, the conponent 20
should not be [imted to the versi O@?#ﬁ'ﬁj{éﬁt ed or 20 descri bed herein,
but can al so include other structur be apparent to one of
ordinary skill in the art. In one version, the conponent 20 conprises a
ceram c structure 22 that i.s conposed of alum num oxi mat erial having
erosi on resi st ant pr’%b%‘?‘P?‘%'g‘.en*rﬂge?ﬁ@ca?%?ﬁaﬁ‘@ﬁﬁr&?m@nﬁﬁtt iaél'IFUéi{ﬁgeﬂi ts
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pre-clean chambers, ashing chambers, physical vapor deposition chambers, and other
chambers. Thus, the component 20 should not be limited to the versions illustrated or
20 described herein, but can also include other structures as would be apparent to one of

ordinary skill in the art.

In one version, the component 20 comprises a ceramic structure 22 that is

composed of aluminum oxide material having erosion resistant properties. The

25 aluminum oxide material exhibits enhanced resistance to erosion in an energized gas
environment as well as enhanced resistance to erosion by corrosive cleaning medium,
such as cleaning plasmas and cleaning solutions. The aluminum oxide material
typically comprises grains 26 of aluminum oxide and grain boundary regions 28 that
exist between the grains 26 of aluminum oxide, as shown for example in Figure 2. It

30 has been discovered that better erosion resistance is obtained when the exposed
surface of the aluminum oxide has a ratio of the total area of the grains Gsa of
aluminum oxide to the total area of the grain boundary regions GBsa that lie between
the grains, is within a predetermined range. In one version, the ratio of Gga to GBsa

that provides reduced erosion of the ceramic structure 22 is a ratio of from about 0.25



10 conponent 20 to be used to process substrates substantially w thout

contam nating the substrates, while also providing relative ease in

fabrication of the conponent. Figure 2 shows an exanple of a cross-section

of a ceramc structure 22 conposed of an al um num oxi de material having

such grains 26 and grain boundary 15 regions 28. The cross- section can be

obt ai ned, for exa usi ng scanni n el ectron m croscogg/ ‘% or ot her
%ba tithis ra

t echni que %%tg 1SU91? 8% gr b&“&@ést 20gpt 2 Bn s PRERYEIS % ns 26 and

grai n_boungassrtdnegb&iise 25atid tdt $s 16BN pkavidd3ase 10he of 8ighak Yoskddry rédiord he
art. To calculate the ratio of GSA to GBSA, the total area of the gral ns 26

for a gi veAreaVigsiespaeiits dif Rosee iR 8lRAand fan HRHtIR X RPSIVRET P Bfea of

the grain BRimEalindadPr sm(}Se gy %scdr@e%'rﬁ%b@lﬂm Ay @@@namrnak.ﬂ of t he
areas GSA gn GBSAaﬁgng% term ne | ayin grid over 9

cross- séct #mraaﬁ&febmwrn@xmé‘rqmmﬁe@omor@nr 20 ovever. arato IneEsdno piss
grains 26 e&ﬁ yigla B5@bondi dBEALN haPhAndeRirkBle SRLEHLM BodeRfes? Bty 5B

respectivel nmet hods of termning the graln and grain
boundary awgab beaging bstvass digied Otblgb@nréemngw@mneéatum o.hexgramnis diugidreiden

oxi de mat ephy }; Mlﬁﬂmbﬂmeoﬁ&é A Helrdfid Bf & t7o Gé%\gmﬁ’rﬁﬁﬁ%gﬂn%ﬁi rably

corrprlses graln aV|n g a dgraln si1z that I's |nta
predet er mi rmgermagées iongroRd rgsistanse 4o araséon io chambeopropgsses, allmyigd ted gas and

cl eani g SahbhAlIR 206 B %A%, bRL.ALS. SRRkl iRk oliShfrhRgee, and

separate 3 he ceram ¢ structu resul in contam nation
of the substbsitates] Qile aGogirogding relatite ease it dabricatigeotthe domponent. emat i ¢
because the al um num oxide naterial may |oose desired the mechani cal
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function of the corrp@gwatz sHowsaan eantgie osa lcwssmetimofpmsadmi@étrlmtwrmZIUm

oxide. In one version ceramc structure 2 f a suitable 6
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art. To calculate the ratio of Gga to GBga, the total area of the grains 26 for a given
cross section can be measured and divided by the total area of the grain boundary

20 regions 28 in the cross-section. In one version, the areas Gsa and GBga can be
determined by laying a grid over the cross-section, and counting the number of grid
points that lie on the grains 26 and the grain boundary regions 28 to determine Gga and
GBsa, respectively. Other suitable methods of determining the grain and grain
boundary areas can also be used to determine the ratio.

25

The aluminum oxide material of which the ceramic structure 22 is

composed also desirably comprises grains having a grain size that is maintained within
a predetermined range to provide resistance to erosion by an energized gas and
cleaning solutions. Grains 26 that are too small can easily become loose and separate

30 from the ceramic structure 22, which can result in contamination of the substrate 104.
Grains 26 that are too large can be problematic because the aluminum oxide material
may loose desired the mechanical properties, such as tensile strength, which may be
necessary for the proper function of the component 20 having the structure composed

of aluminum oxide. In one version of a ceramic structure 22 composed of a suitable



5 and even have a grain size of fromabout 8 to about 16 mcrons. The
ceram c structure 22 conposed of al um num oxi de al so desirably conprises a
vol une of the grain boundary regions 28 that is within a range that

provi des i nproved processing results. In one version, the grain boundary
regi ons 28 conprise fromabout 1% to about 15% by volune of the total

Sructure S8MIRED SRESBRERG) FLeT Goolt sy P TP Bo 8 BRGt T ek SEe&nce | <

t he puritynfiterddiBaad &graiti8IzeXn the raBgEbf dm abBatiuaiicrgn th@bout20r iMhe | evel in
resi st

t he al um num oxi de naterjal ipproves the erosion nc erfo nce of
the ai um nifregs seclirei 2By pRB IR Eripepe &f AR R S RE AP D4BGFMED A am nant
conpounds, |eadEibdl 95% dfané gravP®baNESa gfdiakize an from duvuiedo Bouitl8® microns,
inmpurities. Formati on of caontapinant c?ﬁggunds uch as f}jhl icate csgrg'gounds

u

can i ntre8Bee¥eERHA PRAFLpige opERm AU abPyt IR BICERPp J N FETXBIS Wen the

grai n boundaic¥mpb&et 6fMal@hintk 606€ aks dekirdt)g c6pAsasLa SoILMetdffIe Ylagi € they can
be readily attacked and etched y by energized and hal ogenat ed gases and
T

hea awa y .
erosive ci BAWIGREY HRAEXS 28rhatisMthihA rRNEesBabIPHEBHIMRIPYPHRIOSESHRY EASYHE-num
oxi de at tfieoRxRaeRH t?tHrgfrﬁﬁ_%oaﬂdﬁ{/ réd16ns Q%E@rﬁbﬁ?éfrérﬂ%ﬁg ‘%ﬁotagogtef’?%yl oose

and flake off, thereby eroding the expose surface 24 of the ceramc

struct ure Yumgry thextotalIvalymeoeltthericaraNEC stiectdightd r at es 104 bei ng processed.

Accordijpgly, the alum num oxide or other ceranmic structure 22 is desirably

conposed of ceramc material (or alum num oxide) having a relatively high 25
purity of at |east afst@noher geapeity wethghreramigasitruairé 23 ithailimeant@dedds t o about
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about 1550region or surface 24 of the ceramic structure where they can be readily attacked and
etched away by energized and halogenated gases and erosive cleaning gases. This
20 can cause adjacent grains 26 of aluminum oxide at the exposed surface 24 of the
ceramic structure 22 to become loose and flake off, thereby eroding the exposed
surface 24 of the ceramic structure 22, and can also contaminate the substrates 104
being processed. Accordingly, the aluminum oxide or other ceramic structure 22 is
desirably composed of ceramic material (or aluminum oxide) having a relatively high
25  purity of at least about 99.8% by weight, such as from about 99.8% to about 99.9% by
weight, and even at least about 99.9% by weight. The highly pure aluminum oxide
material desirably comprises less than about 110 ppm by weight of silicon to reduce the
number of silicate compounds that can be formed. The aluminum oxide material also
desirably comprises reduced amounts of other impurities, such as less than about 400
30 ppm by weight of sodium and even less than about 200 ppm by weight of sodium. The
aluminum oxide material can also comprise less than about 100 ppm by weight of iron,
and also less than about 600 ppm by weight of magnesium. The total amount of
impurities in the aluminum oxide material is desirably maintained below about 1550

ppm by weight, and even below about 1350 ppm by weight. The level of impurities in



ppm by wei ght, and even bel ow about 1350 ppm by wei ght. The | evel of
inpurities in 7 the alum num oxide material can be determ ned by a nethod
such as, for exanple, glow discharge nass spectronmetry, or by other purity
determ nation nmet hods known to those of ordinary skill in art. 5 The
ceram c structure 22 conposed of the alum numoxide material is fornmed by a
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bi nder mayp BE AT I8 RPO firdactive with ener gi zed gases and cl eani ng
sol utigas conprising hal ogen-containing conpounds, such as fluorine
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powder having a high purity of aluminum oxide and few impurities. For example the
ceramic powder can comprise an aluminum oxide purity of at least about 99.8% by
weight, and even at least about 99.9% by weight. A small amount of binder or sintering

20 agent, such as at least one of Mg(NO3),, MgO, and SiO, can also be provided in the
ceramic powder. However, the amount of such binder preferably does not exceed
about 0.5% by weight of the ceramic powder, and can even be less than about 0.2% by
weight of the ceramic powder, to reduce the number of impurities in the aluminum oxide
material. In another version, small quantities of a binder that is resistant to erosion may

25  be provided to inhibit erosion of the ceramic structure 22. For example, the binder may
be substantially unreactive with energized gases and cleaning solutions comprising
halogen-containing compounds, such as fluorine containing compounds, which may be
provided to clean the component or perform chamber processes. Examples of suitable
erosion resistant binders can include at least one of yttria and yttrium aluminum oxide

30 provided in an amount that does not exceed about 0.5% by weight of the ceramic pre-

cursor powder.

The ceramic powder can be milled in a ball milling process to provide

particles of powder having a desired size as well as to mix the powder components. In



erosion resistant binders can include at | east one of yttria and yttrium

al um num oxi de 30 provided in an anount that does not exceed about 0.5% by
wei ght of the cerami c pre- cursor powder. The ceram c powder can be mlled
in a ball mlling process to provide particles of powder having a desired
size as well as to m x the powder corrponents In 8 one enbodi nent of the
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enbodi mrent of a spray drying chanber 40 is shown in Figure 4. The heated
gas 42 suspends the fine particles 44a wthin an upper portion 48 of the

separating chanber 4R.spkff @¢ihgRatisephtias Prsves 3hh aRS edderRimedodn the

ceramic powder to dry the ceramic powder and to separate out very fine particles of
powder material. In one version, a slurry of the powder is introduced into a spray drying

20  chamber 40 which provides heated gas 42 from the bottom of the chamber 40 to dry
the ceramic powder and to separate out very fine ceramic powder particles from the
remaining powder. An example of an embodiment of a spray drying chamber 40 is
shown in Figure 4. The heated gas 42 suspends the fine particles 44a within an upper
portion 48 of the separating chamber 40. Larger particle agglomerations 44b of the

25 dried ceramic powder settle towards a bottom portion 49 of the separating chamber 40,
where they can be collected separately from the fine particles. The heated gas 42 may
be, for example, air heated to a temperature of at least about 120°C, such as from
about 120°C to about 250°C. Other separating devices, such as for example filters,
can also be used to separate out fine particles, and other drying processes can also be

30 performed.

To provide a predetermined component shape, a molding process can be
performed to form a ceramic preform 58 having a desired shape from the ceramic

powder. In one version, a cold isostatic pressing process is performed to mold the



25 dried ceramc powder settle towards a bottom portion 49 of the separating
chanber 40, where they can be collected separately fromthe fine particles.
The heated gas 42 may be, for exanple, air heated to a tenperature of at

| east about 120C, such as from about 120C to about 250C. O her separating
devices, such as for exanple filters, can also be used to separate out fine
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provi dg,t hg;, gea red 10 size. In one version, a nolded ceram c preform 58
can be prOV| ed ina cylindrical and even a ring-like shape, an enbodi nent
of which is shown in Fi gure 5b. For exarrple as shown in Figure 5a t he

Csostati o pressing doMa s mEkEs sEEepkohT R BEh BEROAELY EE. o
ot her cyl i ogindcedl aswﬂrewehwmgclﬁqe dhappoan Embomdwelnnsf wieich feeshowet inrfégusd SbThe

m xture 54 is conpacted .dt e tube during the i sostatic essi

T aease, tHoRBATIE S5 SoutlRiFO P aR b et ia fiseh St BRI AP BT h « 1 o

center 1for ged bb)prw@d iHl2@. isds&tic gressing Cortainbos N drd £ simapey sidGAr Alcdsfa om t he

t ube, and n be nmachj o0 provide 20 ceranic PJ Lormstrygt*res such as
nacﬁg,atst g et ;

rings, thafidveR/@taerEy uleise orB peqpstiopsd hsde the mixitre 4. Yhe mixtire

54 is compacted around the tube during the isostatic pressing process, to provide a

ceramic preform 58 having a cylindrical shape with a center formed by the tube. The

ceramic preform 58 can be separated from the tube, and can be machined to provide
20  ceramic preform structures, such as rings, that have a suitable shape for substrate

processing.

The shaped ceramic preform 58 is sintered to form a sintered ceramic
material composed of aluminum oxide that has the desired properties and structure. In
25  one version, the ceramic preform 58 is sintered at a temperature of from about 1300°C
to about 1800°C for a duration of from about 48 to about 96 hours, typically at a
pressure of about 1 atm. The sintered ceramic material can be further shaped, for
example by at least one of machining, polishing, laser drilling, and other methods, to
provide the desired ceramic structure 22.
30
The resulting ceramic structure 22 composed of aluminum oxide can be
cleaned to remove any remaining impurities or loose particles before installing the
ceramic structure 22 in a process chamber 106. In one version, the ceramic structure

22 is immersed in first a dilute and then in a more concentrated solution of HNO3 and

10



processi ng. The shaped ceramic preform58 is sintered to forma sintered
ceramic material conposed of al um num oxide that has the desired properties
and structure. In 25 one version, the ceramic preform58 is sintered at a
tenperature of from about 1300C to about 1800C for a duration of from about
48 to about 96 hours, typically at a pressure of about 1 atm The sintered
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the c anber24to? the ceramic structure 22, the structure 22 can be re-used in the chamber to

process subsequent substrates 104.

The component 20 comprising the ceramic structure 22 composed of

20  aluminum oxide having the improved erosion resistance provides improved process
performance and also allows for cleaning and recycling of the component 20 without
excessive erosion of the component 20 or the generation of unacceptable particle
levels in the process chamber 106. For example, a component 20 comprising the
ceramic structure 22 composed of aluminum oxide having the ratio of the area of the

25  grains Ggsp to the area of the grain boundary regions GBga of from about 0.25 to about
2.5, and having the other desired grain size and purity properties, may be capable of
being cleaned and re-used at least about 10 times, and even up to about 25 times,
substantially without eroding and contaminating substrates 104 begin processed in the
chamber 106. By comparison, components 20 that do not have the ceramic structure

30 composed of aluminum oxide with the erosion reduction properties may be recycled no
more than about 3 times before the component 20 must be disposed of and replaced to
prevent contamination of the substrates 104. Furthermore, because of the improved
erosion resistance properties, the component 20 having the improved ceramic structure

22 can be used to process large numbers of substrates 104 substantially without
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process subsequent substrates 104. The conponent 20 conprising the ceramc
structure 22 conposed of 20 al um num oxi de having the inproved erosion

resi stance provides inproved process performance and al so allows for

cl eaning and recycling of the conponent 20 without excessive erosion of the
conponent 20 or the generation of unacceptable particle levels in the

process chanber. a.com onent 20 conp risi t ceranm c
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conponent s n one version, nprising the ceramc
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comprises one or more conduits 133 having one or more gas flow valves 134a,b and
one or more gas outlets 135a around a periphery of the substrate 104, as well as one
or more outlets 135b,c above the substrate 104 to provide an optimized flow of
20 deposition gas in the chamber 106. The deposition gas can comprise, for example, one
or more of SiHy and O,. An electrode 145 in the support 100 below the substrate 104
may be powered by an electrode power supply 143 to electrostatically hold the
substrate on the support 100 during processing. Spent process gas and process
byproducts are exhausted from the chamber 106 through an exhaust 120 which may
25 include an exhaust conduit 127 that receives spent process gas from the process zone
113, a throttle valve 129 to control the pressure of process gas in the chamber 106, and

one or more exhaust pumps 140.

In one version, the support 100 also comprises a process kit 124
30  comprising one or more rings, such as a cover ring 126 and a collar ring 128 that
covers at least a portion of the upper surface of the support 100 to inhibit erosion of the
support 100. In one version, the collar ring 128 at least partially surrounds the
substrate 104 to protect portions of the support 100 not covered by the substrate 104.
The cover ring 126 encircles and covers at least a portion of the collar ring 128, and
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encl osure walls 118, which nmay conprise a ceiling 119, sidewalls 121, and a
bottom wall 122 that encl ose a process zone 113. The enclosure walls 118
can conprise a donmed ceiling 119 over the process zone 113. A deposition
gas can be introduced into 15 the chanber 106 through a gas supply 130 that
i ncl udes a deposition gas source 131, and a gas distributor 132. In the

versi on shown in Figure 6, e gas djstribhutor 132 ri.ses one or nore
condui ts 1M8URSS e FepAsition oEtB?rElgS%tQ” 3'@ GRllar &%&5@5%‘6‘6}9& ¥ '9or e gas
outlets 13§gparotond AP d28emplyofsatdae Hedies baiveeb%,poamomﬂtd SUBStrafe1 0401
nore outlets 135b, c above the substrate 104 togqorovr e an ogérmzed fl ow of
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bel ow t he substrate be powered an el ectrode power supply 143 to
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version, t&gndepeiehhifg gadsinEenidte SO Uez ethd proRE &L §sScdiSe energized by a
remote zone power supply 149, such as a microwave power supply, and the energized
gas can be delivered via a conduit 148 having a flow valve 134c to the chamber 106,

20 for example to clean the chamber.

To process a substrate 104, the process chamber 106 is evacuated and
maintained at a predetermined sub-atmospheric pressure. The substrate 104 is then
provided on the support 100 by a substrate transport, such as for example a robot arm

25 and lift pin assembly 154. The substrate 104 may be held on the support 100 by
applying a voltage to an electrode in the support 100 via an electrode power supply
143. The gas supply 130 provides a process gas to the chamber 106 and the gas
energizer 116 couples RF or microwave energy to the process gas to energize the gas
to process the substrate 104. Effluent generated during the chamber process is

30 exhausted from the chamber 106 by the exhaust 120.

The chamber 106 can be controlled by a controller 194 that comprises

program code having instruction sets to operate components of the chamber 106 to

process substrates 104 in the chamber 106. For example, the controller 194 can

13



substrate 104 by a gas energizer 116 conprising an antenna 117 havi ng one or
nore inductor coils 111 a,b which may have a circular symmetry about the
center of the 10 chamber to couple energy to the process gas in the process
zone 113 of the chanber 106. For exanple, the antenna 117 may conprise a
first induetor coil 11la about a top portion of the doned ceiling 119 of

t he chanber 106, and a second i.nductor, coil 111 about a si rti on of
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support 100 via an el ectrode power supply 143. The gas supply 130 provides
a procéd8s gas to the chanber 106 and the gas energizer 116 couples RF or

m crowave energy to the process gas to energize the gas to process the
substrate 104. Effluent generated dur Exgmples chanber process is 30 exhausted
fromthe chanber 106 by the exhaust 120. The chanber 106 can be controlled
by a controller 194 that conprises programcode having instruction sets to
operate conponents of the chanber 106 to process substrates 104 in the
chamber 106. For exaTr’r@lfellowih@eesampieéldlemonmaiedaﬁima@ve@rqwitserqa/ich%ﬁtmrate
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In these examples, ceramic materials including both lower purity and
higher purity aluminum oxide were tested to determine the erosion resistance of the
materials. The lower purity materials included an aluminum oxide material having a

20 purity of about 99.5% by weight, and an aluminum oxide material having a purity of
about 99.7% by weight. The higher purity materials included an aluminum oxide
material having a purity of about 99.8% by weight, and an aluminum oxide material
having a purity of about 99.9% by weight. In the testing process, each material was
first cleaned in an ultrasonication process by immersing in an ultrasonication bath

25  having ultrasonic waves passing therethrough. The concentration of particles formed
on the surface of each material per cm? of the surface was measured for increasing
ultrasonication cleaning time. The materials were then immersed in an aqueous
cleaning solution comprising 15% by weight HF and 20% by weight HNO3. After
cleaning with the cleaning solution, the materials were again immersed in the

30  ultrasonication bath and the concentration of particles per cm? formed on the material
surface was measured for increasing ultrasonication cleaning time. The results for the

cleaning process are shown in Figures 7a through 7d. The cleaning results
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valves to set a flow of gas to the chanber 106; a gas pressure contro
instruction set to 5 operate the exhaust 120 and throttle valve to maintain
a pressure in the chanber 106; a gas energi zer control instruction set to
operate the gas energi zer 116 to set a gas energizing power |evel; a
tenperature control instruction set to control tenperatures in the chanber
106; and a process instruction set to nonit ess in the

noni.t oring. or.the pro
chanber  1065TPOSERE AR dee MRS IBH i e dines S HRRERLbdR R RRE RBRG  oved
resul ts preighdeeesiytancead afddorsfromahe tlRaning soRpeaad ﬁeﬁe@kmfﬁ'wwmnmhﬁlmamavi ng
erosion resistant properties 15 over structures wthout tF rosi on
oot stant - RPCIERHTUSeanAET AR harno e e Sia bt S Seeptile B G2 ane
i ncl udi ng BehératediBre BHtAthaAhSartilegher purity al um num oxide were tested to
determ ne the erosion resistance of the materials. The |ower purity

mat eri aks i ncluded an al um num oxi de material having a 20 purity of about
99. 5% by wei ght, and an al um num oxi de material having a purity of about

99. 7% by wei ght. TherigirghersHowsi thy régite forahs 91564 Pasy alimialitinexiemareride
mat eri al havin t 99.8%b and an_al um num oxi de

_ %apurl_t%/_of_abog _ﬁweight, _ n. _
material  AEET AYULTasaRicRliPndime Bbarow d Oguiniies wibF ghaterialexpihlied @8t i ng process,

each mat eriyghcagably high cofitaR2@6n bfpaiclds bh SO Riataal SifaleQFaBOUDY 0K DEN Si Ng
in an ultrasoni cation_bath 25 having ultrasoni c waves passi ng therethrough.

The concenPREICIESPESEMPAF Materias SpiERGestea gt $Newnstlf inec@af Tia ARt eri al  per
cn? of jhhe SHEdRGRoNRSs B%8 alliftle dVarBBEH 116X 108 dfcRaBHCRY hpfitdd &ani ng

time. The materials were tEen I mersed in an agueous g?eanl ng sol ution
conpri si ng ultsEohigatian tjhe. HPwawrer, atier dganivg thetmaraal. Witkf therHF an@&iNGeg wit h t he
cl eaning s QA L terl wer .0 i -

ul trasoni Cg{elﬁhlrr]@b%g#hﬁg,ntggtcﬁéb%r{g%é&gﬁtofg?\?girele6/\%3 p@ra fhle %I dengu'?)%ge@%gyfhéthrlg\d/elon

t he nat eri af abeulGiaX®° wadiciesasuf ad shown bpdine Z8bnghisl tigrapanticledevedindidaemi ng

time. The . C i re LWL a t hrough
7 he o1 SR, TRl beRng o BR0 80a RERRRRReD PR By M B ARG o e
hi gher 14l ucieanmgsoiudienpand thiue shenahilty of the material to be cleaned and recycled for re-

use may be limited. Also, this erosion susceptibility may indicate that the potential for

the material to erode during chamber processes and contaminate substrates is also

unacceptably high.

20 Figure 7b shows the results for the 99.7% purity aluminum oxide material.
This material has an initial reduced concentration of particles of only a little under
3.0X10° particles/cm? on the material surface after only about 10 minutes of
ultrasonication time, as shown by line 72a. The particle concentration remains low
during the ultrasonication process with a concentration of about 1.0X10° particles/cm?

25  after about 40 minutes of ultrasonication time. However, after cleaning with the HF and
HNOj solution, unacceptably high levels of particles are generated, with the material
exhibiting over 7.0X10° particles/cm? after about 10 minutes of ultrasonication time, as
shown by line 72b. Thus, the material having the 99.7% purity is being eroded by the
cleaning solution of HF and HNOj; at an unacceptably high rate.

30

Figure 7c demonstrates the improved results provided by the aluminum

oxide material having the higher purity of about 99.8% by weight. The material has an
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hi gher resistance to erosion fromthe cl eaning solution and generate fewer
contam nant particles, while the materials having | ower purities are nore
susceptible to erosion, and generate nore contam nant particles. 5 Figure
7a shows the results for the 99.5%purity alum num oxide material. After an
ul trasoni cati on ti rre of about 10 mnutes, the material exhibited an

unaccept abl, ncentratl on. of _part S on the materi face of
about 8. oxité! r% %Pé’s‘: PEENEFHEN R pﬁﬁp&s o§|ongy@r lﬁﬂ%@q{‘?&f a%g)%g Jown by |ine
70a. This Béﬁfcl&yc%zléﬁe@%&&nﬁdrﬂtdu% yrafrdsofieatsh tifedad sRAWEbPNRS 7441 0Tke
1. 0X106 after about 40 m nutes of wultrasonication tine. However, after

cl eani ng t RatiFd @ncantrationfemanspw dygngiksaultrasQuAtian PEeessi Wil at he

concent r at ic@RcéMiraRah bt SRR 1%@1 oaganmle@tcnamﬂéaass&mmméy ghuittRéglcatif  about
6. 5X106 particles/cn2, as shown i ne _70b his high particle |evel

i ndi cat &s tiMeatAftenslezatngrwitly thP§°b’é‘Pth HF e dN®s the rurekerf partiglesi gh rate by
the HF and ﬁbﬁ% or?!h%% e?épﬂh%tdw&@nal% rte'ig'ré?néd‘ﬁ tﬁ@'rélé*\)élﬂfamé\?el%%ﬁly al

to be clea recyc e re- use nma lTmted hi's eros
suscept i bi laboyt FoX 160 msiréclesicmhalteriapoubti @mut%ﬁ offirasanicatinatime; and fesiue;ﬁdde

during chagbgr., EciaRa of ?t?;%tqu}{@maﬂ%g ?ocﬂt:%@gﬁx}@é o‘fﬁltr%lsérﬂf:atmatﬁﬁgpatsabl y

hi gh. 20 Fi ure ul'ts um num’oxi de
mat eri al . sfh'hws bydine bl Thas tbe matérial havm@mﬁcmmtxcohatmw Bat&%hy wleigharti cl es

R o e T s R L e R e

particl e ceoréoins, aht dmus grovides uhexpectiidly ingprovesl rekliltsindhe erisicnrepistanes of Wi t h
a concentrati on of bout 1. OX106 particles/cn2 25 after about 40 m nutes of
ul t rasoni cgﬁ BAtarARRUNNGRIRRWG PY pé‘FE%?eScl eaning wWith the HF and HNGCB

sol ution, unaccept abI y high levels of particles are generated, with the
material exhibiting over 7.0X106 particles/cnR after about 10 n1 nut es of
ultrasonication ti erijal_having the

99. 7% purity is be%ggﬁgﬁ%orﬁ?fjs?%éésl tgggéﬁﬁgﬁﬁgg%ﬁsum }pgcﬁ\’i%ef%t NS AHTRER at  an

unacceps abloyidbingdteri@ithaving@héegen Righer sleposibcat ©9.904 by wWepyhty e hesendl s

provi ded byxﬁg?ed’ian |n|t|allI concentration of particles before cleaning with the cleaning solution
that was even lower than that of the 99.8% by weight material. The initial concentration
of particles on the surface of the material was only about 1.3X10° particles/cm? after
about 10 minutes of ultrasonication time, and was reduced to a concentration of only

20 about 2.0X10° particles/cm? after about 40 minutes of ultrasonication time, as shown by
line 76a. The number of particles did not significantly increase after cleaning with the
cleaning solution comprising HF and HNO3;, and remained at acceptably low levels.
The concentration of particles after cleaning with the cleaning solution only increased to
about 1.9X10° particles/cm?, as measured after about 10 minutes of ultrasonication

25 time, and was reduced to only a little more than 6.0X10° after about 40 minutes of
ultrasonic time, as shown by line 76b. Thus, the high purity material showed enhanced

resistance to corrosion in comparison to the lower purity materials.

Although exemplary embodiments of the present invention are shown and
30 described, those of ordinary skill in the art may devise other embodiments which
incorporate the present invention, and which are also within the scope of the present
invention. For example, the ceramic structure 22 composed of aluminum oxide may

comprise at least a portion of components 20 other than those specifically described.
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oxi de material having the higher purity of about 99.8% by weight. The

material has an 15 initial relatively | ow concentration of particles of
only alittle nore than 3.0X106 particles/cne after about 10 m nutes of
ultrasonication tine, as shown by line 74a. The particle concentration
remai ns | ow during the ultrasonication process, wwth a concentration of

about 1.0X106 particles/cnZ after abut 40 m putes of ultrasonication 5
Tooat B Loty BR eio L RTRE Or s 28 COMPRRC S AINRRS™ REYS CIASGE of

particles fgpiateatythhefotidetheriHaadRosy spetdicaml @dcibed! Farthigrirde@diadle bhe
relatively Iqwlégvel of onl about 3. 0X106 particles/cne after about 10
Pasiie 'l@o‘?f@@h‘;i

m nut es of SHIMshewR ”hﬁ??p%m(ﬁoi; ary #mpodyReda@rat i on of about

1. 0X106 af tRérchBiEabft) THMERES td aphdrdaa Rimashoid nofBe lidfted B1@WN by |ine
74b. Thus, the materi al haV|g% the purity of about 99.8% by wei ght 10

nai nt ai is desiptipapPithe prefatipdersinspRptarigise sr eratial arargemgnia ALRIPRAL h
erosive cl garing iS4 idNsver@Bd t hus provides unexpectedly inproved results
in the erosion resistance of the material during cleaning processes. Figure
7d denonstrates the inproved results provided by the alum num 15 oxide

mat eri al having the even higher purity of about 99.9% by weight. The
material exhibited an initial concentration of particles before cleaning
with the cleaning solution that was even |lower than that of the 99. 8% by
wei ght material. The initial concentration of particles on the surface of
the material was only about 1.3X106 particles/cnz after about 10 m nutes of
ul trasonication time, and was reduced to a concentration of only 20 about
2.0X105 particles/cnZ after about 40 m nutes of ultrasonication tinme, as
shown by |line 76a. The nunber of particles did not significantly increase
after cleaning with the cleaning solution conprising HF and HNG3, and

remai ned at acceptably |low | evels. The concentration of particles after
cleaning with the cleaning solution only increased to about 1.9X106
particles/cne, as neasured after about 10 m nutes of ultrasonication 25
time, and was reduced to only a little nore than 6.0X105 after about 40

m nutes of ultrasonic tinme, as shown by line 76b. Thus, the high purity

mat eri al showed enhanced resistance to corrosion in conparison to the |ower
purity materials. Although exenplary enbodi nents of the present invention
are shown and
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30 described, those of ordinary skill in the art may devi se ot her

enbodi nents which incorporate the present invention, and which are al so

wi thin the scope of the present invention. For exanple, the ceramc
structure 22 conposed of alum num oxide may conprise at |east a portion of
conponents 20 other than those specifically described. 16 Al so, the inproved
ceram c structure 22 conposed of al um num oxide may be fabricated by

met hods ot MBS SRIMRELY specifical |y described. Furthernore, relative or
positional terns shown with respect to the exenplary enbodi nents are

i nt erchangeabl e. Therefore, the appended clains should not be |imted to the
5 descriptions of tHe prAfdpsteade PEICEPHNG ChamPbesoamrRonest having feduced r angement s

described chR{d iR ah@reldizt §2 thd ESmpohedRE@Prisidg What is claimed is: 1. A

substrate processing chanber conponent having reduced erosion in an
energi zed gas, the conpoA&SIaniEHYHEETHeeMposaskfAlumiaumids andbayiegad of

al um num oy qe-ARg: DAY EGE RO tRMEASGRl AL id heHRRRRY the cERfniERRLALAEd gas in

t he chanber, the ceramc structure” conmprising: (a) grains and grain
boundary re@mneRsNGuch that the ratio of the total area of the grains GSA to

the total area of the grain b nda%¥ing%% ng8 aé;/' ﬁ%éig%%ot%tme%éﬂ&o

about 2.5; (b) at |east about 80% the grains grain size in the
range of f pbinedbtaliarea ofither gainsdGaliothe @tal @res oftbe gsaid bouhdary pegidons/GBEa ist

| east abou 9.,8% i.ght.,, whereby erosion of the surface by the
ener gi zed rg% allbsoulgﬁg;'@#?%%?’, reduced. 2. A conponent according to claiml

wherein at | east about 95% of (b)t heatdeamst abolitsB0& af heayrains ihaeing a grhie siznige of
from about .5 to abput 3 j crons 3. onent according to claim2 wherein
at | east agﬁftang%Qfﬁ?m a?’ﬁg} gf’ﬁ?@ﬁ%ﬁ@%‘ﬁ%'&f%%?'}i of from about 8 to about
16 m crons. (c) a purity of at least about 99.8% by weight,

whereby erosion of the surface by the energized gas is substantially reduced.

2. A component according to claim 1 wherein at least about 95% of

the grains have a grain size in the range of from about 5 to about 30 microns

3. A component according to claim 2 wherein at least about 95% of

the grains have a grain size of from about 8 to about 16 microns.

4. A component according to claim 1 wherein the grain boundary

regions comprise from about 1% to about 15% by volume of the ceramic structure.

5. A component according to claim 1 wherein the ceramic structure

comprises less than about 1550 ppm by weight of impurities.

6. A component according to claim 1 wherein the ceramic structure
comprises less than about 110 ppm by weight of silicon.

7. A component according to claim 6 wherein the ceramic structure

comprises less than about 400 ppm by weight of sodium, less than about 100 ppm by
weight of iron, and less than about 600 ppm by weight of magnesium.
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4. A conponent according to claim1l wherein the grain boundary regions
conprise fromabout 1 %to about 15% by vol une of the ceram c structure. 5.
A conponent according to claim1 wherein the ceram c structure conprises

| ess than about 1550 ppm by wei ght of inpurities. 6. A conponent according
to claim1l wherein the ceramc structure conprises |ess than about 110 ppm

by weight of silicon. 7. A conponent according to claim®6 wherein the
ceramic structure conpri§e@PPRER! %ﬁrﬁ'mﬂa'mobwbﬂﬂ%WeW§Me BPMBERASUM

l'ess than gpukt aIQQmQIPEﬂ‘ Qﬁ/e oMBb NS PEeilidPBollR g So'il%rhhénarﬁﬁﬁ%mfsoo ppm by

wei ght of magnesium 18 8. A conponent according to claim1 wherein the
structure conprises at Ieast a portion of one or nore of a cel I ing, collar
ing, jcover ring. and |1AGubliate BrocBsSHbehaRbe, & 8 ROAER SR ST N
t he conponent of claim e processihg chanber co Ising a substrate

support, algthe psegassing c@ag@sr cempriging arsubstiatasupReThasgas supply, a gas
energizer and an exhaust.
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