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 deposition rings and shadow rings. In
subsequent 15 process cycl es, the deposited process residues "flake off’
fromthe chanber conponent surface? té'fk ﬁg NEpon and contam nate the
substrate. Consequently, the deposiTtTe cess residues are periodically
cl eanedsfrom the chanber surfaces. However t he exposed surfaces of the
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when exposed o ot harmbpaments JHa€bieesns MVeningr B & sbHAE M Eani ng
process, thkRamBEPSIMPeniEhabexttipesktarice téeessgirzed hal ogenated cl eani ng
gases, such as NF3 or CF4, that can rapidly erode the conmponent surfaces.

The cleaning gases are typically activated by m crowaves or RF energy.
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f1 uori ne- ceptatey JalPLFSEnd dontaminate 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 NF3 or CF,4, 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.



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 downtinme of the processing apparatus. The chanber conponents can al so be
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conponent s havi ng i nprove resi stance to erosi gases, such
as for exanple etching and cl eaning gases, and cleaning solutions. There is
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10 grai ns ithe compergrdni ¢ structure having a grain size in the range of from
about 1 mcron to about 20 microns; and (iii) the ceram c structure having
a purity of at |east about 99.8% by weight. The high purity ceramc with

f ewer disai n boundar yThegittoere isiadetdhéor 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



desired grain size range has been found to significantly reduce erosion of
the surface by a factor of about 10. 15 In another version, a nethod of
fabricating a conmponent having a ceram c structure conposed of al um num
oxide is provided. The nethod includes providing a ceram c powder having a
purity of alum num oxide of at |east about 99.8% by weight. The ceramc
powder is then ball mlled with mlling surfaces having al um num oxi de to 20
forma powder having particle sizes r3UMMARYrom about 0.2 microns to about
5 mcrons. A ceramc preformhaving a predeterm ned shape is forned from
the powder. The <ceramc preformis sintered at a tenperature of from about
1300C to about 1800 swstra‘t@pmc@ssuhgrcaamdecmramrfenmtcmpiaale of@xpibiting of
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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 Gga to the total area
of the grain boundary regions GBg, 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 3 is a sectional side view of an enbodi nent of a ball mlling
container; Figure 4 is a sectional side view of an enbodi nent of a spray
drying 20 chanber; Figure 5a is a sectional side view of an enbodi nent of a
cold isostatic pressing apparatus; 25 Figure 5b is a side view of an

enbodi mrent of a shaped ceramc preform Figure 6 is a sectional side view
of an enbodi nent of a chem cal vapor deposition chanber having the erosion
resi stant conponent; and 30 Fi gures RRAWINGS graphs showi ng the
concentration of particles on the surface of materials for increasing
ultrasonication tine before and after cleaning wwth a cleaning solution. 4
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chanbeﬁg, ashi ng chanbers, physical vapor deposition chanbers, and ot her
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 ulirasonication time before and after cleaning with a
cleaning solution.



chanbers. Thus, the conmponent 20 should not be I[imted to the versions

il lustrated or 20 descri bed herein, but can also include other structures as
woul d be apparent to one of ordinary skill in the art. In one version, the
conponent 20 conprises a ceramc structure 22 that is conposed of al um num
oxi de material having erosion resistant properties. The 25 al um num oxi de
mat eri al exhi bits enhanced resistance to erosion in an energi zed gas
environment as well as enhanced resiBESGBWPTONer osi on by corrosive cl eaning
medi um  such as cl eaning plasmas and cl eani ng sol utions. The al um num oxi de
material typically conprises grains 26 of al um num oxi de and grai n boundary
regions 28 that exiAmehbdbdiesntohe pgrczeisashalﬁbelf carhpmiamhﬁopats itlestrated shown f or
exanple in Figure ..I . 30 has scovere ter erosion
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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 Gga of
aluminum oxide to the total area of the grain boundary regions GBgy that lie between
the grains, is within a predetermined range. In one version, the ratio of Gga to GBga

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



m croscopy (SEM or other techni que capable of yielding a cross-sectional

i mge of the grains 26 and grain boundary regions 28, as is known to those
of ordinary skill in the art. To calculate the ratio of GSA to GBSA, the
total area of the grains 26 for a given cross section can be nmeasured and
divided by the total area of the grain boundary 20 regions 28 in the
cross-section. In one version, the areas GSA and GBSA can be determ ned by
l ayi ng a grtb dboutez 5t huehasdssn abotti (0 to alpalt @dlnit isnopliekhed thatthes ratib igri d

poi nts that, t he grains,k 26 and the grain bound ions, 28 to
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grains 26 and grain boundary regions 28, as is known to those of ordinary skill in the
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 Gga and GBsa 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 materia! 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



Yet another property of the ceramic structure 22 that is controlled to

provi de i nproved erosion resistance is the purity of the al um num oxi de
material. Reducing the inpurity level in the alum num oxide nateri al

i mproves the erosion resistance performance of the al um num oxi de at | east
in part by reducing the nunber 15 of contam nant conpounds, such as silicate
conpounds, that can be forned by the inpurities. Formation of contam nant
conpounds slurhinam odde mategiat ahieastalmut 80% dfibe gerins 26 osthe @lursineinsyxideecause
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t he nunber si |1 cate conpounds that can ornmed. The al um num oxi de
materi dl al so desirably conprises reduced anounts of other inpurities, such
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al um num oxi de materi al can be deternm ned by a nethod such as, for exanple,
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conmposed of the alum numoxide material 1s fornmed by a method which
provi des t Hecrefess eregioarewis becausesthg silicplesisarrauads 6an fare in the grain boundary

region 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



al um num oxi de material. In one version, a suitable nethod for formng the
al um num oxide material includes (i) formng a ceram c powder conpri sing

hi ghly pure alum num oxide, (ii) ball mlling the cerami c powder with
mlling surfaces conprising alum num 10 oxide to forma ceram c powder
having the desired particle sizes, (iii) formng a ceramc preformhaving a
predeterm ned shape fromthe ceram c powder, and (iv) sintering the ceramc
pr ef or m t o thealmangmixeeadateliaindanure deteceinedbe eiraethodspceh a8, fgr exmmplesi r ed

boundary T s AScpraRarTiceeR B G ThA bR E SRR T, |,

22 can be ftasseeof diginborskilnig aat. cer ami ¢ precursor powder having a high purity
of al um num oxide and few inpurities. For exanple the ceram c powder can
conprise an alum num oxide purity of at |east about 99.8% by weight, and

even at sl east about $Re &paiic RGN 22 cHBddedasTAE hiuRindth RstRIe AatefibNg er i ng
20 agent, such as at |east one of Mg(NO3)2, MO, and Si 2 can_al so be
éj(e,swgqi]gr

provi ded i rfored byamsihed phirderovi TopuRSISENt IRAeTIRSRdhe
preferably ﬁ@gmuwaxi@é%@&ian.awe&ré%pysmwhemodtfeef&ﬁr@mhe AMHEmM and

can even be [ ess than about 0.2% wel ght of the ceram c powder, to reduce
t he nunber @dde mgtariat inekides (i} feemgumteramioRewer aeairsising highly paFeoalHeinum

versi on, snmlk ! I i IS 1ES] ; i y 25 be
orovi det + e RIS U8 etaiBlod it RRrERBLes b Busha Bl d®, 1o

bi nder roay oxide wubst amerahicypowdee having thenedired martyie sides dipbraing a teraning

sol utions conmprisin hal n-.cont ai ni C ..such as, fluorine

cont a1 i o B 4\ AieaR AR shaBr B AARBIR oReBR B (h Ss NG e

per f or rr] cgaaaaamliqqrremsesor;ﬁ simpdres ammaamhtoamean?eﬁ_ammrrsmj mgms-,ir@cﬂ _nge(r]I s
can I nclude at, | east. one o ttria and yttrium unm num oxJ de rovided In
o oant  rarabion eSS At Char i B D E UG S e isR BN gt By Beien
cursor powd@bperliBs af@ i iésiiRa\Wigty. can be nmilled in a ball mlling process to
provide particles of powder having a desired size as well as to mx the

powder Eonponents. In 8 one enbodiment of the ball nilling process, as
contai ner 32 havi ng M1 ranpal S, o2 KRTbE (RIS, HimRGACHERC fefrSbt | N0
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(NO;);, 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



such as water or al cohol can be added to the powder to forma slurry. One or
nore of the container and mlling balls are set into notion, for exanple by
rotation, to grind and 5 mll the ceramic powder in the mlling container

32. Furthernore, as it is inportant to reduce contam nation of the al um num
oxi de powder during the mlling process, in one version the mlling
surfaces 36 in the ball mlling container 32 can conprise a high- purity

al um num oghdéembedisnen|of theneallinilingguecass. as shewiifar sxpanelesinigires. 88 can
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powder to dry the ceram c powder d to separate out very fine particles of
powder rat @Ml alumipughexide Matestal iﬂ%h@?‘rﬂw&alyﬁ\g‘%\%@? SPgaWﬁ?’%med into a

spray dryi i af Sliebe s b0 rdnihgisyiadan arpsedurtiRes 48 ditdrianbolaRm of

t he chanmber 40 to dry he ceram c powder and to separate out very fine
cer am dOpowderropgrampleethefmijingthadis 34 omaicampgise @wieinum Axidexkaninga pprityef at
enbodi nent r | c ' i i eat ed
gas 42 sus;l)éea;'l‘:’agb‘?lﬁeg%?/f ﬁgwﬁgﬁ}t'i Eﬁggsﬁa%%vésfﬁﬁag%\gﬁéﬁ&egu%rgtofglrﬁl}qﬂ@urﬂf t he
separ at i ng cxliardoatingk)35 batigemiliray balls| smdéay gootamenwatis.s Milthg of thelveratbicdr i ed

ceram c powder, settl e towar a hottomportion 49 of the separati chanber
20, wier o FoRES” Bl i o s 2R RERY il Ph 1 PR B BB e i

heat ed gas Adesirey sizeewhichrmayiseralpartiors sizdeflees! tHam sbouespsic@hef uchfasai | east
about 120C, such as F%om abo‘b’% 120C to Ebotg 250C. Ot her separating

devi ced? sPRAICRSIEGPT EYRAPOLL P21 Pigfas 10 @RRULR QUPTARS- used to separate out fine
particles, and other drying processes can also be 30 perfornmed. To provide
a predeterm ned conponent shape, a nolding process can be perforned to form

a ceranic preform 58 ARRANEVINGRY separaiproeessanaise be aatfermeshamitie. 1n one
version, a eilflicindrield dry &SR PSRE&EShd 1B sBRS S&AehPrn®paritIRE 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



9 powder into the desired shape. In the cold isostatic pressing process, the
powder is conbined with a liquid binding agent such as the organi c bindi ng
agent polyvinyl alcohol. The isostatic pressing device 50 typically
conprises a container 52 having flexible walls 56, such as a rubber bag,
into which the mxture 54 is placed, as showm 5 for exanple in Figure 5a. A
pressure is unifornmly applied on the walls 56 of the flexible container 52
to conpact pewdeninta tieslesied sbaner imtbe colddsastatic pieesing pioseshahe ngwderds

d d sh th
i oxi ble: %Bﬁhgf@jgﬁ%? Sy, %fﬁ%%?ﬁm paREHID o #’eynwm A
pressure. Eehobl sosieﬁtapﬁessipg gicen i yfaonpises sitapaindy i ng the
f t d '
Pt of or m 55 "BXRAS5 4% sHER=F & oot sRion it WHicR e "Bols ™% R Restiiebe, “an
enbodi ment farfexahiptdin Bigsiedsn Apréasguane u'ﬁbormlFeppI&;dadirpil‘e walls %rumme flgbalglégur e
rovided in an

5a, the ceram¢ and nd|n agent m xture 54
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ot her cyli rideirébhdde Uicisresade caR beafplieéd Tete)ianspie oy iftndrsing Whefi&dble The
m xture 54 is cogzact ed around t he tube dur]i ng\dt he isostaticC pressing

process, t&OplARArewaterLAFe by rétes MRBISRINAYIIAs PyesshER- i £28 Moidege with a
center for i@k ptréTSrntl %Qﬁ be FieherGPaAsd By HRHRIY B8 epvaerrﬁ@o BRRMethEdebirqyn t he

tube, and can be nachined to provide 20 ceram ¢ preform structures, such as
ri ngs, I0hatsiz¢ave a suitable shape for substrate processing. The shaped
ceramc preform58 is sintered to forma sintered ceramc nmaterial conposed
of al um num oxi de that has the desired properties and structure. In 25 one
version, the cerani cinpmrm‘\mminBBa reldednteeareit raefoamtS8ngaey iz proeided if aom about

1300C to abo t, 1800C for a_.dur. n of fraqm about t o_apout .9

Lonical 1y oMiarcaPana bidn £rfgtifs sRabed emerinatagttos Whicrds AR iU 5 can
be further F&iﬂ@ﬂsmplef a8 shewaimFiguly5atthé eaamiopewadr afmctlﬂhcﬂlh@Ggemhlkﬁﬁé 89,

| aser drilli n and géher net hods, to %ow de the desired ceram c structure

22. 30 tPhe c,ag 5 RPHERS B 2ihisesiafis Riassing ceptansnyes aad arshaPngiainifY sushies dan be

tube or other cylindrical structure can be positioned inside the mixture 54. The mixture
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 HNO; and

10



cl eaned to renove any remaining inpurities or |oose particles before
installing the ceramc structure 22 in a process chanber 106. In one
version, the ceramic structure 22 is inmmersed in first a dilute and then in
a nore concentrated solution of HNGB and 10 HCI. O her cleaning solutions
and solvents can also be used to clean the structure, such as HF and HNG3,
H2SO4, H3PO4, and de-ionized water, and other cleaning nethods such as

ul t rasoni caCiorOtbanciedriog belutisresdandsolvards camalsodepmedrio ck@ndberpiructureg t he

ceram c structur 2 h e u o] cess. substrates . 104 in.the process
chanber 106Y¢H 48| aﬂ?%%dﬁg%gﬁljﬁg%’ a'gci g%—éqggzega\ﬁatsé ﬁ&@r‘%t%?fn%%ﬁ%g cl ean the
ceram c st riethgd€sdéh avultrasmicatiohaaessso begsaties that may have deposited on

the surface 24 of the structure 22. A suitable process for cleaning the
ceram c structure 22 can conprise at |east one of a dry 10 cl eaning and

wet - cl egning step. | AreARe\RRoRBnt 20 SethprMEtherdsrarhraiudlird L2 ¢as Heen
conpri ses providing an energi zed cl eani ng gas conpr|5|n? a fluorinated gas,

( g . ¢
such as at UsleééQPTQﬁ@é_s §tb ahet ophe PRgeEP éﬁ?ﬂ’?ﬁrr?%é‘sc $3NINGaNG [REYEIEY 106.
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the ceram c structure In a cleaning solutions conprising at |east one of
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the struct deeds e eBaRG ihd Sl Stk 2 anonfinst M61BEL AR Grbr:

subst r ates déshingraed wetrplearing s&p. dompeiversian, tahuitableadTy-cleahingqiracess2 2
conposed of __ 20. al um num oxi de havij the i nproved er |si on [ Si stanﬁe

orovi des | FYaIEgs BroIeg 30 snéraled dtann gesPBP dyng adtp Bhated daf sHh ast
recycling otaéthmeadNRRRAICROEIENDBIfaces G R olaimbeps 06N Adfuitable wetnponent 20
or the generation of unacceptable partjcle I|evels ip thega%_ocess chanber
106. For exdflRg PLOCEBHPINENTPHRS | BiNgithg SEFRre 2pihe co@migststare22 in

conposed of BlHAhE YBILESHS BohBNdiRG at IB8st cHel &1 2’5—!#5}% aNeR, sid {iiﬁ‘ﬂzégaﬁcﬂ ains GSA
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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 exampie, a component 20 comprising the
ceramic structure 22 composed of aluminum oxide having the ratio of the area of the

25 grains Ggp to the area of the grain boundary regions GBgp 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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chanber 106. By conparison, conponents 20 that do not have the ceram c
structure 30 conposed of al um num oxide with the erosion reduction
properties may be recycled no nore than about 3 tines before the conmponent
20 nust be di sposed of and replaced to prevent contam nation of the
substrates 104. Furthernore, because of the inproved erosion resistance
properties, the conponent 20 having the inproved ceram c structure 22 can
be used t ocpnamdrsatingane sursiratey 04obefersbdtarmng theldinsarest afbus the/improveait 11

contam nating the bst tes 104 ore cl eani .t he conpone Thus, the
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of eroded Geﬁtﬁﬁé?ﬁ'%tedﬁv"ihrﬂ'%‘??éab@?%re@f? cepeat eLFFRER?APMPBNYFpr i si ng t he
ceram cgstructure 22 is a part of a process chanber 106 that is capable of

performng a chem cal vapor ﬁOSItlon process such as an HDP- CVD chanber,
an enbodi ment of whilBPnesvessienvine camppegit20gomprisiiasthe setmig StriEiora Ris a
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entirety. Teposilln Rwbeshoudheds arhbk-CMDRIhgmter arcempedigest ofwhith isstewnal | s
L8, bl o TRGURPEPI 3l 6PYY L AYD oral RN iso ABkerp Bt B Sdgmngel | 122

t hat encl os cess zone e enc ure wa i SE a
doned aqei | |6rt§591026 fo\Rosshian qiradmmdzl\tbayes 1203)3 whitpe setdiroimcgeratad bipe

I nt roduced | to 15 t he as su O that includes a
depost t 1 on BAESE P LR ST, Hip 0 VDA B i HBue  PrbPRass1 on shown
in Figure Gnclo8@regadisti1®, whiphtragy d3Aprig0apéilisg $ 19 idewallgue, sedd bottem133

havi ng one or nore gas flow val ves 1343, bg_@nd one or gas outlets 135a

around a péﬁ"p"r?@rtpa"cﬁncﬂ%@ ARIOSEFSFAEI blS. %@Iqsuggwgﬂ%n%%p HEPBPURR fet s
135b, ¢ aboy@nidiEcatingst 1o ver #HproBedd et 32T e@;sasrﬂoaegﬂasféa%é).htr’é&’u RRR! tion

gas in the chanber I06. The deposition gas can conprise, for exanple, one
or noré&3of tis: samber 15, thmugblaamﬂ&wlylm that innkidesi psiepositiongae sowrce a1,

Syost oL 3 B RERTS S e R SRR AR OB S 2t g
Spent pr ocesmpyiass anel opmaeesenduits 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 SiH, and Q. 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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byproducts are exhausted fromthe chanber 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 chanber 106, and one or nore exhaust punps 140. In one
version, the support 100 al so conprises a process kit 124 30 conprising one
or nore rings, such as a cover ring 126 and a collar ring 128 that covers
at | east a rediucesdme dépdditenuypartickas drdc eothf the lvollaruimgota8 dr@lthe andeattyibg t

erosion of the rt, 100, 1n,0 vVer sj the collar ring 12 t. l.egst
partially shpvast it Rl sragssebiy 384 55 B aratipdls Bhoidr e hefle 108
100 not co;oar@@ﬂ%}{ratd’n@peiuhgl'gaud’ﬁee le?lof thEi‘e_&:ppOt%ggm i'l'hg Iiiitgﬁn assanty 1e_'l'54 and
covers at |east a portion of the ar_ rin an .re es e
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suppor t 51000440 lift bhd Rdwerass sodidatd 904 6k tAk SAbstfatd Fevsivifisirtadeorgot i on the
substrate 104 on a substrate receiving surface 180 of the support 100. The

lift pin assenbly 154 conprises a plurality of lift pins 152 adapted to
contact the under si d gie Johéiof A teBbSiich dé¥imaf plidrierdifil to1BEedsfifie Subst rat e

104 onto the substrate recelving surface 1€ n one" version,
deposi t i on sgyhstrateyl 0§ dyengasgnasdizenl 19 ovvprsinghan apigbsaridy daviog dpg an myae

ener of zet  MAHTIL T} AN SI RS 2 DAY S8Ry AbalhE cobfphar ool S

111a, b whi ch™may have a’'Circul a center "0 chanber
to couplte ahamiper toocdupe ererge Bsthgasocasstdas iptrecmesessaromeltl3 affthe bleambember

106. For e I the antenna 117 conpri.se _a first . .ind r coil 111 a
about & t op OopGl EERTBE v dei! Latey A meues a1 asiciar bl 16858 ch
iﬁconddi ndyirtn clﬁfcthé d&ﬂagd Reiliapaud olaﬂﬁ! ctmmwrtmg,nar;:pf abb@r@gn@@bt@re%dnggg b119.

e inductor coils may be sepgrately paouwer i rst_an econ power
sUppl |65 1892058 SHRGAIED WiBs Gpae pligBidg. 15 NGRS Mew HorreRarain <
process el §fcPeeBy HiRRAnABYCAHY RIPYBIEAsIKIBS 4484k BE ThBasRNBFRSS 1985nay
renote chanber 147 may al so be provided to energi ze a process gas, such as

a cl eanliSng ajREsCOMPrise gnendfiraorediecassalectrpdep that axay bppowergdie eaprgizgithed by a
renote zon QLRI 3U 4 W I g% e
ener gi zed égs cgﬁﬁbgﬂgﬁ%g?%ﬂ%ﬁhﬂgmg&%‘é&i%@égdﬁgw&%égagl%%ova v%£134c
t o t he charsveh as@6;learag §as, ieademote zanecl4fanl el ocessndasr can be 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 controlier 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
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To process a substrate 104, the process chanber 106 is evacuated and
mai'nt ai ned at a predeterm ned sub-atnospheric pressure. The substrate 104 is
then provided on the support 100 by a substrate transport, such as for
exanple a robot arm25 and |ift pin assenbly 154. The substrate 104 may be
hel d on the support 100 by applying a voltage to an electrode in the
support 100 via an el ectrode power supply 143. The gas supply 130 provides
a process gamptise hlsabsthatzipesitidOitig amdructien setto opetgbaeor dibe obtnplsabstmeor

m crowave ener t he process s.to, ener e the S

substrat e fHﬁP%ﬁWﬁBﬁfOﬁ’éﬁw&f‘sgﬁ @qtf’hcg’ ﬁ'l‘?ﬁr?o%fpgﬁ?@ctc%s'g 'B&'ﬁraust ed
fromthe ch@ﬁb@gaéﬂﬁwl@mntrﬂenﬂmuﬁtseﬂxaCbpeIdte tisshgadsuippho 636 and ﬂ@u@@ntmslol | ed
by a control]er 194 t I es [og]&n code havin |nstruct on sets to
oherat e coBURBIR Soict Tomal GHEIRBE ChaBbEG1 Ot AEASRUos e LP A drslutiohst e
chanber 510GpefAé tRXEMHaUSE 12d1§9nd3fh'ﬁc§t[|@k/bl% td Rhirk@h alteSAITRNH FR2 chambestibst £

posi ti oni ng |nstruct|on set to operate one or nore of the substrate support

100 and r ol986 eaergizangorirekingirysdion set toepgee theosasengipizes Ateto1st ajgast he
chamber  1QGgy, nﬁg‘g?JvEPWvélogrtérﬂbeﬂaﬂﬁé Elflﬁlrrél%tﬁl‘?:ﬁoﬁ QetQB%Bﬁfrﬁ t%@ﬁ&?@?ﬂpp' y

130 and fl ow val ves to set low of gas to the ¢ ; a gas
pressure cdine chamberstQ6uend arpreeasstoorstonpe instractidresed o menitor e papeesshn the | e
val ve to ”Bc'hghi 18 Pressure in the chanber 106; a gas energi zer control

i nstruction se O Operate the gas energizer 116 to set a gas energizing
power I%vel a tenperature control instruction set to control tenperatures

I n the chanber 106; and a process nonitoring instruction set to nonitor the
process in the chanber 106. 10 Exanplﬁf !Ee fol |l owi ng exanpl es denonstrate
the inproved results provided by cer el uctures 22 conposed of al um num
OXI de having erosion resistant properties 15 over structures w thout the
erosion resistant alum num oxide material. In these exanples, ceramc

mat eri al s i ncl udi ng | ower purity and  hi urltya I NU. e were
Lested to detern e fHS PGS Rcd séftnste HemBrie By Brvige biier
purity mat ejer@hi stidetuvseal a@npbsaa SRERIANUAESIES BAVIRG efdingsidtant properties

15 over structures without the erosion resistant aluminum oxide material.

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 HNO;. 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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20 purity of about 99.5% by weight, and an al um num oxi de material having a
purity of about 99.7% by wei ght. The higher purity materials included an
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susceptibility may indicate that the potential for

the matenal 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
HNQ; 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 HNO; 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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the material to erode during chanber processes and contam nate substrates is
al so unacceptably high. 20 Figure 7b shows the results for the 99. 7% purity
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of particles of only a little under 3.0X106 particles/cn2 on the materi al
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at the rel atjvel evel . of on out 3. 0X106 icles/cn? after about
10 mi nutes SB*““GF%/ 3 XHP%BEQVH?SH”%XE%?@Y F@Ef’t?&%‘éirestuﬁgé{‘ §recesien msigianast ofabout

1. 0X106 af ttﬁén%l?éﬂbtldé}ﬁ?ng%l@ﬂﬁlﬁg pRicedséd. asoni cation time, as shown by line
74b. Thus, the material having the purity of about 99.8% by wei ght 10

mai ntai ns a desirably | ow nunber of particles even after cleaning with
erosive cleaning solutions, and thus provides unexpectedly inproved results

in the erosion resi SF@DF@?@BembHﬁrﬂ@é e sﬁ{prcSUérd' rBQqus' ;ﬁ@ﬁb@@b?ﬁtﬁ?ﬁ’lﬁmm Figure
7d denmonstrates the inproved results provided by the alum num 15 oxide

mat er i al’ hamdegn@teélab*wmmhhgr%en pigtier puely of pbout 9998 %dayweight; gife. matesal
material  eyhibited an initial 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
iine 76a. The number of particles did not significantly increase after cleaning with the
cleaning solution comprising HF and HNO;, 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.

16



exhibited an initial concentration of particles before cleaning with the

cl eaning 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/cnR after about 10 m nutes of
ultrasonication tine, and was reduced to a concentration of only 20 about
2.0X105 particles/cn2 after about 40 m nutes of ultrasonication tinme, as
shown by Kiseethie6mpraves cenamisrstoictypa 2R icomposeld df alomirginynkifie ceant by | ncr ease
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m nut es;5 of desdriptia 8o b1 ietgré@rred veRanNmYerldld)@r §pdtial AftARgerh&its egbritdr i ty

mat eri al showed enhanced resistance to corrosion in conparison to the |ower
purity mat 8e 10 Nugtiale eNeMIvPl ary enbodi ments of the present invention
are shown and 30 described, those of ordinary skill in the art may devise
ot her enbodi nents which incorporate the present invention, and which are
also within the scope of the present invention. For exanple, the ceramc
structure 22 conposed of alum num oxide nmay conprise at |east a portion of
conponents 20 other than those specifically described. 16 Al so, the inproved
ceram c structure 22 conposed of alum num oxi de may be fabricated by

nmet hods ot her than those specifically described. Furthernore, relative or
positional terns shown with respect to the exenplary enbodi nents are

iint erchangeabl e. Therefore, the appended clainms should not be |limted to the
5 descriptions of the preferred versions, materials, or spatial arrangenents
described herein to illustrate the invention. 17 WHAT IS CLAIMED IS: 1. A
substrate processi ng chanber conponent havi ng reduced erosion in an

energi zed gas, the conponent conprising: a ceramc structure conposed of

al um num oxi de and having a surface that is exposed to the energized gas in
the chanber, the ceram c structure conprising:
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(a) grains and grain boundary regions such that the ratio of the total area
of the grains GSAto the total area of the grain boundary regions GBSA is
fromabout 0.25 to about 2.5; (b) at |east about 80% of the grains having a
grain size in the range of fromabout 1 mcron to about 20 mcrons; and (c)
a purity of at |east about 99.8% by wei ght, whereby erosion of the surface
by t he wHAgNgiC1aiMBDISi s substantially reduced. 2. A conponent according to
claim1l1 wherein at |east about 95% of the grains have a grain size in the
range of fromabout 5 to about 30 mcrons. 3. A conponent according to claim

2 wheref.n ata s@thteahrocdssitgiehambenorgperens haivereducdl éloBiofii 8n ehergized about
8 to about, 16 mcrons. 4. A conponent according to claim1l wherein the grain

boundar%?srt@sl%ﬁ’g%wmﬁ’és?‘gom about 1 %to about 15% by vol ume of the

ceram c str urédihmic éiructﬁr@@cﬁ?ﬁ@cﬁﬁéﬂtofaﬁmﬁﬁtﬂh agudé@nalhamﬁglawﬂawtﬁat fshe ceranic
structure conprises |l ess than about 1550 %@ ¥H.IV\BI ght impurities. 6. A
conmponeiPosRd I8 ths ﬂ’éer983‘393§ i1 the gRaPRemtherrerapic § Etuéec?qmrl:ﬁ‘"@ conprises |ess

than about (djl&tapirEnB)raiRib8lhd¥ reyidriseRibh that tHe RRFBPIREbtaPsERbE{nag to claim
6 wherein the ceram c structure conprises | ess than about 400 ppm by wei ght

of sodidians Ges?tf'ﬂé?‘?alaﬂi%f’fti'@@“ﬁbPPB’}d%fQQ!ﬂ”SQBSAﬁ%WOméWGU‘I @33to @Wh about
600 ppngg)y wei ght of magnesium 8. A conponent according to claim1 wherein
the structure conprises at |least a portion of one or nore of a ceiling,

col I ar ri ng,(bkalJedst abegf 80&ner the graifs havinoea grainsizeinshe sangepf Hoasahang 1 chanber

conpri %l@ﬂnnttg%b&ﬂ%%ﬁmnsoénd:' aim1l, the processing chanber conprising a
substrate support, a gas supply, a gas energizer and an exhaust. 10. A
o

met hod of fdbYa puity rbatdeass mpowteld 8% binweiglit wheselyeeraaion oftheusrfaceby theposed of
al um n%pey}_ﬁ%s |§§u6§?$\ﬁ8%%%ﬂpéd sing: (a) providing a ceram c powder
a e

conprisin num oxi aving a purity of at |east about 99.8% by
wei ght ;

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 85% 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.

8. 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.

8. A component according to claim 1 wherein the structure comprises at least a portion
of one or more of a ceiling, collar ring, cover ring, and lift pin.
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(b) ball mlling the ceramc powder with mlling surfaces conprising

alum numoxide to forma powder having particle sizes ranging from about
0.2 microns to about 5 microns; (c) formng a ceram c preform having a
predet erm ned shape fromthe powder; and (d) sintering the ceram c preform
at a tenperature of from about 1300 C. to about 1800 C., thereby formng a

sinterefd cermgidstraRt RbéysingURBRBRAcAHhpRingtha¢BmpshéeR o'f'éhélnﬁ‘g fhe purity of at
| east about 99. 8% by wei ght, wherein the sintered ceram c material conprises

grai n JMece§eiAg ﬁhB@Bﬂrofé}r@Prlsé!\gl PfibsyatersupRet. a 9rs $URPlYo2 8PS BABTGIZSE and AR ea of
the graixyagudeSA to the total area of the grain boundary regions GBSA is from
about 0.25 to about 2.5, and wherein at |east about 80% of the grains
having a size in the range of fromabout 1 mcron to about 20 mcrons. 11.

A et hogh, acgofdiad éf@ab?ﬂcéﬁr@ 2 BoibSeth BorhPrisirePs 8&famiPQsleire COMPBbs&ES @ bi nder

mat erial conpri si ngﬁl | east one of magnesi um nitrate, magnesi um oxi de and
si | i coraléminge, oxidehtheynethed CAmMPERINGI conprising | ess than about 0.5% by

sur faces. corhogary fefam Jder Co AR DAL 1 Pl BREFSSEs) BEsTLi it -
13. A cabopb¥dt tfyovetgid according to the rret hod of claim 10, the conponent
COMPr 1 S1 0. (B ¥al il s Bbrahic SEdeh Vi HlinG Surtdddd cofBGihg ol Minurf Bl and
to form a powder having particle sizes ranging from about 0.2 microns to about 5 microns;
(¢) forming a ceramic preform having a predetermined shape from the powder; and
(d) sintering the ceramic preform at a temperature of from about 1300° C. to about
1800° C., thereby forming a sintered ceramic material composed of aluminum oxide having a
purity of at least about 99.8% by weight, wherein the sintered ceramic material comprises
grain and grain boundary regions such that the ratio of the total area of the grains Gg, to the
total area of the grain boundary regions GBs, is from about 0.25 to about 2.5, and wherein at
least about 80% of the grains having a size in the range of from about 1 micron to about 20

microns.
11. A method according to claim 10 wherein the ceramic powder comprises a binder
material comprising at least one of magnesium nitrate, magnesium oxide and silicon oxide,

the binder material comprising less than about 0.5% by weight of the powder.

12. A method according to claim 10 wherein the milling surfaces comprise an aluminum
oxide purity of at least about 95% by weight.

13. A component formed according to the method of claim 10, the component comprising
one or more of a ceiling, collar ring, cover ring, ceiling, and lift pin.
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