WD 2005/ 083154 PCT/ US2004/ 042625 CLEANI NG OF CHAMBER COVPONENTS BACKGROUND
5 The present invention relates to the cleaning of process deposits from
substrate processi ng chanber conmponents. In the processing of substrates,
such as sem.¢ ndu&%gr waf ers and displays, a substrate is_placed in

process chaﬁﬁ g&posed to an energized gas 10 to d %w%W”@?Eh
material on the substrate. During such processing, process residues are
generated and deposited on internal surfaces in the chanmber. For exanple, in
sputter deposition processEEEANING ORICHAMBER EOMPOMNENTSI get for deposition
on a substrate al so deposits on other conponent surfaces in the chanber,

such as on deposition rings, shadow_ri T&%&O liners, and focus rings. In
subsequent process 15 cycles, the de 69 ess residues can "fl ake of f"
of the chanber surfaces to fall upon and contam nate the substrate.

Consequently, the de?g%?l%%;@ﬁrﬂ/éﬁﬁén FQ&ﬂe@‘t‘@Ene ﬂgﬁmg F‘dde%g'd% béils frorRaned

fromthe chanber sur wever, 1t can to cIe N process
deposi t s f sobstcatepooeassing2thambéroxamporestssi vel y erodlng the surface of the
conponents. This can be especially true when cleaning process residues
containing nmetals from conponents that are nade of netal-containing

materials. The net al +mmat;ﬁbaémg)ommstratéepamrtas serauo@hﬂhd:toulnhfdre andenove
because cl eanl sol utij ons Sﬂ’ilgtf?%bl e for their ,renoval are also fre uentl

reactive widisplayShasuRsiraleds plageddp @ Ricerps hambelARH Sxpered inaib RB%
exanpl §q a2 gepbHPSH dteh FRtEfiaIUh thealubkfateliDuMAg S uCch rprb&%sir@"%\"@desgfre&dues

t ant al um cont al ni ng cFrocess resi dues can also react with and erode chanber
surfaces capgeaeiaea anddepesitad omintafnal wfagesin th@lfbamhﬁg &pr gxamaplec tint ai n| ng

deposi ts f;sgp{t%“@%ot%ﬂfobgfrﬁ Bodddls Rl sb @tf‘er&&’%ﬁ[‘ f"f&ﬁ’ de Béi’uér‘?oh%g' '

frequent 2T ba|on of one Paces an al so
pr obl emat | gubbstesate aﬁmﬂepcrugtstoexdstheecbmmriaﬁeerfamh tlas chamberssichasmad by a

"Lavacoat | SS.  Suc texture surfac re. desirabl e bec use they

or ovi de.a ~depPRigH iage. stadow s el iBels, AnGTastiulSh Lt HbcerBhT Hztshe Yo

whi ch proceyslesepesidpositsthpraeet ré@tﬂlh&eca@ﬂ‘lﬂhk@bﬁ’ of the chamber surfaces to fall
upon and contaminate the substrate. Consequently, the deposited process residues

must be periodically cleaned from the chamber surfaces.

However, it can be difficult to clean process deposits from components

20 w1thout excessively eroding the surface of the components. This can be especially true
when cleaning process residues containing metals from components that are made of
metal;containing materials. The metal-containing probess deposits are difficult to
remove because cleaning solutions suitable for their removal are also frequently
reactive with other metals that are used to form chamber components. For example, a

25 cleaning solution that is suitable for the removal of tantalum-containing process
residues can also react with and erode chamber surfaces comprising titanium or
aluminum. Thus, cleaning of metal-containing deposits from such surfaces can erode
the components and require their frequent replacement.

30 The erosion of component surfaces can also be problematic when
cleaning textured surfaces, such as surfaces formed by a “Lavacoat™" process. Such
textured surfaces are desirable because they provide a “sticky” surface with crevices,
depressions and protrusions to which process deposits adhere to reduce particle
generation in the chamber. However, because the process deposits can get lodged in
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generation in the chanber. However, because the process deposits can get

| odged in | WD 2005/ 083154 PCT/ US2004/ 042625 the pores and crevices of the
surface, it is difficult to renove these deposits with conventional cleaning
process. For_exanple, cleaning the deposits with a conventional bead

bl asting pr A‘é%é@%?ﬂe%‘n results in the erosion of the protffd&iS3HeOHe2% he
textured surface, requiring frequent replacenent and/or resurfacing of the
conponent. 5 Thus, it is desirable to have a nethod of cleaning process
deposi ts fiherporesiahdcesvicds afdhpenrfates itis difficilt toxemse tedge demukite vithhe
surfaces. It is..al s‘o desirabl e toF have ﬁ] nﬁéhad ?'fg ael ecé‘i v&l% cl ear}i ng
met al - cont SPMERHOPH SHLRILUNY BIFEFS s FPE GYATPHIE: BIBETNa 1 fepeslils with 2 gopyeptional
conponent speddbRsiiy g%@&aaﬁ%mnw@%mzﬁ% pRIMYRIRY dfiha temtrlegd of

cl eaning a surface Qrf a_substrate processjng chl%gcber @_@ onent to renove
process depdiaces reqidring f"@%’e'itﬁﬁp@ﬁgfﬂ%fe?ﬂd/%ﬂﬁﬁ'é ing ot g campenent. 5
tenper ag ure bel ow about -40C, thereby fracturing the process deposits on the
surface. For exanple, the surface can be cooled by immersing the surface in a
| ow tenperature fl ulliys,étiieHegigahle tuihavenn meliedthof ¢leaning Pregessdlapiosits iom

cl eani ng ﬁc}i” | . e out
150C, ther %@gq%goésfgﬁl g e ﬂgse\%frﬂf)oc"ggg&%éegﬂ)‘%& ?ré) a%tg%gﬁ%égés'sIt?l%%%éic{egﬁélgﬁq?hen
be r enpbvedhéveomnidthod of telectivelynclganingmethkcontainfigproodssadepassitsifropn thet ivethl t he
surface is i rsed in a bath conprising liquid nitrogen to formfractures
in the pr oﬁ%'é”]%?e&éﬁ&@?ﬂgbef?ﬂ@%ﬂ??téce is 15 then heated to a tenperature of
at | eagy about 150C to expand the fractures. The heated surface is cool ed by

flowwng a fluid over the surface to formfurther fractures. The fractured
deposits are renoved fromthe surface by at |east one of (i) bead blasting



the surface, and (ii) cleaning the surface with a cleaning solution. 20 25
30 3 WD 20051083154 PCT/ US2004/ 042625 DRAW NGS These features, aspects, and
advant ages of the present invention will 5 becone better understood with

regard to the foll osvvi ng description, appended clains, and accon{‘))an i ng
drawi ngs, WATQR%PPEd% rate exanpl es of the invention. HoWEVTEPHRIIPE 5 pe
under st ood that each of the features can be used in the invention in general,

not nerely in the context of the particular drawi ngs, and the invention

i ncl udes any conbi nation of these feaSUMMARMere: 10 Figure 1 is schematic
side view of an enbodi nent of a substrate processing chanber conponent
having a surface wth process deposits thereon; Figure 2 is a flow chart
showi ng an enbodi menih imethadoftuiehniig alsadace gf 4 Supbsteate psoctaRP® dhaniderm t he

surface of a substrate processing cha [ CO ent; Figure 3 is a sectional
Si'te v ew SAMBATHIBCFAEHE PEOSES SaBes AN EreT b dBS CPigoBREIERCR IS PRYRR R, or

nDr e COyTPOA dthpefaiidre Heddw BB oGt ABPE dhifeby flchFHgBe Ro6ERFepodfls 0RFhe 30 35 4
WO 2005/ 083154 PCT/ US2004/ 042625 DESCRI'PTI ON A process chanber conponent 22

havi ng a ssvfagse Fr @@mpledhegutface can be cooled by immersing the surface in a low
temperature fluid, such as liquid nitrogen.

In another version of cleaning method, the surface is heated to a
10 temperature of at least about 150°C, thereby loosening the process deposits. The
process deposits can then be removed from the surface.

' in yet another version of a cleaning method, the surface is immersed in a
bath comprising liquid nitrogen to form fractures in the process deposits. The surface is
15 then heatéd to a temperature of at least about ‘150°C to expand the fractures. The
heated surface is cooled by flowing a fluid over the surface to form further fractures.
The fractured deposits are removed from the surface by at least one of (i) bead blasting
the surface, and (ii) cleaning the surface with a cleaning solution.
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remove process deposits 24 that are generated during processing of a
substrate 104, 5 as shown for exanple in Figure 1. Perform ng a cleaning
process to renove the deposits 24 can reduce the formation of contam nant
particles in the chanber 106 and inprove substrate yields. The process
deposits 24 EHUREYi se netal -containing deposits, suchCRUSHUYBLTSS
conprising at |east one of tantalum tantalumnitride, titanium titanium
nitride, alum num copper, tungsten, and tungsten nitride. The 10 chanber
conponents 22 cleaned in the process conprise those that accunul ate process
deposits 24, such as for exanple, a p@ﬁgwmf%i% a gas delivery system 112
that' provides process gas in the ch , a substrate support 114 that
supports the substrate 104 in the chanber 106, a gas energizer 116 that

energi zes the process gas, . chanmber enclosure walls 118 and shields 120, or a
gas exhaust 122 t hat!hesrdgatuses)aspedts, andadyantagasniibe prerent pyvestion Wil t o

Figure 33, wéidife bbtteSindiratdod Wihegaideto)the filIbWiHY @éscipABY Sapitinded aRdins,

deposi ti onﬁ&?anber 106, Q%onents 2% tha%t can be cl eaned i.ncluyde a chanber
encl osur e 9@fl fcoprgpanying, nas ytehyillystfpte gxamples; of the inventigh .« Floweygr. g, a
deplosi ti ontot%b gﬂ}d@stﬁﬁata,that éqmﬁ@frth% rféamrleéssan Uﬁaﬁdgag Wie rriv@gtidrBEh gef'hemli, ?3%35%
coil suppor ,.Shutter S anp. shi .an urf ace 0
the subst r DEEEM fipthE-gon ﬁ’ﬁ.ogh?ﬁ p@%ﬁﬁ?ﬁf@@“’%ﬁﬁﬂﬁé’ﬁ? inveRtien ﬁ"%é VWeaned can

i ncl ude Apgdmbpidafityi ef theke Jeqtards, wheter s 0020- 50007, 0020- 50008, 0020-50010,
0020- 59(212, 0020-50013, 0020-48908, 0021-23852, 0020-48998, 0020-52149,
0020- 51483, 0020-49977, 0020-52151, 0020-48999, 0020 25 48042 and 0190- 14818,
from Appl i ed Materi dfigureShig schenaatie, sideaviewaf ah@mbddimeht sfta efibsteateponent s i s

or conponchesrsing PfiekEr GyTREGR AEREERTAR W PRREsS ReBbolf el g

nmet hod should not be |imted to use on the conponents |isted or described

herel TYPLEll Y, LRI RofsBhSARRL A WAGAAHIGRY oK Hill 2o

20, such as 30 surfac risin ne o anru SS
st eel , 1T oppracess depcditsrframdhe aldadenefra sulistrate prospssing chamber cogmpomant; t ypes of
surfaces can al so be cleaned, such as ceram c surfaces 20, including

al um num oxide, alum numnitride, and quartz. 5 )
Figure 3 is a sectional side view of an embodiment of a substrate

processing chamber having one or more components that can be cleaned in a cleaning
process.
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WD 20051083154 PCTf US2004/ 042625 It has been di scovered that inproved
cl eaning of the process deposits 24 can be achieved by cooling the surface
20 of the conponent 22 to |ow tenperatures. Wile cooling to |ow

t enper at ur e%oit{ﬂﬁ/oﬁhgfer ence in the thernmal expansion CO%E&‘I%E(F’M)&G%SO]C t he
0

surface 20 and e process deposits 24 results in different

contraction of 5 the surface 20 and deposits 24 to formcracks and fractures
25 in the process deposits 24. The fractured process deposits 24 are |ess
strongly adhered to the surface 20, RESCRIBRION nore easily renpved to clean
the surface 20. A tenperature that is suitably low to fracture the process
deposits 24 is a tenperature of |ess than about -40C, and even |ess than
about -196C, such asA proeasserhambes compbnenh 22aring 8 $0rface 20dsitleah86® 10 The

2t hormai RGN BIHC BBPPS . 2 ob e Pl gt BRosssipblort bR s, 0

expanSIer\ ageﬁéwrﬁIf@@xan@élehﬂﬂﬁug@rr@aeszérmﬂmgléaeaﬂmglpaoﬁs% tweémwétﬁé a net hod
renDV|ng the process depgsits 2 surface, 2 he conmponent 22 is
e

cool ed wit AeROSEW4 earpadycs the fcrrma&on*Pﬁeontmir@nﬁrawtw&wﬁrth%eh@mbehmﬁ ARd gas,
such as T ofmgAgRlBstatd |éi?§'ﬁ'h8%?6besgdﬁgés®b24é% Sorthé@'&egé\rbon?éiﬁ?g' se, for

exanpl e, or oth ul d cool ed the addition of I ce olid
C02). 20 Tdepe&u’tSf aleeh as)deaosltseccmmsm weashmegfrt@tawm dastalum pisride, on of , and

oo ot oot oty b1 Stde] ButhlAG Eadper AnbOEn, 4 LEIRRAHIE THELTL | | e
ol 223333?2?"233'3??2°m§?§'°@'???25']m """’eem‘“m"?ff”‘e" B D o
ey he e phacees deRosiate autn SR erAmEs SpBRERaiS das Elnepchi TiRdnaty to
the surfacgrRficdf prdcesganinthe 2hambee 16684 aamtrate §@]5bcﬁf 504 Bfat GOPH &S thik

spraying the flui d across the surface 20, or otherwise flow ng fluid over
the conpon&Hbsteaie flddn the chamber 106, aygaseneraizen LiA thgt enerizes\ibe praress gesace

20 is sl O‘Ngﬁartrﬂ{ep%%lo%d}@ wills/ 2@8ariPshibibis 189, &eag SOELA s@HZQ%W&Ha@Q@ gu'su' d

has to be difec onto specific regions or' por |ons a conponen §Pf ace
20. Fons5exfopl the chlamberi@6conponent 22 has surface regi ons vmth t he

Referring to Figure 3, which illustrates an exemplary version of a physical
vapor deposition chamber 106, components 22 that can be cleaned include a chamber
enclosure wall 118, a chamber shield 120, a target 124, a cover ring 126, a deposition

20 ring 128, a support ring 130, insulator ring 132, a coil 135, coil support 137, shutter disk
133, clamp shield 141, and a surface 134 of the substrate support 114. For example,
components that can be cleaned can include Applied Material’s part numbers 0020-
50007, 0020-50008, 0020-50010, 0020-50012, 0020-50013, 0020-48908, 0021-23852,
0020-48998, 0020-52149, 0020-51483, 0020-49977, 0020-52151, 0020-48999, D020-

25 48042 and 0190-14818, from Applied Materials, Santa Clara, California. This list of
compohents is merely exemplary and the cleaning process can be used on other
components, or components from other types of chambers, thus, the present cleaning
method should not be {imited to use on the components listed or described herein.
Typically, components 22 cleaned in the process have metal surfaces 20, such as

30 surfaces 20 comprising at least one of titanium, stainless steel, copper, tantalum and
aluminum; other components having other types of surfaces can also be cleaned, such

as ceramic surfaces 20, including aluminum oxide, aluminum nitride, and quartz.



deposits forned on them and other regions wthout deposits or that are
sensitive to and would be degraded by excessive thermal shock, these
conponents 22 can be 6 WD 2005/ 083154 PCTI US2004/ 042625 cool ed at the

| ocal i zed regi jng a spraying or flowing nethod. In g@g i nent, the
surface 20 i%gég(@%f'%ig“by I mmersing the surface 20 in a |8%Q'fq§ /:B%f?f?e fluid
bath conprising liquid nitrogen. Liquid nitrogen has a 5 tenperature that is
suitably lowto fracture and break away the process deEosits 24, the

tenperature of the |lt§as dean dissqueredythatiaiprovesiieaning otithe nroeess deposits @4
L PrPe an i Ban B8 din@led b Wolifl WO face20rife BANBBREACEL D BEABHARAY

nitrogen i s substantral reactive w e materi a o) Ficate
chanber covyhileaooting f lovhienperatuces, tikddiffarenice in theetheadal expamsidn epeafficients r ogen

until the Lijguid nitr n, path stops bubblijn 10 _i,pdicat i that . the surface
50 has 1 ealhil SErBERADTRLINE Hadiendpe ok Arsuu i URPLER R dradhtrprtor:

! ibqui d551i t megﬁnfaclé Mﬁcabé;@osiitﬁmrt@igonn Ciatks dnd ataichresray ibehd pmee@ﬁépos’ltgt g
about mnutes. In one version, the process depgsit, renpval is enhanced by
o't asont caf Y e fEcuPs BETRSSARRosts Phats B85 RTPGY cHEOEIT odbe SHHars 2ot sed
in the "%éﬁ’b@!n‘tér@%ilﬁ?érﬁav Plo cl8XRAY Surfike 120! IOMMHEEFE RS YRYRSDI) Bv he
surface 20 to lightly shake the surface 20. Utrasonic waves can be

gener at ed toyfragtore thragrpeass daposits A4 isA temperasyricf lessdhaa@bert -467Ct ard even
conponent ti r : t] Aro pekat ure
Frura bat n 33 {0an AR 8. ich B Grpeiatle & A0 kB BerE Rk ORECE,

resi dues t Tat I&0 teveperatire eanipvalamethadimay be sspeciallyr usiétlfohsufacesclravied 8o

break up residues that were_ .partially. delannated but still adhering.to.the
our T ace. 20arieb R B SRt et A EELERES IneBopTr omaleR s
the surfagethdbroedsyy deposite2di ng the surface in [iquid nitrogen. The
pre-cooling step brings 25 the tenperature of the surface 20 closer to that

of the liquid nitrogen, which reduces the anount of liquid nitrogen required

to cool the surface glnitsRMbriaifBinotiRg ré8liRd the fRRESE depBSits24, The
pre-cooling step desirably cools the surface 20°to a tenperature of from
about 180Csudaceshadpf thescomponent @2\ codled withiadoprtemperatureyflyid e J hedluisemiayr ned
by : combrise a liquefied gas, such as for example liquid nitrogen. Other suitable fluids can
_comprise, for example, ethanol or other liquid cooled by the addition of dry ice (solid

CO.).

20 ‘ The surface 20 can be cooled by immersing at least a portion of, and
even substantially the entire surface 20 in the low temperature fluid. Immersing the
surface 20 in a fluid can drop the temperature of the surface faster creating more
thermal shock in the surface 20. This is desirable when the accumulated deposits are
particularly hard to clean, for example, when they have less of a thermal expansion

25  mismatch, or are better adhered to the surface 20 of a component 22.

The surface 20 can also be cooled by spraying the fluid across the
surface 20, or otherwise flowing fluid over the component surface 20. While spraying or
flowing fiuid over the surface 20 is slower to cool the surface 20, it may be beneficial

30 when the fluid has to be directed onto specific regions or portibns of a component
surface 20. For example, when the component 22 has surface regions with the
deposits formed on them, and other regions without deposits or that are sensitive to
and would be degraded by excessive thermal shock, these components 22 can be



At a2 e et 2 e et e

pl aci ng the conponent 22 in a refrigerated chanber, such as an industri al
refrigerator 30 capable of cooling the surface 20 to the desired pre-cooling
tenperature. Alternatively, the step of cooling the surface 20 in a
refrigerated chapnber may sufficiently fracture the proc ' 24 such
that the rewq&(g?/g\w%n step can be perfornmed in the pl acg)%%mg(;@&mzﬁsqw d
nitrogen i mersion step. 7 WO 2005/ 083154 PCT/ US20041042625 Once the process
deposits 24 have been fractured by cooling the conponent surface 20, one or
nor e subseqoelad ap theclosslizgdregions usingvasprayimgordlewingmeimd. or med to renove the
fractured deposits. In one version, the fractured process 5 deposits 24 are
at least partially renoved by grit and/or bead blasting the surface 20. In
the grit blasti ng pr mcaresembodimadthefsulfacel 291is cogled by dhaersing e parfaced20

t dth 0, b t.hat is. i.zed t ff tl

i gh o relfb b fREPeAE SRR sl RaiBlid atphen LAURLERPURENSRE For T
exanpl es . atepdrafiire tl@ét%%unmm tdﬂﬁadtm@farﬁbl@r@bkb%ykl?@ p(‘ddés@%lebo*slﬁs 2$aHe 552
kPa (80 PSI.) The grit particles nprise sj ze of from about 16

to about 18uNPesaiyreHsEhiriligid narosepatympa,l!véa%n@eb@#t 166 &n Abplaw tepoperature
m cr omet erg airo ﬁﬁgﬁ& niﬁ%g@ﬁ g&%%@@nta L%'\S’%dé%e BRI fifogeh E's‘ﬂl‘gs%fntlal
gas I's direCted a sur

pressurize ainst t ace to refrove the process
deposits 2#pn- reamﬂvealgltlathermamlﬁlszlmdftb(fa\brmatmmbﬁr compenenie23i dhe surface

Chon el cPOSARE EEPEREYI i 80f DERBAS Lol nebFRtRS Faf o Gt | °
fractunes aRlidatingetdal thetsuefape @0ems rdaghasi 4 endgerhture textdnsabratantizdia widseco
e e
exanpl e, apuifskligutédd. ¢! eani ng sol ution can conprise a solution of HF in a

concentration of fromabout 2.5 % to about 17% by weight, and HNO3 in a
concentration of from about 23%to about 67% by weight, with the bal ance

being water. The surfiage, 6&3@%6%& 2 ragoo@m rbms\%aﬁs%qhaﬁgsa By LiACSnigdy N

the cl eani ng sol ution, ng or rrnsin

t he cl @ani agntMg:ﬂwemurfaEbQOsumfeethe sBﬁ‘acaﬁOas mambrsed|in rclthqumaltlrogeagJattratfed

during example by introducing sound waves to the surface 20 to lightly shake the surface 20.
Ultrasonic waves can be generated by, for example, mounting an ultrasonic transducer
on the component 22, or mounting the transducer on a portion of a low temperature
fluid bath containment vessel. The ultrasonic agitation further ioosens residues that

20  were already partially loosened or detached, and can also break up residues that were

- partially delaminated but still adhering to the surface 20.

In one version, a pre-cooling step can be performed to pre-cool the
surface 20 before immersing the surface in liquid nitrogen. The pre-cooling step brings
25 the temperature of the surface 20 closer to that of the liquid nitrogen, which reduces the
amount of liquid nitrogen required to cool the surface 20, and can lower the overall
cooling costs. The pre-cooling step desirably cools the surface 20 to a temperature of
from about -40°C to about -65°C. In one version, the pre-cooling step is performed by
placing the component 22 in a refrigerated chamber, such as an industrial refrigerator
30 capable of cooling the surface 20 to the desired pre-cooling temperature. Alternatively,
the step of cooling the surface 20 in a refrigerated chamber may sufficiently fracture the
process deposits 24 such that the refrigeration step can be performed in the place of

the liquid nitrogen immersion step.



25 cleaning with the cleaning solution. O her cleaning steps can al so be
performed to renove the fractured process deposits, such as de-ionized water
rinses, and further wultrasonic cleaning steps. It has been further

di scovered R‘]t@%oﬁglgsgigue renoval results can be 30 inpr 0V$9TR§§2&3?@}3FQQ t he

surface 20 o e conmponent 22 to a suitably high tenperature. exanpl e,
the surface 20 can be heated after the initial process residue fracturing
step. It is believed that heating of the surface 20 takes advantage of the
differences in the thermal expansion coefficients of the surface 20 and

deposi (s 24 1o expangnidineidGed0Gi g a+aE HebAFRAEA By 2Bolihy B Ur o5 25

formed in the process deposits 24. The further fractured deposits 24 are
nore det acémtpentht surfase 28t eoe P GY9re pebsaguentrrocastidepnsit removeksteps cafsi | y

removed. ' I ' t b about
1500 and RS Bt AERRLREM Gt Bnd SERIE 1 falhyrdl pidkB8 200
and mays 5 dempositt @4caretatddas padiatiyremote byFgrit anddomivend Blastirg thersusiaee 20.

conpri sing | e, ne of co r. titanium stainless ste and. tantalum a
cui Tabl e nindhe cEhBlacliE pasinss § Skem 4roAt dnlceDics oaRlFigy il 416 be s

hi gh as atsdreasto®@bpghs 804G pHestiizg fohepressiicandficiéhtiasigh ebremovidhees stress
i n the deposited material substanti al I%&\ém thout damaging the conponent 22.

Thus, in offectyeadsproness AePesisfeaming RIfAeH HotF AE@EWIR A SWIADE PIRSRUTESIRY! t he
el 11 N0 ! CHRRHRA asut 03l ki CETPSI) 8 hodit'd5p0eP2 (B0 POLITERE Gt gﬁgﬁfes. mg& egrity

of the conponent structure. For np for a surface 2C rising .
al um nifn eompiisedineesti sjre Ok frpeyahaut 46 kagboet Hi0, ceuesparsing tooapaticlousize o at

| east abo 300 : 0C.
The. sur factomapest 1088 B SR oMM aBGpRiaR, 7 ahGhRr LR AH 49°7
heati ng f upresserizetbgasidi dirdcted againstige srdace20 tcrenevehthbgadtass depopits 24,

radi antly heating the surface w quartz heating tubes, or by passing a
heat ed gass%}%g pﬂ"?@‘ﬁﬁ?f@@@’(gﬂé&-n one version, the surface 20 is heated
to a sufficiently high tenperature before a low tenperature cooling step is
been perforned. In another version, the heating step may provide sufficient
fractulfng of the prlocessvarsiongdthedrastivad preaessdsepsitedparatamaeved by

cleaning the surface 20 with a chemical cleaning solution. The cleaning solution can
penetrate the fractures 25 formed in the process deposits 24 to loosen and clean the
deposits 24 from the surface 20. The cleaning solution can comprise an acidic or basic
solution that chemically etches the process deposits 24. For example, a suitable

20 cleaning solution can comprise a solution of HF in a concentration of from about 2.5 %
to about 17% by weight, and HNO; in a concentration of from about 23% to about 67%
by weight, with the balance being water. The surface 20 can be cleaned by immersing
the surface 20 in the cleaning solution, as well as by spraying or rinsing the surface 20
with the cleaning solution. The surface 20 can also be ultrasonically agitated during

25 clea'ning with the cleaning solution. Other cleaning steps can also be performed to
remove the fractured process deposits, such as de-ionized water rinses, and further
ultrasonic cleaning steps.

It has been further discovered that residue removal results can be
30 improved by heating the surface 20 of the component 22 to a suitably high temperature.
For example, the surface 20 can be heated after the initial process residue fracturing
step. It is believed that heating of the surface 20 takes advantage of the differences in
the thermal expansion coefficients of the surface 20 and deposits 24 to expand the



20 treatnent steps, such as the |ow tenperature cooling step, are not
required. In one version, the heated surface 20 can be further treated to
renove the process deposits 24 by performng a "shock cooling" step to

rapidly cpol‘,%ﬁgg%ﬁ?sg{ff ace 20. In the shock cooling step, Pépﬁsﬁgﬁ}?@%ssurface

20 i s rapidl by exposing the 25 surface 20 to a cool such as
wat er. The shock cooling step rapidly cools the heated surface 20 by at
| east about 50C per second, thereby further fracturln and | oosening the

deposits 2Haciume ¢hiorgedindhe pocers depdsiisdde, Thebrtbab ERCiMERY Aerpsiis 24 arkay
cool the sy QI@ aeHedi" ﬂgn&zlaéb ﬂ%%@ﬁ&ﬁ‘ihé’&uﬁéce' %ﬁﬁtthl:?%an a%meté%

terrperat ure o ess out C, even | ess out 208 such as
from a tenpamated. eA smtgﬂy @igirutenmaiure)maytberq)wema@r@bf ableast aloat 156%C

rface 20 n b t he
urface 2038 SR RERBRE SR AREP P ds o et R00 Sl Wb sl AP By
alhso bes deevembéastrﬁ)gh:aswbbbbmcw"ccd&s eotempm for 24unfdicd 20 kemprising r.;:it H?st eae of
t he conpone { rel at.i eratur n rease, t he
2005/ 0331581 PRPRRUSB0ITTD ShanESs e ane iy, piatahie il TGRS RLE foaY BEebs of
t he procesg4deapsitisno?a, éﬁd’nﬁ%‘%ﬁ%ﬁas ﬁlghfaé(‘aft leHt abit ®00TD! i9eatiMether ocess
deposits 24 nmay be cool ed b sprayi ng rinsing the deposits 24 on the

sur f ace 20 swifage 2@ desirahly induees étrﬁf'ﬁ'e'”ﬂtl@ FéeB?’S'ieIﬁ’é“@@ﬁ'ﬁbﬁé?ﬁta@@"YNWﬁHhs at a
relatively C

tep may betEB R Rt 220 ¥R, Sk vBRiGh Mool fsTRRE O ORREED C o
nore ofl0a grore thdradbYoraf the emlm'lgjtempﬂmma:aﬂthe@bmplonanbshwﬁauer@ 40 emintaiutbk as
t hose descrlbe e, can b erfor d bef ore ar af t ock cooling the

U Face. 20 Mg AL e corBRRra SEblRe  EQLSRERE: Bha thBte PERlBId o s on, a
grit 10 bl akirhiRdms hewitablettigh anipsratiré Mayﬁmhe@acdbougzom sueh aget 2hsand
before cl eani ng the surfacg 20 with a _cleaning solution. 2 is_a flow

chart i1l u8PPut30RCaand igssd ﬁEﬁPOB#E’QP FrefidHED Sﬁlﬂéad'hf"i\%m ﬁooéeg@e(fé%@?t s 24

fromthe SQbféﬁ%&ﬁeaiecﬂ’bycﬁéx&r’ﬂﬁl@%facfr@rfﬁé%ﬁipoﬁé’nt i?lﬁé‘ﬁeéﬂlﬁgsiumai'c% step of
t hi s enbodi nent he surface I's immersed in nitrogen to fracture

the prdéessadiapthsheatingthe sytfacevithiheatinglampsaradia Chy laaat@sﬁbe atfaee withat | east
about 15OCquartz heating tubes, or by passing a heated gas across the surface 20. In one

version, the surface 20 is heated to a sufficiently high temperature before a low
temperature cooling step is been performed. In another version, the heating step may
provide sufficient fracturing of the process residues such that other temperature

20 treatment steps, such as the low temperature cooling step, are not required.

In one version, the-heated surface 20 can be further treated to remove the

process deposits 24 by performing a “shock cooling” step to rapidly cool the surface 20.
In the shock cooling step, the heated surface 20 is rapidly cooled by exposing the

25  surface 20 to a cool fluid, such as water. The shock cooling step rapidly cools the -
heated surface 20 by at least about 50°C per second, thereby further fracturing and
loosening the deposits 24 from the surface 20. For example, the shock cooling step
may cool the surface 20 from a temperature of at least about 150°C to a temperature of
less than about 40°C, and even less than about 20°C, such as from a temperature of

30 about 350°C to a temperature of about 20°C. The surface 20 can be exposed to the
cool fluid by flowing the fluid over the surface 20, for example by immersing the surface
20 in the fluid. It may also be desirable to cool the process deposits 24 while keeping

the rest of the component 22 at a relatively warm temperature, to increase the



to expand the fractures. The heated surface is cooled by flowng a fluid over
the surface 20. Remaining process residues 24 are then renoved fromthe
surface 20 by at least one of (i) grit blasting the surface 20, and (ii)

cl eani ng th‘%f&'z{fogiaﬁ? Mth a 20 cleaning solution. The cl gaRinRg,RLRERSS 1S
cl eaning }

capabl e of he process conponents 22 to provi de conponent surfaces
20 that are substantially absent process deposits. The cl eani ng net hods
described are particularly suitable to clean 25 conponent surfaces 20 that

are t ext ur differerresindim thesmab centradion fates @i the rrocessdeppritst24 and aempagent
textured s r t ] | ) Ly

pr ovi di ng SUPEEEE0] FORERABEL ) oBERRuGiioRg 2 iy Be POBEATY SHEARRD BY riing
version, t ke gepusits 24oietnessuriase2Onwith theluids avhileithe bulk éfdbe sotmponents2R by a

30 hopl | cat PORNSE PPREY el By, U 2OPRRE ShitalE T hg Mol enuig, 75,

2003, epti stepomay balwateahavigg artdmPeestuiens fidhaabeut 105Cporabous 268C.i ng Text ur ed
Surfaces,"” U S. Patent Application No. 10/099, 307, filed March 13, 2002, to
Popi ol kowski at al, and U. S. Patent Application No. 10/622,178, filed on

July 17, 2003 1o PopopblpWaite cita gt biasahh sk 0 3@ABIAMES LErBIHIddRRRAER42625
commonl y assigned to Applied Materials, I'nc., and all of which are

i ncor por at stchas ghase dgscribed Abave Gan henrerforagdibelorecy aften shogl eeding the

textured s ﬁﬁ,{h | Wale il C energy
beam and dlgwefgﬁ‘%%g?? e egger‘#g\?] 0 tﬁécgﬁ‘fﬁitgolrg? p{ﬁgﬁb@%ﬁé@%‘&@z_ The
el ect r afaghésting stepr ig yefoemed aftpr stiaskatniojing thees wrtacedi0 ardbefoeicleaoing théso

conpri se protons,.neutran d X,rays and the |like. The el ectron beamis
typically FHE‘%%%&DM“aa 8'85?@& s@iﬁtioﬁe surface 20 for a period of tinme, during

which time the beaminteracts with the surface 20 to formfeatures on the
surface. It is belieyed 10 .that the peamforns the features by rapidly .
heating the region of 9 %?%&W&W‘ﬁ¥$at'§8|?€ %@%‘L”@ijﬁfﬂﬁ? th?égiaﬁ%’épat ure
of the surf sSRIcPbLiR 24 frafm tharkiffabe dF h Hocedd ThambeP EBnRonbRE2S UIfAE Sirst
material to be ejected outwards, which fornms depressions 23 in the
15 step of this embodiment, the surface 20 is immersed in fiquid nitrogen to fracture the
process deposits. The surface is then heated to a temperature of at least about 150°C
to expand the fractures. The heated surface is cooled by flowing a fluid over the
surface 20. Remaining process residues 24 are then removed from the surface 20 by
at least one of (i) grit blasting the surface 20, and (i) cleaning the surface with a
20  cleaning solution. The cleaning process is capable of cleaning the process |
. components 22 to provide component surfaces 20 that are substantially absent process

deposits.

The cleaning methods described are particularly suitable to clean

25 component surfaces 20 that are textured, as shown for example in Figure 1.
Components 22 having textured surfaces reduce particle generation in the process
chamber by providing a “sticky” surface to which process deposits 24 adhere. In one
version, the process chamber components 22 comprise surfaces textured by a
“Lavacoat™” process, such as for example components described in U.S. Patent

30 Application Serial No. 10/653,713 to West, et al, filed on September 2, 2003, entitled
“Fabricating and Cleaning Chamber Components Having Textured Surfaces,” U.S.
Patent Application No. 10/099,307, filed March 13, 2002, to Popiolkowski et al, and
U.S. Patent Application No. 10/622,178, filed on July 17, 2003 to Popiolkowski et al., all
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regions the material was ejected from and protuberances 26 in areas where
the ejected material re-deposits. After the desired features in the region
are formed, the 15 beamis scanned to a different region of the conponent

surface 20 to,f0Lm. ;atur es in the new region. The final gSrHJrstz GRazalk can
conpri se a honeyco I|ke structure of depressions 23 and pro Ub&T Ances 26

formed in the surface 20. The features formed by this nethod are typically

macroscopi cal ly sized, and the depressions can range.in dianmeter from about
0.1 nmto eyBmONY, assignedsiadprlisdiMalerialotnc. @nd allof arg ipcarporated herein

di anmet er. b \‘n@&‘?ﬁi"%h@f‘érﬁ% tged surface 20 has an overall surface roughness
aver age of ¥fegml%about .5 niécrometers (2500 m croinches) to about 101.6

m cronmeters (4000 m croi nches) t he roughness average of the surface 20 being

defined as the nmean 'ﬂ{e ? ltgﬁtﬁ é’c?l;ﬁi'%: ojfsé%eoéi;&meﬁméﬁe}amq)%the nean

line of the features a ong e Surlace exa a suitabl e

processs chelgbeomafheiaenargy deanngman dmectmg thé baaimi anto Itrmasumﬂaaeozo ofithiee process
deposits 24 is shg [ ' cha

F ) t  of
T thantRmbenatEs: he SEckBRAnC ety Boum S PSPl s BleRGh vearb dut
chambers ceaygebednipfisd Gdreia% ﬁétmmwﬁaystmthbrlmesmléar&vbéérhaé es 104

bet ween the chanbers 10 In the version shown, process chanb
conpri ses &pinally faqusgdeHsa tegion @htﬁﬁtﬁelﬁacgﬂgcﬁorc@pemﬁ of imgsduwring Whlﬁbrtlme

depos'“onth%rtbefrh’%té#é%@%ﬁﬁh thd' @A i@ﬁ%kﬁfé&t@%‘&rﬁ% gl 189 eﬁé\ie%r lal on

a substrate as one or nore of tantalum tantalumnitri
titani tin that the beamifommsithe feafupes by rapidly heating the regicr0d3he 8aiace 20, in

T U200, 045 RIS, B 6 B AP B, TRl AP Rebe

si dewal | s dée oft thélirfabevabteribbtn b@e;éc&d aewvhidsgwhiB. forns dpprskions 23 ih3ke can
be arranged between the S|demalls 64 and celllng 168 to support the ceiling
168. O her rqg#%”%p malerial was ejestad fiemorRd BotyRsrancss < isarsag eW\Hle shield

the encl Osléfe%téﬂ%!afén%x#é Bé;sw.ttshexffe%é §édiral f@%ké@tﬂ%@?eglgﬁﬁréhﬁméﬁr theD6
conprises a substrate support to SUF port the
15 beam is scanned to a dlfferent region of the component surface 20 to form features in
the new region. The final surface 20 can comprise a honeycomb-like structure of
depressions 23 and protuberances 26 formed in the surface 20. The features formed
by this method are typically macroscopically sized, and the depressions can range in
diameter from about 0.1 mm to about 3.5 mm, such as from about 0.8 to about 1.0 mm
20 indiameter. The Lavacoat™ textured surface 20 has an overall surface roughness
average of from about 63.5 micrometers (2500 microinches) to about 101.6
‘ microrﬁeters (4000 i'nicroinches), the roughness average of the surface 20 being
defined as the mean of the absolute values of the displacements from the mean line of
the features along the surface 20.
25
» An example of a suitable process chamber 106 having a component 22
that ‘is cleaned to remove process deposits 24 is shown in Figure 3. The chamber 106
can be a part of a multi-chamber platform (not shown) having a cluster of
interconnected chambers connected by a robot arm mechanism that transfers
30 substrates 104 between the chambers 106. In the version shown, the process chamber
106 comprises a sputter deposition chamber, also called a physical vapor deposition or
PVD chamber, that is capable of sputter depositing material on a substrate 104, such

as one or more of tantalum, tantalum nitride, titanium, titanium nitride, copper, tungsten,
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substrate in the sputter deposition chanber 106. The substrate support 114
may be electrically floating or nay conprise an electrode 170 that is biased
by a power supply 10 172, such as an RF power supply. The substrate support

130 can als a noveable shutter disk 133 that eapREfLEHE2 he upper
surface 134%§%ﬁe zﬁpport 130 when the substrate 104 is not present. In

operation, the substrate 104 is introduced |nto t he chanber 106 t hrough a

substrate | oading in ot sho 164 of the c 106 and
o eed on tRGSEI e A OIS b e bar 106 CORPIFS Saciasuredva BubiChtiohy
support |ighclbsé b%f@cé’d%dzcﬁnd 109, ahd rﬂmnn@m@%bmnmm SByom Al 185, umﬂat 0
lift and |lower the substrate onto the support 114 durin transport of _the

substrate g@iling A68: Assitppoukring 13Ghean b afangad betwees the sistawalls 154and
conpri se o ﬁa i) sW@ gHte’kfbga gsﬂ*}ﬁ‘ Bthef cﬁQMSér W%ﬁls EaBhciki &@oﬁngF‘eOQ?ér‘dhO“

ring 128, a portion of e upper surface 134 o

supports 11420 thatrshiedd theeemsl@smeovalls HéSs‘m@pthet sprgering gnginenwenki on, t he
deposition ring 128 at |east partially surrounds the substrate 104 to protect
portions of the support 114 not covered by the substrate 104. The cover ring
126 encircles and cONechambel €06 torapHsed a eubstfaté Bapperpd$4 to eUppdrnme128 and

[ he-ander | SHogIAIa bpia SPiiter dspariipmesgael 1eaie S a Paparh g Ay B
i nt rOdUCedele’&%rﬁza‘il\y‘ﬁoﬁf}?gj@ﬁﬁqay%Qﬁﬁlgé%HgiPeércﬂéﬂ%bt’i@.@asﬁéﬂsﬁfﬂ‘pbﬁr%Uﬁé

|
I ncl udes a process gas sup rising one or nore gas sources 174 tx t
each féed A72csihhias arréiﬁmmer@w asi e %WSUQFQ sunporizt3G/ean/alse r@Mpiserd as a

mass flow f;g;veégi ol m.s&aﬁ% faPin 5%%&@% fsgpg gggﬁfo? ‘§H ﬁvajhe

conduits 1 ases to a m Xl ng
t he gases whenrthesdbsinatén(m”andtapnesenlt ﬂn@peailogaﬂ'lecsnbptratetm#us m‘lnedunedl ng

mani f ol d fe as, di but 18 one r e s out ] et 2.4n
t he chanbef" ‘i%‘%/\ﬁﬁ B%rlgéélﬁgf Q%t?(fwg'ﬁf?g le?ir(‘é}os H}gg@segv @n@fy

conpri se ath’é)éhérﬁﬁéﬁwﬂ?alﬁl@ﬁlacéu@h the sapIisn 104, Xﬁ@@ﬂ?pol’{\m@hah%eqmabire of

energetlcal ly i rrpl ngi ng upon and sputtering material froma target

pr ocesd3 galpwapd By suipparhiFtibedows apd & it ingpa assembly (Rt Finwns Capdiecussd t&d'ft

OXygen-  and lower the substrate onto the support 114 during transport of the substrate 104 into
and out of the chamber 106.

| The support 114 may also comprise one or more ringks, such as a cover
20 ring 126 and a deposition ring 128, that cover at least a portion of the upper surface
134 of the support 114 to inhibit erosion of the support 130. In one version, the
deposition ring 128 at least partially surrounds the substrate 104 to protect portions of
the support 114 not covered by the substrate 104. The cover ring 126 encircles and
covers at least a portion of the deposition ring 128, and reduces the deposition of
25 particles onto both the deposition ring 128 and the underlying support 114.

A process gas, such as a sputtering gas, is introduced into the chamber
106 through a gas delivery system 112 that includes a process gas supply comprising
one or more gas sources 174 that each feed a conduit 176 having a gas flow control
30 valve 178, such as a mass flow controller, to pass a set flow rate of the gas
therethrough. The conduits 176 can feed the gases to a mixing manifold (not shown) in
which the gases are mixed to from a desired process gas composition. The mixing

manifold feeds a gas distributor 180 having one or more gas outlets 182 in the chamber

12



containing gas and a nitrogen-containing gas, that are capable of reacting
with the 5 sputtered naterial to forma |ayer on the substrate 104. Spent
process gas and byproducts are exhausted fromthe chamber 106 through an

exhaust 122“)/%41! cludes one or nore exhaust ports 184 ook/GEisve spent
process gas and %agissqt he spent gas to an exhaust condwtci@ﬁ Wﬁdl ch there

is athrottle valve 188 to control the pressure of the gas in the chanber
106. The exhaust conduit 186 feeds one or nore 10 exhaust punps 190.
Typi cal | y, 10BeThe pseeass gas MA camptice Aineg-rgastiiergash sueln agiasgon oexenon, set t o

sub- at nos

Sput s er | mg Alsps o84S of NSt iR BEAE pnd BButtiAd iR TS Tyt
conpri si ngThatperdesk ¢as rhay afsotcomprde@teactiebgas sush lastanst ar riore, ofsancdxygens or
exanpl e at | east one of ,tantaluma dtantal mnitrid . 4is

ol ectr | cal FYBRNGIRSRd ot AT anaal S HitRke hanhia O Ferdnd B Feng® 132,
and is 90na@ﬁt@édhﬁhtéruﬂqmmﬁunwy oh&ﬂesiﬁb@tra&éumersmtphw@a@rgaé%dal so has a
shield 120 to protect anbe fromsputtered material .

The shi el dbygf?du@térﬂrﬁﬁbﬁp%tﬁdér%me Qha@%ﬂpﬁﬁmusmanm shizd WB'C‘«prer and
| h

of e chalBuRES st ire Sibust gotls 10Finat fEcie St YRRRes Yo S R e an
upper sect spentidomnenhatist conduit ‘tﬁ@ppmoh hherﬁys1a3tb1rcat:ﬂa valveolf§ tosaamtriobthe1 20b

that T 11 bialykOof 18 gRind bSAER0d THL SRR Sl 144 SIPASL Bt

clanping r an-a provi er -an ower ~ shi e
sectiong 1%QI@adstlp0g1;islTEm 'Nmmllyathe\meﬁureIoﬂthacxﬁutigungtgaemstheschztmlaer 106nier
and 25 outer, shi q ﬂ L_:{ be provided. In one version, one or nore of

t he power §th8| -3tgiosPPefigaVeltr4 “and shiel d 120, operate as a gas energi zer
116 that is capable of energizing the sputtering gas to sputter materi al
fromthe target 124. The power supply 192 applies a bias voltage to the

target 124 with respggg sbettérl'rfg éﬂurﬁé& 1b%QurtH'$tQ:cﬁ‘h;ﬂi§e%'aPsthte¢in§ taReenaqed in
t he chanber 106 fromthe ap vol th@g energi zes the sputtering 30 gas to

form a pl aaging aaurfee@ﬂgétqf wbatrﬁtﬁ @nd;f@mruﬁmgomﬁtmaﬂéo bﬁép@@rg@pnlom to
Sp”“erls”mtr‘f‘%@dstr%ftémlﬂ eJc@%eﬁoé gl'édat th%f élhﬁ?éﬁdﬂa% | Rippor t

114 having e electro port el ectrode power supp nmay al so
operate as Tpartarget 124 Imaelgamcahgelsgiaie;d frabéhéghambeyl26 hy aarmrmlarerhsmiatbr g
oni zed mat %5' and cuotntn%&aed to'a power supply 192. The sputtering chamber 106 also has a
shield 120 to protect a wall 118 of the chamber 106 from sputtered material. The shield
120 can comprise a wall-like cylindrical shape having upper and lower shield sections
20  120a, 120b that shield the upper and lower regions of the chamber 106. In the version
shown in Figure 3, the shield 120 has an upper section 120a mounted to the support'
ring 130 and a lower section 120b that is fitted to the cover ring 126. A clamp shield
141 comprising a clamping ring can also be provided to clamp the upper and lower
shield sections 120a,b together. Alternative shield configurations, such as inner and
25 outer shields, can also be provided. In one version, one or more of the power supply
192, target 124, and shield 120, operate as a gas energizer 116 that is capable of
energizing the sputtering gas to sputter material from the target 124. The power supply
192 applies a bias voltage to the target 124 with respect to the shield 120. The electric
field generated in the chamber 106 from the applied voltage energizes the sputtering
30 gas to form a plasma that energetically impinges upon and bombards the target 124 to
sputter material off the target 124 and onto the substrate 104. The support 114 having
the electrode 170 and support electrode power supply 172 may also operate as part of

the gas energizer 116 by energizing and accelerating ionized material sputtered from

13



13 WD 2005/ 083154 PCT/ US20041042625 the target 124 towards the substrate 104.
Furthernore, a gas energizing coil 135 can be provided that is powered by a
power supply 192 and that is positioned within the chanber 106 to provide

enhanced engrgi s characteristics, such as inprove ' gas
density. Th Oggé%gﬁg?gi zing coil 135 can be supported b%%ﬁg%{(@"%g%%ort 5 137

that is attached to a shield 120 or other wall in the chanber 106. The
chanber 106 is controlled by a controller 194 that conprises program code
havi ng i nsthedangebih24 tawards té@eubﬁt@tedﬂﬁoﬁ@ﬁh%rnmretaaagmmzmg@ellfla5|§aocess
substrat es W ; . loB, :

conpri se abéitgfbgh gttﬁgtt'gb%(%é?%? ég%n%d:m?ér{sstﬁ pé@ﬁiggnaﬁs%af%%%glrdg? é v%ﬁ{e'lng%nnore of
t he subst reitamisarg®ério ptavide @ntiascdibenargized gas sharacteristips,ssuchas impsoNesk r at e

104 in the_ chanber 106; gas flow control. jastruction. set to operate_the
f1ow cont reeraaryaes sensfly “The aaFnafoiehd &L 1Rt be FRooREd pva AllBbP 1o
a gas py estar fhat RNittRhet 16 arghidld 2092 btHed wailldn #teechdrabextegist throttle val ve
188 to maintain a pressure in the chanber 106; a gas energi zer control 15

instruction set to operate the gas energizer 116 to set a gas energi zing ‘
power level; a tenperature control instruction set to control tenperatures

in the chanber 106; HacHamBSIORESE cORMbIIEN byd cbBdllel ABUARatSEImprisedProgram t he
process in the chanber 106. Al though exenpl'ary enbodi nents of the present

i nvent i on egde kauiginghitctiorpsets de pPeEtE cembarentds obihg ¢hamberiasitoiposass art may
devise ot Net<ahadi PR the Ubfilber 1060 FBPLRITDI heRichtBNbr 16 4K baRpried whi ch

are also wt e scope O he present I hvent i on. or exanp er
chanbet0 cosybstrate positiening Instrextiom beirty opergie noatos matesf thehsubdirate supmpah1t so

be cl eaned. Addi tional cl eapi ng.steps ot.her an,t hgse . desgcribed .coul d al so
be perfor n%'&dA sgqpéra?%ﬁaﬁ%qﬁf%%g%ﬁ%gsglgﬂaﬁe BQQ&V%@}W% naﬁsgﬁj&'er' ot her
than that gwaelilsedctidrusétteropersate theowicoatroirvapasi 17iaaumaéetraa‘rmo1sémmrm%t h
respect . to the exenplary enbodi nents are interchangeable. Therefore, the

appended @3%iortheshambeT 18P: BEaP PRESSUER ERNMEOhISHESHIN Beti B ioperte thediastr r ed
VErsions, {pié '\1/§fv§’18%rto n%@iﬁfdiﬁb PRESARINE RIBEIChaRbes i DBES gBS ERbRYiFR cbhirgst rat e

the invention. ] L
15 instruction set to operate the gas energizer 116 to set a gas energizing power level; a
temperature control instruction set o control temperatures in the chamber 106; and a

process monitoring instruction set to monitor the process in the chamber 106.

Although exemplary embodiments of the present invention are shown and

20 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, other chamber components than the exemplary components
described herein can also be cleaned. Additional cleaning steps other than those
described could also be performed, and the cleaning steps could be performed in an

25 order other than that described. Furthermore, relative or positional terms shown with
respect to the exemplary embodiments are interchangeable. Therefore, the appended
claims should not be limited to the descriptions of the preferred versions, materials, or
spatial arrangements described herein to illustrate the invention.
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What is clainmed is: 1. A method of cleaning a surface of a substrate
processi ng chanber conponent to renove process deposits therefrom the
nmet hod conprising: (a) heating the surface conprising the process deposits to
a tenperature of at |east about 150C, and (b) cooling the surface conprising
the pr OC%t?atﬁjseo‘?ﬁﬁkEl?s'to a tenperature bel ow about -40C by at | east one of
(i) imersing the surface in liquid nitrogen, and (ii) spraying the surface
with liquid nitrogen, thereby fracturing the process deposits on the surface.
2. A net hod accordi.ng tomethad of ¢tleadirey 2dunfatchef asubdracereesging esibar dompsient
t her mal ansion cpeffici tmaﬂ1d te&% process deposits conprise a second

W F§ MeRed

ex e
t her mal @iﬁ'ﬁﬂ"seipéﬁce?o P?sl'téfh(fh ro F&PA'YMe first thermal expansion
coefficient is at |east(a? tilgmmgtthessacoOosnjrBigthé pex@adspsis tcoehipeaivent . 3.

A et hod @gfﬁgg}gh&%éﬁ:ﬁla&tm 1 wherein (b) (i) further conprises

ul t rasonf he surface. 4. A nmethod according to claim|l
further conprising at I@pst cobléngtthe skrfake Grhrisiigahié bRgess Rep&its tag Rmparatuel)

cl eani ng, t he surf with a cleaning soJutjion conprising HF and .HNOG3.. 5. A
et hod SEY APy -REC VA et 60 09 eHamE dhe Seface B igorEifitpeacand i) Seving
conpri si g s@fack QAR Niq@BRItAIged,i t ani um stainl ess steel, copper, tantal um and

al um num and the process deposits conprise at |east one of tantalum

t ant al um ni t riheraby g?cﬁ%{ﬁ‘igtﬁ?ﬁ Pre¢esu@RPaTis on theisidacecopper,  al umi num tungsten and
tungsten nitride. 6. A nmethod of cleaning a surface of a substrate processing
chanber conponent to renove process deposits therefrom the nethod

conprising: (a) hehtingh rghod aedosdiag togrgimi Istriein e yyrfaescepmpaisgsasiinsistheraah
t enper at E‘;{éﬁ?sﬁgn BkfriclefPl tﬁppeaaes;c’r@p@gitsaeaq]lpﬂi?e eﬁmoerQQ%rhgge)szﬁsiMofeﬁﬁ%nt, and

conprisin e process deposits to a cooling rate o _
wherein the first thermal expansion coefficient is at least 2 times the second thermal expansion

coefficient.

3. A method according to claim 1 wherein (b) (i) further comprises

ultrasonically agitating the surface.

4, A method according to claim 1 further comprising at least one of:
(c) grit blasting the surface; or
(d) cleaning the surface with a cleaning solution comprising HF and
HNO;.

5. A method according to claim 1 wherein the surface is a textured surface
comprising at least one of titanium, stainless steel, copper, tantalum and aluminum, and the process
deposits comprise at least one of tantalum, tantalum nitride, titanium, titanium nitride, copper,

aluminum, tungsten and tungsten nitride.

6. A method of cleaning a surface of a substrate processing chamber component
to remove process deposits therefrom, the method comprising:
(a) heating the surface comprising the process deposits to a temperature of at

least about 150°C; and
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Ieast about 50C per second to a tenperature bel ow about -40C by (i) inmmersing
the surface in liquid nitrogen, or (ii) spraying the surface with the liquid
nitrogen, thereby fracturing the process deposits on the surface. 7. A

met hod according to claim6 wherein the surface conprises a first thernma
expansion coefficient and the process deposits conprise a second thernal
expansi on coefficient, and wherein the first thermal expansion coefficient
is at least 2 tines the second thermal expansion coefficient. 8. A nethod

according to claim 6 whes giflnd i shidce LURBRGT: GOBRELS 88posi! 1 ARBMEALY of o

agitating the surface. 9. hod accord gg to claim®b6 her conprising at
| east oneagfabout(39JC ger secmdat@ta F@@ppmlr% belpwiadoutor0°Cdhy € eramprrsglgtth@ surfpce dit e

wi t.h a Cl[ ur{Ihe %18'0[" ﬁ)os'Br 391%“[:\ Idrﬁge 'ﬁu:thqu%mg’rogélnothfé o aﬁ.ﬂ ﬁ;eoﬁrg ég?east

claim®6 np I’stn ng tRe surface to
about 306«posik@n the surface.

7. A method according to claim 6 wherein the surface comprises a first thermal
expansion coefficient and the process deposits comprise a second thermal expansion coefficient, and
wherein the first thermal expansion coefficient is at least 2 times the second thermal expansion

coefficient.

8. A method according to claim 6 wherein (b) (i) further comprises

ultrasonically agitating the surface.

9. A method according to claim 6 further comprising at least one of

(©) grit blasting the surface; or

(d) cleaning the surface with a cleaning solution comprising HF and

HNO;.

10. A method according to claim 6 further comprising heating the surface to a

temperature of at least about 300°C.
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