REAL TIME LI QUI D PARTI CLE COUNTER (LPC) END PO NT DETECTI ON SYSTEM
BACKGROUND OF THE I NVENTION Field of the Invention [Oool]Enbodi nents of

t he presewD 20rvigst7oon generally relate to a nmethod and apparsat1a92440T
ex-situ cleaning of a chanber conponent. Mre particularly, enbodinents of
the present invention generally relate to a nethod and apparatus for
endpoi nt detection during ex-situ cleaning of a chanber conponent used in a
sem conduct or processing chanber. Description of the Related Art [0002]1n
sem conductor substrate processing, the trend towards increasingly smaller
feature sizes and line-wi dths has placed a premumon the ability to mask,
etch, and d®Fadi TIMEIDQUAD RAREIGENCOUNDERGL.PEUBNDROKNTWETE( HONr

preci sion. As sem conduct or featuregpﬁgf' k, device structures becone nore
fragile. Meanwhile, the killer defe , defined as the particle size
whi ch renders the device non-functional, becones smaller and nore difficult
t o renmvBACKEGRONND Off BHE INUENEONeNt | y, reduci ng device damage is one of
the major issues facing the cleaning processes. As a result, this trend
towar ds Fifdd eLibe hejeplieral | er feature sizes has placed a pren1un1on t he
cleanlin of onduc manuf.act urin oc anber
conponentooBrt s FTRARRNE s MREHABELLSh PouBLT SR Ere Pi Tt frrs i eoses
whi ch r ekysion cpatihg of @ clowithet l@fnpcmeﬁiet dfare mertictiarly ndnmﬂimﬁnmf)f éhecpresni ng
process require off e lab an SIS durin onponent. rt cl eaning

D cess. mitions afarisaeEieDop i o raHES bRSnGRER g oF Skt oS
manual | y ctdihg &f sSahaipb& cofmpbiit@t Gde@ and Rehicatiutidrpfocdsad chimbdie cl eani ng
process. This sanple is then sent to a lab for analysis. This |abor

intensiv [DCOSS  NO ntributes to a significant increase in the
| engt h oi’? @ngﬂlﬂﬁg%?%éégs but also increases tool downtime for the
tool fr OTBOM]' chf E@m&ﬁf&lhct@ras%bgﬁ?éb&@e@ﬁfﬁf%e ddiaSow 264 ﬁ%%lﬂg’}/ §rf?zﬁier fQwRt | me

| eads to a corresponding Increase in the cost of ownership (Co
[ 0004] Theizes apddinetwidthehdsplagedh @ prpnfign oarthd applity (eaiaskp plal.sngd deppsd Hpte@@b@s f or

cl eani N84 semiconductor substrate with greater precision. As semiconductor features shrink, device

structures become more fragile. Meanwhile, the killer defect size, defined as the particle size
which renders the device non-functional, becomes smaller and more difficult to remove from the
surface. Consequently, reducing device damage is one of the major issues facing the cleaning
processes. As a result, this trend towards increasingly smaller feature sizes has placed a
premium on the cleanliness of semiconductor manufacturing processes including the chamber

component parts used in such processes.

[0003] Currently, cleaning processes which rely on particle counting to determine the end
point of a cleaning process require off-line lab analysis during the component part cleaning
process. 'This requires the operator to cease the cleaning process and manually pull a sample of
the cleaning solution used in the cleaning process. This sample is then sent to a lab for analysis.
This labor intensive process not only contributes to a significant increase in the length of the
cleaning process but also increases tool downtime for the tool from which the part has been
removed. This increase in tool downtime leads to a corresponding increase in the cost of

ownership (CoO).

[0004] Therefore, there is a need for an improved apparatus and process for cleaning
chamber component parts that provide improved removal of particle contaminants from chamber

parts while significantly reducing downtime for chamber maintenance and cleaning.
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chanber conponent parts that provide inproved renoval of particle

contam nants from chanber parts while significantly reducing downtine for
chanber maprvemasye and cl eani ng.  SUMVARY OF THE | NVENPCONS2012/026477

[ 0005] Enbodi nents of the present invention generally relate to a nmethod and
apparatus for ex-situ cleaning of a chanber conponent. Mre particul arly,
enbodi nents of the present invention generally relate to a nethod and
apparatus for endpoint detection during ex-situ cleaning of a chanber

conmponen j i ! processi ng chanber. In one enbodi nent, a
system f RY %ﬁsﬁ?@g ﬁﬁ@id inaliner wwth a cleaning fluid is

provi dedjgoddie SYSIHBHIGARRT iRETes@ndRVdnAOA el relfe b AHlethoRARd hfafrniaynt er
(LPC) carried by the portable cart, the LPC configured for detachable

coupl i ng c¥8ita clepringl obut Fhambgb rempesefed Mdie pagisulene smindimenthel IPCrsser abl e
to sanpl ¢ bhfRal& el YbhRNoweXintdiRg ifiCalpafits. RPAndpdtl R iceab ufGhL¥x-Sille
portable cart and configured for fluid Coupling to the liner in-a

det achabkleaniahéra chimbep gappoer abldeint & sepedonduskant rrogdssisgtchamlesirut Inpane

t hr ough . ner I t i . . . €] J parts
di spos ed%{ﬂﬁocgfn har Lsgmquﬁgra@%a?@grda ﬁgg dEF%lg% lnl{rg rﬁ%?ro&t%é?e%%%%é i/dglts g)m é%rgrpri ses
a port ablTee gyatem campriseserpoitable hat, diliggidgertptrenitep@Prs caroedley b pantedt @uir i ng a
cl eani ng ,pr ss.. and .a | i qui art.icle counter PQ). carried by.th

por t abi & "Rt SRl B OF G PO R R B 4R e 1
port for ied dpbwablaghsdnipde tinsaersplutibie etifPfy hp dinabheé a tpomp aapiké by thegoitage £drui d
exiting the liner. 10007]In yet another. emhodinent, a t hod for cleaning
par ts i SBb e 07 Rt 6B U gt PRt <hasPet ek Ao
conpri sesecpt@e dinsige @ldtion froddrihdidledi Ng conponent parts to be cl eaned
during a cl eaning process and a transducer positioned below the |iner,

i di bl i t liquid ticle. : LPC i.ed b
Phe por PP oL £k bbb, bl Pl S bR Bl S, &
out | et pdinid it proveddt Mheowgient benprisaes portdde: daRCa Gparfabh@dihg caapgpks @keani ng

fluid exiting the |liner, positioning a conponent pa in the liner, flow ng
a rinsat e%?ﬁ?ﬁ%&ﬂ“&?W%E%?fﬂ%eéi’é‘n%gb‘w@ Pianﬁ‘f CPH‘étgfl @njgb ?af{%ﬁfg‘i’x g peple

t ransducedrt, e BPd c&fouted fagddiahld Biplihd®ad Bui8 QL ipoA f@ifdd igbBkethe liner,

cont am nant 1Joarti cles froamthe conponent part, and nonitoring a count of
cont am n&istLESapRerableds sample eaninguid exidpg fie 1B usi ng the LPC, and ending t he
cl eani ng process when the count of contam nant particles drops bel ow a
previ ouslgsoriet emryaieghother ehbodBiRbitFa REGHCRI BT E1IEMi K patslkidpRAN iNGSinek (B8] So

that the manner in which the above-recited features of the present
i nvent i oflcaype Ywd is provided. The method comprises providing a liner for holding component parts

to be cleaned during a cleaning process and a transducer positioned below the liner, providing a
portable cart with a liquid particle counter (LLPC) carried by the portable cart, the LPC configured
for detachable coupling to a fluid outlet port formed through the liner, the LPC operable to
sample cleaning fluid exiting the liner, positioning a component part in the liner, flowing a
rinsate solution from a rinsate supply into the liner, cycling the transducer on and off to agitate
the rinsate solution and remove contaminant particles from the component part, and monitoring a
count of contaminant particles in the rinsate solution using the LPC, and ending the cleaning

process when the count of contaminant particles drops below a previously determined level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above-recited features of the present invention can be
understood in detail, a more particular description of the invention, briefly summarized above,
may be had by reference to embodiments, some of which are illustrated in the appended

drawings. It is to be noted, however, that the appended drawings illustrate only typical
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understood in detail, a nore particular description of the invention,
briefly sunmari zed above, may be had by reference to enbodi nents, sone of
whi ch ar ewol2biestiszbed in t he appended drawings. It is t@ChaSaaeeks7however,
that the appended drawings illustrate only typical Pill 3069471v1l 02/ 23/ 122
enbodi nents of this invention and are therefore not to be considered
limting of its scope, for the invention may admt to other equally
effective enmbodinents. [0009]FIG 1 is a schematic side view of one

enbodi men : | eani.n stem C isin sur.f .particle endpoint
et ect 1 oneJlpd LERR AR BTREMI R HHAG IBRLEF I T BROTEE 5 1
a fluid fdvemvicni mayudinitgc bteeadquellydéftegrienandfodomatsenbodi ment of a surface

particle endpoint detection system according to enbodi mnents descri bed

herei n; Eogg%l] FIF% 1S %E?I%Sl%gp ﬁg@%ﬂe&v oP .brgeeerffﬂoﬁ%e%t ofoa{"ceiea?lﬂg%%t% Q&m&fisir?g a

3
: I
cl eani ng tem conpr
surface particle endpoint detection system according to embodiments described herein;

[0010] FIG. 2 is a fluid flow circuit schematic diagram of one embodiment of a surface

particle endpoint detection system according to embodiments described herein;

[0011] FIG. 3 is a schematic side view of one embodiment of a cleaning system comprising a

surface particle endpoint detection system according to embodiments described herein;

[0012] FIG. 4 is a schematic view of one embodiment of a wet bench set-up according to

embodiments described herein; and

[0013] FIG. 5 is a schematic side view of one embodiment of a detachable cleaning cart
comprising a surface particle endpoint detection system according to embodiments described

herein.

[0014] To facilitate understanding, identical reference numerals have been used, where
possible, to designate identical elements that are common to the figures. It is contemplated that
elements disclosed in one embodiment may be beneficially utilized on other embodiments

without specific recitation.

DETAILED DESCRIPTION

[0015] Embodiments described herein generally relate to a method and apparatus for ex-situ
cleaning of chamber component parts using a real-time surface particle endpoint detection
system. Currently, cleaning processes use batch liquid particle counting (LPC) tests that require
off-line lab analysis during the chamber component part cleaning process. This requires the
system operator to manually pull a sample of the cleaning solution or rinsate solution and send
the sample off-site for particle analysis. If the sample does not meet the required specifications
for particle count, continued cleaning of the part is required along with the pulling of additional
samples and corresponding tool downtime for particle count analysis. This results in high cost

for repeated lab analysis followed by repeated cleaning sequences.
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surface particle endpoint detection system according to enbodi nents

descri bed herein; [0012]FIG 4 is a schematic view of one enbodi nent of a
wet benchweebtumpexocor di ng to enbodi nents descri bed her @Cmjusand/op@013] FI G
5 is a schematic side view of one enbodi mrent of a detachable cleaning cart
conprising a surface particle endpoint detection systemaccording to
enbodi nents descri bed herein. [0014] To facilitate understandi ng, identical
ref erence nuneral s have been used, where possible, to designate identical

el enent s t ar n he fi. .1t 1s,cQn l,at e hat_. el nts
di scl ose!Jpto Pﬂ oneC% g‘ﬁlﬁo | r%lﬁl en&rsaf e%élg%{aﬁlé?eimcipé?vﬁ%? gt %t?ri{ralz?ae@&eog‘l)gt ﬁ)ésﬁe?n 0P
enbodi nedetsctingt pid papiels faxaactal ioh-dine dimm Deel Ahdritior RDIESERhAT @ during the

[ 0015] Enbpdi.nent s desgrib hergein generally relate to t hod d .

opar at uSEHHPE Bty Ak e Aritg 15 SeREhBER e piBHER forird B SRR - ¢ e
surface pachihglaedesiependpbintedseiddel @Ad Pyt @dlectSul.r eme | i¢al-tmhee BAC NG sP0aLS S es
use batch liquid particle countin LPC) tests that require off-line |ab
anal ysi s S‘éﬁzfli%??goﬁe OICWH%&@%O‘%B’%P“%PW E‘Ie‘étémerf%“ (‘5‘8%(%{“%1’%1@6'@]&% res

the syst em-apenRUOyst@ rbd@RERd ] finfibids (e SRAPHENOfabbI Bl RANPO GbIGiHE kRN OF
rinsate solution and send the sanple off-site for particle analysis. If the

sanpl e ddE<osippsspdded Vit sycBisired specifications for particle count,
continued cleaning of the part is required along with the pulling of

addi ti on@o1ganplres. ARG scRniis RRIB didwdoll @@ lenodimichid o ddanP@rsydieh @0C eitek-
analysis. This results in high cost for repeated | ab anal ysis foll owed by
r epeat ed sigy égﬁﬁ“ﬂ% ogé;é%l?fgecgmponent parts comprising a surface particle ‘endpoint detection

system 110 according to embodiments described herein. In one embodiment, the one or more
chamber component parts are used in a semiconductor processing chamber. The chamber
component parts may include any chamber component part that requires cleaning. Exemplary
chamber component parts include, but are not limited to, showerheads, pedestals, rings, bell jars,
disks, and chamber liners. The chamber component parts may comprise materials including, but
not limited to, silicon carbide, aluminum, copper, stainless steel, silicon, polysilicon, quartz and
ceramic materials. In one embodiment, the cleaning system 100 comprises a wet bench set-up
120 which comprises a cleaning vessel assembly 130 for holding the chamber component parts
to be cleaned during the cleaning process and a portable cleaning cart 140 which comprises the
surface particle endpoint detection system 110 detachably coupled with the wet bench set-up for
supplying the selected cleaning chemistry to the cleaning vessel assembly 130 during the
cleaning process. The portable cleaning cart 140 is movable and may be detachably coupled
with the cleaning vessel assembly 130 prior to and during the cleaning process and may be
removed from the cleaning vessel assembly 130 when cleaning is not taking place. Thus,
advantageously, the portable cleaning cart 140 may be used to service different cleaning vessels
at different locations. The portable cleaning cart 140 may be configured to deliver one or more
cleaning fluids toward the chamber component part 220. Cleaning fluids may include rinsate
solution (e.g., deionized water (DIW)), one or more solvents, a cleaning solution such as
standard clean 1 (SC1), selective deposition removal reagent (SDR), surfactants, acids, bases, or
any other chemical useful for removing contaminants and/or particulates from a component part.
The surface particle endpoint detection system 110, the wet-bench setup 120, and the portable
cleaning cart 140 are described in further detail with reference to FIG. 2, FIG. 3, and FIG. 4.
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WD 2012/ 116270PCT/ US2012/ 026477 [ 0016] Certai n enbodi nents descri bed herein
provi de a stand-al one LPC system for detecting liquid particles extracted
on-| i ne fwormtdwezhanber conponent parts during the cl ezorng2@proe@ss. This
real -time LPC system neasures particles during the cleaning cycle until
reachi ng a desired endpoi nt/baseline (end point detection). The real-tine
LPC system may signal the operator when the chanber conponent part neets

t he desired endpoi nt/baseline. The real-tinme LPC systemreduces or

associ at BAW ¢ n LG fen b1y SRBHLT IRl B Sy G Ruldiins VB0 bARIER= e
enbodi nenémpinests chupdrin rig cﬂ;aﬁﬁmgmys].;t@ﬁ)1®(DrT1:rsttsmtaonl¢d>lktam5mg gaﬁira:lhadﬂsgni:d 110
conponen ar. onprisin surface par e .endpoi n cti em
accor di ndp Bl Bar T uChluriind’ RSt SefnBhe ot e e atiReTor
nor e cha@edtrat prPaLi@ap unP aCPS) @beshvsay melmoay gemeensual @lﬁppﬁft@ﬁ‘@lﬁ&l (6gl/0)
chanber. The chanb ?3 onent parts i ncl ude any chanbe nponent part
t hat req&rfof égo‘ﬁll‘)eaﬁ“ﬁg: Eﬁlé}‘q% &’59 dh ch‘gncﬁgﬂ’é??f pb%‘(ﬁsgrs ?:tl %fﬂélse M are

not |im §Rdstigl s&ipefohaeadsollipedasbal Systehi mﬁﬁ:tlolﬁashbdt@fes motkéiSdes, cranfber
chanber |iners. The chanber conponent parts may nprise mat erials

i ncl udi ngiOcHEs: ded sepRittheEiviase (&8-) PagRrs-claP o d‘@Oto%ﬂ ﬂﬁ‘i’i‘l’ﬁuﬁ? )clp@pnitagths n| ess
steel , Sipldc&R: (O] ¥iBdttateC e ZnAB 0 RE @ IR B lcs AHRmbbMNpOB&s d

enbodi mslﬁt ‘ the(e(%f)eanl r? %g(t)em 1660 codp ri segﬂp(Py wet benchmset up ?LZlanewhl ch
conpri se@roae&éméaﬁnwgatvrésg@l Sl@@@eWSQUCfBBOW%r cthol dihpdgenisy steorpreteddgionent
parts topg ghEARGHe A blnﬁioie"tﬁ a%%ﬁf}' ﬁ%l%ﬁ@ﬁ@ﬁéryaﬂﬁhaas RRIIb AR EesE hiRAHLNY
cart 140 which conprises the surface particle endpoint detection system 110
det achab(BA¥oupidenininemonheRNd, flvepcfisk darddisk, or amugipéryiomg of digitd elaseeeed

cl eani ”gldf;ﬁﬁépréﬁl&x fsSfu‘}vP% s'trﬁét[HnQQn&’%j%Q n 538 Jrﬁﬁ &6%9 Q;Hﬁlmge {?Bfﬁo 'f‘8 ”' ”9
process rtabl'e cleaning cart I's novabl e an eta h

coupl ed wsmtmgehez IC@aIm hige ms@lmralwmlagso 8neptedl ¢p tmeoCHHdOU&mpn@lng hlee

Cl eanl ng Po%gs%gr 11 a_canv rr%ﬁ\énela ma eerV d fur O(%R Ellheultg' meaa ll’lCrig evcea%]? O\%grs eun’b+ég

when cl e&ni ng is noQt Y I'ng p ace. eﬁwﬁg vant ageous ehé) rt&p

cl eani ng clak tcird i@, rmput/baputseactuitoy, sebsystems darfcf éfeelike. clmma)gmgnv(eswinputat

di fferent t tabl e ' t 1 h d t
el i ver CRESGPPHaraet B ARy BR uE FE TP B Rl s e SRS ABM LR 20

C eani ng sﬁﬂsuatds PragerdbnG | thiel @raghams ad ofswdrbitréIable ebygthe Geemnta@dlisat @ taDl W) ,
one or sol vents, a cleaning solution such as st ndarg ﬁd ean 1 (SC1),
dye ¢

sel ect i vénc DEIdei o ReH SO Fladielor MPBRIe: Xprutige aadpitolaf e mayswed o
any ot hekupgpbenamh pbs@dnile frarsubLARVAIGHY Wit th@ AR hoc@R décie tRRE bACHdLES
froma conponent part. The surface particle endpoint detection system 110,
the wet - BRHER" BECHH MY, SLBhBcinh BOHIFEaH B° Cleating i eh ) 11804 PEbHERER bed
in furthefe detal donbiid? 156186806 int @ FruGity%of PrdFammableMshidbSatrofters (MR ’s)

2012/ 116270PCT/ US2012/ 026477 [ 0018] | n (?ener al, a systemcontroller 150 may
be used thyt eemtaddp lasally emtrplsing Oemﬁferrm ks i haslsaeing rseBURY: i n the cl eani ng
system 100. The systemcontroller 150 is generally designed to facilitate

t he cont fghejand rauit ORRLI MARY Plowt AfuRV@h@hdtic ClifA4th NG tﬁé’ shei HaicRnehabyini cal |y
includes a central processing unit (CPU) (not shown menory (not shown),
and suppégtectonpsysien 4 1Q ggeorling)to epbedigrendyscritiylehegmy suﬁféceomﬂféff englRgint or m
of COMPUYGE.RNQCESR T Fednlked el RFFO} Holhlﬂg'a!%ﬁa{dl&k c&ﬁﬁ&nbﬁl%nfz% d&rﬁ&ttﬁ@' l'ing
various systemftunctions, substrate novenent, chanber processes,

support hasiggvarogestea glrcula:f,@gsfbn% suppbb biees 23 Onder @u@lyln&ﬁp@w Ot Bnsy thqaﬁ@m’mm t or

t he proc r riabl es,
chanber 57 BEReAff 200 SHIShe & ford HARG Tho L RIDEREL 1% DOMRLI BRI pfAh
power , eticulatingHgridrenpply ling %@ﬁneumeldortr@ thira@iely, cand imty deubties onsator e of

¢ 120 | AL LR TR USRS IR M KA EPLY

| ocal or rineanotheouglsok tfival epplyp $ihe Qmﬁ arxdrﬁﬂan %maﬁbeqmsmbeem@gdhamta&tfhm@d
wi thin the f.or |nstruct|n he. support circuits are also
connect e TED PR 7 A SRS Prdmsotddicd "o a conventonal manner.

The support circuits may include cache, power supplies, clock circuits,

i nput/output circuitry, subsystems, and the like. A program (or conputer
|nstruct|onsj readabl e by the systen1céhtro||er 150 determ nes which tasks
are performable on a substrate. Preferably, the programis software
readabl e by the systemcontroller 150 that includes code to performtasks
relating to nonitoring, execution and control of the novenent, support,
and/ or positioning of a substrate along with the various process recipe
tasks and various chanber process recipe steps being perforned in the

cl eani ng system 100 In one enbodl ment, the system cont roI | er 150 al so
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WO 2012/ 116270PCT/ US2012/ 026477 [0020] The liner 210 may be positioned in
the cl eaning vessel assenbly 130 of the wet bench setup 120 (See FIG 3)
during t WwOocheansatg process. The liner 210 may be posit Pomar$2012/026387

cl eani ng vessel assenbly 130 during a portion of the cleaning process that
i nvolves the introduction of a rinsate solution, for exanple, deionized
(D) water into the cleaning vessel assenbly. In certain enbodi nents where
mul ti ple cleaning and/or rinsate solutions are used during the cleaning
process, edi f C ion

exanpl e, “@Hﬂcerﬁgéggg%%ggl ¥O£§I%§HH?% %%fﬁﬁf&groc %§9Qg£eWF§§8 an

et chi ng s@nmthﬂ&£Wﬁ6»Bymaugnhsnhgmsgpﬂme$.dmﬂuﬁﬁtéﬂ)GM9meq@mhomﬁnnnmy be

Uhe ri nsitBF obseE o PRRECFPa M eba ot int  h 6PN ERARSE LBMIBRESY Bar (5.

of diff eﬁref(bﬁud’tﬁhejflaalhlﬁaal‘sahﬁlbﬁaﬂ'(bﬁdxarﬁ)ld&m(ﬁlaie&le)l naer ﬁi&ythbecldzlﬁﬁ@ vegye]l each

di fferent na eri ral, the liner de . of stlc

pol ypr opﬁ‘"rsélﬁ ( P‘I%)Cel”t ?%g%oﬁweé‘ﬁew?%)m““ﬁ%‘? g@%ﬁﬂﬁ ‘gép?fl RSP ed"’@ uew%)m%?
coat ed mghidg (18- @eanin®@Plrocedd, WNAJAWTWM 1ikdr afdy BERRCE Fat éd&g)sefédﬂﬁ& sWlulibn. NOHr be
attacked by the cl eaning chem stry and will not produce a signifjcant
anmount oFX%%ﬂl? il AT R R tsRfrathe SlFRHPHRICESSE SOTPFISEHY %%%Stﬁhﬁ‘)ﬂli)w(b

count by} BginkiR s?ef}oa @é@ﬁb’ﬁte@ref‘c‘ﬁ{ﬂgﬁﬁeﬁmﬁﬁb@ﬁse@rfoﬂ RAceHnhRC-BRARGL LJitgadi ng.
[0021] The LPC 2 uidly coupled with the liner 210 via the

ci r cul at FiAgng |hai>rdm§n);§5|lyed if¢fetho Imsing psocers c it a¢rfaiy embedigrer(y yalele thagdermy be
coupl ed %Ihf)'bnteﬁ'te a{rﬂsr@rdlgféigntvfngteﬁaﬁ 'afEeEleéIféh e£ dg(:ﬁgatéﬁﬂné—} hAPBE QUL fo?teagﬂg‘l It
shoul d be unders?ood that although a single l'iner inlet 232 and a single

| i ner oudiftsrenp Jupteaiab §hcgmeralnmet lipdremdyi hemadp|oétpdastinde.ki melypwoyieet sPiay be

used dep 5‘1?& Pes I@% tri%?yn ?Ehﬂ%o{%ﬁ? ﬁmlﬁ‘er t%d%n“é{’al (§§“§§9 Jl&nﬂﬁltn%&h and

count part sate rinsaté exits the liner 210
and the ﬂ3§§5|¢08t11¥) ghaiseidl 1@ td:eatalclmdnby theecleamiipochemissfy arhlewd] eeinpmdugerocess.
.I h genera tSléhlflca UImIC(i) taorft | f[ﬁula couPdS conaqbrl]l Q a%r}relcrr Ci gagpct:le scglllJ rt% fle

illum na icles a |c es pass t rou on° charb As

the part iL;EC@4ﬁ&mseﬁzamﬂgra)ﬁaghoalnlmm‘mmdmlmr@dil@y the | i ght source (typ| cal Iy
a laser) and if light scattering is used, the redirected light is detected

by a photo%gﬁt eChR@L - p ?5406@%9% ’Hul yco? ecf%ﬁ Jﬂl Eliﬁéi oy ”?%efj&e’uéo;ﬂa%{ly%ﬁfd | ght

bl ocked parti I"ul ki I ght
scatter edul:qpﬂy ]megmo Alho ckeadating ﬂmaslppb/dlrannhytmae:oplalecﬂ wuih eha Isnec BUlhtied lmnd

the art . isterpra] gitne s Eob SR aetOriR IRBPE Crfididgit 3Fnd

Li qui d- BaringlePaet omleezzczlcmmmjvmamaitip&mrer fnﬂemsmﬁllm @Q].ets thdythe wéd dapp@dingand

the LIQUI L Particl ilable f anartche Measur i_ng st ens,
e, of BB B pser et adls AR isavalp e ahoul HHTS, M aNaHHPECRAT { o
OWN  punp the 2012y thd GRAIRCTAWERGI 1020418 {QARZAhMNe ttROH@PoISNOMWRe tRafhG. 2
as positioned ﬁﬁlor to the punp 250 and filter 260, it shoul d be understood
t hat t he PIoegss2hpeshgipl. B‘Qmﬂc%]it‘? ec?ﬁélﬂeréflﬁee% high, én‘“ﬁ@fﬁbghé SYTCeHg WipRipate partiples

bel i eved a} ghebparBiI&Sf BAs3RhBut a RR&L LGP BhdntiRr LRG 4 GaridOpak@ thRRigh UiMPeadPO
since turbulent flow created by the punp 250 may fal sely increase the

parti cl egewstied hyehefighysowge @tmcqllpe 1@8&0 apd Hdighgschgeriag 15 waddhe welisecsddisdt nt
det er m nal JeQted b Q2R MGt Fhl e RIFBRE] gﬁﬂé Goterhifindd®Y niRid8S haRbig iRkUpe

multiple liquid particle counters to achieve a noré precise reading of the
nunber oby per pird¢lessolf ihe tringate ifhyidat Ehd ppliudarel the Xighpbaatterpdh op dightahlpcked is

enbodi ment.Se, &ﬁgﬁgpéggyhg ﬂ&ﬁ%ﬁh?&ﬁﬁ%ﬂt %ﬁQ}ﬂﬁymgﬁb@%%!LPg?ﬁgﬁgg§L;eam

relative to the punp a secon |qU| particle counter
posi t i onéwsdofwstimeaskill iothetdre Prampl@$0.-Moudevings tircdrlm for orannple the Kie28BR260.

Liquid-Borne Particle Counter available from RION Co., Ltd. of Japan and the LIQUILAZ®
Particle Counter available from Particle Measuring Systems, Inc. of Boulder, Colorado, USA. In

certain embodiments, each LPC has its own pump.
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[0024] The filter 260 may be fluidly coupled with the circulating fluid
supply line 230 dowmstreamrelative to the LPC 240. The filter 260 renoves
parti cl eswbnromtibaori nsate fluid all owi ng for the reciredratsean/oeds7f resh
rins ate fluid into the liner 210. Exenplary filter sizes may include 0.01
mcron to 10 mcron filters. Exenplary filter sizes may al so include 0.04
mcron to 1 mcron filters. Although a single filter 260 is shown in FIG
2, it should be understood that the enbodi nents described herein

cont enpl t he ilter i.n t.

Pl ter” plibgc e Sl il b RLG, &' dgRioBH M dhePhon 3508 ilf 80

si de vi evhanid bnendershoditive nite DIPC 84 hegabe rpgmﬁgretleufmﬁt(h@ pummirSOsing/emrsmns‘ ace

particl e _endpoin |ons st cord toe d|rrent ri bed
et el . THBVT ki FERETL Brnsih SE R 228 Shhel e R en <t MisPySE Tkt he
port abl e ceheany ng paapt250 40y COSY inSileny tee FidecRnp@idihsbe thmnﬁoum legtitiect i on
system 310. The surf@ce particle endpoint detection system 310 is simlar
to the sift#HBECHAlPEREEHEPBRAHOY et ecti on system 110 depicted in FIG 2
except that the liner 210 has a rinsate fluid sanple outlet 320 fluidly
coupl ed yaobd] a dediraat@tbollining, & amplbe rdgsdablaeo Bs’b()nmlﬁpl\a,ﬁlhmh phtiielelcB@24® i s
flurdly c | ed. The dedicate | ui e.330 e flui

coupl edl STCHROB TP Ar A 010 gl Puht BB Da o Loe SRt ng
purrpb340 cér@iin pfumgluﬁigntr lanfgrad 1eléﬁd;15@ukg@ acsﬂerdgd ln@ttiﬁci)oﬁlhlumdd upaigni Rtilve rteh330
may be positioned al on edi cate uid sa in i he 330. 026] The
por t abl e e R 7§ a&%ﬁtsgcfﬁé?lﬂ’ﬂg PP{EHCJEGWQPM%??&W% ‘fcivﬁ’étr%"@%g?lﬁé ¢

fluidy eom b%blxtlﬁgstfehllntfeﬁn@l@@ﬂtw%b a drain 360 for rem)V| ng waste nmateri al
fromthe f| ter 26 WO 2012/116270PCT/ US2012/ 026477 [0027] I n operati on,

with reference the c er ¢ ent ced in the
liner 218%4Yr thg E}“&ﬁﬁ%@]éﬂaﬁrl&:gg@y ?Wp@gp‘f"‘g? H1 egr{fdi?f %ﬂ’ %E’Bf Yelife, 3

cl eani ng dbkhkudarh nelhdes @e N1iPaSEfE B filidr@B0 rbib6vek ipasies A el i@RadBMide
supplied froma rinsate solution source (not shownz to the circulating

fluid supfrwing foréhexserapipdpn ot fiesh rinprdathaid i dhei lgr 3100 iscemplagy Gl sizesasy 210
via |inefpcifk 8to12déron k16 REG MiETPOFRAY 811& sﬁz%@ﬁﬁ?blfé@[ncﬂﬁl@ofﬂim‘m%n%ed to
agitate the rinsate solution flow ng through the |iner 210 and provide

[ pr oved LW st ARSIty 1 RBb I VDB HICE20! STy e ontapmLibedhe
rinsate %ﬁb&ﬁlhl@lﬂs gé(s'cflﬁedtﬂe?elﬁ Lo m e@é‘tg th\éI e t)f D&l QLHI e'f‘st of%ﬁfllﬂ%?(/ﬁ'yltng%lzes
contam nated rinsate may be punped through fil P using the punp 2 to
renmove p&r filteglpasicks Gemtthrerinsenselriierat ed ri nsate soI ut| on. The refreshed
(e.g., filtered) rinsate solution may then be recirculated into the |iner
210 for tdsehher HENSIinG Qhohlife GOATRAS of CRPRAMRAINRA br 220eanbhir (8Gn B

cl eaning process, waste material fromthe filter 260 may be rem)ved from
the cl eandhprissest %lrﬁamﬂmlfaerdp@mrﬂemcriel B5Emaif aghoading ®3mbodimeatsyessaipert
during t I i noved
From thel T er 30 yra SETE puPAER 85t fhrkh Qb 20 e HnITRY cRif

sol uti onca I1I40 bemwmrrg ewgﬁaqehmrd@dremed defediiah ssarpl BHY [Thaeu330 ualrtmdmgh

the LPC 24(9 o1nt etectlon gttrln 1§: (s)llfln ilar o th esﬁr]cfe?clerf)gg lel Jnd%he de(?esc l tS 9em tlrtf
particle C ount “are r han a previous rerm coun he

endpoi nt d&s;aetemthIGee mxcreeambne;de amat zﬂheascei ﬂmaterfgnq)samqﬂessuﬂm 1520 ﬁlmilltylcnu;jﬂed | f

par t1 o "B L AgH o e TR0 B EREAh n Pl SVl e dRugagL "
ends. Saimpid saghphyg tihe 33(Pﬁa?49@ ey beupldat \eitllﬂ'tﬁet(&ﬂ&tﬂa@ﬂig ﬂ@rﬂtshﬂhl@lllﬁe 2B0028] FI G

:1 OI 5 a5 (ﬁg’;l?édl s%m\ﬁlrig\,\{)u%];p ﬂ)efore Sl?ﬂ?[ghgnggstatec%ﬁroug%e de 1cated f?u?d anhlrllg?mg ggor ding

may be positioned along the dedicated fluid sampling line 330.

[0026] The portable cleaning cart 140 may further comprise a drain line 350 that fluidly

couples the filter 260 with a drain 360 for removing waste material from the filter 260.

PH1 3069471v1 02/23/12 7



enbodi nents descri bed herein. Portions of the side view are illustrated in
perspective to assist in the ease of explanation. The wet bench set-up 400
is simlavoroirhe™met bench set-up 120; however, the werCharseh28ed47up 400
is configured for delivering both a cleaning solution and a rinsing
solution to clean the chanber conponent part 220. The wet bench set-up 400
conprises a wet bench 402 and the cl eaning vessel assenbly 130. The wet
bench 402 provi des support for the cleaning vessel assenbly 130. The wet
bench 40 y a rve S c n|n

chor cal PR oh 5 Stk B A BATD RO RS bl R ER R ShER UM i
402 may awsowfﬁMUbrmMCEmmagﬁmmashha&nwm@nmu$ﬁdnmnﬂmkﬂhmcMgnm;ﬂmés&hsbmhich

O et SRR iy b PRl SHiBA Rty b e B B B el Gor e PR #9%
st andal O[tﬁthfeaﬁlhiﬂ@ﬂith\ﬂlﬁlh@lﬂ[ﬁpljZ e B&0 whenake 4fkdte JottiogXRAplifo thhiEnglXBaning

vessel assenb 0 be u wi t hout ench in well ventil.ated
areas whef€ ‘Piﬁ\érzéza énF Lo Ela‘ﬁ%‘g’inﬁméﬁotmm‘f‘%‘i%f ‘Eﬁﬁb MU pe ofed Effn"’egétate\/\%? finsate
2012/ 116 2ARATHdKRE It 3B GKle/ el 002 A dThevive imprentahind2 o BORRrics@pdnchi ame
404 which faornms_an overfl ow basin 406 for both holding the cleaning vessel

assenbl y PaBa2G4ndhe spptamingigd sasrts salvtieg skt & IW&?Q&WWSW‘N% 281 wheiedbe
vessel agsfithinkied ABsafinhN8e PIRSaIHbih f1ﬂé|i' Q6@\4ﬁ dg e WuRP S0 (FHRENBYartifed ude a

sink drain |ine 408 for renoving captured fromthe overfl ow basin
406. [ 00SOpTthecenaeperrivaisselution s%ﬁfyestt@fd%’o il eiedednsalh selytien mey Bahphg
basi n 41‘1’*ecYY@ﬁl§th Rk GERRG108S thiter hhﬁﬁg oZhOc ks &%ﬁ%ﬁe&t ?Qrt SRR R Ihdar
to be cleaned, a transducer 416 positioned wthin the outer cleaning basin
414, and CEa@n@p@rsftSSA\mtqd@gmlﬂaldr@@fdthmftlthr ROG may bararoved &ani thy clsaghsisytan f or
supportl Al S

houl d bardarth BEEaEta 38 IR g e R bl e 10
may be anysasﬁhml,onfrmy mx@mol @l (roudhe lippol2yQ amadampkqumlpleﬂ@r T@cﬂamp@mfahe I n
one enbodi t he . ut&r cle n

fabricat G8°% Sdr%ltla?n Wi erowa hrou&%ﬁhe gecpc %ed ﬂul& simé}r)]mg %% Iﬁ] ylcheiDndgE%quE) )
pol yvi nylwhdiefd paxicid e:o(lﬁt\AE)I-‘@erformadoaIfetﬂe mmm of megpa,rtuadz lanmrmwm ‘gtem&r armnBETFE

coating) that will not ttacked b an and will not
ot oduce. BSPYY PremHRe LB SOR e Seses Aot B b e iiatds s
confi gur &l tentipt@Vifde: reddliber thulphiiaRedind 26 lefaaste bevenay gyteintingl @k@ani ng
region within the liner 210 m@sre Hg(fhanber conp d?%EQ quagf

posi t i on&TReCRIPERTdErD BE eF’rﬁ?CS AR RENERE T %lﬁr%tf Ay

pi ezoel eglaibe iM&h@nOsScon@uoadly ot her suitable mechani smthat can generate
vi brations at ultrasonic or negasonic frequencies of desired anplitude. The

transducer 416 e a S|n | e transducer , Oor _an array
of "t ansdet o, Th Ehe SuebBtreuel Ot SHROBHEoEneH gy hirin HY aredRP i
regi on ObmbBmbh (A AEsciZAQ HORET. Pkiss GOINP 9idE MewRad ﬂlu!;tﬁat@IQﬁ ipbisgueaet o\ it he
transducer 416 directs energy into the cleaning fluid in the |iner 210,

acoust i ¢ 1t $snAf Eplanatign. dihe auehibengh sf-pp 40 Db BREEr @ fherye hopeh sqt@aniHg’

fluid mayoR&etNEUGEbendNGetapABtil CorFlolRBTONG1REEE BJUE a lcRARM R sol8fion and a
cont am nant s fromthe conponent part 220 being Brocessed and keeps the

removed pAaFEg sleion;ty clepn ihéﬁhwheﬁpﬁnw@ntcﬂa@éﬁpna ¢ Ve Renplesreap 40dFanpites

reat t achgent vQfch UEaRf thl BRadi N&H A R&NEIY G868 S ThOWENRnGPIP ISR EsRESJorSHF f ace.
The transducer 416 nay be configured to"direct ultrasonic or negasonic

energy i ﬁlead@mméomsehasa@nbiﬁlﬁ@ oTh%Wétj@félChJﬁO% may ebsppeneas aparaflopdaon tat an
angl e ”9&1‘&1{‘8{ aninl g aﬁ%aﬁ%&ﬂ'oﬂ@ﬂ%w thé‘aeéxﬁ@g“\%géé‘??{sgﬁ%igewé ‘i‘h eﬁ&?d to

be approximately eq a ength to a nean or” outer fer
conponenﬂobamwaEQGhmmOb@S@Hémﬂédm1WhelURQngdh@mngpﬁﬁamawwméng@mpmegﬁmo an

RF power aftBP [l)f}{rtié‘h%l%és. V\Qltﬁgu]g%/ 11%9%701%65{6 2[08‘6%/019%65 71n certain embodiments, the
cleaning vessel assembly 130 is used in a standalone fashion without the wet bench 402. TFor
example, the cleaning vessel assembly 130 may be used without a wet bench in well ventilated

areas where there is less concern about the buildup of fumes.
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[ 0033] Wi |l e only one transducer 416 is shown positioned below the |iner
210, multiple transducers may be used with certain enbodi nents. For

exanpl e, wodntZasEb transducers nmay be placed in a vertipcalusesrizend4at i on
along the side of the liner 210 to direct ultrasonic or negasoni c energy
toward the conponent part 220 fromthe side. The transducer 416 may be
positioned inside the liner 210 or outside of the liner 210 for indirect

ul trasonication. The transducer 416 may be positioned out si de of the outer
cl eani ng aﬁ e we 8[252(%26 nrer Ocdolm n r%mg 464{ aﬂl%ﬁi%loc s arf' %9eng‘\¥ bas?n R%Sflort I Oned
in the o ertl ow asrn rasonic or energy towa

t he corrponthrmbldmgrthe 2R2ehingAtebded axgémblne%) pahsguciep aﬂ;itﬂmrlswhicbmya)serﬂow the
cylindrical . it shoul erstood that. trans any .s e be
med i t REPTIRE SrStatne R EG warte: Y PORHHY Sl s PRYARARRE TR 200
al so congraisks 408 €oratmovfi€cdphuiédifhdel firote the olvenﬂles/ tﬁ&aa06.584, 586a, and 588a
for delivering cleaning fluids to the wet bench set-up and returning used

cl eani ng i ds orta ng cart

Fecyol § nipostla” ab8 MM ERB A eBr P e 3 SubBRRrILF o™ & Favt ¢
correspondmm@wﬁ%giﬁedmhrQHrﬁmtmoHstﬁBZ@ngﬁBﬁTp?a?ﬁbéaﬁhmﬂgaghﬁm@mmta?ie

cl eaning cart usjn exanmpl.e, connect fi s. and. di nec

coupl | nggoSHIWR i e e s b poveyH i i Ra, MERaRRrE" i de
vi ew of oRenigfRR 418 Mér sOppoifpané AMre1@l eani ng cart 500 showing a fluid fl ow

circuit schenatic diagramconprising a surface particle endpoi nt detection
system 5

L T e Mk e e

endpoi nt cletieebisaiv 181yzﬁlt:1,©[’fﬁle]1fh@r 2ndma16: ﬁinsihh@s&d ekfinfte, GSal, polggonhhequaas t abl e

cl eaning cart 500 may be coypled with the s tent oIIer 150 for
cont rol I PhFetA& I e‘&rﬂnﬁg‘j“‘%ﬁg‘g@% Derts WeBiRR; ﬁijn r“& P&‘{/%futﬁﬁl%}ern%@di@ 80 for

suppl yi ngab@bsled 86MC inB@ri Al s@aNhsNgh1AAEbyldnB SPI)E pSIPE ik 1ERNPENNBIEMSA @Muoride
controller 150 may be seﬁﬁbate fromor nounted to the ﬁortable cleaning

cart 500! PY@B)SB’]CPH%H@% HIrRiREM W1Wea%§%EFFe?ﬁaEB%?ttP%lwl mOY BOAtEelE Y %

control | efeaiRIRRARIMySNS %)11?H&t%?odﬁ&@ei@@&ﬁ&a%@%o&@6f Pktidugsf ol 1 owi ng: a
PhotoNbghelic nmeter "512, a leak alarm 514 for detecting | eaks within the

portabl e cleaniﬁg cart, rograpmabl e | ogi c controller 516 for controlling
t he over #%2l¢c| edfif H@nsgki“set éﬁ‘? isgRaligied QWi didst UIERRPICOr Egasshig energy bhe

enbodi megteeahife rdoRAKyit RhENiRdD 10 HetaRE ERRbEAIIPoRGH PAE LNk hhkigorel ehm | eak
sensor 522 for detecting the presence of fluid in the bottom of the

por t abl e UBRHlEcs A0 may enindsailmERtCXanple. W RIRFSlATICSICIUgors 5O ap odBpl ed

wi th the if,8RSHUGRRisAlBal Lk %etfemmrﬁﬁahé A0 ul 2061 OB sonRNELQleRcitN6r pover
supplied to the transducer WO 2012/ 116270PCT/ US2012/ 026477 [ 0037] 1 n

one enbodestiedrmplifyde.c Toapprsduder di @ moy e laysinedel iinsdB20 3 nodwmlestlan 4i et gas

array of transducers, oriented to direct ultrasonic energy into the cleaning region of the liner 210
where the component part is positioned. When the transducer 416 directs energy into the
cleaning fluid in the liner 210, acoustic streaming, i.e. streams of micro bubbles, within the
cleaning fluid may be induced. The acoustic streaming aids the removal of contaminants from
the component part 220 being processed and keeps the removed particles in motion within the
cleaning fluid hence avoiding reattachment of the of the removed particles to the component part
surface. The transducer 416 may be configured to direct ultrasonic or megasonic energy in a
direction normal to an edge of the component part 220 or at an angle from normal. In one
embodiment, the transducer 416 is dimensioned to be approximately equal in length to a mean or
outer diameter of the component part 220 to be cleaned. The transducer 416 may be coupled to

an RIF power supply 422.
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nodul e 524 for supplying an inert gas, such as nitrogen (N2) which may be
used as a purge gas during the cleaning process, a DI water supply nodul e
526 for swppbynegrdei oni zed water during the cleani ng pPoTas3)12anc72a
cleaning fluid supply nodul e 528 for supplying cleaning fluid and recycling
used cleaning fluid. [0038]Wth regard to the inert gas nodul e 524, as

di scussed above, the use of nitrogen is exenplary and any suitable carrier
gas/ purge gas nay be used with the present system In one enbodi nent, the
inert ga jedfro ur.c FAy it en gas
suppl y° PoEs3o W G, OB Bl 296 T 8RRt RGeS Bok nf B b8

facili tytmnﬁu@mmaﬁhqamlegr w1thr¢emmemhd&hxdemanﬁqr ekheplmatldmgm tmxmdu@es mmyybebe a
portable ce cou cart. 500. In one

Brbodt meRreed g FiPt PGy ok RSHid e G 20N 7 ERL bl m &Gl

val ve ( n@ﬁerg)hmm}d ﬂlﬁdtoﬁlpf)lhdnt Pirt Qﬂmtroﬁlrmml)def CIIhe ftiahidﬁédrmg6 amit tepaaivhsd f rom

t he nltro a 534 . be an air er at ed ve IS
al so coufﬂ t&ﬁ ﬁ%f@r‘m@‘)h?‘ftf%%Bﬁth&glé‘e #q’gﬂ F?Fé Krsoniqagian ?h‘gtf?%“%gfg/al ve

i's open, nfakthe @eaRo@aulsidws tﬁm@&gﬂmam@ badRplY. fd R Sbddandt, il @adsh@cput er

cleaning basin 414, N trogen nay be used in several dlfferent applications

within tHE ElF‘IéQ‘hP‘?ﬂjloél%‘Elé OVEHEO PSSR giskst BlAIONiF qrinkgassais chgryy Hvag!

contai n agdidnifRRd: piRl228S, ARKRSS WLrARAMLAUPS S sHIWASRWyBndd@NSdWeRlsSKe and
pressure indicators which are not described in detail for t he sake of

brevi ty. undersend thatsgadresst Of any shapg a1y §agsedayithybe supsdimens degerihsd heygimer
cl eani ng basin 414 via f|UId supply line 584. [0039]Wth regard to the Dl

water suppby NMOAduUb §ebBbich tdiRpUBE aRb chhpNRY Blie brSnrs SRIRI @liVerd Mides?¥RPa CdgaANI Ng
fluid suitable for cleaning may be used with the Fresent cl eaning system

100. | n Ofe abodh Arrelivarng Cbrmveﬂ@rls fodhg ypfdiendpet-ppRdaedmingised Clsdppg y
modul e 52@idk @ fhe rﬁ%ftéfbl@l:leéﬂ@ﬁgeéartsﬂéﬂl%éé P*IG”?) @?%cyélfﬁg%@ 1 &IDOTh RAY deﬁJ&Ey DI
wat er source conprises a facility Dl h one enbodi nment,

wat er so&rn@searmflgereétqy@atﬁa\brhéoseipp@féng:gwé Idéldverﬁ kines SR, g8t apd 238bloa b ng
cart 500 t C
shut of f goﬁt%l@@g%ﬁgb%ﬂaﬁﬁg%?érﬁag4gw Iﬁangt %Jfﬁ‘%% b ol C%glt%(etr&'glgﬁﬂg ggm red

t enper at as € “Qurk a@gmicst’iSHY i n t he cl eani ng process. The heater 542 may be in
el ectroni c conmmunication with the heat controller 518 for controlling the
temper at fogy ThE1®! s Waf ehodlRALY DS BFOchHEdEN STILSESIcmniby0svay val ve
544 which may be an air operated valve which 1s used for controfling the

fl ow of Blowiag @fluidrfiaw ¢ibmitoghearatic laanimepnipaising agtface\aeiglet dndpeinjodewsorval ve
544 is o t I e

t Wo- way a e%éé’%:@&rﬁ[n fid 8 duﬂ%&%% 8&&19&1 h\%}fe £ ﬁ%%hﬁgceq;%ﬁ [t élﬁP?l?t‘c’)&ggu&l‘

gas fl owsysrtemrt 61@ menyoloet amﬂat eamer@rfeeﬁspmleﬂ&ébndmme @Itecwm eystamsppl(yaﬂd aL"O 539
may al so ,C tion val v ressure tors

transducehrssOse d pr ssd?eaﬁﬁ (%?'Sr%&ﬁﬁg ﬁ“a?%F%qu)egg'F éﬁluﬁweﬁsaﬁ f or
t he sake cmftroﬂielel/iot fipr comrotling tegrbledhimeprocesDhndvacerning iuidl sopply miceluteh@0dut er

cl eaning basin 414 viag. supply |ine 586. he surface artlcle poi n

et act | oMviEpae A 95y iy DB i jrebLiai e The srubeongiEr TRBERY i ne
539. In ec&hatadd ot Bbedim&NbShe fdn@bls Uleh@dtecap@sooi cl e endpoi nt detection system
510 is separate fromthe DI water supply line 586a. [0040] The cl eani ng

fluid supply nodul e 528 co es a cleani uid supply tank 546 for
Stori ng. BRRs nat e Raioof R BF Sufel (HRENR ish YoRereRrihub B Zibansithg
fluid, asdededftom as¥saterc 3B0hd llopligph rIPgom/egniHlmgneftd:rtﬂld h Mdak adm@el T14tfoof the

cleanlng flurd S ule 5 8 The cl eaning fl ui i ncl de rinsate
sol uti ondgtEctye, le%jgr 8%‘?%&& WQEhle Clspps caibna REpeIHBmA ggga %&rﬁ)%“ oller @R ng
sol uti on csifMinashs bandpichned@dtterh, 4ndGh, in 3Bk BEd: ic¥RrolIBPOR. th Qe EABRMAbL,
reagent SSDR) surfactants, acids, bases, or any other cheni cal useful for

removi ng eohtariaR S isaslentispicplhy eouplndatids afpﬂeeﬁﬁnale%?rﬁé?reﬁ% fgnf¢tectipgde] | n
one enbodihEpt .orthigg ¢ %nbdl%nf bbligd SotRBleYcdr@fln. 546 ohs ABUALREAL Whd tys@m
cleaning fluid supply 558 via a supply line 560. |n one enbodi ment’, the
cl eani ngcontiler EX0gprappiadrathebo rarseisier 4 Esvia ashmpusicatiapding38.8nd eqpyrols the

controlIbggmxnﬁﬂ&hgwhgﬁmghg%phﬂg fluid into the cleaning fluid supply tank
546. The cle d supply line 560 may al so contain additional valves,
pressure r%%hvgfors pressure transduc&® s, and pressure indicators which
are not descrlbed in detail for the sake of brevity. In one enbodinent, the
cleaning fluid supply tank 546 is coupled with the outer cleaning basin 414
via supply line 588. [0042]1n one enbodi nent, the cleaning fluid supply

tank 546 is coupled with a cl eaning



fluid supply drain 566 for renmoving cleaning fluid fromthe cleaning fluid
supply tank 546. The flow of cleaning fluid through the cleaning fluid
supply dreioreoB®686i78 control |l ed by a shut-off val ve 568. PLO0A3J12I0264¢T eani ng
fluid supply tank 546 may al so include a plurality of fluid | evel sensors
for detecting the | evel of processing fluid within the cleaning fluid
supply tank 546. In one enbodinent, the plurality of fluid sensors may
include a first fluid sensor 552 which indicates when the fluid supply is

| ow and th e.turn n of
cleaningh??ﬁld ?% QBHE¥§£% |rst6§? é%%PQVe B@eﬁggﬁeg%QVE%vm%aﬁ1nm¥%?% a

f eedback nlodalp 524 f@isgpdying bl éeal g nicigasfditwogdn $Npprhichh8y bouste las v enrgegae
cleaning fluid to the cleani f|UId su k 546.. A second fluid | eve
cencor " SatiPe i S8 Nt eniaoney HERYY SR s in i T AT kbt )
and the pHengleanbd méetd, dnde clebiiing Huidnsupply toddud FISUbd spPERS cl&mhgwWiniid And
indicates that the clea fluid supply tank 546 has been overfilled and
that t he §s¥pHRessgs! %ﬁﬁ@giﬂg turned off. Al though one fluid | evel sensor 434
is shown in the enbodi ment of FIG 2, any nunber of fluid | evel sensors 434
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[ 0046] Wil e the foregoing is directed to enbodi nents of the invention,

ot her and further enbodi nents of the invention may be devi sed w t hout
departi ngwbromvtibaobasi ¢ scope thereof. Cdains: 1. A sysrarsedianz@ieani ng
parts disposed in a liner with a cleaning fluid, conprising: a portable
cart; a liquid particle counter (LPC) carried by the portable cart,
the LPC configured for detachable coupling to a fluid outlet port forned
through the liner, the LPC operable to sanple rinsate solution exiting t he

i ner; an gefn mtrogg}l @hgﬁp glga%%fows ?19[0 % d)éltte? Eeg%l%lggf‘m?n Eﬁ‘r tTl}%r]ﬁ wael Sug%% Fe to

fluid cou I ner nmanner
recircul atag a"lsonsattz&n sa«ithmbnzdnvaﬂ\ms optgtsuteheagh]atmr pr@sm&'h&mscysetennmf pmlsmrem 1,
further conp i ne r|ed

rcu t f F

por t abl e A Sk gt et el FEOGHHE ot s PR s R EoBl et me
confi gur edyffi et @chatl ele@dupbdsingd Mi il sippey linen®s6, BERcurface padtidld edd@oint
carried g t he ortgfle cat agﬁ coupl ed MAth he circ % u d supply
line, XtF‘ftioP SghetQpPy po fIH %&r‘f"nﬂb e P’Vé“i‘?’f tHe 'ijr F’ﬁ%é F‘iﬂai“gn_
passi ng EMbeU@Bn(t NBe ﬁirfa@élbﬁhdtlﬂgn(ﬂﬂobﬁt et YstbMO iSse éﬁﬂa@ S5 (IR DWatet ai m
2, wherein the LPC is coupled to the circulating fluid supply |ine.

supply line 586a.

[0040] The cleaning fluid supply module 528 comprises a cleaning fluid supply tank 546 for

storing cleaning fluid, a filter system 548 for filtering used cleaning fluid, and a pump system

550 for pumping cleaning fluid into and out of the cleaning fluid supply module 528. The

cleaning fluid may include rinsate solution (e.g., deionized water (DIW)), one or more solvents,

a cleaning solution such as standard clean 1 (SC1), selective deposition removal reagent (SDR),

surfactants, acids, bases, or any other chemical useful for removing contaminants and/or

particulates from a component part.

[0041] In one embodiment, the cleaning fluid supply tank 546 is coupled with a cleaning
fluid supply 558 via a supply line 560. In one embodiment, the cleaning fluid supply line 560
comprises a shut-off valve 562 for controlling the flow of cleaning fluid into the cleaning fluid
supply tank 546. The cleaning fluid supply line 560 may also contain additional valves, pressure
regulators, pressure transducers, and pressure indicators which are not described in detail for the
sake of brevity. In one embodiment, the cleaning fluid supply tank 546 is coupled with the outer

cleaning basin 414 via supply line 588.

[0042] In one embodiment, the cleaning fluid supply tank 546 is coupled with a cleaning
fluid supply drain 566 for removing cleaning fluid from the cleaning fluid supply tank 546. The
flow of cleaning fluid through the cleaning fluid supply drain 566 is controlled by a shut-off
valve 568.

[0043] The cleaning fluid supply tank 546 may also include a plurality of fluid level sensors
for detecting the level of processing fluid within the cleaning fluid supply tank 546. In one
embodiment, the plurality of fluid sensors may include a first fluid sensor 552 which indicates
when the fluid supply is low and that the pump system 550 should be turned off. When the level

of cleaning fluid is low, the first fluid level sensor 552 may be used in a feedback loop to signal
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4. The systemof claim3, further conpri sing: a dedicated fluid
sanpling line for renoving a sanple of rinsate solution fromthe |iner

havi ng a worst2/amyocoupl ed with the liner and a second eqa/usouploedd’wi th t he
circulating fluid supply line, wherein the LPCis fluidly coupled with the
dedicated fluid sanpling line. 5. The systemof claim4, further

conpri si ng: a dedicated fluid sanpling punp for punping rinsate

t hrough the dedicated fluid sarrpl i ng line. 6. The system of claimb5,

f h | dl
urt er E}% eai;n‘?l'g ?lglrd su V\PQW] 589 tgrda uﬁer ore ?lgﬁlr{% t?uld E)ythe% annli’ u?éa). fu%PIE/O ngti 6uI y

coupling
filter. mez&mﬂmdwznm's'druszmmzﬁmms thdt, th@hkzamyg tﬂenh stubplgzltaﬂdﬁ4]5 is ffwlt t her

Cr ansducal BBstpionel hRaRF rpd bioi b it W e PER G FaRhs @),y of
Cl?in}Z c%hﬁ§§?gg$bgﬂ%FmgfﬁsQﬁp&mﬁe®man&ammnhahhepmﬁpsgdﬁggmngsg?a@bﬁup of
Corb nat paRevaiar Sk e Soehty Eldnneon e REang isat v S8 abmPe & Tofher

with a clieanen@rsd3uinhy HeQigdes b fhe odtePOIEAraRY BasGan

[0044] Used cleaning fluid may be returned from the outer cleaning basin 414 to the filter
system 548 where particulates and other contaminants may be removed from the used cleaning
fluid to produce renewed (e.g., filtered) cleaning fluid. In one embodiment, used cleaning fluid
may be returned from the overflow basin via fluid recycling line 582. The recycling line 582
may also contain additional valves, pressure regulators, pressure transducers, and pressure
indicators which are not described in detail for the sake of brevity. After filtration, the renewed
cleaning fluid may be recirculated back to the cleaning fluid supply tank 546 via a three-way
valve 570. In one embodiment, the three-way valve 570 may also be used in conjunction with
the pump system 550 to recirculate fluid through the cleaning system to flush the cleaning
system 100. In one embodiment, a two-way valve 572 which may be an air operated valve may
be used to pull DI water through the input of the pump system 550. In one embodiment, a two-

way valve 574 may be used to pump out DI water to drain.

[0045] In one embodiment, a component part 220 is placed on the support 418 positioned
within a cleaning liner (not shown), similar to liner 210. A cleaning cycle is commenced by
flowing cleaning solution into the cleaning liner. While the cleaning solution is in the cleaning
liner, the transducer 416 is cycled on/off to agitate the cleaning solution. The cleaning solution
may be purged from the cleaning liner by flowing DI water into the tank. Nitrogen gas may also
be used during the purge process. The cleaning/purge cycle may be repeated until the
component part 220 has achieved a desired cleanliness. The cleaning liner may then be replaced
by the rinsing liner 210 and the component part 220 is placed in the rinsing liner 210. Rinsate
solution (e.g., DI water) may be supplied from the DI water supply module 526 to the fluid
supply line 586a where the rinsate solution flows into the rinsing liner 210. The transducer 416
may be cycled on/off to agitate the rinsate solution and provide improved rinsing of the chamber
component part 220. The contaminated rinsate solution exits the liner 210 where it may be

pumped through a filter where particles are removed from the contaminated rinsate solution.
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a liner for holding parts to be cleaned during a cleaning process; and
a liquid particle counter (LPC) carried by the portable cart, the LPC
conf i gur edof2or2/der7achabl e coupling to a fluid outl et porCTfuseowea2d¢4nT ough
the liner, the LPC operable to sanple cleaning fluid exiting the liner.
10. The systemof claim9, further conprising: a cleaning vessel assenbly
havi ng the |liner disposed therein; and a transducer positioned bel ow the
liner to agitate the cleaning fluid within. 11. The systemof claim 10,
further GRORL fI %flergi ns?ftew% utlgg rI]ﬁ; y g& b c?rQrIEt%H 3 9ne nns1 g liner 21 afor Eu Whl ch
FITOW
forms an over I'n eanln vesSel® 45se
capt ur i ngnginy of ﬂhmchksnhmhlcmhpdmm pwtent)l (m/ahy point &hemglthmdeenglgv;&s&eé samlsleﬂbl y
during the.clea process gxral n n rmV| ng
B T B ek RTINS TR R e B P B T
The syst effvwph ttd BPON2A0 whedeer @itild é’lﬁnﬂ@@bﬂ@h&dCﬂﬁ%ﬂaﬁgerﬁlﬁﬂtm@Qﬁﬁﬂlb $@8lts a
system copthrol I.e{ for controlling the ani n% process; ﬂ
of the particle count are greater than a“previous y etermined particle count, the endpoint has not
been reached and the rinsing process will continue. In certain embodiment, if the results of the
particle count are greater than a previously determined particle count, the endpoint has not been
reached and the chamber component part 220 is exposed to additional cleaning solution. If the
results of the particle count are less than the previously determined particle count, the endpoint

has been reached and the rinsing process ends.

[0046] While the foregoing is directed to embodiments of the invention, other and further

embodiments of the invention may be devised without departing from the basic scope thereof.
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a cleaning fluid supply nodul e for supplying and recycling cleaning fluid
to the cl eaning vessel assenbly. 13. The systemof claim 12, wherein the

cl eani ng wbunt/megpl y nodul e conpri ses: an i nert pgagiscwdoba@7f or
supplying an inert gas which nmay be used as a purge gas during the cleaning
process; a deionized (D) water supply nodul e for supplying deionized

wat er during the cleaning process; and a first cleaning fluid supply tank
for supplying cleaning fluid during the cleaning process. 14. The system

of C|alnk§ further conpri si ng: a punp carried by the portable cart
and conflgured for fluid coupling to the liner in a detachable manner, the
punp operable to recirculate cleaning fluids through the Iiner; a

C|rculat|ng f|UId supply line carried by the portable cart and coupled to
the punpl- t heAdyyyfesicieaping Pms&l@eﬁﬂllyaiapﬁéﬁl@&ﬁl‘?@%é@lq‘ YRIBIRE habl e
coupling with, E&ﬁmfhﬂﬁf and afilter carried by the portable cart and
coupled with the circulating fluid supply line, the filter operable to
renpove parti ct diquitlrptidheowiiedhPhiy chrriad by phs @pﬁ@lfe b uigh [iPhecaifigeigh dpi ng

fluid SUHQLE {)le r&(Suphn%Ft’o amﬁ% @%%I%R R)fningcl ﬁl_r gl.’]f@he 1‘(14%%&1%‘& fipd %ﬁerh’lﬁg d §an{pllé“ dly

coupl ed to circufating supp
rlnsate solutlon exiting the liner; and

a pump carried by the portable cart and configured for fluid coupling to the liner in a

detachable manner, the pump operable to recirculate rinsate solution through the liner.

2. The system of claim 1, further comprising:

a circulating fluid supply line carried by the portable cart and coupled to the pump, the
circulating fluid supply line configured for detachable coupling with the liner; and

a filter carried by the portable cart and coupled with the circulate fluid supply line, the

filter operable to remove particles from the rinsate solution passing through the circulating fluid

supply line.
3. The system of claim 2, wherein the LPC is coupled to the circulating fluid supply line.
4. The system of claim 3, further comprising:

a dedicated fluid sampling line for removing a sample of rinsate solution from the liner
having a first end coupled with the liner and a second end coupled with the circulating fluid

supply line, wherein the LLPC is fluidly coupled with the dedicated fluid sampling line.

5. The system of claim 4, further comprising:
a dedicated fluid sampling pump for pumping rinsate through the dedicated fluid

sampling line.
6. The system of claim 5, further comprising:

a drain line carried by the portable cart fluidly coupling the filter with a drain for

removing waste material from the filter.
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16. The system of claim 15, further conprising: a dedicated fluid
sanpling line for renoving a sanple of cleaning fluid fromthe |iner having
a first emo2oupbzd With the Iiner and a second end coupCedasediziozéshe
circulating fluid supply line, wherein the LPCis fluidly coupled with the
dedicated fluid sanpling line. 17. The system of claim 16, further

conpri si ng: a dedicated fluid sanpling punp for punping rinsate

t hrough the dedicated fluid sanpling line. 18. The system of claim17,

further conprising: : in line.carried by the portable cart fluidly
couplinggthe ?@1?%?mﬁffﬁﬂglgﬁg%ﬁC?%Pg%é%nving waste material fromthe

filter. 19. A aetdnig fesdsel bdvemthaingpdispssedilsposeadd in a |iner with a cl eani ng
fluid, conpris .or holding parts to be cl eaned

i ng; . oviding g l.jne
during a c|eaﬁhﬁgd%F6%¥§§m§%8a§9??§W§dﬂﬁ%}&%& i'ti oned bel ow the I|iner;
providing a portable cart with a liquid particle counter (LPC) carried by
the portable cart, th PC_configured for detachabl.e couplin oafluid
out | et pgrt f watew?&bgﬂ Tt WgerFlgr‘ilé‘“‘rl}nef FUMRTESES & PRICHB) Séf%f‘gd ?8%‘&?‘%@8}1%8 ing
fluid expbiyp@pyibe (PPY)@blyeBPIShd (PENIPDT vy P@flboridd (PVBF), bA®Eombinations thereof.

9. A system for cleaning parts disposed in a liner with a cleaning fluid, comprising:

a portable cart;

a liner for holding parts to be cleaned during a cleaning process; and

a liquid particle counter (ILPC) carried by the portable cart, the LPC configured for
detachable coupling to a fluid outlet port formed through the liner, the LPC operable to sample

cleaning fluid exiting the liner.

10. The system of claim 9, further comprising:
a cleaning vessel assembly having the liner disposed therein; and

a transducer positioned below the liner to agitate the cleaning fluid within.

11. The system of claim 10, further comprising:
a wet bench set-up comprising:

a frame which forms an overflow basin for holding the cleaning vessel assembly
and capturing any fluids which may overflow from the cleaning vessel assembly during the
cleaning process; and

a sink drain line for removing any fluids captured by the overflow basin during

the cleaning process.

12. The system of claim 11, wherein the portable cleaning cart comprises:
a system controller for controlling the cleaning process; and
a cleaning fluid supply module for supplying and recycling cleaning fluid to the cleaning

vessel assembly.

13. The system of claim 12, wherein the cleaning fluid supply module comprises:
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flowng a rinsate solution froma rinsate supply into the liner;

cycling the transducer on and off to agitate the rinsate solution and
renove cowmoamzEast7oparticles fromthe part; and noni POTIUsSg1a/oe@ant of
contam nant particles in the rinsate solution using the LPC, and ending the
cl eani ng process when the count of contam nant particles drops below a
previously determ ned | evel. 20.The nmethod of claim 19, further conprising:
detaching the portabl e cart fromthe liner; noving the portable cart to a

second | iner; an 1ngrt gas mgé&fe f? szgppll 1gg «Im feR %Emt \%QICE agj}rb% utsed e%s@tepulrge gas ‘during

the cleaning process;
a deionized (DI) water supply module for supplying deionized water during the cleaning
process; and

a first cleaning fluid supply tank for supplying cleaning fluid during the cleaning process.

14. The system of claim 9, further comprising:

a pump carried by the portable cart and configured for fluid coupling to the liner in a
detachable manner, the pump operable to recirculate cleaning fluids through the liner;

a circulating fluid supply line carried by the portable cart and coupled to the pump, the
circulating fluid supply line configured for detachable coupling with the liner; and

a filter carried by the portable cart and coupled with the circulating fluid supply line, the
filter operable to remove particles from the cleaning fluid passing through the circulating fluid

supply line.

15. The system of claim 14, wherein the LPC is fluidly coupled to the circulating fluid supply

line.

16. The system of claim 15, further comprising:
a dedicated fluid sampling line for removing a sample of cleaning fluid from the liner
having a first end coupled with the liner and a second end coupled with the circulating fluid

supply line, wherein the LLPC is fluidly coupled with the dedicated fluid sampling line.

17. The system of claim 16, further comprising:
a dedicated fluid sampling pump for pumping rinsate through the dedicated fluid

sampling line.

18. The system of claim 17, further comprising:
a drain line carried by the portable cart fluidly coupling the filter with a drain for
removing waste material from the filter.

19. A method for cleaning parts disposed in a liner with a cleaning fluid, comprising:
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providing a liner for holding parts to be cleaned during a cleaning process and a
transducer positioned below the liner;

providing a portable cart with a liquid particle counter (LPC) carried by the portable cart,
the LPC configured for detachable coupling to a fluid outlet port formed through the liner, the
LPC operable to sample cleaning fluid exiting the liner;

positioning a part in the liner;

flowing a rinsate solution from a rinsate supply into the liner;

cycling the transducer on and off to agitate the rinsate solution and remove contaminant
particles from the part; and

monitoring a count of contaminant particles in the rinsate solution using the LPC; and

ending the cleaning process when the count of contaminant particles drops below a

previously determined level.

20. The method of claim 19, further comprising:
detaching the portable cart from the liner;
moving the portable cart to a second liner; and

fluidly coupling the portable cart to the liner.
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