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Leon G naworgio/mses7k Kawaguchi BACKGROUND [ 0001] I n the frabnise@biosseof

sem conduct or devices such as integrated circuits, nmenory cells, and the

i ke, a series of manufacturing operati’ons are perforned to define features
on sem conductor wafers ("wafers"). The wafers (or substrates) include
integrated ci rcuMultp\Stage Substhgtd Cleaming™Métholdeart Appucatuses defined on
a silicon substrate. At a substrate |evel, transistor devices with

di ffusion regions are fornmed. |In subgbyestets | evel s, interconnect

metal lization |ines tter .and.el ectrical cqQnnect to the

transi stor devi c&“qlgﬁ@?q%ﬁgk%%gﬁ%r@ﬁ\aﬁﬁgﬁ?g?’é%}éﬁg%gﬁ&a%&Wte. Al so,
patterned conductive |Qual /iRbLsInNBAGREDbELOMaBE ReWvagRAAUCt i ve | ayers by
dielectric materials. [0002] During the series of manufacturing operations,
the wafer surface is exposed to VBAOK&GROUWEP of contam nants. Essentially
any material present in a manufacturing operation is a potential source of
cont ani nEODbinIn the fabeicatigy ef sesvcoiastoofiedogst sk aaiititegrated pirpwits, mgmopy odbs s
gases, chem cal.s, deposition terials nd liquid anmong hers. The

vari ous @@nmf}%?mllg%n‘i SeHEY © é%@?ﬁtc?%wgt RTINS r 2T Lﬁe'rf;(‘gxgeﬁo p%ﬁi?lﬂec{?fit&feé br m
T the panlibGithelof WARA AR OMhd $afBRl(oF RIRIAL: ihdIdCRIpeRS] Whdull deviche
vicinity of the contamnationw !l likely be inoperable. Thus, it is
necessarin the formasl maiit-Evehsinicsurts definddeomaf siticausitatratel Miaa sulistranleivell | y
conpl ete manner w.thout d ing the features defined on the wafer.

However , TR Jeviess b’&ht‘%%&&? JeBIBRE 4% HemEh Ps“@ﬁ‘%‘ﬁntoﬁwevteﬁe gergapnest ¢ he
critical , di. iEASLPNn& £€ pRterh&PhM S8ctlidhly SAhEdeP b hBGrafSERF dedfertny defifd
such small parti cul'ate” fontam nation w thout adversel y affecting the

f eat ur esa desitelentepfhiedd dranit devigei Also,diaftbined kconduStineV/isRyts[200 0B i ated fome other
enbodi nent, a method is, disclosed for cleaning a substrate. The nethod

i ncl udescondugierlayarohy figlechismyentlig a first application of a cleaning

mat eri al - : [ Ll | woesionne or
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surface gbhed be contbminaatse EsIdneialpahpnataivl ipreseat i b hmanfapeisg bperatior is a

performng a first application of _a rinsing fluid to the surface of tge
subst r at pots@fiad ssopeser pin santamination. For example, sources of contamination may include

process gases, chemicals, deposition materials, and liquids, among others. The various
contaminants may deposit on the wafer surface in particulate form. If the particulate
contamination is not removed, the devices within the vicinity of the contamination will likely
be inoperable. Thus, it is necessary to clean contaminants from the wafer surface in a
substantially complete manner without damaging the features defined on the wafer. However,
the size of particulate contamination is often on the order of the critical dimension size of
features fabricated on the wafer. Removal of such small particulate contamination without
adversely affecting the features on the wafer can be quite difficult.

SUMMARY

[0003] In one embodiment, a method is disclosed for cleaning a substrate. The method
includes an operation for performing a first application of a cleaning material to a surface of a
substrate. The cleaning material includes one or more viscoelastic materials for entrapping
contaminants present on the surface of the substrate. The method continues with an operation
for performing a first application of a rinsing fluid to the surface of the substrate so as to rinse
the cleaning material from the surface of the substrate. The first application of the rinsing

fluid is also performed to leave a residual thin film of the rinsing fluid on the surface of the



the cleaning material fromthe surface of the substrate. The first
application of the rinsing fluid is also perforned to | eave a residual thin
filmof twe2wimsesrg fluid on the surface of thesubstrat eCTiiseonmwsired al so

i ncl udes an operation for performng a second application of the cleaning
material to the surface of the substraté, such that the second application
of the cleaning material is applied to the surface of the substrate having
t he resi duatratehiThe midthmdodlse inchidas) afi loperdtipn éxarerfotthmgensecoiit epphebtimdof then

conti nue ith an operation for formng a d licati of th
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materi al fob Qb thiRer$a i ApH1QA tof (A8 AR 5iafh%-suE)QpaQél}la\Liﬁ%WfégﬂPa]empmrH%@t , a

met hod i s disclosed for cleaning a substrate. The nethod | ncludes noving a
subst r at eintiog wid pessre dhareate Tha mhéthed then @ostssien gvithe@dopeFiteonf for perfamongssi ng

head i s operated._.to. dispense a cleaning nmateri al. over the substrate as the
subst r at gteond mbeﬁt\?ﬁ@f &Fh%nsm iR Sirfige rRfalde SPheiras sarfisrig I_ﬂ%ﬁﬁef?m
i ncl udescggﬁﬁg;na aﬁ%h%g%{!.@%e I (R BLikAL s for entrappi ng contam nants

present on t substrate. irst processing head is operated to rinse
t he subs{0004e i ahdthe digbddieenti apeetiodi@ dikclbied fof eraning anabetrital Tienmethed
substrate, so as to leave a residual thin filmof the rinsing fluid on the

subst r at 81chiles movaina sEbsiratedpde gacaned BpdssRdast precssingdicad  edist prgeeseing.
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of the rinsin urd reon under~a second processing e secon
processi ngddredd first peesimgdhéad. dihs peeming hataeiab andlindes naaicest mlorcovstod dseic
substrate such that the cleaning material contacts the residual .thin film
of rinsi Mmyterials ©r sREARMRE spntemEasisgaescat an th aibsaalendhe fist dsaseringhBed 15

al so oper to rinse .t fall ow LS i .

cl eani ngoﬁéar? t%flitgl Mé% @ﬁé@ﬁ%@?%@@@& @ﬁeagﬂg@%ﬁghogrggeégg#ﬁ{g ﬁlgg .ZJ Fgo%‘%] I n
anot her eiladiciedtas tdneaParadidsal fthin GlreaTi thg risBigbfnidade theS subisaateasele The
apparatus includes a substrate carrier defined to nopve a substrate_ in_a
subst ant Belistrpte| amesggs fram mndgri the firsh pracsssinglpad nEhesypibed alse ipgludes moving the

bst ant i al i zont al . orient ation.. The.. i irst
o oceasi A IrbisdRShERR: Sridb 0 A ond WA AP RoR i GRG0 Bk
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substrate, dispense a rinsing fluid on the substrate, and renove the
ri nsi ng fuhsirdteznch tattheictegningtrastead] cpp@ets threresidnaltthiatfdmsef ripsingdluid preseny

residual thin fi] the rinsing. fl.uid.on the substr J
forthor phaiCubstrdle chne ol BReSinkd Ml i it AR RED R Gpe HGRRARAGIME,
subst r at g,igtfieRsink betHeiclahinRBaesaiondhd aadirie bathy/@chd %‘06&5@@@&1&@1‘]_ of
travel of the substrate carrier. The second processin ead is defined to

di spense[0095] & eanthay embodimicilt, aveappatabissivbseleaning susbstritgt ist dieclesedardibag

materi al a;ijpsaratus includes a substrate carrier defined to move a substrate in a substantially linear path
while maintaining the substrate in a substantially horizontal orientation. The apparatus also
includes a first processing head positioned over the path of the substrate. The first processing
head is defined to dispense a cleaning material over the substrate, dispense a rinsing fluid on
the substrate, and remove the rinsing fluid and cleaning material from the substrate so as to
leave a residual thin film of the rinsing fluid on the substrate. The apparatus further includes a
second processing head positioned over the path of the substrate behind the first processing
head relative to a direction of travel of the substrate carrier. The second processing head is
defined to dispense the cleaning material over the substrate such that the cleaning material is
made to contact the residual thin film of rinsing fluid present on the substrate. The second

processing head is also defined to dispense a rinsing fluid on the substrate and remove the

rinsing fluid and cleaning material from the substrate. The cleaning material dispensed by



made to contact the residual thin filmof rinsing fluid present on the
substrate. The second processing head is also defined to dispense a rinsing
fluid on wbeosuisgi7Tnat e and renove the rinsing fluid andPciraspémg34zad eri al
fromthe substrate. The cleaning material dispensed byeach of the first and
second processing heads includes one or 3more viscoel astic materials for

ent rappi ng contam nants present on the substrate. [0006] O her aspects and
advant ageachodf thirdir§tane sedond prddebsitg bende imbudss app ar emvre fisooalashie niadériadsifong
detailed description,. taken in conjunction wth the acconpanying draw ngs,
11 ust r aEEPPIRE SRRAEPas BRFSTE of e SPELUR | nvent i on. BVER DESGRI PTI ON OF
THE DRAW (WG] Db Rpdchs SRPUSvartasbdbl theGheaHoRdwilBERbiR! m¥Ri fBalAC bfiehea

cl eaning solution having a viscoelastic nmaterial distributed therein, In
accor danédloniitp dutelednidesdiipot, ket he @m@sehon i wilethe cavcolpgyireg IdBvehguys a
nunber of contam nant particles entrapped wthin the viscoelastic
corrponenflglsgf‘t"ﬂg“u‘@’Wﬁlﬁﬂfﬂ‘aﬁpg% @&Sﬁgtlg%ngpp- in accordance with one

enbodi ment of the present invention; Figure 1Cillustrates how the

vi scoel asti ¢ conponent s BRIEhDEISCGRIBITON 10F THEADRAMINGS de ar ound devi ce
structures wi thout exerting a damaging faorce on the device structures;

Fi gure | D shoWsuse Lighpus elliadidh slepniia Bpicapl which inphrdes pjeleapingsgbittiggtipging
P oo iR Sl Rl I, § RSSO Bund SR A2 BRE 1T

present T nven n, gure shows a eani ng
mat eri al ifMehtio@ Vi scoel astic material dissolved in a cleaning solution to
formgel -1ike viscoelastic conponent |unps, which do not have distinct

boundari es wi Figure { Bshetveamumpesol eantaninantpagicdes ediapredavithinghe veshstifent
of the present invention;. Fi,gure |F sh cl i rial Vi, n iLr
bubbl 65 6P BpaIblsy o fithe, Aduidy Qeafifls matdid O ocor GACL Bl RhE ol B
enbodi mepfes@it ibN@tiBRESENt [nvention; Figure 2A shows a system for cleaning
contam nants froma substrate, in accordance with one enbodi nrent of the

present invenFigune 1€ YusteatoBhewdhe viscodpsticcempongrs 18 dbe clsanipg eppterial g

chamher Wi 8BS A ReS I o RGP SR QRuRER RS BB o

present inventiQie 1D shows a liquid cleaning material with gel-like viscoelastic component
droplets emulsified in the cleaning solution, in accordance with one embodiment of the
present invention;

Figure 1E shows a liquid cleaning material with a viscoelastic material dissolved in a
cleaning solution to form gel-like viscoelastic component lumps, which do not have distinct
boundaries within the cleaning solution, in accordance with one embodiment of the present
invention;

Figure 1F shows a cleaning material having air bubbles dispersed within the cleaning
solution, in accordance with one embodiment of the present invention;

Figure 2A shows a system for cleaning contaminants from a substrate, in accordance
with one embodiment of the present invention;

Figure 2B shows a vertical cross-section view of the chamber with the substrate
carrier located beneath the processing head and above a lower processing head, in accordance
with one embodiment of the present invention;

Figure 2C shows the two processing heads positioned to provide the multi-stage
application of the cleaning material to the top surface of the substrate, in accordance with one

embodiment of the present invention;



Figure 2C shows the two processing heads positioned to provide the

mul ti-stage application of the cleaning material to the top surface of the
subst r at eyvoi2niasezn dance Wit h one enbodi nent of the prefemusS2ABL260ON;

Fi gure 2D shows first and second | ower Qrocessi ng heads di sposed to rinse
the bottom surface of the substrate as 't passes beneath the first and
second upper processing heads, in accordance wi th one enbodi nent of the
present i nvenfFigorg 21F|slgwsaﬁ12Ear§hmnchlosvenpmcﬁ$setg liveds dispased v vhsetthebottom
processi ng.hea corda ce with on odi nent _of the, present
Phvent  onttrate guitee SBfERsa phathaeine ERTReR ol Beb B rg e MAHE i ot .
in accorQ&@ﬁ?anx\emh%ﬁ@e&gmﬁiea?mth@ rdsOR iIVeRESRt | nvention; and Figure 4
shows a flowchart of a nethod f eaning a substrate, in accordance with
anot her enbodFigerd 2D fhavwrea pmpér@nd bpﬁmewucrvonf tl@&fmesﬁmE@(deaacmapmmlp I n
t he followg(gepw scription, g{.lmerous specific details are set forth in order

to provi 0% oflImFt OF R AT IRVEHE pr esent i nvention. It will be

appar ent, hOV‘ﬁg[%Ee 3 TsHO\%‘@ fﬁwchhﬁ%flar}n&ﬁ@d aricidals 4 E@osaﬁ@ssmccbfa\aﬁw WRR may
be practiced hout sone or all of these specific details. In other

instancesnewebddukmmwftmmcmlmpemm,lamhs have not been descrl bed in det ail
in order not to unne essar obscure resent tion. 0008

met hod and appHM&t @ u§ pus a#@&%&%& ﬁé’f‘%‘%’ glﬁg cleanding ﬁ‘é” g’ﬁtﬁt Hhiharen a‘ﬂqlcl es
froma s%ﬁgr%h%odﬁ&tgﬁ}{gggegeﬁplwgﬁﬁ, nd nmulti-stage application of a

cleaning material to a surface of the substrate to be cleaned hi one

enbodi nent, two stages of cl ewm a,,ol &catl on and rinsing are
utilized. Fbwever it should S Hoad her enbodi ments may

G112 RS LR IR BRI AR DRkl 0Bk B, 2PE OBk

entrap comabighaitdeRanting Eshdpesaninventiéh et wilbisd apphent, Aofvbt?ﬁ‘l ognklskillddi s
applied to the substrate surface at each of the nultiple stagfes to rem)ve
t he cl eafi thy avathar thel prasashgnvention nHY w@{rﬁedamh%ﬁ@ma%@t ABPEFPRFHIRI n

the cleanin Ath| f|Im ) t: n on
t he subs ?tﬁg%qa &F’é@étagge KIBEE PX %Ceg%ébéi\%ﬁ%gg by‘fe\?\n/edé%e% : 4 lﬂldgag? {éges
An i nt er gfdet A6 tb%ﬁ&%ﬁgahhﬁo&bﬁ@%@ﬁemt Biveafiorand the remai ning rinsing
fluid present on the surface of the substrate enhances particle renoval

effici enumoespvxa)aethpo@o@]apmrstum disglesed derainfasciasaig aeatasiipant ganislea droam ehout
limtati O%stratemfﬁé) Ql% %td%clm@ s malti- -stage application of a cleaning material to a surface of

the substrate to be cleaned. In one embodiment, two stages of cleaning material application
and rinsing are utilized. However, it should be understood that other embodiments may utilize
more than two stages of cleaning material application and rinsing. The cleaning material
applied in each of the multiple stages is defined to entrap contaminant particles present on the
substrate. A rinsing fluid is applied to the substrate surface at each of the multiple stages to
remove the cleaning material along with the contaminant particles trapped within the cleaning
material. A thin film of rinsing fluid is allowed to remain on the substrate surface as the
substrate travels between the multiple stages. An interaction between the cleaning material
and the remaining rinsing fluid present on the surface of the substrate enhances particle
removal efficiency (PRE).

[0009] A substrate, as referenced herein, denotes without limitation, semiconductor wafers,
hard drive disks, optical discs, glass substrates, flat panel display surfaces, liquid crystal
display surfaces, etc., which may become contaminated during manufacturing or handling
operations. Depending on the actual substrate, a surface may become contaminated in

different ways, and the acceptable level of contamination is defined in the particular industry



hard drive disks, optical discs, glass substrates, flat panel display
surfaces, liquid crystal display surfaces, etc., which nay becone

cont am navecdotum323tg manuf act uring or handl i ng oper at i on®CTDSp@EnAB4264 on t he
actual substrate, a surface may becone contaminated in different ways, and
t he acceptable | evel of contam nation i & defined in the particul ar
industryin which the substrate is handl ed. For ease of discussion,

subst r at & wbichdind svhstiran is lndedcFortrese dladisiussioy, Sabmmmnmﬁtlmﬁamg@t

particles on the substrate surface. under st 0o hat
Bont an nAFETHY§ PEPGEC 4L COBREIEACBHEY B frs My rAR e FOV RIS T SSULhPF al | y
any type,RicrGont aat e&ﬁamirﬁﬂ{ p-ﬁﬁme@ %‘tréf&ten@edsﬁ@cﬁhrrﬁiyetaﬂb' thd hr@SeeRtdmhblly any
substrate processing and handling operation. [0010] In various enbodi nents,
t he net heay ayk aﬁpmnatmsamil thaﬂ oswdcdrgacti 1 sobetrabe dugegl dseantiglle any ngpbstrate
cont am nant Eipartl cl.es from Eagtter ned substrates and non-patterned

substr at E@CS spggand handling QPsEaliogs patt erned substrates, protruding

struct Uf r} D& i RRHARHRY L‘qﬁé %E%dsﬂ{df&%%ahﬁ &&1&&&%&% BRY b€ Qkdaeppond
to protr i nes, such as polysilicon es or netal Iines.

Addi ti Onalelauymg tcbﬁapmmepmdlesumm pattenelisitacates endeon-petreal mytmtm: hluice
recessed features, such as recessed vias resulting from

mechani ¢ thelcaseae i patiermsd S(lmespl’r@érég’élg STHEFRECP OB the PAIYE %s%@&%ats SYnac6ite
cl eani ng;, gecge%%(?er%yg? ;%}g?ljﬂjl ‘[béééﬂxt%ﬁnghﬁés?%ﬂﬂpgs %‘Ilc@ﬁ lil&§ d?aﬁﬁbtﬁg liftes.

vi scoel as eln, 1n accordance wth one

enbodi mentdddfontig the garahed BueItateosurfdca torte ﬂxmﬁlreap nm:dxcﬁenxenttssed features,

vi scoel astic material is defi ned b pol mers 11 | ar. (Eﬂf cul ar wei ght.
I n anot he¥cheasapaspedamsgaTutiung frompe méﬁ#l meghag H’@;HWES% PBIIeESs
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mat eri al suspensi on O sol | par es In a

liquid. Hhps ME\FmQBQ/ﬁéé@élaﬁfmﬁﬁkbﬁﬂrﬁlstnbﬂﬂed kticgitin dn clbeadaneg witt @fel ahboliiferitofa
l'iquid solution. The Ilql@l d cleaning material 100 is defined to r% g
cont ami néret presant iieveation.rlnone epwle smbodireat 4pp visseelastisr watgrial S giEaneEPYur e
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accor dangeaMal R00Rea %Bpﬁﬂé ﬁﬁﬁ}fne@fmtyﬁﬁarﬂft@@%ihmplbvﬁﬁbdcﬁﬂmntl theolivgiid mmnimge nt,
the viscoel astic conponents 110 are polynmers of |arge nolecular weig

(e.qg. o’malmiaéd()@aira\mlb ght a@paandelr sqshqwoycpfcﬁ@bd@ﬁ o ltlr@ahqw@)rlﬁwyr?bﬁ@fhef
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particl e%na@éhaﬁ hl%osw d&RA0b tchfove Wasntandhsnt anetidles Bogy andubbiigte enlienapdidd

cont am nant partl cles fromreturni ng to
thereto.

[0012] Figure 1B shows a number of contaminant particles 120 entrapped within the
viscoelastic components 110 of the liquid cleaning material 100, in accordance with one
embodiment of the present invention. In one embodiment, the viscoelastic components 110
are polymers of large molecular weight (e.g., of molecular weight greater than 10,000 g/mol)
that form long polymer chains. These long polymer chains become intertwined with each
other to form a polymeric network which functions to entrap contaminant particles on the
surface of the substrate and to prevent the entrapped contaminant particles from returning to
the surface of the substrate once removed therefrom.

[0013] The viscoelastic components 110 are dissolved in the cleaning solution 105. The
cleaning solution 105 includes elements that affect the pH value and enhance the solubility of
the viscoelastic components 110. The viscoelastic components 110 dissolved in the cleaning
solution 105 can be a soft gel or become gel-like droplets suspended in the cleaning solution

105. Also, in one embodiment, multiple types of viscoelastic components 110 can be



the surface of the substrate once renoved therefrom [0013] The

vi scoel asti c conponents 110 are dissolved in the cleaning solution 105. The
cl eani ng wol2oto/i3237105 i ncl udes el enents that affect thepPpiUsadwe3e6d
enhance the solubility of the viscoelastic conponents 110. The vi scoel astic
conponents 110 dissolved in the cleaninﬁ solution 105 can be a soft gel or

becone gel -1ike droplets suspended in the cleaning solution 105. Also, in
one errbosiimﬂanqoumldﬁspl\edtig{ presclefing swi@irasds. dn overpoheditrent] 1 gataminants
beS|nuItan di ss n the cl .n ol.ution 105. one nbodlnent
The cont ahiiaapdrbh bt Sttrte e GiRby bRt soTeprERR BBy aEs Bree va

vi scoel ag{ Waﬁ? 9RAae Ql%@trc;ls%&cbﬁﬁrdeo AL Eroh € int¥@Bi AL ste¥Bah&rdcQb& Sor chemical

electrostatic force, hydrophobic interaction, steric interaction, or
chemi cal bayatid. righercTovey ehem ¢he wherslastie cvmsomttsai;t() ereqgaqedreithis ab Ltegacgon

placed within an interaction r e.about. the cont nts, the, vi scoe ast o
conponenf&2g 14.{)’08‘&&% FRNIERNABL a@% vissaelagis %‘Pﬂ%ﬁﬂlg R@cﬁaﬁul'ﬁ] and )Fn ap dhe !

liquid Ck&ﬁﬁh&qnﬂgﬁma n%haﬁ}&)q %qﬁi‘angeglaE&lapq09?@%&1@@6@%’()9%entle on
structures present e 'su strate durihg the cleaning process. "For
exanpl e, daaceshmmuremprlésegu oe tHeGubtthete dinsionthk asthnmgpoogesn ot sxabiifle,ias shéven
cleaning material 100 can slide around deV|ce structures

t
exer t i ngitaFigdrealfi-rige riscedlasyis copwonens L4V & thgclqrpig mgsnal %’)8)1%11 EEB%E&?F‘E@ of
the viscgal; gé&h]%td;@stﬁ{ @Lkh&ggk&anggh %ﬁ efrcd 81 B dWRlRSHhALredRhINt
i nclude, but are not l'imte acr %c pol ymers such as pol yacryl am de

(PAM, bIoma] Eﬁ@rﬁyles ofabé di{cBaAtics iaterab h@angqmym&ém(ﬁ ImgeamdleCaleb epatht
941(tm, pol y- (N, N-di met hyl acryl an de). ( PDVAA
pol y- (N- ing o;bw 2gc gt Aimiigd) tog pEPRAC, P@yﬂﬁbﬁ ;%P& %@PWFW&&E% FpMRaP) 1)

i no ( pry ek %cg Fgﬁé‘@gx. A R R R RF e EHE Ty ARy g e

vi nyl pohytiRfEds U@D | vty ipoys- (I%Sb@h@'yl éﬁ%ﬂld@wﬁm)ﬁe)epsmﬁmyhcam d
(PESA), pol yvi nyl ami ne (IPVA pol yvi nK/M,gyrrol i done (PVP), paly-4-vinyl
pyri di nea«(1ﬁ>4m)IAAéx d) ,pq ym@téaqrmlla )y &3 Eﬂh@ﬁ“&%g ﬁ@@ h%ld??elsmh 6‘§e

(MO), eth | u , %p@/) th

cel l ul os Bglé/ e é&iﬂe@ Ifé}% %Oq?ygéﬁ)é%eggl%&@%ldgc k’g@gm%gﬁ g% a XY%J Arabi cgﬂ)
agar andvﬁgﬁrﬁa@%erbeslaam i3, p@iWRyIgHRDhNA(INAY) @ilyathéne sullﬁhorpt Qic&j GRESAEh as
al buren, col l'agen, gluten, etc. [0015] Wth regard to exe

vi scoel asoiy&mc’binpom W A ol yvindtnyrre§ domso{ RVERDy Wlaﬁr‘ﬂéyl(m%nq @"%(ﬁ) fiyVat e
POV (BB RANAD Lo TGRS, AU IR Rt "
\afl' Bg: yﬁL r@&?ﬂé)cs'gsﬁgﬁ_'%iib)o\ﬁ@@%&yl %lldl§sea('CMUI) egrr, .) Polytachyfides ach ths(RAd) is
(Gum Arabic), agar and agarose, heparin, guar gum, xanthan gum, etc., k) proteins such as
albumen, collagen, gluten, etc.
[0015] With regard to exemplary viscoclastic component 110 structures, polyacrylamide
(PAM) is an acrylate polymer (-CH;CHCONH,-)n formed from acrylamide subunits, wherein
“n” is an integer. Polyvinyl alcohol (PVA) is a polymer (-CH;CHOH-)m formed from vinyl
alcohol subunits, where “m” is an integer. Polyacrylic acid (PAA) is a polymer (-CH,=CH-
COOH-)o formed from acrylic acid subunits, where “0” is an integer. The viscoelastic
component 110 of large molecular weight in the viscoelastic material is either soluble in an
aqueous solution or is highly water-absorbent so as to form a soft gel in an aqueous solution.
The viscoelastic components 110 can dissolve in the cleaning solution, be dispersed
completely in the cleaning solution, form liquid droplets (emulsify) in the cleaning solution,
or form lumps in the cleaning solution.

[0016] In one embodiment, the molecular weight of the viscoelastic material is greater than

100,000 g/mol. In another embodiment, the molecular weight of the viscoelastic material is



o formed fromacrylic acid subunits, where "0" is an integer. The
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PAM and 10% of PAA, in the solvent.
[0019] In the exemplary embodiments of Figures 1A-1C, the viscoelastic components 110 are
dissolved uniformly in the cleaning solution 105. The base liquid, or solvent, of the cleaning
solution 105 can be a non-polar liquid, such as turpentine, or a polar liquid such as water
(H,0). Other examples of solvent include isopropyl alcohol (IPA), dimethyl sulfoxide
(DMSO), and dimethyl formamide (DMF). In one embodiment, the solvent is a mixture of
two or more liquids. For viscoelastic components 110 with polarity, such as PAM, PAA, or
PV A, the suitable solvent for the cleaning solution 105 is a polar liquid, such as water (H,O).
[0020] In another embodiment, the cleaning solution 105 includes compounds other than the
solvent, such as water, so as to modify the properties of the cleaning material 100. For
example, the cleaning solution 105 can include a buffering agent, which can be a weak acid
or a weak base, to adjust the potential of hydrogen (pH) value of the cleaning solution 105
and corresponding cleaning material 100. One example of the weak acid is citric acid. One
example of the weak base is ammonium (NH;OH). The pH value of the cleaning material 100

can range from about 1 to about 12. In one embodiment, for front-end applications (before the
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[0023] In one embodiment, the cleaning solution 105 is formulated as a buffered solution.

For example, the cleaning solution 105 may be defined as a buffered ammonium solution
(BAS), which includes basic and acidic buffering agents, such as 0.44 wt% (weight percent)
of NH4OH and 0.4 wt% of citric acid. Moreover, the buffered cleaning solution, such as BAS,
can include some amount of surfactant, such as 1 wt% of ADS or SDS, to assist with
suspension and dispersion of the viscoelastic components 110 in the cleaning solution 105. A
cleaning solution 105 that contains 1 wt% of ADS or SDS, 0.44 wt% of NH3, and 0.4 wt% of
citric acid is referred to herein as a solution “S100”. Both solution “S100” and BAS have a
pH value of about 10.

[0024] Figure 1D shows a liquid cleaning material 100’ with gel-like viscoelastic component
droplets 140 emulsified in the cleaning solution 105’, in accordance with one embodiment of
the present invention. The cleaning solution 105’ can also contain small and isolated
viscoelastic components 106. A surfactant, such as ADS or SDS, can be added to the cleaning

solution 105’ to assist with uniform dispersion of the gel-like viscoelastic component droplets



(BAS), which includes basic and acidic buffering agents, such as 0.44 w %
(wei ght percent) OFNH OH and 0.4 wt% of citric acid. Mreover, the buffered
cl eani ng wol2oto/ise37isuch as BAS, can include sonme anount pofi/tsaomasizant , such
as 1 mt%of ADS or SDS, to assist with ﬁuspensi on and di spersion of the

vi scoel astic conponents 110 in the cleaning solution 105. A cl eaning
solution 105 that contains 1 w% of ADS or SDS, 0.44 wt% of NH3, and 0.4

Wt % of cil#9 ithroaghaut itke clefring sdlution H@bailn the cxeryplant pohodigicwor! FByran1D, a

sol ution "SI OO d BAS have a pH val ue of., about. . 10. [0Q024]. .Fi gure |D.shows
21 qut o ey 137 er BEWEef B diRinis ShrRBt Vi el B Bhiglien dikam et
dropl et s cdghfommldsbd1b@di 400 THeegdlIBRM BEehRlid tdoRMoASR" dropRisaCAPLAABSE anlit h
one enbodi nent of the present invention. The cleaning solution 105 can

al so contaformsarafiid dedcé seitaree @nvihs cobsteate iserfacsmponaise sha @el-like sisededastiant |

h ADS S, dded h I ' | uti 05' . [
't uni PomninC P ol PreSund ahie Glige MRl siputimeni R840

t hroughoyte hhgcL F@aRENdn SREUWMIRIHIAOR, diahiktdrdf %S TRL Rk vRERMLALIERBMpBhent
Figure ID, a boundary 141 occurs between the cleaning solution 105" and the

gel - 1 i ke dwipdeto é4Gakeivdthio aporge rkteddiog fens abion 0. 1The (getrotrickes) tiaboetel 08stine

conponent droplets 140 are saft. and deform around, deyi ce features on the
subst r at émgé] % e %eé%‘g% 3 ﬁu‘Se“[rl?‘fI}"P(% aieitet Bst NG&’CS}%%%E‘P TRINERS 140
def or m agaundeAaY L GFedhBRL Wiiton 1HLY (8PP LelONQ' JisdRIBEE REmbOIHE Turfs 1418

device features. In one enbodi nent, dianeters of the gel-like viscoelastic
conponentvhithogd edtshald @istinet baundemesavitiinglee elxtrenglsolgtién 60 aboatcoBlapcddmith
(mcrometer) to_about 100 m [0025] Fipgure |IE shows 4quid cleanin

mat eri al O%Gmbfz\ﬁhfl’r?n(/i’gé‘éé’lr%’ﬂ‘i @V@H!?ﬁokgﬁf AYNE Y “98’81%9% gancﬁ%(bﬁ‘?nrt@%’gﬂauti on
105" to .| i: e Aiteelk I ve
di st not AP e T B o e ey

one enbodbfand deforinheoprdedeide feawedsstdanothe stibstracd saficagarsiodautetanerd Giathagiag
al so contain small and isol ated viscoel astic, conponents 106. The gel -1ike

vi scoel aderces ewsotreiite featwrs. Imone Fwbedenh tiaBerE th BF Stfier!ebyi CBPPRH ur es
on the SYRRLS P WithiF £ ranBR iR roft ol (3 TBAISGbAR1GG S AN Lhe device
| MENt, di ane t

f eat ures. one enbo ers o e Vi scoel astic conmponent | unps

150 are \@028i Tha clcan@g reaensi oy 1009mmabotrt dBcisstimbayeaboait inlldfidphasg.0026]
The cleaning materials 100, 100', and 100" discussed apove are a% in
liquid phalsaothes eybodmmmt.Hbe cleappaimaierals {98 100e 290 HGONERLPs agitatedorougho: |
and 100" be.agit at ed rq j t . ‘ i t
gas, "or 40fioP G 3% YeTat N HeRU, bl @%iRlyfobcs, SHH AR 1 ol e
mat er i al $1ch0Rg nkA&ials 8001 100Q'nd M0@” iatd Dfvam. Figis &F bifovahossardnghernand)o*

material 100* . . _

having air bubbles 160 dispersed within the cleaning solution 105, in accordance with one
embodiment of the present invention. The cleaning material can include viscoelastic
component chains 110, viscoelastic component droplets 140, or viscoelastic component
lumps 150, or a combination thereof. It should be appreciated that the cleaning material 100*
includes both a gas phase portion and a liquid phase portion.

[0027] As shown in Figure 1A-1C, long chains of the high molecular weight viscoelastic
components 110 form a network, which may or may not include viscoelastic component
cross-linking. As shown in Figure 1C, the viscoelastic components 110 come in contact with
the contaminant particles (such as contaminant particles 120; and 120y) on the substrate
surface and entrap the contaminant particles. Upon removal of the contaminant particles from
the substrate surface, the contaminant particles are suspended in the cleaning material 100 by
way of the network of viscoelastic components 110. For example, Figure 1C shows

contaminant particles 120y and 120 suspended in the cleaning material 100 by way of

attachment to the viscoelastic component chains 111; and 111y, respectively. It should be



havi ng air bubbles 160 dispersed within the cleaning solution 105, in
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defined to provide linear movement of a substrate 202 from the input module 219, through
the processing module 221, to the output module 223, as indicated by arrow 207. A drive rail
205A and a guide rail 205B are defined to provide for controlled linear movement of the
substrate carrier 203, such that the substrate 202 is maintained in a substantially horizontal
orientation along a linear path defined by the drive rail 205A and guide rail 205B.
[0030] The input module 219 includes a door assembly 213 through which the substrate 202
can be inserted into the chamber 200 by a substrate handling device. The input module 219
also includes a substrate lifter 209 defined to move vertically through an open region of the
substrate carrier 203, when the substrate carrier 203 is centered thereover in the input module
219. The substrate lifter 209 can be raised to receive the substrate 202 when inserted into the
chamber 200 through the door assembly 213. The substrate lifter 209 can then be lowered to

place the substrate 202 on the substrate carrier 203 and clear the linear travel path of the

substrate carrier 203.



by enclosing walls 201. The chanber 200 includes an input nodule 219, a
processi ng nodul e 221, and an output nodul e 223. A substrate carrier 203
and corr espantvi3gi7dri ve apparatus is defined to provi dePCirnsasiomsdzenent of
a substrate 202 fromthe input nodule 219, through the processing nodul e
221, to the output nodule 223, as indi chk ed by arrow 207. A drive rail 205A
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t her eovepgdeppiyn el PHiroeh WRIH!tBe dubblrate IR can be retrieved from the chamber 200 by a
substrate handling device. Once the substrate 202 is retrieved off of the substrate lifter 211,
the substrate lifter 211 can be lowered to clear the linear travel path of the substrate carrier
203. Then, the substrate carrier 203 is moved back to the input module 219 to retrieve the
next substrate for processing.
[0033] Figure 2B shows a vertical cross-section view of the chamber 200 with the substrate
carrier 203 located beneath the processing head 217A and above a lower processing head
218A, in accordance with one embodiment of the present invention. The processing head
217A is mounted to both the drive rail 205A and the guide rail 205B, such that a vertical
position of the processing head 217A is indexed to both a vertical position of the drive rail
205A and a vertical position of the guide rail 205B, and is thereby indexed to a vertical
position of the substrate carrier 203 and substrate 202 held thereon.
[0034] The processing head 217A is defined to expose the top surface of the substrate 202
present on the substrate carrier 203 to a processing fluid 231. In some embodiments, the

processing head 217A is defined to dispense a meniscus of processing fluid 231 onto the top



substrate lifter 2 11 can be raised to lift the substrate 202 fromthe
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expose the top surface of the substrate 202 present on the substrate
carrier 208 of gutipleotbsiEtaProqesiine QB%atl?ﬂS %‘bfﬁ.ﬁ BIBEHE PRt Sdditienalby, g8 ewsi ng

head 217 o]
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the procassidg drapd saistAte 2rshar thyit okdgask oeie mb@teaes ghmigr eRdnderb¥ 4 ths
defined to expose the bottom surface of the substrate 202 present on the
subst r at epeeiflever progssng dessowdh Prorgss poj atipe g of pthgotopibrtientr&ArB Al Went s,
t he proces s %%h%ad 2 18A is defined to dispense a neniscus of processing
fluid 2339 e bottom surface of the substrate 202 as the substrate 202

traver sewmm aat réshsr PreaRsShilgdheathuli-484e apiilicvadr olite %mﬁﬁgméﬁal 1@ach
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pr ocessi ions on .th trate 202 . Addi.t | l %
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substrate carrier 203 under/over the upper /| ower processing heads w ||
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two pr OC%&%Jr&Qd@%ﬁgc%sg@g RApphichtion/removal of the cleaning material 100 to/from the top
surface of the substrate 202.
[0036] The substrate 202 is moved beneath the processing heads 217A and 217B in the
direction indicated by arrow 251. The first processing head 217A includes a channel 253A
from which the cleaning material 100 is applied to the substrate 202 top surface. In this
embodiment, the substrate 202 top surface is substantially dry when entering the region
beneath the first processing head 217A. Therefore, the first processing head 217A applies the
cleaning material 100 to a substantially dry substrate 202 top surface. The first processing
head 217A is further defined to supply a rinsing fluid, such as deionized water (DIW),
through a rinsing fluid supply channel 255A and remove the rinsing fluid and cleaning
material 100 through a vacuum channel 257A. A suction provided by the vacuum channel
257A is controlled to maintain a substantially confined fluid meniscus beneath the first
processing head 217A. However, the suction provided by the vacuum channel 257A is also

controlled to leave a thin film of residual rinsing fluid on the substrate 202 top surface. Thus,



217B positioned to provide the nmulti-stage application of the cleaning
material 100 to the top surface of the substrate 202, in accordance with
one enbodvoento/BE37he present invention. Although, the preaseaioeseapl ary
enbodi ment, utilizes two processing heads 217A and 217B, it should be
under stood that other enbodi ments may utd 1i zed nore than two processi ng
heads to provi de successive application/renpoval of the cleaning materi al
100 t o/ f thensubbteate 302 supr fuadec tiwdtied vehenstreagiog 20 breedahe Tine psacbssingliead 202
is nmoved ? eath the processing heads 217A and 217B in the direction

i ndi cat ed §§ arrow 251. The first processing head 217A i ncludes a channel
253A T 1O %@oﬁﬂ@mﬁ!}ﬁﬁﬁh{‘@hé‘ﬁ%&é'ofjtf)@tﬂlﬁ ARRRI I EGduka? rih B THRP I rPthe 02
top surface. In this enbodiment, the substrate 202 top sur %ce IS

subst ant sabskrytedd02 top emfartfeHowmgtttaeersalgifdhe bdntatel20R frenédth die fasomessssing

head 217A. Theref he f t h I h I
ot or | al Nath L6 5 bR By XGORLIE 0T 200 Ot QN E GRS S1

pr ocessi r f as
et oni ze e aofE (pbouidht U nRRheSPuledpaiRRL I Sl Al At fop G
renove t bebstrateslOagop suifsbedotowingarivagalneitbe sillstrd@ @0R heoewyh the fracprotessingnnel

257A. A suction provided by the vacuum channel 257A is controlled to
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t hi cknesgeqf 2 t7ebéwing, &dd glotfetricab tidiiadterfsiiosoNge &dmmdtel oaﬁiero;ns heasubiatedat e
202 top surface follow ng traversal of the substrate 202 beneath the first

processi agmhets217A is controlled within a range extending from about 0.1

t bout hi nb d hi c f th f
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traver salyi@fa §uUrgcishPshicRBWAAR HET8RERo bR provide sibeaRialY Bemplete removal of

the cleaning material 100 from the top surface of the substrate 202. Therefore, in this

embodiment, the fluid remaining on the wetted top surface of the substrate 202 upon
emerging from beneath the first processing head 217A is primarily comprised of the rinsing
fluid, with possible minor remnants of the cleaning material 100.

[0039] Following traversal beneath the first processing head 217A, the substrate 202
continues toward and passes beneath the second processing head 217B. In one embodiment,
the second processing head 217B is identical in structure to the first processing head 217A.
Therefore, the second processing head 217B includes a channel 253B from which the
cleaning material 100 is applied to the wetted top surface of the substrate 202. The second
processing head 217B is further defined to supply a rinsing fluid, such as deionized water
(DIW), through a rinsing fluid supply channel 255B and remove the rinsing fluid and
cleaning material 100 through a vacuum channel 257B.

[0040] A suction provided by the vacuum channel 257B is controlled to maintain a

substantially confined fluid meniscus beneath the second processing head 217B. In one



head 217A is about 0.3 nm However, this average thickness may vary within
a range extending fromabout 0.1 mmto about 1 nm due to substrate 202
bow ng, fwosbigseszessi ng head 217A bow ng, and geonetri ealr/usb@omsi2es i stics
of the substrate carrier 203 and associ at ed conponents. [0038] In one
enbodi ment, the rinsing fluid is appli ekft t hrough the first processing head
2 17TAwth a sufficiently high flowrate and force so as to provide
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second processing head 217B. I n oneenbodi ment, the suction provided by the
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to emerge from beneath the second processing head 217B with a residual,
anount ofpplicatipmgf theydlerndng matsrial L fodthe wetied swbstrate 202atbeiintrface 281 shllr o

processi ng head, such_ as 0 I . . 21 . EL gt i ded
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in imedi ate succession, as illustrated in Figures 2A-2D, is that the

parti cl eas @iArahd 81 7B cinémeed{areaccessionyel thaug ssuignenhetdhe sybstraG AR dishl i ed

to the wetted substrate 202 at the | nter ATel] ' ]
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processing head for drying between each successive processing head for cleaning material

100 deposition/rinsing would increase cost of the system and potentially decrease throughput
rate of the system.

[0042] In one embodiment, the cleaning material 100 dispensed by the second processing
head 217B (or further subsequent processing head(s)) displaces the thin film of residual
rinsing fluid left on the substrate 202 top surface following traversal of the substrate 202
beneath the first processing head 217A. The displacement mechanism is provided by the high
viscosity of the cleaning material 100 relative to the residual rinsing fluid, and the
viscoelastic property of the cleaning material 100.

[0043] The above-mentioned displacement process can occur in the following manner. The
second processing head 217B provides a vertical “curtain” or “wall” of a high viscosity
(solid-like) fluid, namely the cleaning material 100. As the substrate 202 approaches the
second processing head 217B, the residual rinsing film experiences a high viscous resistance
from the vertical curtain of high viscosity fluid dispensed by the second processing head

217B. Instead of remaining on the substrate 202, the residual rinsing fluid accumulates, i.e.,



cleaning material 100 is applied to a dry substrate 202 and then
subsequently rinsed. For exanple, despite the potential for dilution of the
cl eani ng weat2ero/izk37100 at the interface 261, applicati onprofr/ush@ooBeani ng
material 100 to the wetted substrate ZO%fat the interface 261 stil

provi des an unexpectedly hi gh PRE. Thi o inding is considered inportant
because it allows for placenent of nultiple processing heads for cleaning
mat er i al bddd® upeppsei tanosyntéring tg, vesticeh cagain1dfshighvigesip, flull dispergpdiby the
successi on W, thout.r uig'ﬂg that the substrate 202 be dried between passes
under th@wﬁﬁ%8§§gﬁﬁﬁ; 4 l. 1t shoul d be appreciated that placenment of a
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cl eaning material 100 deposition/rinsing would increase cost of the system
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substrate 202 approaches. t he second processing head 217B, the residual
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accunul ab&sieen tie. clemiks marrial pahdiepaeethfremi thg sédoad \pesdessiag headr 2 1&Bnaralf thhi gh
viscosity fluid di spensed by the second processing head 217B. [(384;}]@ he
accunul atesulupbgnsing fuid wirh gngougtess the cag@Roh sloaynEsReral 18 K slouldiplse Pst e

202 top suxf h I i of;. t OC: 1

nead posiooagd HauRYH R BT MR st hafital RANHEIPEASRETMY, ¢
carrier 208 @ndssindaiy @hRiodQT thd eleaning hagepas90dodvancaidn at digniSeaniydonger
processi ng head 217B, and/or 2) flowto a | ower processing head positioned

beneat h tile Baisdt thar enzoziletlaveiemstiopdne brpeeny Hcaclgapng slaeeh 110ﬁeand the
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resi st anggedfide, HiGBLEC £ IRAN agfdhi 60mbying hRy Wdtdrdietwedn the cleaning material 100
and the residual rinsing fluid, the high viscosity of the cleaning material 100 relative to the
residual rinsing fluid causes displacement of the residual rinsing fluid by the cleaning
material 100 to be the dominant interactive effect. Figure 2D shows first and second lower
processing heads 218A and 218B disposed to rinse the bottom surface of the substrate 202 as
it passes beneath the first and second processing heads 217A and 217B, in accordance with
one embodiment of the present invention. Each of the first and second lower processing heads
218A and 218B is defined to flow a rinsing fluid through a channel 271A/271B toward the
bottom surface of the substrate 202. Also, each of the first and second lower processing heads
218A and 218B is defined to include vacuum channels 273A/273B for removing the rinsing
fluid from the bottom surface of the substrate 202.
[0046] In one embodiment, the flow rate of rinsing fluid through the channels 271A/271B
and the suction provided through the vacuum channels 273A/273B are controlled such that a
respective meniscus of rinsing fluid is maintained between each of the lower processing

heads 218A and 218B and the bottom surface of the substrate 202. Additionally, it should be



cleaning material 100 to the residual rinsing fluid, because the cleaning
material 100 does not readily mx with the residual rinsing fluid. [0045]
However, wo 28tvoiskzfibe understood that there nay be a smeClr/iuseaons426f m xi ng
bet ween the cleaning material 100 di spelgsed fromthe second processing head
217B and the residual rinsing fluid whi‘Ch encounters the curtain of
cleaning material 100. It should al so be understood, however, that bulk

m xi ng ofpprévéated tahipppjicabereef the rivMgafidid te diedeattont pyréica @f thausulpstrate £A2 at

corresponding dilution of the eani n terial 100, occurs.,Qver
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one embodiment of the present invention. The method includes an operation 301 for

performing a first application of a cleaning material to a surface of a substrate. The cleaning
material applied in operation 301 includes one or more viscoelastic materials for entrapping
contaminants present on the surface of the substrate. In one embodiment, the cleaning
material applied in operation 301 corresponds to the cleaning material 100 described above.
Therefore, in one embodiment, the cleaning material used in the method is defined as a polar
solvent having polyacrylamide dissolved therein.

[0049] The method also includes an operation 303 for performing a first application of a
rinsing fluid to the surface of the substrate so as to rinse the cleaning material from the
surface of the substrate. Application of the rinsing fluid in the operation 303 is also
performed so as to leave a residual thin film of the rinsing fluid on the surface of the
substrate. In various embodiments, the rinsing fluid used in the method is defined as either
deionized water, dimethyl sulfoxide, dimethyl formamide, dimethyl acetate, a polar solvent,

an atomized polar solvent, or a combination thereof. The first application of the rinsing fluid



cleaning material 100 in a substantially uniform manner across the
substrate 202, and provi de a subsequent substantially uniformrinsing of

t he substwet2e10262371Fi gure 2E shows a sinplified bottom pCewsediobecs
processi ng head 217A/ 217B, in accordangfbmjth one exenpl ary enbodi nent of

t he present invention. The channel 253 53B t hrough whi ch the cleaning
material 100 is dispensed is defined to extend a distance at | east equal to
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rinsing fluid present thereon. In thi

successive manner. Additionally, in operatlon 303 of this embodiment, a vacuum of the first
processing head is controlled to leave a controlled thickness of the residual thin film of the
rinsing fluid on the surface of the substrate.

[0053] Figure 4 shows a flowchart of a method for cleaning a substrate, in accordance with
another embodiment of the present invention. The method includes an operation 401 for
moving a substrate to be cleaned under a first processing head. In an operation 403, the first
processing head is operated to dispense a cleaning material over the substrate as the substrate
is moved under the first processing head. The cleaning material includes one or more
viscoelastic materials for entrapping contaminants present on the substrate. The cleaning
material of the present method corresponds to the cleaning material 100 described above.
Therefore, the cleaning material of the present method includes one or more viscoelastic
materials for entrapping contaminants present on the surface of the substrate. In one

embodiment, the cleaning material used in the present method is defined as a polar solvent

having polyacrylamide dissolved therein.



manner, the second application of the cleaning material is nmade to contact
the residual thin filmof rinsing fluid present on the substrate, [0051]
The net howlof2orort3es71i ncl udes an operation 307 for perf or RCm@saoismsand
application of the rinsing fluid to the, surface of the substrate so as to
rinse the cleaning material fromthe sutf ace of the substrate. The second
application of the rinsing fluid in operation 307 is perforned i medi ately
f ol | owi n§0aSHe Theauettiod ppihtiras ivoth af opéretien dahiimgvimelt thei fifst procepargahéadnis305.
[ 0052] In one enbodi nent, .t he hod of Fi.qure 3 includes.operati a first
br ocessi HBTREAAOL G5 Eci R BIE oNREng: e iSiBrNE ] R Fari o maraih gthe

mat eri al ;s QRETRE bpGahl4@H dePBrhdd silch@RRlal e @b ARG thé RALRG fAlldisd of
operation 303. Also, in this enbodinment, a second processing head is

oper at edldfoopehd substrbist 43 thh subsmomemaeangps ifoat underche fing proeasing eahtleranal  of
operation 305 and the second application of the rinsi fluid of operation
307. Furf’WgPSquqt’t%iV@c‘é‘%cf& fhentirst tpﬁ%ceé%’b%thre%‘i] ds jcgntyg) dt%ger‘?é%u%c? Pledr st

and Seconﬂ% O &TSIHATRERIS thil Al USE 88S IHRin ?‘E? onAR Ghiaald Yin Vobous |

operation 3 of this enbodi nment, a vacuum o first processing head is

cont r ol | eshbbdinteatsvef the poasémtahdtball, tthd thsies flual istdeEnedad cheadr hbiervffdelomzetl t he

rinsing fluid on the rface. of the substrate. [0053] Figure 4 shows. a
f1 owchar PVa§ é@?é‘fllﬂo%}‘?fgé‘rdecs%m SmamiSt CUPEDY PRt ot HAAE SOWPHh 8 dBher

enbodi mept, 0fed MaiVoRfNt i nvention. The method includes an operation 401
for noving a substrate to be cleaned under a first processing head. In an
oper at i of00833 In ah@pkiatish 407 pdessibsigatt dading sho psidubkb thit diloi sfpthe smsmgefl@dni ng
nmat eri al over the substrate as the substrate is_noved under the first

processi HiFrersda movied usfeanicRendheipesssiae hept 1AsgeElingnto aronsrionAlscberseranc
mat er i al %rofcggsif nl{lJaﬁRP 'oﬁ&at%g 0% 8&%}5}%@&% Qéeﬁﬁﬁé";na%af Ber $HP brsﬁ'%t@ suc'fhat the
haterisa of the p nt et hod cor g

cl eani ng rese esponds to the cleanin

mat eri al clkeRingdasseiiflechnteavee rEhidnaf thire filth b Whstanilog present ioal thefsubdtete.
present nethod includes one or nore viscoelastic materials for ent rh%gpi ng
cont ani ndheR i as eneraben the Sarfesend Brocessings gt isAnerated, tq Kise fsosHbsERE,

Soi vent - RTHBERET ekt gBe ARl R AR B0 Sy Tl IR e B B e

with an gpgration 405 in which the first processing head is operated to
rinse the substrate follow ng the dispensing of the cleaning material on
t he subs{00i6kIn Phe evpwdimensneapdsof theplirst gpdrsecandcproeessinghgads iy gagrated tq

o o SRSehe" M B g A0 85 RV U 0°
perpendicular to a diametrical chord of the substrate, while the substrate is moved in a
direction of the diametrical chord. Additionally, a top surface of the substrate is maintained in
a substantially horizontal orientation as the substrate is moved under the first and second
processing heads. The first and second processing heads are maintained in sufficiently close
proximity to the top surface of the substrate so as to respectively establish controlled
meniscuses of the rinsing fluid between the first and second processing heads and the top
surface of the substrate. Moreover, in one embodiment, the method can also include
operations for moving the substrate under a third processing head, and operating the third
processing head to dry the substrate.

[0057] While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and equivalents
thereof. Therefore, it is intended that the present invention includes all such alterations,

additions, permutations, and equivalents as fall within the true spirit and scope of the

invention.



enbodi nent, a vacuum of the first processing head is controlled to | eave a
controlled thickness of the residual thin filmof the rinsing fluid on the
subst r at ewbi2owersezyus enbodi nents of the present nethod, pcmaseemms42g4 f | ui d
is defined as one or nore of deionized water, dinmethyl sulfoxide, dinethyl
formam de, dinethyl acetate, a polar s&lvent, and an atom zed pol ar

sol vent. [0055] In an operation 407, the substrate having the residual thin
filmof the rind¥hy if blgindediser eon is noved under a second processing head.
According to an operation 409, the second processing head is operated to

di spense the cleaning material over the substrate such that the cleaning
material contacts the residual thin filmof rinsing fluid present on the
substrate. Then, in an operation 4 11, the second processing head is
operated to rinse the substrate foll ow ng the di spensing of the cleaning
material on the substrate by the second processing head. [0056] hi one
enbodi nent, each of the first and second processing heads is operated to

di spense the cleaning material across the substrate along a di spense |ine
extendi ng perpendicular to a dianetrical chord of the substrate, while the
substrate is noved in a direction of the dianmetrical chord. Additionally, a
top surface of the substrate is naintained in a substantially horizontal
orientation as the substrate is noved under the first and second processing
heads. The first and second processing heads are maintained in sufficiently
close proximty to the top surface of the substrate so as to respectively
establish controlled neni scuses of the rinsing fluid between the first and
second processing heads and the top surface of the substrate. Moreover, in
one enbodi ment, the nethod can al so include operations for noving the
substrate under a third processing head, and operating the third processing
head to dry the substrate. [0057] Wiile this invention has been descri bed
in ternms of several enbodinents, it will be appreciated that those skilled
in the art upon reading the preceding specifications and studying the
drawings will realize various alterations, additions, pernutations and
equi val ents thereof. Therefore, it is intended that the present invention
includes all such alterations, additions, pernutations, and equival ents as
fall within the true spirit and scope of the invention.\Wat is clained
is:CLAIMS 1. A nethod for cleaning a substrate, conprising:



performng a first application of a cleaning material to a surface of a
substrate, wherein the cleaning material includes one or nore viscoelastic
mat er i al swbanioeres7appi ng cont am nants present on the suPCaas2aib/os42e4
substrate; performng a first applicatign of a rinsing fluid to the surface
of the substrate so as to rinse the clé&aning material fromthe surface of
the substrate and so as to leave a residual thin filmof the rinsing fluid
on the surface of the substrate perf(ﬁlzﬁx_ﬁéﬁa second application of the

cl eani ng rrate |aI gﬂf‘tg ace of f) etsubstrate wherein the second
appl i cation o * t he*dP'€ fﬁl (S e To s S €0 the surface of the

substrate havpgerhdies raeﬁts@%?bhéa'ﬁbﬁ §f b ro@hidg Aoierd! i Wi shrRkesEN sth@aroN;
and perform ng a second application of the rinsing fluid to the surface of

t he subswhatem o dsartiog matgel tinduddsecamd ny mmae etiscatlagticomatenialssior featrepmfg t he
substrate. 2.. A nethod fo an| bstrate as recited in claiml1,
wher ei n ?‘?'}Earﬁ‘lné%tFHPFFéeW&“etﬁFélfr 4cg Ogg’fe HE% % a polar sol vent having

pol yacryl am dg..gig3d ¥ %t tBEhi&kiBn oBa rﬁisﬂ%tﬂlﬁﬂi td M salfB@NbMe SutitbiSisoak ¢ as
recited in claim1, wherein the rinsing is defined as deioni zed

wat er . 4ringk ﬁmtfeamngonatmhaéérmm@eesusfammﬁtat sulmtrategmidtsedisitm laave a mesidualhthan ei n

the rinsing fluid s d as_.one re of deionized water, dinethyl

sul f oxi dgg’ﬂfﬂ’@tmmgffgﬂ‘ﬁflrﬁﬁl{e@esm%F tﬁ?ﬁ‘@g@ﬁeate a pol ar solvent, and an

atom zed pol Aperfdh \fﬁg‘ta sebond ﬁphbé%ﬁmf of tﬁé %@é&h&g %aﬁaﬁlﬁﬁ% %@ s%?faéee%fttﬁéi in
i

claim1, wher first application of the rinsing fluid is perforned

i medi at elbgtrite) wbwcngthb Isecohdrapphcapph iof #itel deanifg Mhteriel Eapplmfgi wwethesurédce odnd
wherein the second appllc he r|n5| f|UId r med

i mredi at QHWUP%W%%"H@% tthﬁée %%Pf@%?‘?% igrpresqat %‘F@g material . 6. A

met hod for cl ﬁé}%rﬂsn a%g&%hra@hﬁcﬁ%n g Ghd ﬁﬁ’smg‘ﬂﬁidatbr{hésur?dééfo@%e GOSPAE 5b NO:

operating a first processin to performboth the first application of
the cl eand mgimﬂ&rdlednnegndaﬁchel ftom ste supfaté ebthe ewbsohtet he rinsing fl uid;
operating a second processing head to performboth the second appli cati on
of the cleaning material and the second application of the rinsing fluid,
and moving the subgt ! dit&PRANMnPT OfRGSinNAe BRAMALI N 2
successi ve ma%ner %&%%d%ﬂ@lg&# égg}ﬂgeégﬁ?%]%sa’g s&lﬁstrate ‘as reci teed in %I aim

6, furthgiatgRIRdeihédas £polhr DiYennhavany palyactylamhidehissbived thgueiocessi ng head to
| eave a controll ed thickness of the

3. A method for cleaning a substrate as recited in claim 1, wherein the rinsing

fluid is defined as deionized water.

4. A method for cleaning a substrate as recited in claim 1, wherein the rinsing
fluid is defined as one or more of deionized water, dimethyl sulfoxide, dimethyl formamide,

dimethyl acetate, a polar solvent, and an atomized polar solvent.

5. A method for cleaning a substrate as recited in claim 1, wherein the first
application of the rinsing fluid is performed immediately following the first application of the
cleaning material, and wherein the second application of the rinsing fluid is performed

immediately following the second application of the cleaning material.

6. A method for cleaning a substrate as recited in claim 1, further comprising:
operating a first processing head to perform both the first application of the cleaning

material and the first application of the rinsing fluid;



residual thin filmof the rinsing fluid on the surface of the substrate. 8.
A nethod for cleaning a substrate, conprising: noving a substrate to be

cl eaned uwdenica3timmst processi ng head; operating the fi Pst/yscaomsesng head
to di spense a cleaning material over the substrate as the substrate is
noved under the first processing head, erein the cleaning materi al

i ncl udes one or nore viscoelastic materials for entrappi ng contam nants
present on thepsabwt s ateyndoprecessing chead do fierform protle dlus pevgné @gplicaionjaddhe t he
substrate fallow ng, t he. dispensi ft cl eani material on the

subst r at 8eEYNGIA %} %‘Hﬁtgeéecgggﬁﬁﬁg]ag?%Pﬂt%Fﬂnﬁﬁngffﬂ?%gnﬁai nsing fluid on the
substrate as [Qinguins i@t PRIAMSthE fRE &W&Eoﬁd"?r&cbé’sﬁ REAS 68 9 SHBcdIsIRE;
novi ng the substrate having the residual thin film of tghe rinsing fluid

t her eon omadmar. a second processi ng head; operating the second processing
head to di spense the cleaning material over the substrate such that the
cleaning material contacts the residual thin filmof rinsing fluid present
on the substrate; and-ApgfRiclddinahi&uBfeRNS RERGEAIAG d’,'%’tjﬂe?@mﬁt)ﬁ§§g:t he
substrate fol | owi ng t%e di spensing of the cleaning material on the
substrate by tdherodléepndaquumosfdse figpt heacksing head tetehoda tortradied dnclgssof the
substrate as recited jn claimg@8, wherein the cleaning material is a polar
sol vent F?&%ﬁuﬁ]g‘hﬁbﬁ%ﬁé@??éi‘ﬁf‘&%ﬂ&ids%&@é r}c}‘?ep&éﬁ‘%s,U%étﬁ?}gMerei n the rinsing
fluid is deionized water. 10. A nethod for cleaning a substrate as recited
inclaim8, wherein the rinsing fluid is defined as one or nore of

dei oni zed wat 8r, diAnmtthydl feruldaaiigdesubstratgtchyprifiogmam de, di net hyl acet at e,
a polar solvent, and an atom zed pqQl ar solvent. 11. ezgft hod for cleaning a

substrate as Fr@é’if’cgeacﬁ“ibﬁr%?ﬁl?ﬁ@?m\ﬁgé‘%‘frﬁ SIHOBFSIPR rst and second
processi ng heeg&aﬁ@ RS SlodoOind IRRLNS Bish e G FARIMOmIREEN §2h IRCEMSESatb e
substrate along a spense |1 ne extendi ng perpendicular to a dianetrical
chord of a§ e susghtcatsemovdd Lmder e inkisproadssingsheadyedieien thedtlemtng amtefalt he
diametrical chord. 12. A nethod for c|eaning a substrate as recited i ﬁ

cl ai m 8, inghisleaianea0n Bl9Te iseaelastiss marsalsy ¥ F4EARPING GABIGTRIGARIE Presynl on the
subst ant i eblstrxtehori zontal orientation as the substrate is noved under the
first and secohd processing heads, and wherein the first and second
processi ng hegggatiethniint piodedingrheadfid riasetitel spbsttas éolfavong tiet dispensinpeft op

surface of the . . . .
the cleaning material on the substrate so as to leave a residual thin film of the rinsing fluid on

the substrate as the substrate emerges from under the first processing head;

moving the substrate having the residual thin film of the rinsing fluid thereon under a
second processing head;

operating the second processing head to dispense the cleaning material over the
substrate such that the cleaning material contacts the residual thin film of rinsing fluid present

on the substrate; and

operating the second processing head to rinse the substrate following the dispensing of

the cleaning material on the substrate by the second processing head.

9. A method for cleaning a substrate as recited in claim 8, wherein the cleaning
material is a polar solvent having polyacrylamide dissolved therein, and wherein the rinsing

fluid is deionized water.

10. A method for cleaning a substrate as recited in claim 8, wherein the rinsing
fluid is defined as one or more of deionized water, dimethyl sulfoxide, dimethyl formamide,

dimethyl acetate, a polar solvent, and an atomized polar solvent.



substrate so as to respectively establish controlled neniscuses of the
rinsing fluid between the first and second processi ng heads and the top
surface ovothw/sedrstrate. 13. A nethod for cleaning a seoFtusatie/ naes ecited
inclaim@8, further conprising: controlling a vacuumof the first
processing head to |l eave a controlled i ckness of the residual thin film
of the rinsing fluid on the substrate. 14. A nethod for cleaning a
substrate as recited in claim8, further conprising: noving the substrate

under a third, processi ead; and operating the, third processing,h to
dry the subst}gte.gfgég%ﬂg§ﬂggyﬂﬁ%§Sﬁﬁ?ﬁ%ﬁ%aﬁ?ﬁaiglgﬁﬁ% r%@f?ﬁ%%%%fﬁgg%g: a
substr at € 3hd IsEond §irbOR6NE RehMVR GhePHES Id @lsBerdsh tHe TLHaRInANhAtBHAIYackds9aRE
path while maintaining the substrate in a substantially horizontal

ori ent at substratea flonsta dispewssiimy ekwadingopérpérshedarotera diamepineh chprd pé the
substrate _such that the first progessing, head.is..defi.ned,to di spense a

cl eani ngSUPaFHF; %@?%@SF‘%SH@%E VF‘gfrba,‘ d‘é%;amaio B@r@%tn%mP‘i‘elr‘?gP%g fluid on the
substrate, and renove the rinsing fluid and cleaning material fromthe
substrate so as to leave a residual thin filmof the rinsing fluid on the
substrate; ant2.a sAcoetiopfoodssingg hdatiapasiredied du clavard, wherspne forofurfape

bstrate behind the first. head | ati .1 di ti f.
Lravel off fheesbuae raaiaairier df o SHETLBADn Fopraues Sisnadhunty e ke oo
di spense the; ¢L.eaNI ARREH &coRY Sfroddiing UREEY, i@ SMeRid AR fikdiCarndl e@Bhag

material s nmade to contact the residual "thin filmof rinsing fluid present
on the splestssalpeheadnae spamsiaed in isnfiongntlyl dost proxirhiey seiitle top surfagadfrtberove

L Sant hovdebiss Fmersasean g o U O Ses R Bl e Ll e
ent rappi ga, %&gée%%{@%éssm %Q&Edanﬂ%é P}? SHASE S@h&subkBateAn apparatus for
stra as r Inclaiml

cl eaning"a su cite 5, wherein each of the first and
second processing heads is positioned to di spense the cleaning nmateri al

across the substrate along a_ di spense |ine extendi r.pendi cul ar. to
linear path alldng dnmethod Fa cigapuig St pg KeF1gstn, Eafgirlgié‘?rﬁl?r 1BV He

substrate. 7ol MliARPRLAL dilhe RLEBI00:R RABSS e Bk AR uatkich of L

15, wherein the of t strate carrier is defined such that a
top surf agrivel thihglns ubst Hatiagifmidobticanbstatd. y hori zontal and parallel to an
under side of each of the first and second processing heads, and wherein the
first and second processing heads are positioned in sufficiently close

proximty to 14. A method for cleaning a substrate as recited in claim 8, further comprising:
moving the substrate under a third processing head; and

operating the third processing head to dry the substrate.

15.  An apparatus for cleaning a substrate, comprising:

a substrate carrier defined to move a substrate in a substantially linear path while
maintaining the substrate in a substantially horizontal orientation;

a first processing head positioned over the path of the substrate such that the first
processing head is defined to dispense a cleaning material over the substrate, and dispense a
rinsing fluid on the substrate, and remove the rinsing fluid and cleaning material from the
substrate so as to leave a residual thin film of the rinsing fluid on the substrate; and

a second processing head positioned over the path of the substrate behind the first
processing head relative to a direction of travel of the substrate carrier, the second processing
head defined to dispense the cleaning material over the substrate such that the cleaning

material is made to contact the residual thin film of rinsing fluid present on the substrate, and



the Iinear path of the substrate carrier such that a controlled neniscuses
of the rinsing fluid is respectively established between each of the first
and secomsopnoeBsying heads and the top surface of the subaise@b®34288. An
apparatus for cleaning a substrate as recited in claim15, wherein the
first processing head includes a cont rotd abl e vacuum for renovi ng the
rinsing fluid and cleaning nmaterial fromthe substrate, wherein the

cont r ol | disbensezctinrmg Suidedi thedubsiratm abd ecrpovs therinsingaf1ditiané nkpeging fmatergal
residual _thin filI)mof the rinsing fluid to be left on the substrate by the
first pré@&b@?ﬁ& éd. 19. An apparatus for cleaning a substrate as recited

in claiml5, vyiersh Nht NQesligAMhAGdBIRIUGRL df Hefh&edviRSoctashe! AhteliflsV &I
havi ng pol yacryl am de di ssolved therein, and wherein the rinsing fluid is

dei oni zedntwgiperg coatumiAmta pracrd pushd bsicdteani ng a substrate as recited in
claim15, further conprising: a third processing head positioned over the
path of the substrate behind the second processing head relative to a

direction of tlaavelmp%pspa%ﬂb?%wa%g LCRDEIRE as tdifed Th EAIRNGCfBSlPe B
defined to dry the substrate.
the first and second processing heads is positioned to dispense the cleaning material across
the substrate along a dispense line extending perpendicular to linear path along which the

substrate carrier is defined to move the substrate.

17.  An apparatus for cleaning a substrate as recited in claim 15, wherein the linear
path of the substrate carrier is defined such that a top surface of the substrate is substantially
horizontal and parallel to an underside of each of the first and second processing heads, and
wherein the first and second processing heads are positioned in sufficiently close proximity to
the linear path of the substrate carrier such that a controlled meniscuses of the rinsing fluid is
respectively established between each of the first and second processing heads and the top

surface of the substrate.

18.  An apparatus for cleaning a substrate as recited in claim 15, wherein the first
processing head includes a controllable vacuum for removing the rinsing fluid and cleaning
material from the substrate, wherein the controllable vacuum is defined to enable control of a
thickness of the residual thin film of the rinsing fluid to be left on the substrate by the first

processing head.

19.  An apparatus for cleaning a substrate as recited in claim 15, wherein the
cleaning material is defined as a polar solvent having polyacrylamide dissolved therein, and

wherein the rinsing fluid is deionized water.

20.  An apparatus for cleaning a substrate as recited in claim 15, further
comprising:

a third processing head positioned over the path of the substrate behind the second
processing head relative to a direction of travel of the substrate carrier, the third processing

head defined to dry the substrate.



