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M ke Ravkin, and Fritz Redeker BACKGROUND [1] In the
fabrication of sem conductor devices such as

integrated circuits, nenory cells, and the like, a

series of manufacturing operations are perforned to
define features on sem conducfior substrates
("substrates"”). During the series of manufacturing
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surface and the features defined on the substrate. 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 surface and features

on the substrate can be quite difficult.

31 In view of the foregoing, there is a need for an improved substrate cleaning technique

to remove contaminants from substrate surface to improve device yield.

SUMMARY

[4] Broadly speaking, the embodiments fill the need by providing improved substrate
cleaning techniques to remove contaminants from the substrate surface to improve device

yield. It should be appreciated that the present invention can be implemented in numerous



yield. It should be appreciated that the present
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of the present invention are described below [5J. In
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illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

9] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.



structural elenments.[10] Figure I A shows a physi cal
di agram of a cl eaning solution for renoving
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accordance wi th one enbodi nent of the present

invention. [11] Figure IB shows a diagram of stress

and viscosity as a function of shear rate for a

non- Newt oni an fluid. [12] Figure 1C shows a physi cal

di agram of a cleaning solutiod with a gel and a

network of solid conmpounds. [13] Figure ID shows a

[1%hy sFigare bh sbewne ohysicad dlagrnc ofp ghantxg sdlutidrefar lreaoning particulate

F t

Cﬁﬁ%ﬁ?ﬁaﬁg)mo% gltgsga%u }sf{l}:re a?le 0261?1 ace. Mﬁ %ﬁi cEPodipmgnt §f the present
inyRRies. a physi cal di agram of solid conponent of the

cl eaning solution of Figure I A nmaking contact with

[dbnt BigireaHe sheive i diagtans of sftess sud Viscesity[as 5] fuRitipar &f shBar rate for a

n&R¥G AW cal diagram of solid conponent of the
cl eaning solution of Figure I A noving contam nant away

12) ONELHR FHORIWAL BrRiET AG&amloFQlciGh iy h
e o e Gnh s PoSKAL Ao of Al el B 3 B apg o notwork
Ofﬁé’ﬁf‘aﬁmﬁa‘ﬁ@ fromthe surface of a substrate [17]

Figure 3 shows a schenmatic di agram of an enbodi nent of

(131 s  igrse kb shayysraphysicplebiamrag of ¢ selicheonmponapt dfthe cleaning solution of
FIRESGIA FThObkokin s FEMRLARY ENBERLMENIS £ 48], Several

exenpl.ary enbodi nents for inproved substrate cleaning
(4B ChFigGleel B ShowRMPYIRsRAY dihGhih & rRof@ RbARLRAN bE t}t‘crc‘i’&ﬂn tntéesolutlon of

Substrate to i nprqve process yield are provid
demﬁ'ém&ﬁﬁ'?té‘&l“éﬁhé’d’ntaﬁ’a‘ta“f oreths sulsiigte surfoeant | | on can
ted i n_numerqus ways, including as a
[lggl S*’;?Wé&e%*bys‘ca‘ ot shpid sppaenent ef theclegning solution of
Flgmuermoaag emhmtﬂauﬁmaly\ﬂ&meﬂfe@ﬁtbéﬁa&tsﬁrf@é .the present
i nvention are described below. It will be apparent to
[I6hogtigeki 2| gttbwsn ah hembudimémabds tah @rqvess loby ifBy @8hb@ARAg particulate
ced.w thout sone or all of the specific

Cogg 7‘“§£§§I%t %?‘irﬁm?t% BRYA9] The enbodi ment s
S A RS S -5 i

systefni ci ent at cI eani ng contami nants from seni conduct or

substr h_aspect
rati o A2 EMBODIMENTS

[18]  Several exemplary embodiments for improved substrate cleaning technique to remove
particulate contaminants from the substrate to improve process yield are provided. It should
be appreciated that the present invention can be implemented in numerous ways, including as
a solution, a process, a method, an apparatus, or a system. Several inventive embodiments of
the present invention are described below. It will be apparent to those skilled in the art that
the present invention may be practiced without some or all of the specific details set forth

herein.

[19] The embodiments described herein provide for a cleaning technique that eliminates
the need for abrasive contact and is efficient at cleaning contaminants from semiconductor
substrates, some of which may contain high aspect ratio features. While the embodiments

provide specific examples related to semiconductor cleaning applications, these cleaning



provi de specific exanples related to sem conduct or
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contam nants froma substrate. As described below, a
cl eani ng solution having a continuous |iquid phase and
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high viscosity of the gel allows a force applied on the gel to transmlt the force on the solid

compound in the gel. The cleaning compound 101, as shown in Figure 1B, can be formed by
mixing higher concentration of the carboxylic acid solids, such as between about 3% to about
5% and preferably between about 4% to about 5%, with DIW. In one embodiment, the
mixture of carboxylic acid solids and DIW can be heated to about 75°C to about 85°C to



m xi ng hi gher concentration of the carboxylic acid
solids, such as between about 3% to about 5% and
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surface when positioned in either close proximity to or in contact with the substrate
surface 106. Additionally, the mechanical properties of the solid components 109 should not
cause damage to the substrate surface 106 during the cleaning process. In one embodiment,
the hardness of the solid components 109 is less than the hardness of the substrate surface

106.
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the solid component 109’ and the contaminant 103°, thus increasing the force that serves to
dislodge the contaminant 103’ from the substrate surface 106. However, in the case where
the solid component 109’ is at least as hard as the contaminant 103°, interaction forces that

rely on deformation of the solid component 109’ may be reduced. It should be appreciated
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the %B%bvml fhrdd 'agphéﬁ' @S viskolR Niduit10/7 18 q)g lé§exltéd0(gl 11% l(gl?d components

enabl es a si ficant ortlon of the
18 pWihew thersoli eomp@@au 9 is dericer! wisltintspffiséens proximaidy tmoxtdmetact with

the Qbh@m‘ﬁﬁﬂp ﬁﬁe 3h %t%&?non% %@ta{)lﬂﬁeé BétbvgexP@HT%BP@ Q&m%&%n ﬁ09 and the

forced wth |n suf Cl ent prOX|m y O or contac
contaanipyitl9sd Hhginterarzion hetwean thegolid ormponeniskOtsnid sheebntaminant 103

is Qsm@&.@ td BferSthd fh GAIRLBER e %9% t%‘ﬁmﬁﬂﬂﬁxﬂ%? %% ghe substrate
. The interaction between e SO conmponen

Suaﬁee t1A® esorel rAsnanyt repalsive sforcgs fbpmeemthtt soliy spmpomenh109 and the

cREMESANE THRfEGe b@flé’f@@n@ st)h? GRS RM TN ntdrd gtifcﬁ'n the substrate

substrate surface 106, we as any repuIS|v
susfaEbyt hehesioforeg Iisowb@hm shperocommpenerti éomf@medfnthmmtammant 103

tha—nﬁfe?ic%rdewnl‘{\ﬁ%rkofl@ CorRPbredt m%gs%%o%ﬂ%ﬁ@ffg}ry éﬁ‘éﬁﬁte surface

fromthe substrate surface 106 a sheer
108 i-2-hthe sonfawinanl L 03dprplepradtirdm ﬂlefSBP%réteFSurﬁaicﬁel 06. In one embodiment,

thé bradhdhaitwetdInd Hd dompgﬁéﬁtlﬁﬂaﬂ}i {htdnfifart qb% Qecurs when the solid

conponent 109 is al so noved away fromthe substrat
cogrpongntd 09 gsforqed gufficiendly close tnthp sertamaant 103c | lnene dmbpd;ment this

dibtheceSHB bk Al #his WhbaC €0 HaRomdtbrs ONememBadt 'Eﬁmoduﬁé?n‘? the interaction

|nteract|on bet ween t he solid conmponent 109 and

FANaHE ek carpronsaL LIPS 2uth eeptaRiBagiol 3oceBivpwhamnthe sld jcgmponent

l(fQQi'cﬁﬁﬁ% %bﬁtﬁd@t}ﬁrbbhwaﬁﬁ €03, OTHiE %t&ﬁ&to@%&?@ltso %9 3efeljr&1 to as solid
one empodi nent, this distance may be w thin about

CORoBFRLLAY §ngagwg§ﬁatewgranbh%dl nment, the interacti on

et n the solid nt 109 and contam nant 103
28k c He Ipisestion ores, berest ﬁ’ﬁéﬁgﬁt"mi‘eg“e&&tlﬁ%ﬂ“i/ therpnigmpigant 103 is
stlohger Gt taamsra@ tonheding thé SoritihMAACIO3QH tHEBYbHrAO sBiace 106. Figure
deferre a3 solid coHBonent 109 engagi ng
1 e SNV %{h? sql t513component is moved away from the substrate surface 106, the

contaminant 103 bound to the solid component 109 is also moved away from the substrate

surface 106. It should be noted that multiple contaminant removal mechanisms can occur

during the cleaning process.



[28] The interaction force between the solid conponent
109 and the contam nant 103 is stronger than the force
W@ ovieTddrfng t he contam nant 103 to the substr aP@I/US2006/048706
surface 106. Figure IF, shows when a solid conponent
109 is noved away fromthe substrate surface 106, the
contam nant 103 bound to the solid conponent 109 is
al so noved away fromthe substrate surface 106. It
shoul d be noted that nultiple8contam nant renoval
mechani sns can occur during the cleaning process. [ 29]
291 shchbddike agppecistédathat bt:d:muse tecsolidecomponenss i1€9 interact with the
oSPARARRIH $03 09 2t Shé Clealnb brbllSs, (RAATARH! B ARvbLacross e
e cleaning proces cont'am nat
substrass ssurfaee ddbswillabe @mxﬁ@oe oir0OBow well bbe delpniarudemmn@rns 109 are
I € 450 ent s O are
dlgtgl’;ygis@g % régsu S%ﬁﬁg ur ace 9[n %rg%?rtg{l gx%lt)o iment, the solid
canizadniy e, willhee SDWBHJ dmnmnnbﬂias e&&ﬁxaﬂyldvcdyeco&tmm&dt 103 on the
[ [ sent. al | V. fanm nan n
su?whtzgté h\grli’atcg g t()é ugltlj P? fh C]%Q)&l&’gl‘}’ V\tllx laf legsré %In% QOQIFOC)(()I %?ént 118§ ﬁ should also
be¢ sppzeciaerbthgodriedobd npopernt 1033Amay ¢onﬁinwbnltaetl wgith blanteract with more
C oI|d co come
th%g ﬁor@tngc oﬂ‘aﬂﬂﬂa{n@ 31t03 gl}ezc 4 siu m)?ogl trﬁ%\nrrll A ﬁ?Xn sequerglal manner.
Futhetmoiensolid cbﬁﬁ)onmt 102 mayrbea mixtark tofl diffeost wamperenarasi dpposed to
e ' n hernnr np 9
o, 5 Db onlRE " Shos, o IOEER S8 o83 e diged or o
SpabiIﬁCtm@Qsa,mee ctalmpmmspeciﬂrmszntmamﬂ eathis m@aamglmlmnicm have a

bx%‘;i’cp 9];% f Q@ﬂtﬁgmgr?t%rg&g qlhex%r @nﬁl@%&u{ !:ocinoé)o Hi:t Ate provided.

targetl ng a spe€rfic con nan

[3@i eaﬂke’i’ﬁ:ﬂ%ﬁl %ttdv&ﬂ fan olﬁﬁvg Wn?ﬁ l‘PtlaQO§ %ﬁ& tdﬂ"lé‘l rgogtammz%nt 103 can be

contam nant targets ere conponents
estabdishadothrahel . onp 30 |mqrp tregchanison msétdrmmltehen,smlhsjon and attractive

fo?&gw{% 9 ﬂﬁgesLoqq)eW&BQﬁ@ %ﬁtcognﬁgn&@rllo& find fonéammant 103 can

established through one or nore mechani sSns I nc
bexepteblisiend, throyBh chenueal interdetiant andénr iphisidad igersgticandiog example, in one

en%(nﬁr'hént %HQEQEIOHHQ%% e&ugéggzil %‘ﬂLe' lg( ﬁf?%g ncﬁ n(ﬁg}:&p %eg‘{l:gn the solid

cont am nant 103 can e est a
cantpoaeric 1S andiitit/ eantgshipentcH03. | dn @netber gmbocﬁmuememwbaé interaction

bét@eéﬂnﬁ‘lc %Hp@ ??rHF&knt fd@ea[ﬁdct‘ﬁh CLM{n@]ﬁ i(%nxs lcf?cgﬁtgtsed‘%a/ the tmechamcal

lue-11ke e ect to occur et ween
prsnwn@maf thee salsiheqmpananit 1093 For mxmﬂphéxe @ﬂnﬁommmem 109 can be

le'fBéSleCsﬁl:h it RhaikQB ?gdwwma ckmm%a'nt fhe ﬁ{&%ﬂ&ﬂhne&&’ 903 becomes

and the contam nant I's facilitated by
impsigtednivatiin shegaslicalls lid; gemperient @Bmdnemoﬂk@%mmment the

coﬁm&ﬁ 108N&nScbile CRAMGRE h Q—Q&:w%ﬂpopgolfﬁiu)rgﬁak tsSHRD In this

t hat when pressed agai nSt the contam nant
enpRAdimaeRtn dAtcham sl b 8EQSFRS s CRthplvel ritaagferipd Hbrpugh etheramp@@bk eof solid

conrfPonéht§ 0P &N ﬁl@tcogﬂgl%mahf] 169) A ASro il Hﬂg%yﬁﬁﬁhaniclaﬁf rce pecessary for

cont am nant can becorre ent'ang I n a networ

reggy3lpf élw@eﬁm@t 1@fofrom the fypsfrate surface 106.

[31] Deformation of the solid component 109 due to imprinting by the contaminant 103

creates a mechanical linkage between the solid component 109 and the contaminant 103. For
example, a surface topography of the contaminant 103 may be such that as the contaminant

103 is pressed into the solid component 109, portions of the solid component 109 material



enbodi nent, mechani cal stresses can be transferred

t hrough the network of solid conmponents 109 to the
weonwramomant 103, thus providing the mechani caPCT/U8206/048706

necessary for renoval of the contam nant 103 fromthe

substrate surface 106. [31] Deformation of the solid

conponent 109 due to inprinting by the contam nant 103

creates a nechanical |inkage between the solid

conponent 109 and the contami fant 103. For exanple, a

surface topography of the contam nant 103 may be such
entprsregigng wethwothe sMafargriopopp®hy of ;shfeg@wmmtolq3h%orsovhxdu the solid

oSiRERRRCIY rilehial ot By lcnbel e Bl cfkafiBIRRRERL: rdflniom.
mg t e aGRRLAT NBO trortOGing, rmbﬂw k«:ﬁlhoalnﬁms qme?acaema@&h the solid

mat eri al cannot easi| y esca ere Yy creati ng a
cqraRaeienigl 09car sentaminang b3 gan resyli qr@ﬁleftcpstaﬁ:e afteactieoi ¥y, example, if

th!e@oﬂ&‘ Eorft Hi [0 nd thdEdRkAGhaR '105’ ﬁﬁ oglﬂ:eﬁu %é glarges they will be

nponen 9 and cont am nant can res

elé%é%lwo%&r%&t?dcmaqa@h aes. ol is M?lb@%h#ﬁhfeelewoswhe agmrcn@n between the
sdHRMERRSIentl 965 ang tﬁJ‘ @mﬁﬁ}%@ﬁ? {W‘Eanlgg snFﬁ’ Fen? RE %;c me the force
surface charges they wll be electrically attracte
cqnge¢tingttheeontqminany 103 sosthp pabsirptgsutidee 18bect rost ati ¢
attracti on between the solid conponent 109 and the
[38bnt Bnrreihtr ewbodingnty @nseleqifogiatintrepwsioy apeso wiist fhgtween the solid

AP BntCAIMNGRI th8 okt BRina M m@km&{;@ f,&httﬁ@sombc%wp%&t 109 and
surface 106. [33] In another enbodi nent

the icaptpmient 1 93 candigus eithsha pegptizg purface ebfwaaﬁr 3 P@ltS‘@ISP@face charge. If

the OdalaNEdHipokeR: 209! ahlethe QBh@miRant10303n FObr&ERIRAS: close enough
both the solid conmponent 109 and the contam nant 103

Proximipa (e rqtivstatie ropelsion; there befives garcbrae trecaspe through van der Waals

atB@étionl VEneStafdeapBli6d 6y 48 vidchud Ghid® 267 ¢ £R¥BRA @&Bpé&gt 109 may be
and the contam nant 103 can _be brought into close

SYERGERJHO Y BRI th clechestaticaepisien sichdoig ¥pufier Wepls pigpgive forces are
SR WRRADb AN IBe DVi8IcERARBnehP IEUHA (NEELnEBEin 03,

attraction. The force applied by the viscous liquid

[34p7 A@dltlhl&nsrplm Gn6BBP eMBEdimERY) thayHDef 3hd Fiseh@liqhi@ 107 can be
ctrostatic repul sion such that van der

rcome the el u
adisloeL orGammzata, orrspptacscohares® BEePerl PoEOTHRAD L e 9 component
1@00ariddcontpiana o3 1 Ahandt thd) eleCeddtatidi ropidiond atre bldken is reduced to

iti.onal Ly, in apother e t he of the | o
Gt FESPP U ¢ 6 7R AISE RIS COPPneE i S SeREgption oxhibi
susfacé eleegeCieasrg Selptieso e Gther@eilting ik @lddtrostatichitirsddibh.d For example,

gozpQnent 09 and nta 3, s h th t the L.

= BREL PR, AP P A B G0k vk ;g in b oo acid gel,
mbdchy dlssdlang 13t 4% ad tai cﬂﬂ),oxylic ®id ihBIWenvithefutty hed 36lid Somponents to
o RTDE P Bt 5 B GBI 0 h By P A v
ab@hEOtOlS%;tcataboutai%r poifératly bEtWeeﬂ)@bﬁ’pll 0.25% bﬁsaoutsa%h Afamonium
1|ae Lhnl 8 4 gFl{iNH%Q_Dté d?(ﬁweqdand o) be dispersed in the gel.

al DOX
Ammonium Hydroxide can also hydrolyze the contaminants 103. To clean metal

H%c

=0

contaminants, lower pH solution can also be used. Buffered HF solution can be used to tune

the pH value to be between about 6 to about 8.

[35] In addition to using a base, such as Ammonium Hydroxide, to enhance cleaning
efficiency, a surfactant, such as ammonium dodecyl sulfate, CH3(CH>);;0SO;NHj, can also



made by di ssolving 3-4% of a carboxylic acid in DIW
wth fatty acid solid conponents to increase the pH
wQo 2000078975 t he gel (viscous |iquid). The anountPOf/UBtdAEH48706
added i s between about 0.05%to about 5% preferably
bet ween about 0.25%to about 2% Ammoni um Hydr oxi de
hel ps the fatty acid solids to be hydrolyzed and to be
di spersed in the gel. Ammoni um Hydroxi de can al so
hydrol yze the contaminants 108 To cl ean netal

contam nants, |ower pH solution can also be -used.
bpdfled &l thercarbprticonsid gel. bin @segmbediment aboat PH% b wbout 5% of

sti@achfit REIHBE o ﬁQ%‘éanﬁlg SB1ABRYH1.81 L'g d—IrJ& Qg é}ﬂ éb%ut 0.5% to

usi ng a base, such as "Ammoni um Hy to en anc
ab‘l"éagﬁ %\’gfaetﬁﬁﬁléﬁé‘iﬁéyoﬂﬁ%qanma@ﬂamnleuch as anmmoni um

dodecyl sulfate, CHs(CH ) |iOSCoNH , can al sobe added

3G t headdivioro dthe |S@11‘31@PI@}P@@F1‘[S 109 sheuldemnsidiidissvintiomionbaving limited

s&u&%)l fh ﬁlgos}igcoﬁs/ olﬁtudsi'tﬁf %& @H&ul %a@g g%r%& hﬂl%u?nahty that enables

cl eanlng sol ution pre erre
digpersion ghmogghoyt dmwcoz%hgmdf Kt drar soljd sduednents 1¢fthat do not have

s&lf&@%m:oﬁﬁktgtthﬁ%nlglls d[sgé—hoh th%qg{otu't Ak llél.lﬁﬁ rﬁ&ilﬁrq 107, chemical

onent s 9 shoul id dissofution o
dﬁP?ﬁ%"éﬂ myy| Rbipfidadytq fhet heuidineddum 107qte enably dlsamalon of the solid

c&hﬁéﬂeﬁts haye I?ep%h'él 1§%ﬁ tlfléﬁnéik!uﬁ@ Qhérﬁ?éalg 1 Eeglgt%s'?_agxp their interaction

ersion th rougwou VI SCOUS
“gféil # SE‘E‘PFB’@H’@nY1§°°P@QIQPWaIO7d golitbeompenenisuk(away take one or more of

sé\}éfhfl: Bifﬁ?éi‘llt Edodhst ?‘@; e)&ﬂﬁ‘)@ §’§V291|0§p§{1§dmeﬁtp Eh%%ggﬁ) U&’ag&hgnts 109 may

iqu medi um 107, chem cal dispersants nay
f‘irﬁ‘ taﬁgegart%ﬁu ePlioitsi Lﬁﬂsiocpaleﬁfeénmﬁlle@sdlos pessaitighy ofnyt lother type of

§%ﬁﬁrﬁu§x@ NReR&IMon] O8ocdtmendi a?ﬁlo%rétﬁﬁ' lorS Q%Qiegéeﬁc% In other

em cal characteristics and eir interaction Wt
emhedimgnts.oihp dpkig) compensns 109 qeavdtako7 forgbnetepedifipgrllyaidensified herein.

Thérefobd® fthé %ﬁlt QB urfderstRE s Ghat SEY &6RA c@-rfpgﬁén@@tl 0 Ul defined as
For  exanple, in various enbodinents the solid

cwsehisienY soliovatersl crprbls effgneigainggn theonpusier previgebly described with
réepdh RBSE intRRRIRASWitiPthe SRRERE kil o 108 ¥nPHBRbnth¥BRnR 103,

aggl utination, coagulation, flocculation,

[mgl S61B¢ @kérfplaryO EolGD aérﬁﬁ&ﬁﬁ‘t@ e109! McRUE ea‘hpﬁaﬂﬁogdlﬁga hfboxylic acids,
sol j.d con‘?vonent s 109 may take a form not
p%rﬁ 10 fqetiul OFSy PehmeEs, h%‘illé"lt)ﬁe“ef hlé?llél?eBFlées tand ﬁEheﬁtVlSCO -elastic

nig&FHEdeTﬁd =N [14] bSmeJilibht t1be nﬁ@ériad gﬁ&ﬂg Qféeﬁlkf@eni- @p gcéiﬁcgﬁratlon that
e sol. i eri al, capahl e

oXeGreaR AR Rt hecnoepretast 17y Thadtibadnshaidbe understood
thaethp elehnihg effb@ivendsy habdated @Ethwﬂal‘hcbfﬁe s&ub&ﬁﬁ@h@nt 109 material may
surface 106 nd t he Cog‘f’]?‘ig nts 103. %)

ae’%é?w%f“é‘? F‘E‘P%%Wb%ﬁ CPHETRE ‘iﬂﬁ%&’f}s

B%EI dfnl%eer @%ﬁu? de yl I{ig reZ)%sgr‘f’t’ eg?vé%y{ L egcu? gﬁ%ﬂ gtslﬁ)e?rgamc compounds in
witich G@beﬂl atstnsd‘onmbpem dlas. Ahfettpadid & ahcexpmplrdf ad @Aphatic acid and an

e}gﬁlp?er ?l csa%)owyﬂc %gldp{hgts g&?nt bé tusé’:}i Bﬁaeggl{dactzérgpontegtg 109 within the

cleaning material 101. Examples of fatty acids that may be used as the solid components 109

include lauric, palmitic, stearic, oleic, linoleic, linolenic, arachidonic, gadoleic, eurcic,
butyric, caproic, caprylic, myristic, margaric, behenic, lignoseric, myristoleic, palmitoleic,
nervanic, parinaric, timnodonic, brassic, clupanodonic acid, lignoceric acid, cerotic acid, and

mixtures thereof, among others. In one embodiment, the solid components 109 can represent



exceeds its solubility imt wthin the viscous |iquid
107. In addition, it should be understood that the
W@ b®@anisgs ef f ecti veness associ ated with a partPCUIUS2006/048706
solid conponent 109 material may vary as a function of
tenperature, pH, and other environnmental conditions.
[38] The aliphatic acids represent essentially any
aci d defined by organic conmpounds in which carbon
atons form open chains. A fathly acid is an exanpl e of
an aliphatic acid and an exanple of a carboxylic acid
amamre:@?fameaqa%@fmsd by eraxs@swarbgo iehain dengths 3Endingtfram C4 to about
10 9ciBPAR dofthod' (Yo %—"r‘éﬁ Qhnid 848 thaPfilcflRtes one or more

atma e use asteso I NC
carb@ml (growal(ﬁOﬂH) Alsealhi @arbsklelmca01¢s 0| intlode pbiheolfiertional groups

C [
SR G B8 it B WKL P RRLR, pcondary amine
tertjary smmeew, nigrdemitro) reﬁrqso nmfylanarquyﬂ;axerqxar #ldghyde, ketone, primary

uﬁxh@“&@@ﬁH nhfn@s Iyéxgr é’égﬁj nfsg z{tg #sgfh%%g&%ge phenyl, benzyl,

cer n1xt res
p@sh@dsqstemutﬂwrﬂmvmxﬁemﬁmtamhg lssgﬂubdltymmlgwmbm lifyed 107.
can ragresenta m xture of fatty acids defined by
[32hr i Hdditienallyothe shirther fuaeiinnakityeoftthe delivgedmpsmem41@Qmaterials can be

infiBOMed g‘y%@ mgﬁglgﬁ) &/ Hofetl@& {thSar@ S&lﬁg l\xﬁﬁlghp ¥iscous lxquld 107 such as

essentially any organic acid t I ncl udes one or
caéh?%%@lphgwaaﬁgssl{l%&mpupwgkyol grneps;, athylere lokideaetcd s:rhcammt to be

uﬁd&?étéﬂi‘leis Hale sBH{i‘ il B&ﬁ:lntsglro? Lél‘l&ulﬁ %S s g&sﬁ'ﬂ; mrkoéubstantlally uniform

limted to nmeth pri nma
mapreR cthronghoi ddie wmpﬁ diquide 197 sﬁuyh athﬁtnﬂ}e whid, cqmmqnehfe 109 avoid
cl rll n@ toQétﬁJrQ%’a %' MJ canfi&' Aed B SO ¥ wﬁ{a %&X&-ﬁammants 103
etone, primary I mne, secondary I mne,
mﬁambg@ﬁwﬁgwﬁy@dﬂﬁe |soth|ocyanate phenyl benzyl,
4Bhos hodi ester, sul fhydryl, but still nalnta|n|ng ] o
[ hso‘ip E Shayld ps, upderstoed W&@s dsSCP?quﬂ%d 197 car] byymodified to include ionic

oAtllibhieBlvedts ahf Stk EfeAciBal fadBBil O NBdri ded¥mple, IHAEhSRdafladditives to
conponent .109 naterjals can be-influenced by the

the yisepuy Epid A0 hfaneinelude ppy combiaatiAnses O@rselththneodlﬁers, chelating
agéhtSC poIar bd1eknks] sﬂxQZotalﬁsU GlhrshieA Y aexl Rt ﬁydr@@é?ﬁﬁé?@%@e, hydrofluoric

I fate ups, .pol groups, ethylene oxide,
ack e ?56‘1"]’??“3' W%‘“Hﬁdé‘ﬁ’éﬁ"é@& j andy hgo ¥?3¥e ngeslifigrs sich'as polymers,
pRAGPAOE A Spolfiepfiaul d be dispersible in a
substantial Iy uni form manner throughout the viscous
[4i1] ql,li"'lgurkOZ Buaeh illstatiohe sisoatihgl € oMgahent 6f L0Iald dor removing

toget into.a formthat cannot b forced to
coRPRPEY TRIRCR YRS HEATH TSI RS P BB PO of the present
mseﬂnmhr dat @hoill}Bbe [udc&}‘std»dd thaothk duberatend i Gicod th tl'i&aheth&e of Figure 2
cous be nodjfied t ncl u ni.c or
oo afei g 2 SO pOnshter S0t miTe biaecal bl Fomarppotaminants
asgocdatgal mthhifﬁarrchmm mbesaddﬂdttb be serhdvet NA136, Se@dBtakishitdreferenced
A conbi natlonlgf co-sol vent.s

mlgxé Ca@P% o 1 reclat n s abeé)}:ﬁsgnt fPB? ‘P“% oﬂ“\Ve‘HPg of éurgce contaminant
asmafta:bwahtthe semivomdugrar hyaderofabdeatioh a6 @ge rimﬂedhﬁgltﬂie not limited to

papﬁ'c%a% chr?traﬁlfnation, trace metal contamination, organic contamination, photoresist

debris, contamination from wafer handling equipment, and wafer backside particulate

contamination.



acid, tetranethyl anmoni urn hydroxi de, and rheol ogy
nodi fiers such as polyners, particul ates, and
w@eioypesri des. [41] Figure 2 is an illustrati oPCEHORA0EIGHS706
a flowhart of a nmethod for renoving contam nants from
a substrate surface, in accordance with one enbodi nment
of the present invention. It should be understood that
the substrate referenced in the nmethod of Figure 2 can
represent a semiconductor waflér or any other type of
substrate from which contam nants associated with a
1424 br Teamiethad |9f Figuses2 jncduiics on operpiorn@dfor Aisposing Aeleaning material
ar i 0 ) Fi 3
(F Soh AT B0L2s by S b e g Bl OUAE, U fomponents
digperend witliul awiscénstliquids end geln dhe tlsrningmeteribbiefaramtd drthe method of
- [ | NG nota L1 M icul at
FRORCS R sl WhRAoRH} dRgtivkd M Sehpbd BHILEAIE. Theretore, e
sadigrrompenents withinghotleaning matedalare dispersdtiasuspetsi@nwithiarthe viscous

: enhapdl i ' ; f S | .
4008 SRRl 8 VG5 BOGESIH s o v
adhqreneeitoghesnbopate surfases 201 for di sposi ng a cl eani ng

material (or solution) over a substrate, wherein the
(431 eaFhravggethrad alsp dicludas pry drasatingl 303 fovanphiiesa forek toresadiddomponent

it hi i L _ * I .
B, PRy S 0 Lo PR PR o e v
thetandinieracype isi esigblished befweprbihd solid ¢pmpospns@end the dontggrinent.

A-1F. Therefore, the solid conponents within the

1
146} e afiditjonrdly inioap embediaeaty ¢dheag ippedesingpergition for controlling
a tdhEheYdtSe VShd bigMish mAeit) tof dHBai@! ihldrdcROP BRGALS tlﬂrs%lig component

defined to avoid damaging the substrate and to avoid
andqthe rqoReminagtt fMors spetfically. theremperature of theneleaping, guterial can be

cohidfed RE|deARS AR HBESrAtd 8P tRO3olPcoRPPleht. "Borlefa i€ 102 higher
a solid conponent to bring the solid conponent wthin

tepPERRiY the 044 gorprreatTAbe mire sealiealin sydhethat ib senfamres better when
préstel apiadt 1R cdnBinBAAR! iTQEN, Ichc &b ablid §$}§1§Jﬂr@§tt 14888sdd\Bd conformed

sol i d conponent and the contam nant. {
to AR FAntBRAMty the foRsFture it\gwerrd ie make, thesplichepmpangnt less malleable to

betd€ hold Gs@BnRRRIIAhigTelafiVe 0OME EGH thhiddntdtHu BIFESHALN  16ci8hg the solid
t he cleaalng material to enhance interaction between

CORRONER 300 CEBATIBIRRHEEHRE- e tEBRITaHTeTaRY be Wisfdo control the viscosity

ofS@eCVitdoad lq\id. t MRe tt@pestatelindy Qisol B uSddeNEarolBhE sbRbility and
can bg@controlled to %introl the properties of the

thgra,_qra &ﬁﬁ%ﬁﬂgﬁtﬂ@ qfd}ixe gﬁﬁfn@?neé)fs. FoR ieﬁaﬁwéqle,taé hafgépratp@pgratures the

solid @ofPbhdiht GRNHO M LREY td &ismN'eﬁin_rf:HJ,l L Beduk GiqeidC hI‘He"]:@ﬁlpérﬁture may
lcogforgs bettir en 8%§ sed,agql st the contan nant.

ety el 85ied wndpy el BB ot SO e c it on the substrat

frannii @ridrliguid Osus prmsioant Bivianguphratel BAbSEMPEY Ahd!methdd can include an

oplega\{\{%rrl efgr tplgecﬁa?tlét?ngt Qoqidss o&ilss((j)lv%g nVPi(t)hrJ]E %e lvgggusngéulig.ab'll‘heis tpl(‘)ecipitation

operation can be accomplished by dissolving the solids into a solvent and then adding a

component that is miscible with the solvent but that does not dissolve the solid.

[45] The method further includes an operation 205 for moving the solid component away
from the substrate surface such that the contaminant that interacted with the solid component
is removed from the substrate surface. In one embodiment, the method includes an operation

for controlling a flow rate of the cleaning material over the substrate to control or enhance



better hold its conformal shape relative to the
contam nant, thus effectively | ocking the solid
w@oeporsams and cont am nant together. The tenpeP@/USM06/048706
may be used to control the viscosity of the viscous
liquid. The tenperature may al so be used to contro
the solubility and therefore the concentration of the
solid conponents. For exanple, at higher tenperatures
the solid conponent may be nolde |ikely to dissolve in
the viscous liquid. The tenperature may al so be used
moyeraeitof ghe setid compeneabins/drepnaminamt ewaysGbhdheaippiorenthe method
of e ?ﬁ'ésyntQHvénhSn %&%ﬁs&hg c&ﬁa%gwywm' d sg.ug&te ¢an be implemented in
suspension. In a separate enbodi ment
miapy: fiffeeent wappea lgng enthesris p menqofor applwgg gdbrce¢o the solid components
oﬁl Hés(ﬁlz %%( Wa{epl'ap s&c'ﬂethéft' the QsUﬁ gbxgent tz% mteractmn with the
precipitation operation can conp
cefitarsighnts tﬁgbftlhmosm ids into a soI vent and t hen addi ng a

conmponent that is mscible with the solvent but that
[4$besimene embediment, theemethpd gan fnebide Fmeopreationcdffaifindledlean. In the

operitlondes & W@Jhatth@réul%@ét B CRYAAG %Qt@na()lth% contains dislodged
conponent away fromthe substrate surface suc %

coriEmiganis.olgi olgsped withta suitable phemiral(p) that faciligates the removal of all the
cl@é}fmé)?r‘a@éna'l M@rﬁ%vaﬁos{rgteggha& s¢bstialfe SH%@C&SCO@ liquid of the

one enbodi nent, the nethod I ncludes an operation
clggsnng wiateriabisa qarbanyliaecd gel, NEGOH dlirtechin DBV eoildibeoised to remove
ceIrg(%(yﬁU BSiar @ el s%b&&[ﬂ; £19i'a09r N@ﬂb@lnﬁﬁﬁla 1ogfz|:c]§ B§ deprotonating)

corrponent and cont am nant™ a y

ﬂ@&ﬂdwﬁﬁl@%m@n@d Mha@ dheohydrmzeérceé@mhq mr@m boliftedpff the substrate

erﬁHPV' ngme;%&mw at) onuf Qia SWASt LAt GnftAhillf  dodecyl  Sulfate,
Cgﬁﬁgbnente in nany different ways so long as thereis

hsOPQsNHp spy Pﬁ addgd fip PEW, toreptpve sarbpxylicasisosed nffsrhe substrate
stfact he cleaning material such that the solid
conmponents establish an interaction with the

{Wﬁnt RHndaRt smb&diRend Qm&aegpere[tﬂﬁ] follSwORe MRAPASI &R ation described
e nethod can jncl ude an operation of a final clean.

ahoye Wdtep therfinal slsamyfthe subsirate purface cihbe sngsdtwith @ligwid, such as DIW,

toGrkRaRd the cHBhRAI(H used Mahe ﬁﬁ’eﬂtcﬁaﬂ $roft Gk QEkEHte surface. The liquid used
é&éan1n nts, is cleaned with a suitable chen1ca|(s)

ripsgSPPvId Jiaue np fapmigalsesiduetsy on the sphsratq sugfapquftet it evaporates.
terial fromthe suhstrate surfa For exanple, if
480, Tiieliech O & 3FHETBHC fiagram QLA eTpoHiEmsdt pLg Sybsirajé surface cleaning
syeRirh300/ | $ytedt BOO 88 3 cdthifdr 3@l7|th5t @duded alubtEaIbidpEe assembly 304.
used to renove carhbo i C d off the supstrate
TI%elﬁ StEate swmsm?% F&Z% st}'aéen{x%l at supports a substrate 301.
Tl(ike:gib@tlirﬂél &fjppbg)agiehﬁ]lﬁmﬁﬁ xcythﬂec b%@lrda&@m%??isﬁiﬁ?o loh&ystem 300 has
r.ol yzed. rboxylic a 0, be ted off the . )
 Qiife Gl fbaithe AR BBl Tarinctud £ et friterig) apgticator 306,
Inake ﬁmﬂhﬂbthﬁ@ dda&f:g&le nfultifla tispenting (old2 BpOtGt 2N the @RAnIAG material
to%ﬁﬁie iprelgeg V¥? ce gP su%stra%e ?(? IX y\kfxtg tl?eceln 09 81'3 rgt];Iingt Qigchanism 310,

the cleaning material 307 covers the entire substrate surface. In one embodiment, the

applicator 306, through the action of dispensing of the cleaning material, provides a down-
ward force to cleaning material and to the substrate surface. The cleaning material can be
pressed out of the applicator 306 by air pressure or by a mechanical pump. In another

.embodiment, the applicator 306 provides a down-ward force on the cleaning material on the



[47] 1h another enbodi ment, a rinse operation follows
the final clean operation described above. After the
w0 peval7sorean, the substrate surface can be ri nBedUSZD6048706
a liquid, such as DOW to renove the chem cal (s) used
in the final clean fromthe substrate surface. The
liquid used in final rinse should | eave no chem ca
residue(s) on the substrate surface after it
evaporates. [48] Figure 3 shd#s a schematic di agram of
an enbodi nent of a substrate surface cleaning system
substiate Syface hy 300 Wnaward meghanigah farce3 OThet otating eskanism 310 provides a

at R
SIBUORKTE 8 HRAAE BRSET Al b by atl‘ﬁscﬁ%pe%?v?émw the
roating bxsqf:hatxem 309 is Totated ahs tspeztl detggp gboutak samid| per 3GHute RPM) to
t 0]
ofl TPREDY Pt AL URRATRENRY REVE o 81 RPN e Biaffue exerted
omthel céqinmggnatatldr(ioaboramﬂnd):m psh306 cleamng Ieteiap butceft the applicator
30301@ be‘wﬁ?ﬁe&b etgsn :prg] Hrm 021} gg l%’% %b{%giéh%lghthg &%thll?% 306 can rotates
argud the eenddr osf@tﬁsiuba:ta@c JUito pwivide théehear fimm‘ the rotating
mechani sm 310, the cleaning material 307 covers the
[48ht i Ineong eivdrodiment stysterc 200 alpo inshidesrh sidiprrset 320.fehich can dispense
DW@Z'I Q)ﬂttﬂé SL:bgéate ts@x‘i‘&légg cfegl?th@‘;{lll)s%t %ﬁ]rfgé ?El@gmq material after
he cl eaning materi al rovid own war orce
tbel reegesh @f reantapiingnt -zavepveb by Hfhe §lﬁgamgametes@lr fsa@enplerthfé In another
exﬁﬂ)cﬁﬁﬂé&gthg%ﬁfeh@r 368Rak %1sBérE§ %ecqeé?l&ﬂg fglutwﬁe s@o@xpés' RALGH in DIW

alr pressure or a nmechani ca
dQﬁP@heﬁeﬁbeéﬁb%h% ﬁ‘@bStfP‘HeS"a@ﬁﬂ i év@pb@%hfp wwmﬁebqlad to enable the
VIS hlﬁBHQO bOi%Ed BF thd\Subst-R8RirBe. nﬁtﬂ%f'vbﬁ'hs XL s e dlS enser 320 ora
t hesubstrate surface by a down-ward mechani ca
diffgent dispanperdneedinwn) e dawnis BIW de semowhibe pleﬁmng éOltlbon from the
sibbechgdeing material and to the substrate surface. In
one enbodi nent, the rotating nmechanism 310 is rotated
[s@L awB0E fls BREHESTLANRUL ddscFiBN BRks O AL &ﬁi&’d\&mms it will be
out 100 RPM preferably between about 5 RPMto about
appeecind theh dhose eddlipde ine ther arb iR Te#rling [t prasedingtsepqifigations and
stdingC QAP O4HaGN gg O il SFeakiRte vaHORN aNSrallBhT ddthitidha! Z&Bn&taﬁons and

appllcator 306 i s _between about 5 PSI fo about

equpfaleniiathpseef- y Thergbore iy itended St theRresgtt dreeation dagiyles all such

aliefiof€ RHGKioR, pbidfutSidAS tanalequidtldntt s RIIGVikIER tHehBaeSPRRand scope of
fqrce, [49J |'n one enbodlnent system 300 al so

the dRYeey 4 §he plates elomts fiersiepsriaineipErle apy whtisylar order of

opefatioh funddsb sxplritey sated RRe ElRingsl €an the substrate
of the cleaning material after the process of

surface

cont &fﬁﬁﬂ?"?@ﬁﬁval by the cleaning material is

conpl eted. In another enbodi ment, the dispenser 320
can di spense a cleaning solution, such as NHACH in DI'W
descri bed above, on the substrate surface to hydrolyze
the viscous liquid to enable the viscous liquid to be
lifted off the substrate surface. Afterwards, the sane
di spenser 320 or a




di fferent dispenser (not shown) can di spense DIWto
renove the cleaning solution fromthe substrate
waenarse7s [ 50] While this invention has been deSDUS196048706
in ternms of several enbodinents, it wll be
appreci ated that those skilled in the art upon reading
t he precedi ng specifications and studying the draw ngs
will realize various alterations, additions,
permut ati ons and equi val ents 18hereof. Therefore, it is
i ntended that the present invention includes all such
alterations, additions, pernmutations, and equival ents
as fall within the true spirjit & and scope of the
invention. In the clains, el s and/ or steps do not
imply any particul ar order of operation, unless
explicitly stated in the clains. Wat is clained
Li s: Ghagleaning, compduad riongmovenpetivdlateo condarninanty afr¢in cu bamigonductor
mﬁ@@&@ghﬁégﬁﬁn$hg A sem conductor substrate surface,
rising. a‘viscous liquid with a viscosity between
aboua viscouPligaid atith t vid@sipBetwren sbout beRtoabalif 10,008 cP; and
sol i g 5 di . ]
" g Pﬁ?&;@;gg@%bg@i cgh%gﬁ%ngsﬁglﬁfgé}sefdn tifd SEAUS tiahf btk pilddfity of sotia
cquapanents firgeractovitt @nmpnaiwbtemmntahénasmm tha sebssratefsadfacet to remove the
nts fromthe substrate
péﬁgﬁégg&ﬁg?ﬂ%& Phgé%ﬁégggﬁgggﬁd of claiml1, wherein
t he vi scous quU|d is a carboxyllc acid gel nade by
dis 2% [ ] L
T R A
medabyndigsolvihebasiveent dbeuirﬂ% Kta#bonlyS%fca@gk}’lcb asghipaleantigedawater.
a fatty acid having carbon nunber greater than 4. 4.
The cl eani ng conpound of claim 3, wherein the fatty
3.aci dTlescleanirgctomepoiind of clhaam dr wheremoths iphirality offsolidicernpgnents are a
' oleic, linolenic,
ﬁﬁ?ggh%éoﬂ %&ﬁﬁ{&ﬁwgggﬁbgﬁp%%g butyrlc caproi c,
caprylic, nyrlstlc margaric, behenic, lignoseric,
nyrl 0 r.
Y o efng BHPBLAPEyiim S HA e ARY AR Klocted fom the group
caniigtieg$f lasnc, ?hbmcc e&!mmgolelenbmlﬂd, lgfolenic jarachidoniecgasioteic, eurcic,
a
D% R sl B RO Sk B Tnibicc, palmitoleic
nem?éu% mmlﬁglmgmhraeeﬁc, cluprpadonic\ahidrand miskeds togreathe
plurality of solid conponents has a dianeter that is

less than 0.1 mcron. )
5. The cleaning compound of claim 1, wherein the plurality of solid components have

width and length between about 5 microns to about 50 microns.

6. The cleaning compound of claim 1, wherein each of the plurality of solid components

has a diameter that is less than 0.1 micron.

7. The cleaning compound of claim 1, wherein the pH value of the viscous liquid is

between about 10 to about 11.



7. The cl eani ng conpound of claim11, wherein the pH
val ue of the viscous liquid is between about 10 to
w@bwan7g1s 8. The cl eani ng conpound of cl ai m 7, PEUTES®061048706
the pH is adjusted by addi ng anmoni um hydroxi de to the
viscous liquid. 9. The cl eaning conmpound of claiml,
further conprising a surfactant to hel p disperse the
plurality of solid conmponents. 10. The cl eaning
conpound of claim9, wherein Y¥he surfactant is
amoni um dodecyl sulfate, 11. The cl eaning conpound of
8¢l ai fha clegieg empoupd of Plaim dswWharejnitke pI iscadijisted byaddisg ammonium
hpdBRAda td e VREquIGRMA, Ny particul ate contam nants froma
substrate surface of a substrate, conprising: a
substrate support assenbly for holding the substrate;
and 3 [ I Is .
O cane PRENLE B of R e SRR AR o Belp cisperse
theplyrakity of g@lisk eompon¢nds.cl eani ng conpound is a vi scous
l'iquid having a viscosity between about 1 cP to about
10,000 cP and a plurality of solid conponents are
16 sp&he elyaning chmpoynsicefielaim §uwdereirgthe Tyefactpmtais smmomfim dodecyl
sik@ad m 12, wherein the substrate support assenbly is
rotated by a rotating nmechanism 14. The apparatus of
claim 12, wherein the applicator rotates around the
1£ENt Bhe QlarioobSAd 8 daim' B bk ARRAEAIURE Gl M
12, the applicator exerts a down-war orce on the
cl eani ng conmpound under the applicator by using either
121 I RheSpHatis Gbr ARG E}ﬁhﬁ:ﬁlaté)ugﬂ?aﬁlﬂa&% SR 265 ]l_:gﬁatc surface of a
cl eani ng conpound. 16. "The apparatus of claim 12,
sYybSirRtROMPHEINET ses a cl eaning |iquid di spensing head, a
cl eapi b Q4H [ RBRSH . L. [iquid
dispgﬁg?ﬁgbﬁgggﬁggérenovgh?ﬁg&gﬁggﬁsﬁgaﬁg?eriaI from
t he Fumplicgpeiosdisrenteea glpaning eorapgyad 4¢ glsaw fhegiagtiqulal® contaminants

eS| ddbdthee VirBLOUshdtAling élé‘nﬁxfggz?ilmpoluf??d ifa MRLRY 1{yfid having a
cl ean particulate contamnants froma substrate

vigensity detween #poytsl el 1o apeityioi§O0 oP ansic phirality) of golidgpmponents are

diSpried if HERQNREHN [Byuild.Sper sed therein to the substrate
surface;

13. The apparatus of claim 12, whérein the substrate support assembly is rotated by a

rotating mechanism.

14. The apparatus of claim 12, wherein the applicator rotates around the center of the
substrate.
15. The apparatus of claim 12, the applicator exerts a down-ward force on the cleaning

compound under the applicator by using either air pressure or a mechanical pump to dispense

the cleaning compound.

16. The apparatus of claim 12, further comprises a cleaning liquid dispensing head, a
cleaning liquid dispensed by the cleaning liquid dispensing head to remove the cleaning

material from the substrate surface.



appl ying a force having a down-ward conponent and a

shear conponent to the viscous liquid to bring at
wo e@sn7some sol i d conponent within proximty ofP@r/US2006/048706

particul ate contam nant on the substrate surface; and

renoving the at | east one solid conponent and the

particul ate contam nant away fromthe substrate

surface. 19. The nethod of claim 18, wherein the

viscosity of the viscous |liqui"d is between about 1 cP

to about 10,000 cP. 20. The nethod of claim 18,

wherein an interaction is established between the at

eas [ qﬁﬂﬁ- . : e

lzontgﬁ%@ﬁfﬂgsﬁf ﬁ'ﬁ}'ﬂgﬁ’net %l ﬂ%&%ﬁ%?ﬁ@l’%%%%&r ein the

viscous liquid is a non-Newtonian |iquid whose

I SCQSH I t P

el AR et dofalanB AT S outte e elo)fftiing

The #apbregia yiscewsdiquid Baviig salidenompongmis disperseddghereinrtg the substrate
sdrfige.vi scous liquid fromthe substrate surface by

appVying a cleaning solution that hydrolyzes the

vi sctipdying gufosce dvaneeh rdowinewart ecominegers oindt 2 shean aoomponent to the

. i . . an .S0 S AY .t Mi: .
R g, 40 LR ok VoL el iy ISLMRT O] partculae
contaaifgtionghe pbstedteamfaag) asdl uti on from the substrate

sur f AaRviRg (RO 1IYdsPehedofig ﬁ!éxﬁg%r%ﬁgan\ﬁqﬁgéad{ri 1466 OBMEm 2t away from

cl eaning solution fromt strate ace.
the substrate surface.

19, The method of claim 18, wherein the viscosity of the viscous liquid is between about
1 cP to about 10,000 cP.

20. The method of claim 18, wherein an interaction is established between the at least

one solid component and the particulate contaminant.

21. The method of claim 18, wherein the viscous liquid is a non-Newtonian liquid whose

viscosity decreases with shear stress.
22. The method of claim 18, wherein the viscous liquid is a gel.

23. The method of claim 18, further comprises:
removing the viscous liquid from the substrate surface by applying a cleaning
solution that hydrolyzes the viscous liquid, wherein the cleaning solution has a chemical that

enhances the solubility of the viscous liquid.

24.  The method of claim 23, further comprises:
removing the cleaning solution from the substrate surface by applying a de-ionized

water to remove the cleaning solution from the substrate surface.



