COVPOSI TI ON OF A CLEANI NG MATERI AL FOR PARTI CLE REMOVAL BACKGROUND [ 0001]
In the fabrication of sem conductor devices such as integrated circuits,
menory cewbp10arssesehe |i ke, a series of nmanufacturing opeTAS2@HSEOE
performed to define features on sem conductor wafers ("wafers”). The wafers
(or substrates) include integrated circuit devices in the form of

mul ti-level structures defined on a silicon substrate. At a substrate

| evel, transistor devices with diffusion regions are formed. In subsequent
level s, int dCOMPESITHON OF 22 CDEANING MATERI AL TOREPA RYECLE cal |y
connected to the transistor devic qig'ne a desired integrated circuit
devi ce. Also, patterned conductiv3§ﬁ§@g} ;Te i nsul ated from ot her
conductive layers by dielectric materials. [0002] During the series of
manuf act uri ng operations, the wafer surface is exposed to various types of
contam nants. Essentially any material present in a manufacturing operation
is a potential source of contam nation. For exanple, sources of

contam nation may include process gases, chemicals, deposition materials,
and |iquids, anmong others. The various contam nants nmay deposit on the

waf er surface in particulate formgjéxhi® ticulate contam nation is not
renoved, the devices within the vrtrnrry—éﬁﬁ?he contam nation wll |ikely
be inoperable. Thus, it is necessary to clean contam nants fromthe wafer

f j ati.al l | et ] ithout d i.ng. the feat
dot i nod W TREHETIEN:\ B ol BT RS BIRGE b o Bur R e SRR g s
of ten omd ke dikedet Sriet e Efahtifac@kingi SRASIAE &b Z§erRfrmb& afoU BESnd @pc{n!lrﬁéit(ﬁd on
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ef ficient and non-damagi ng renoval”™ of contam nants duri ng
potential source of contamination. 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.
[0003] Conventional wafer cleaning methods have relied heavily on mechanical force to
remove particulate contamination from the wafer surface. As feature sizes continue to decrease
and become more fragile, the probability of feature damage due to application of mechanical
forces on the wafer surface increases. For example, features having high aspect ratios are

vulnerable to toppling or breaking when impacted by a sufficient mechanical force. To further

complicate the cleaning problem, the move toward reduced feature sizes also causes a reduction



nodern sem conductor fabrication represents a continuing challenge to be

met by continui ng advances in wafer cleaning technology. It should be

appr eci atwo 20tvas3ésbe manuf acturi ng operations for flat pamalS2a0epm2ays

suffer fromthe same shortcom ngs of 2he integrated circuit nmanufacturing

di scussed above. [0004] In view of the forgoing, there is a need for

apparatus and nethods of cleaning patterned wafers that are effective in

removin d

wafor s ARRARY [aObe R aa B lone TARRSLAY For SR P OE AT S8y

i nvent i ond s vy cledmIiﬁitcokte(drermh ercaabs theapglar atrfise, saok asrit hadsch mfrochmrbyng
surfaces of terned wafers (or substrates).

waf er aces CI al ly, C at
The cl e@ﬁf’ ﬁ@l’eﬁﬁ F%“"S H&Pa‘?fg tenf, gpd ﬁ‘é’ﬂﬂ%‘&%glag Jemeval #f soptEipanjeduring
advant agiggerh r‘seﬁﬁ&fﬁﬂh&@r PR S R pRldBss raacto%ﬁan% thﬂéh%eftg%%glslé)w {ﬁ}fhg&ng
substantial | y damagi t he features The cl eanfng materials ar f
ei t her ad’vanozeqmndwa%a eangitg |t¢¢hholqu d/ Yashodldabe rz’tpasmatelhmmiethermarmfmulnr:hg
devi ce her ef t he ani materjals do not substantjally
darmge VLS For MRCERSP 0l SufercB i e GBS sh St Spapt raeer ht Hrgh
mat er i a;lnsnuf@aﬁﬁﬁgmsagsambmers of one or nore polyneric conpounds with
| ar ge nnl ecul ar. wei capture the particles (or contam nants) on the
subst r at08941Ha, vigwy W%%erf@rgﬁa% there iy HACdrfonapRsratug sl mlhydeoéclemnngpattemtﬁl

ol ymer 0 d I e n,one as
Copol yrurisRoREHRer e B BB B B ol O B R s T s b
pol ynerpatteoedpaifierd. To assi st renoving of particles fromthe wafer (or
substrate) surfaces, the polyneric conmpound of the polynmers can contain a
pol ar functional gr oup, whi ch can &&&AEX pol ar - pol ar nol ecul a(r]l
intera h p opet it
t he pof[gwsff]u%\ﬂg:a@ong ugﬂgaﬁ&g?(gg@ggt ggltlhgh egllrrt olglgégtg() (%J)\Hd? g’}qﬁo‘%ﬁ
hydr ol ymatdriplar appetagss, omd nh&lod/aﬁ@rcleamﬁﬁ@wefer Ihéa&amsﬁmlalma?ir&cé@ﬁﬁpﬁte?%ﬁmen
t he pol rs, _an he pa shel nove the particles fromthe wafer
sur f gc e‘x nieﬁd@%f‘% &Fa%ﬁ {rf‘%ﬁ CARIAE R P PRty g‘%i{ @eg}ﬁ’@? dipcrsed @bpeabdvsant s
and do jaQhnth@isUn tiddng gﬁﬁd@feﬁi@d%ﬁﬁt&té@wﬁtﬂ %n%%ﬁhfé%t\%t ﬁ?s?anu-gpg cﬂﬁ’la%iﬂg
of a poI ynmeric compoun a | arge nol ecul ar wel ormlong p
chai ns,t @\fﬁaﬁﬁe%a"?h%nlwn@m@ﬁeaelgara fikid deither fmlnqm@phzsby\mnh liquid/ geal dpaeptiase,

net wor ai ns_and/ or mer net wor how su erior
capabi Ikal)n |E<ia-§8 0 cg%@opg\ﬂ&e gﬁagurgﬁft thg Py U é?r‘lnﬁa’i’i‘f‘@nar 3%61(?f)éf‘l LMYy
conventdagiig e @8t @aRR  drabduceARmgs @ﬁ%éethe@' 3Rl AhniR! BhieRhR; cdtaihinyi d

form i ncI udi n% such pol ynmers show
polymers of one or moré polymeric compounds with large molecular weight, capture the

particles (or contaminants) on the substrate. For polymers made from one monomer, the
polymers contain one polymeric compound. For polymers made from more than one
monomers, such as copolymers or a mixture of polymers, the polymers contain more than one
polymeric compound. To assist removing of particles from the wafer (or substrate) surfaces,
the polymeric compound of the polymers can contain a polar functional group, which can
establish polar-polar molecular interaction with hydrolyzed particles on the wafer surface. In
addition, the polar functional group can also establish hydrogen bonds with the hydrolyzed
particles on the wafer surface. The van der Waals forces between the polymers and the
particles help remove the particles from the wafer surface.

[0006] In addition, the cleaning materials entrap the contaminants and do not return the
contaminants to the substrate surface. The polymers of a polymeric compound(s) with a large
molecular weight form long polymer chains, which can also be cross-linked to form a network
(or polymeric network). The long polymer chains and/or polymer network show superior

capabilities of capturing and entrapping contaminants, in comparison to conventional cleaning



excel l ent particle renoval performance. The captured or entrapped

contam nants are then renoved fromthe surface of the substrate. [0007] The
pol ymer i cwoanpossees) of the polynmers nmay al so i ncl ude &crarseanmoseb2 gr oup
that carries charge in the cleaning solution. The charge of the functional
group of the polyners repels one another and hel ps the polyneric chains and
network to be nore spread out and hence inproves the particle renoval
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cl eani n@ffering agent and the solvent form a cleaning solution. The cleaning material also includes
polymers of a polymeric compound with a molecular weight greater than 10,000 g/mol. The
polymers become soluble in the cleaning solution to form the cleaning material. The
solubilized polymers form long polymeric chains and network to capture and entrap at least
some of the particles from the surface of the substrate. The polymeric compound has a polar
functional group. The polar functional group of the polymeric compound establishes van der
Waals force with the particles hydrolyzed in the solvent to help remove the particles from the
surface of the substrate.
[0011] In another embodiment, a cleaning material applied on a surface of a substrate for
removing particles from the surface is provided. The cleaning material includes water; and a
buffering agent to change a potential of hydrogen (pH) value of the cleaning material. The
buffering agent and the water form an aqueous cleaning solution. The cleaning material also
includes polymers of a polymeric compound with a molecular weight greater than 10,000
g/mol. The polymers become soluble in the aqueous cleaning solution to form the cleaning

material. The solubilized polymers form long polymeric chains and network to capture and

entrap at least some of the particles from the surface of the substrate. The polymeric compound



material. The solubilized polynmers formlong polyneric chains and network
to capture and entrap at | east sonme of the particles fromthe surface of

t he substwet2e10/06B@2pol yneri ¢ conpoundhas a functi onal gPouuse@w0y920z char ge
in the aqueous cleaning solution. The4charge carried by the functional
group of the polyneric conpound inproves particle renoval efficiency by
maki ng the polyneric chains and network nore spread out in the aqueous
cleanin i QY e cl-geani,ng mat erj.al
Pl 1 ey REHOM APy Ll X e 3R A e B ety Ry BRI RERY ace
i s provihdetinctitral gregniofigherpobmaic tompalthdsimgabeds, pﬂﬁdlearem&vﬁlel’e'fﬁtﬁler@%%y to
change a lt().otznticgl of. dr ogen W&!ﬂ( val ue of the cleaning material. The
buf f er i REXERG &Mt PARGEHR SRR 0 neby oRk AROrg gpreat SUIdR dhgiavgouscs eaningsol qtinn.

cl eani nmONRY BY yélandlheP einB6li afm?% - g %rgpoq Ay

nol ecul g)r V\}ei ght greater thg%(ﬁ?ioal,oggolg ﬁrr%l%fna%@mgglr@néerg%& eco;rhneglsb\gqr%tglfgelr in
t he aquEdpying pah¢lag froal teisorfacoisf ovidede The ebmanmg mateal iatluddhwater, and a

| ubi I { . | | i i d t k t t d
ont rap SRRl E ey oMy B of Fitiokeh BHE Tl 1des ERoring Tutintu stk
The pol yufesring dpenpaidnthe RagerfolMNmt AfABaks Qéeiﬁﬂéx% g@ﬁﬁdfﬂ.nghg Qﬁ:ﬁﬂﬁgirﬂaélt?ﬁ also,

aqueous, c] eani ng sol ution. The charge carr the functional group of
the pol WAwesT PeyMssuRE 2 PRl meEs compobed evithe provellecwf weight aredter timki 1gOAOhe

pol ymer | ha p d out in the ueous.cl eaning .

sol uti o%/ﬁlo%‘h?hggﬁfo?}ﬂﬁg???e\ggégguné%h%s&g%ﬁg?oélf g %Oﬁlgtllongf'oof?&n ﬁ&l%af“&r
funct i amateriglc oihe eflubilieed pblymis CoraoroRE UMl Beiabhdishas Havoteto Wil fhr ce
W th thelwgart]regl es hyogrol yzed in the aqueous cleaning solution to help

renove $HAP BLICASPRE o thsRaridestipmdbesusface g the pybstrase. e Thami PReMESTRPFIIAON
OF THE r hnv i L) readi |y, under st qod by
the {0l o o Bat o7 o “EEoP LAREDi (R uBRlaRBidhine SRRl HbeolBhSaty iRy

dr awi ngbe fandionak graupf ef érec polymerit alosnpdesd gnmkevek i peetidé rombusladriieleademys.
[0014] Fi,qure 1 shows a, cleanin ma%eri al containing polyners of a

pol yrrerrP%lgE% oﬁﬁan\%{‘f [yhiigs gad ﬂg‘i"@é imare \jafeg e oul i sl 480w elpaiag dolgtion
substr are sovheEe bt 1 : e t f i

accor danceﬁvm?t h one gﬁ%ﬁ‘ﬁ?‘ﬁiﬁ[@? ?ﬁg&%}ag%é%‘{b'i Eygﬁ)iog%nﬁnft%fggﬁpg%r teheZA
shows thedyperes, spmpeunsiuestaidishesheani dat Waabu fecofwith par pardkles dfydsilydedoin oxi de

and a el f silicon pitride on a supstrate surface jn an aqueous
sol ut i ga%[lééu% Cgeggléllgcfginuggn\}\? B%lp 5%0\54888?%@%?%’6’@ &‘ﬁéu’ﬁ?‘éfs@ﬁ’ﬁe SURSERIET on.
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pol yacrylic acid (PAA), BAYDINGS®Nt of the present
i nvention.

[0013] 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.

[0014] Figure 1 shows a cleaning material containing polymers of a polymeric compound with
large molecular weight dissolved dispensed on a substrate surface to clean contaminants on the
substrate surface, in accordance with one embodiment of the present invention.

[0015] Figure 2A shows the prevalent surface chemical groups of a particle of silicon oxide and
a particle of silicon nitride on a substrate surface in an aqueous solution, in accordance with one
embodiment of the present invention.

[0016] Figure 2B shows chemical structures of polyacrylamide (PAM) and polyacrylic acid
(PAA), in accordance with one embodiment of the present invention.

[0017] Figure 2C shows the resonance structures of PAM with functional group -CONH, and
of PAA with functional group —-COOH, in accordance with one embodiment of the present

invention.



[0017] Figure 2C shows the resonance structures of PAMw th functional
group -CONH 2 and of PAA with functional group -COOH, in accordance wth
one enbodwvoento/sBe4ehe present invention.[0018] Figure 2BCThmsamoastzondi ng
schene of a copol yner nmade of PAM ands PAA with hydrol yzed silicon oxide
particle in an aqueous solution, in accordance w th one enbodi nent of the
present invention. [0019] Figure 2E shows a bondi ng schene of a copol yner
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with one embodiment of the present invention.
[0024] Figure 4A shows a schematic diagram of an apparatus for cleaning contaminants from a
substrate surface, in accordance with one embodiment of the present invention.
[0025] Figure 4B shows a top schematic view of the apparatus of Figure 4A, in accordance
with one embodiment of the present invention.
[0026] Figure 4C shows a schematic diagram of a region 450 of Figure 4A, in accordance with
embodiment of the present invention.
[0027] Figure 4D shows a schematic of a diagram a process area 450°, which is similar to the
process area 250 of Figure 4A, in accordance with one embodiment of the present invention.
[0028] Figure 4E shows a schematic diagram of a rinse and dry apparatus 470, in accordance
with one embodiment of the present invention.
[0029] Figure 5 shows a process flow of using a cleaning material to clean a substrate surface,

in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

[0030] Embodiments of materials, methods and apparatus for cleaning wafer surfaces without
damaging surface features are described. The cleaning materials, apparatus, and methods

discussed herein have advantages in cleaning patterned substrates with fine features without
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wi t hout damagi ng the features. The cleaning materials are fluid, either in
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lines apific examples related to semiconductor cleaning applications, these cleaning applications

might be extended to any technology requiring the removal of contaminants from a substrate.

[0033] For advanced technologies, such as 65 nm, 45 nm, 32 nm, 22 nm, and, 16 nm
technology nodes, the widths of the device structures is equal to or less than 65 nm. The widths
of device structures are scaled continuously down with each technology node to fit more
devices on the limited surface area of chips. The heights of the device structures, such as hei ght
of device structure, in general do not scale down proportionally with the width of the device
features due to concern of resistivities. For conductive structures, such as polysilicon lines and
metal interconnect, narrowing the widths and heights of structures would increase the
resistivities too high to cause significant RC delay and generate too much heat for the
conductive structures. As a result, device structures, such as structure, would have high aspect
ratio, which make them prone to damage by force applied on the structure. In one embodiment,
the aspect ratio of the device structure can be in the range of about 2 or greater. The force

applied on the structure includes force used to assist in removing particles (or contaminants)



metal interconnect, narrowi ng the w dths and heights of structures would
increase the resistivities too high to cause significant RC delay and
gener at e woaomisheddeat for the conductive structures. ACa/use@losy29zevi ce
structures, such as structure, woul dhave hi gh aspect ratio, which nake

t hem prone to damage by force applied on the structure. In one enbodi nent,
the aspect ratio of the device structure can be in the range of about 2 or
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polymers 110 with | arge nol ecul ar wei ght disso nt cleani ng
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surface 111, can ,caﬁqt ure and renove particles, such as particles 12

12011, 95%49iRg Raesabsi0 e lquidifara. In angthersumbndimens, the kleanmgamalietialol0O it lhe

cl eani erjialm10 rthC that are renpved fromthe substrate
surface%Q llﬁta gsdlﬂ'chﬂgaesglggdr}{lé %Fa(%a% 2‘?2@? k@%ﬁi,p Bl 07 QF & PHPSUR Wit pf"ﬁ’éﬁaélcg‘a ng
mat er i ahbstOfs swich 143, @ardaipalre and 2Anaveliicles, kocipaeyantlet heop {2@Mabal eng

or deposhti n% 0 tgﬁ sogbstrate surface 111. Details of a cleaning materi al
cont ai nFRY"3Y F‘W%é? wiof Ruistiage, HY - o) addifiony theeslepming materipb 00 erseps ipbriglesn
comonliyata$s tGRERd Yropn (AL ) catqii0 l;s[gtiﬁh , opd, filed on .June
2. 2008, and entitled : Natug)?t?ggﬁggﬂff%%agé? '?lfcyl e eﬁ%%slafﬁ%yﬁ@flh%rl g ﬁea??gl "nd
Two- Phdbe cMading, matghilc B00, sichresopptclas d@0khed 20, by prevesr erge fiom ifiling or

tirety. [0036] .T b] turj ticles, h as particles 120i,
ThoH, - SRPHER bl s pER Thh "PRBRkY 608 Tesoer patirieheonuibise:petiamers
surf acayifilh, 1drfe ROLOIRT Svelch? r%i@@Uiaéénﬁﬁé%%ris&ﬂtiﬁCéorﬂﬁl%ﬁl{/L%%%%ﬁtt'j%'. Sitenf UCH

as particles 12Ch, 120n, on the substrate surface an tractive torces
bet weerfRPhgatisl Nambsr d3d 311664 phileti @l denesho008, ked sntidedéMatdrabs fdrePdriclees

bet me'ke%%apﬁ}; éjn%iegﬁha%g glné IT"(\?vo-Phase Media,” which is incorporated herein by reference in
its entirety.
[0036] To enable capturing particles, such as particles 1205, 120y, on the substrate surface 111
to remove them from the substrate surface 111, the polymers 110 should make contact with the
particles, such as particles 120y, 120y, on the substrate surface and the attractive forces between
the polymers and the particles should be stronger than the forces between the particles and the
substrate surface 111.
[0037] Examples of common particles on the substrate surface include, but not limited to,
silicon oxide (SiO,) and silicon nitride (Si3Ny4), whose surface could also be oxidized to contain
oxygen (Si3sNsOx). Figure 2A shows a particle 202 of silicon oxide and a particle of silicon
nitride 203 on a surface 205 of a substrate 201 in an aqueous solution 204, in accordance with
one embodiment of the present invention. Silicon oxide (SiO;) and oxidized silicon nitride
(S13N4Ox) are both hydrophilic. The oxygen atoms (O) on surfaces of silicon oxide (SiO;) and

silicon nitride (SizN4Ox) particles, and nitrogen atoms (N) on surface of silicon nitride particles



substrate surface 111. [0037] Exanples of comon particles on the substrate
surface include, but not limted to, silicon oxide (SiO 2) and silicon

ni tride (W0 28N/s364hose surface could al so be oxidized POTAISAMAI0M20XYgEN
(Si 3NAOx). Figure 2A shows a particl& 202 of silicon oxide and a particle
of silicon nitride 203 on a surface 205 of a substrate 201 in an aqueous
solution 204, in accordance with one enbodi nent of the present invent |hon.
Si | i coneXpIgydrSivR 2o B L i 3N4Ox) are bot
hydr ophiCI i c.ﬁxl'helyoxyg)enﬁgt(g;% dZO o%![ élﬁ?l?é;}():z{eﬂsl&gfsqgff‘{%coér?wxrlle)%gi% Eﬁaf?dand
si | i con(@) on iigesu(faiesIN tidxparpae tdschesn imRigurd 24.0gen at ons (N) on surfa(r:]e of
siliconALLY i articlescan be. hydrolyzed to form OH and HNH on the
particl %’Wéﬁ #fgg%@"{xf“eﬁ ayﬁﬂﬁé@%%mt%ﬁ PN rolar TBpctional giorpadhe Pelymerre
part i ¢! gun @ELHERYOlar-Pofak GitIEcuRA inlcRRABH Wilh 1HRHAA SIPNGLL Bnd RPBlEANL B
material contain polar functional groups, the polyners can est S
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Fur t herpolyherspah astablihCliy Hoh@sRSthQhe pbar DM, WS, ng @ g‘?ﬁgﬁmlp' iy g@fl@feOgen
bonds with the polar OH NH2, and O grotl;fs on the particle surfaces.
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t dn_sitlicon oxi,de.and oxi.di ze iljcon nitride,
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hydrogen bond is a very strong fixed dipol e-di pole van der al s- Keesom

force, BRYERMKeNhard hedvdrasse bondris @ var stiengafiked dipoleddipolp 008 ler Wanis-e 2B
shows olerbeabrcs! Eﬂ%éékmﬁﬁgﬁﬁ %&\}%&nﬁ?&{w b Xlef%ﬂkcy%rd's.c compounds,

pol yacryl am de (PAM, as a functional group -CONH2, and pol yacrylic

aci d ( RA839] Ripireh2Bashaws whemicahadtrugtusesp of F&'d—l eth@lggil g&yﬁlgﬁ&\l?cagﬁ&und%h
resonance structur f PAMw th functional group. - H2 and of | W
functi di? acﬁyﬂ%m‘&e-@%a?-k’ Wi*Hg{‘Il g%i?afh’&ﬂmﬂz_grﬁap aF Ot gad gobpamlisrigico@AApol ar
group GfhiEARask fundGbhal @rdlf) FOGHOWRsurt OCi s%%?ﬁfetrﬁ% aﬁcec%iruc%d}"é?of BRMY Pitn
groups on the particle surfaces. [0040] Figure 2D shows a bonding scheme of
a copolfymsionapgreupf-COMMa e PARAA ththhipdciadnat edowpi {G@OH. oXhe € tannd GNEl,i n
enbodi nent of the present

o ST ALYt D LRI RS, OB S S e
hydr ogeyH bovHbs avd OherGEse @indle phiR 1@k @kesgr oups of PAM and COO- pol ar group
of PAA. Figure 2E shows a bondi ng schene of a copol yner nade of PAM and PAA
Wi th m[g(?égﬁ yiage A1) ishes a bonding scheme of a copolymer made of PAM and PAA with
hydrolyzed silicon oxide particle in an aqueous solution, in accordance with one embodiment of
the present invention. The particle surface has polar groups OH and O-, which form hydrogen
bonds with C=0 and -NH; polar groups of PAM and COO- polar group of PAA. Figure 2E
shows a bonding scheme of a copolymer made of PAM and PAA with hydrolyzed silicon
nitride particle in an aqueous solution, in accordance with one embodiment of the present
invention. The particle surface has polar groups OH, NH2, and O-, which form hydrogen bonds
with C=0 and -NH polar groups of PAM and COO- polar group of PAA.
[0041] The polar-polar molecular interaction and/or hydrogen bonds between the polymers and
the oxygen and nitrogen establish strong van der Waals forces between the polymers and the
particles. Such strong van der Waals forces help pull the particles away from the surface. If the
van der Waals forces are strong enough, they can overcome the attractive forces between the
particles and the substrate surface and lift the particles off the substrate surface.
[0042] Examples of polar functional groups that the polymers can have to establish the polar-

polar molecular interaction and/or hydrogen bonding described above include, but not limited



nitride particle in an aqueous solution, in accordance with one enbodi nent
of the present invention. The particle surface has polar groups OH NH2,
and 0-, wNOchioisséhydr ogen bonds with C=0 and - NH2 pol acTgrseesssab2 PAM and
COO pol ar group of PAA. [0041] The pol ar-pol ar nol ecul ar interaction

and/ or hydrogen bonds between the pol yners and the oxygen and nitrogen
establish strong van der V\aal S forces bet ween the polyners and the

particl @SamChnsie! %Jlo%\l%@égg%a@%&gi% tugg particles away

fromthe surface. |f the van enough, they can
over con@ﬂﬂh]eBeﬁtldasahathgepdlmgrespsbmttheedeumr panttue eSthapdlyinies, alsier Alage

surface and Jift .t rtlcles of f t ubstrate surface [0042] Exa es
of pol ar° gﬁﬁl@f Whed) tﬁ r ﬂ‘BqulH’&Pr n?)&‘[@ fePRlYBSH nsiVrktis adiq ABperiant.t %

pol ar pohalecilat eWndlofl [ﬂﬂ é}ﬁtds&[‘ i erealtﬁ}{% RA& kI t&'ﬂddf ‘r{#ﬂfﬁglltl@%dre%g&e

include, but not Timte am ne, am de ydroxyl, car
sul i nysfficieney RRIEY | PIgE eup@asumbhﬁ}lsmesmmkz mavitorgsubstraes, gvhicipsrel purpdsely

nol ecul u re. o pol rs, . having a | ar ge nol ecul ar wei ght to
form poly rorgﬁedc at%{ nsghcé)ﬁ gldﬁ gﬁr%[e g $14g-5 4 thﬁoﬁl?é}htonlyrﬁéﬂm HEW ar
wei ght wsdweal %Tfﬁh%n@lﬁ hfé: &é@u&hem% dﬁ?éuﬁtéc%y EqRidh Eﬁcﬁstédm%lcg)@r ticle

renmoval effici enci/) . PRE is neasured by usi’ng particle noni
substrates, RifEeH m~elezpu¢<pm§e+ QOS@ebespt)mdsWrBM@mlcoumm ni.t.ride. pa(ribl cles

wWth v j .ize nthis stu article S|zes bef ween 90 nm and 1
nm ar ea@e&@ g‘(ﬂm %&&éhogs PP é’? éjd{fgff &&%Hinlgolﬂaie%‘ S| yith @8}%@%\}«%@%
(Pre- C|Iﬁ61@01ﬁ@lume$ghts POite- BRE e &0kt the/ d‘_l)éﬁnrfé @ﬁﬂ:léﬁ@&'rﬁfssﬂlé()n [nggéél] afil 4T ©
3A shows a graph of PRE of cleaning naterials with polynmers wt \Paryl ng

mol ecul 4&POsiEd g surfarpieobRibsifalgs thas ara g@a@r dani Hyneby ictdasingymaterisls mazierof

nitrid I strat e are eater than
90nm b? 0%?%%’1{%@&%3?5?? qtr (%‘ggﬁll& uy%Sc? rgﬁ@ g’cf“&l %Aaltea’?mﬁes ”(5’)?9et‘ﬁyl
cel | ul cohitiohER)t dontadams ' LB ofc ABSDI omg \8(% W INH3, afd 04 Wittz08f &ifed 1 GOWN adiRg 1

4 W% of NH3, and 0.4 wt % of citric acid is called solution

wt % of )
" 100" S@ﬁé‘%\e éﬁt p@%éfﬁ{ghbpef% @rPAE@fﬁélﬁC} AShENGTH in e elraning myterilserieal s
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| M (or [0048]0T@0dRka g Figure BJAt shownthiri BREeinGastk Switls hoecuhatwd?iil dfNGEEAB6S

h ut. 40% for 500, 000 g/ ol to about 85%
}Mof- ||v|mD Sﬁtﬁ#%m&w# lél%é O‘Hgog})%é{n’d\é (ﬁhéﬁr%@%)@\)e%/ﬁlql Mfgaﬁoarm §g§@°§A25M
o/ ol fapio B HRr PREYViRRAMs SRYomdI0Q4E] wéjggﬁélfcﬁr‘ A SRS 8L 9568 P Ts 0550 Of

cleaning materials made with 1% (wei ght
g/mol to about 85% for 1M g/mol. However PRE does not change much between 1M g/mol

and 1.25M g/mol for PAA to stay about 85%.

[0046] Figure 3B shows a graph of PRE of cleaning materials made with 1% (weight %) of
PAM in “100” as a function of the molecular weight of PAM. The data in Figure 3B show that
PRESs increase with molecular weight of PAM from about 35% for 500,000 g/mol to about 95%
for 18M g/mol.

[0047] The data in Figures 3A and 3B show that polymers with large molecular weight, such as
>500,000 g/mol for PAA, >700,000 g/mol for HEC, and >5M g/mol for PAM, are needed to
have good PREs. Polymers with large molecular weight, such as >100,000 g/mol, allow
polymers with form long polymer chains and polymer networks, which capture and trap
particles that are deposited on the substrate surface and suspended cleaning material. As
described above, when the polymers come in contact with the particles on the substrate surface,
the polar groups on the polymers form hydrogen bonds and establish polar-polar molecular
interactions with particles on the substrate surface. The van der Waals force between the

particles and the polymers are strong enough to lift the particles from the substrate surface. The



PAMin "100" as a function of the nol ecul ar weight of PAM The data in
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mat er i dfigereflorfte dewmiing mafeiide sloavodanagiatit deviefhmrasuriigaibagatd p®cessing

pr otru&i ng feature 102 of Figure 1. The cleaning materials do not damage
the de f){:ge?%%)ur es during substrate processing (or cleaning). [0050] In
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| arge nol ecul ar weight to formlong pol'yner chains a ol yneri c “net
t he polWolepuaroweighe i faraniong prdymen elaimsaandhpolgmetiberctadrks iteupagmetsast thel p
' fromsubstrate syrface. In one

TR PGEL B! S e SR ARER Pl P T S5 A 5 Sonb S o
aqueousran vitiaameitfacEi GLbke SEbShMeE:, tHRaolyhers-oRiah futibhRRAbupd tRHRaR) PAA
charge in an aqueous environment. Figure 3C shows that the -COOH functional group of PAA
in a polymeric chains and network 310 that becomes negatively charged in an aqueous solution
with pH greater than 3, the pKa (acid dissociation constant) of the carboxylic group in
accordance with one embodiment of the present invention. The electrostatic charges, such as
negatively charged PAA of Figure 3C, of the polymeric chains and network repel one another
to make the polymeric network more spread out. The polymeric chains and network 310 on
PAA in a cleaning material 300. The negative charges of the polymeric PAA repel one another
to make the polymeric chains and network 310 more spread out in the cleaning solution 320,
which contains water and other additives, and has a pH value greater than 7 (basic solution).
Without the negative charges, the polymer molecules assume a closer packed conformation and
the resulting polymeric network is weak or even fails to form. A polymeric network that is
more spread out helps to improve PRE.
[0051] In addition, the charges of the functional groups of the polymers can enhance interaction
with particles. Negative charges of the polymers can increase interactions with OH groups on

particle surfaces, as shown in Figures 2D and 2E. Negative charges of the polymers can also



in a polyneric chains and network 310 that becones negatively charged in an
aqueous solution with pH greater than 3, the pKa (acid dissociation
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cleaning materials. Figure 3D shows t reo par
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Fhe—pH—val-ye—of -the—-cleani nn mat eri al

fi xed rat—a—vatvetessthapn—about—1%—TFhe—pH-val
is abdut 10. Th?h@ﬁﬁ?agn% hsity of thhe sol ution i PRIt ined as the |nol ar
percentage of acryliigjycid in the partially hydrol )ed PAM The definition
is shawn_in Figure ’%D Table |: Conparison of PREs for cl eaning nmeterials
with different charddensity. -117%

22% 84%

42% 86%

64% 88 %

Table I: Comparison of PREs for cleaning materials with different charge density.

[0054] The data in Table I show at charge density of 0, PRE is negative, which means that
particles are added to the substrate surface, instead of being removed. The particles added are
impurities included in the cleaning material, which is made of un-purified industrial-grade
chemicals. As the charge density increases to 22%, PRE increases to 84%. As charge density
further increases slightly to 42%, PRE increases to 86%. As charge density further increases to
64%, PRE increases slightly to 86%. The data in Figure 3F show that the existence of charges
in the cleaning materials is essential in the removal of particles on the substrate surface.
Without charge density, the PRE is negative. PRE becomes positive when the cleaning material
has charges. The increase in PRE is quite significant at charge density of 22%. At charge
density at about 22% and beyond, the PRE increase to between about 84% to about 88%.



[0054] The data in Table | show at charge density of 0, PRE is negative,
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mat er i afceAR¥CI¥ Khrged parfifles have peea depenibefin Figuse 2Acbeveynithe swikace subsmage
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oxide, if the top surface I's not already an oxide |ayer, due t at1on
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Wien this occurs, the polyners should be positively charged.
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sol ut i magdtorlycdhaegedndepeadiagioaltie pH value of the cleaning solution (or cleaning material).
[0056] Examples of functional groups that the polymers can have to carry charges in the
cleaning solution (or cleaning material) described above include, but not limited to, quaternary
ammonium cation, carboxylic, azide, cyanate, sulfonic acid, nitrate, thiol, and phosphate
groups, etc.
[0057] Some polymers, such as PAM, are very efficient in removing particles. However, PAM
does not readily carry negative charges in a basic aqueous solution as PAA. To achieve good
cleaning efficiency and to have sufficient charge density in the cleaning material, the polymers
can be made of more than one polymeric compound. For example, the polymers can be a
copolymer made of PAM and PAA. The weight percent of PAM and PAA in the polymers can
be adjusted to achieve the best cleaning results. For example, a cleaning material can have a
copolymers made of 90% PAM and 10% PAA. 10% PAA could be sufficient to provide

charges to the copolymers in the basic cleaning material.



[ 0056] Exanpl es of functional groups that the polynmers can have to carry
charges in the cleaning solution (or cleaning naterial) described above
i ncl ude, Wotorats3d42m ted to, quaternary amoni um cati onPCTArSkapsi2e2 azi de,
cyanate, sulfonic acid, nitrate, thi #, and phosphate groups, etc. [0057]
Some pol yners, such as PAM are very efficient in renoving particles.
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Tabl e Iih theetabl isleesnhah hé.PREs of 3 different cleaning materials nmade of
Car bopet—941—PAA+-h—a—buffered-ammmnium-solution (BAS). The molecul ar
wei ght|s of PAA | GoRgeEationc| eaning naterials are &RE 1. 25M g/ nol . [The
concentration of Ca(%g@gol 941" PAA aof X% (wei ght ?%’nén the table is |l ess
than 1% Table |I: nparison of PREs for cleanin terial with different
concentration of Carb®mpol 941" PAA pgolyners. [0059fg,he data 1n Table Il

' b

shows [that—atPRE increases fromabgut 74%tao about 89% when the
concentration of CAPBoFol 941" increases from X% 88%. 5X% PRE stays about
t he sd . Thedata T Tabtet+—altso Syg est—that—+f—the
concentration is too high, the PRE dan be reduced®’ [D060] Table Il|l shows

PREs 0fTableeENCogpaddr dfAPRES 0t dMéhnped fa@kibl wit di @t aeehieAM-ARnP&E FABS S0l at
di fferent ol ecul ar wei ght and charge density in solution 100, as defined

above. 9fllle BOACRNYMEEi ons of PAMin the cleaning materials are all the sane
at a Wep@KY) THe! &8Sin! e 11 shows that at PRE increases from about 74% to about 89% when

the concentration of Carbopol 941™ increases from X% to 2.5X%. PRE stays about the same
beyond 2.5X%. The data in Table I also suggest that if the concentration is too high, the PRE
can be reduced.

[0060] Table III shows PREs of cleaning materials having partially hydrolyzed PAM as
polymers at different molecular weight and charge density in solution 100, as defined above.

The concentrations of PAM in the cleaning materials are all the same at a weight % less than

1%.
Molecular Weight Charge Density PRE
(g/mol) (%) (%)
0.5-1IM 30% 6%
5-6M 30% 89%
15M 22% 84%
18M 32% 95 %

Table III: Comparison of PREs for cleaning materials with different molecular weight and

charge densities.



1% Table I11: Conparison of PREs for cleaning materials wth different

nol ecul ar wei ght and charge densities.[0061] The data in Table Il show
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about 0.5- IMg/nol, PRE is about 6% Wen nol ecul ar wei ght increases to
about 5-6M g/ nol, PRE increases to 89% At nol ecul ar wei ght of 18M g/ nol,
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t he i nportance o arge densrty! erht B ARESh “above, the pol yners of

a pol yreoé62) Kenpeund nidléduldrarsye o/mdlesdl dhrgetieshity 601296, PRE§S Mﬁl? kabbit 4498
cleaning liquid (or solution) 105. In addition, the polyners of a polyneric
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mat er i ahodld®ecaouis94%e The dometingel Klen;ilfm sﬁc{(umeu%r@?aboau%&t?&ar therNss1 gfn%ﬁlol
as shown in cleaning vglu 130, without nmaking a forceful inpact on the
devi ce S%F‘P[]?c“ta&roé‘?}igﬁ‘?x ?ﬁnghx F}@sl_f","e‘ﬂ%\% of PraRaessita fampeheyt At%tt shew 22fove
woul d nﬁﬁ@ol&é@Waﬁbﬁiilﬂﬂtrﬁt@mh%%@o%ﬁc@ O;f Qﬁar%@ﬂérﬁ?t&.ﬂ ructures and damage the

device structures. Forces (or energy) geferated by cavitation in megasonic
cl eani H80GH A shinghticnpaede, thp aolynieys bff gpolgmedric icomppetd with darge amlaiubo wkigmge

el B SR TRk B T 45 BB bt o
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polymers 110 cone in contact with the contam nants, such as contam nants
120i , 1m@ddleaningpferipbdPVis gentle ve thadedenssticfwes ontpatubeirate dprisgbeamiag e
surfac t t.am nant.s. .After 1t ont am nant re captured by
the poryaars. PRI B ek LREGR ST REAR RE BoliERSHcEes
such as structure 102, as shown in cleaning volume 130, without making a forceful impact on

the device structure 102. In contrast, hard brushes, and pads mentioned above would make
unyielding contacts with the device structures and damage the device structures. Forces (or
energy) generated by cavitation in megasonic cleaning and high-speed impact by liquid during
jet spray can also damage the structure.

[0064] The polymers of a polymeric compound with high molecular weight form long chains of
polymers, with or without cross-linking to from a polymeric network. As shown in Figure 1,
the polymers 110 come in contact with the contaminants, such as contaminants 120;, 120y,
120, 120wy, on the patterned (or un-patterned) substrate surface and capture contaminants.
After the contaminants are captured by the polymers, the contaminants become attached to the
polymers and are suspended in the cleaning material. When the polymers in the cleaning
material 100 are removed from the substrate surface, such as by rinsing, the contaminants
attached to the polymers chains are removed from the substrate surface along with the polymer
chains.

[0065] As described above, the polymers of a polymeric compound with large molecular

weight are dispersed in the cleaning solution. Examples of the polymeric compound with large



pol ymers and are suspended in the cleaning material. Wen the polyners in
the cleaning material 100 are renpbved fromthe substrate surface, such as
by rinsi g0 2btvse@nat am nants attached to the pol yners cirarns2awasrenoved
fromthe substrate surface along withsthe pol yner chains. [0065] As

descri bed above, the polyners of a polyneric conpound with |arge nol ecul ar
wei ght are dispersed in the cleaning solution. Exanples of the polyneric
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gel in an aqueous 5olution. In one e I ment ar me|g the
pol ynmerfian Nurybalsmkioh Slbngat Rolyadngiv ddid GH)zOqunmt (- Gm_ambcm@Hem@meﬂﬁmm t he

nmol ecul ar ,wei ght t he,,pol yrrerl .C,,Cco ound i we bout IMg/mol to
about PO Fﬁ{]ﬁ bu’i“rtrc‘ afot hBr Bpodi egefsh Oi\‘,rﬂ?réro \ﬂ;é%oéﬁﬂleréﬁ campound
pol ymerig %g@%mecuh@r %Ig\he%ﬁthabw%om%%ﬁ% ahﬁe&ﬁoéﬁlutﬁgvbg hlﬂf fwat

anot her enbodi nent, the nol ecul ar wei ght of the polyneric conp
bet weerbsisbent ta Svmys fefit geloinsivRgueEVoltion! In The embog:hnenpehez eml@;glar afelgﬁn e

pol yners an| mat eria bout % to about 20% in
one enbooﬂ kotrl])}{}ﬁerﬁ; dps %%%8}%39 %{)W@“@e Th#fothe rﬁgg’r‘?fi%eé’ g © Rolerul
about Quedit%ftiae @ngmﬁeribw&nﬂdanan%h@«eeﬁmib@ﬁh OBM g/rhdlEoWHoBN Y OMNT RIS
bet ween about 0.01%to about 10% |In yet another enbodi nent, the weight

per centBgiEer embediment thmlecolapsuahy oSk polsmeriivempound is between about 1M
g/mol to about 20M g/mol. In yet another embodiment, the molecular weight of the polymeric

compound is between about 15M g/mol to about 20M g/mol. The weight percentage of the
polymers in the cleaning material is between about 0.001% to about 20%, in one embodiment.
In another embodiment, the weight percentage is between about 0.001% to about 10%. In
another embodiment, the weight percentage is between about 0.01% to about 10%. In yet
another embodiment, the weight percentage is between about 0.05% to about 5%. The
polymers can dissolve in the cleaning solution, be dispersed completely in the cleaning solution,
form liquid droplets (emulsified) in the cleaning solution, or form lumps in the cleaning
solution.

[0066] Alternatively, the polymers can be copolymers, which are derived from two or more
monomeric species. For example, the copolymers can include 90% of PAM and 10% of PAA
and are made of monomers for PAM and PAA. In addition, the polymers can be a mixture of
two or more types of polymers. For example, the polymers can be made by mixing two types

of polymers, such as 90% of PAM and 10% of PAA, in the solvent.



pol yners can dissolve in the cleaning solution, be dispersed conpletely in
the cleaning solution, formliquid droplets (emulsified) in the cleaning
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[0068] In another enbodi ment, the cleani rhg li'quid (or cleaning solution)
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internetal diel r.¢) , -t he .cl eani terial is. basic. The pH val ues for
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about 8 to about 11. In yet another enbodi ment, the pH values for front-end
appl i cangtelndiclgetaich dheueleaniap auaterdrl tip basiouThd PH Fdnesbiae Kemdepd opEisiiog 4raf t er

deposi t f nd Jnter-netal .dielectric), the .cleanin olutionis
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whi ch attacks copper. The pH val ues for backend applications are between

about 1aluss dpofrentiend applisaéons rase PEasR . abpit driotahent Eivbdor meskendtprecessing

(after deposition of copper and inter-metal dielectric), the cleaning solution is slightly basic,

neutral, or acidic, in one embodiment. Copper in the backend interconnect is not compatible
with basic solution with ammonium, which attacks copper. The pH values for backend
applications are between about 1 to about 10, in one embodiment. In another embodiment, the
pH values for backend applications are between about 1 to about 5. In yet another embodiment,
the pH values for backend applications are between about 1 to about 2. In another embodiment,
the cleaning solution includes a surfactant, such as ammonium dodecyl sulfate (ADS) to assist
dispersing the polymers in the cleaning solution. In one embodiment, the surfactant also assist
wetting of the cleaning material on the substrate surface. Wetting of the cleaning material on
the substrate surface allows the cleaning material to come in close contact with the substrate
surface and the particles on the substrate surface. Wetting improves cleaning efficiency. Other
additives can also be added to improve surface wetting, substrate cleaning, rinsing, and other
related properties.

[0069] Examples of buffered cleaning solution (or cleaning solution) include a buffered



pH val ues for backend applications are between about 1 to about 5. In yet
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I n one enbodi nent, substrate 405 noves under %he cl eaning material dispense
head from the substrate surface 415 and rinse liquid dispensed by the upper rinse and dry head 404b-
L.
[0072] In one embodiment, substrate 405 moves under the cleaning material dispense head
404a and upper rinse and dry head 404b-1 in the direction 410. The surface 415 of substrate
405 is first covered with the film of cleaning material 402 and then rinsed and dried by the
upper rinse and dry head 404b-1. Substrate 405 is held by a substrate holder 440.
Alternatively, substrate 405 can be held steady (not moving) and the cleaning material dispense
head 404a and upper rinse and dry head 404b-1 move in the direction 410°, which is opposite to
the direction 410.
[0073] In one embodiment, the cleaning material dispense head 404a and the rinse and upper
dry head 404b-1 belong to two separate systems. Cleaning material is dispensed on the
substrate 405 in a first system with the cleaning material dispense head and then moved to a
second system with a rinse and dry apparatus. The rinse and dry apparatus can be an apparatus,

such as rinse and dry head 404b-1, or other type of rinse and dry apparatus.

[0074] In one embodiment, below the substrate 405, there are two lower rinse and dry heads



404a and upper rinse and dry head 404b- 1 in the direction 410. The surface
415 of substrate 405 is first covered with the filmof cleaning materi al
402 and twerrorovoss@d and dried by the upper rinse and dryChasdood0ddzo2 1.
Substrate 405 is held by a substratei1Bol der 440. Alternatively, substrate
405 can be held steady (not noving) and the cleaning material dispense head
404a and upper rinse and dry head 404b-1 nove in the direction 410", which
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In one embodiment, both the lower rinse and dry heads 404b-2 and 404b-3 are similar to the
upper rinse and dry head 404b-1 and they are parallel to one another.

[0077] Figure 4C shows a process area 450 in Figure 4B, in accordance with one embodiment
of the present invention. The process area 450 illustrates one embodiment of fluid application to
the substrate 405 from the cleaning material dispense head 404a and upper rinse and dry head
404b-1 and lower rinse and dry heads 404b-2 and 404b-3. In this embodiment, upper rinse and
dry head 404b-1 and lower rinse and dry heads 404b-2 and 404b-3 rinse and dry the substrate
405. Upper rinse and dry head 404b-1 and lower rinse and dry heads 404b-2 and 404b-3 have a
dispense port 408 and vacuum ports 406. In one embodiment, dispense port 408 is used to apply
a rinse liquid, such as de-ionized water, to the substrate 405. A vacuum is drawn through
vacuum ports 406 to remove fluid applied via dispense port 408. The fluid removed through
the vacuum ports includes rinse liquid, cleaning material, and contaminants removed along with
the cleaning material. Other types of rinse liquid can also be applied through disport 408 to

rinse substrate 405.



I n one enbodi nent, both the |ower rinse and dry heads 404b-2 and 404b-3 are
simlar to the upper rinse and dry head 404b- 1 and they are parallel to
one anot &0.20{00B33#AR Fi gure 4C shows a process area 450 POTRISgUAsRR in
accordance with one enbodi nent of th#& present invention. The process area
450 il lustrates one enbodi nent of fluid application to the substrate 405
fromthe cleaning materi al di spense head 404a and upper rinse and dry head
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di spense ,head 404a di sg?e(ﬁées g film 402 of cleaning material 100 when

t ur ned 28 COPAMIKBIIRBI A the pROSERIGISYTASSr f ace tension of the cl eaning
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a volu 403 of nmter.i al ich consis rinse liqui.d, cleaning, mater]al
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t hrough the action of dispensing of the cleaning material, provides a

down- waPROlisesé the applicaiirf@4pmrerides a dewin-mard ferce ohdhe aleanisg miatoréal ontbe

cl eani @Qbm{eesrd.rﬁke 8?'3 a%%vnp\'ilgr%srﬁgch%'itcalotforgeh %n one embodiment, the movement of the
substrate 405 under the applicator 404a in the direction 410, provides a sheer force to the
cleaning material and to the substrate surface. The downward and sheer forces assist the
cleaning material in removing contaminants from the substrate surface 415.
[0080] Figure 4D shows a schematic of a diagram a process area 450°, which is similar to the
process area 450 of Figure 4A, in accordance with one embodiment of the present invention. In
this embodiment, there are an upper cleaning material dispense head 404a and a lower cleaning
material dispensing head 404a’. The upper cleaning material dispensing head 404a has been
described above in Figures 4A-4C. The lower cleaning material dispensing head 404a’ also
dispenses a film 402’of a cleaning material 100’ on the lower side of substrate 405. The lower
cleaning material dispensing head also has a dispense port 409’ for dispensing the cleaning
material 100’. The dispensed cleaning material 100’ forms a film 402’ on the lower side of
substrate 405. In this embodiment, the lower cleaning material dispensing head 404a’ applies a

film 402' of cleaning material 100’ to the lower surface 416 of substrate 405 in a similar fashion



cl eaning material di spense head 404a by air pressure or by a nechani cal
punp. I n another enbodi nent, the applicator 404a provides a down-ward force
on the clweanorgsaaeri al on the substrate surface by a #omusaewaszezrhani cal
force. In one enbodi ment, the novenedi of the substrate 405 under the
applicator 404a in the direction 410, provides a sheer force to the
cleaning material and to the substrate surface. The downward and sheer
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are both coupled to the cleaning material storage 431, shown in Figure 4A
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col l ector, 407 can be supplied to the cleaning material storage used to
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cl eani %Sé@ée%'f e 1R (\BPC&. ipgﬁ%&er embodiment, the rinse agent 404 is a mixture of
deionzied water and isopropyl alcohol. A vacuum is drawn through ports 406 to remove the
rinse agent 404 along with fluids 402 and 402' from the substrate 405.
[0083] Alternatively, the cleaning apparatus 4A does not have rinse and dry heads 404b-1,
404b-2, and 404b-3. After the cleaning material has been applied on substrate 405. The
substrate can be moved to another apparatus for rinsing and drying. Figure 4E shows a
schematic diagram of an embodiment of a rinse and dry apparatus 470. Apparatus 470 has a
container 471 that houses a substrate support assembly 472. The substrate support assembly
472 has a substrate holder 473 that supports a substrate 405”, which has a layer 480 of cleaning
material 100. The substrate support assembly 472 is rotated by a rotating mechanism 474. The
apparatus 470 includes a rinse liquid dispenser 475, which can dispense rinse liquid 476 on the
substrate surface to clean the substrate surface of the cleaning material. In one embodiment, the
rinse liquid is de-ionized water (DIW). In another embodiment, the dispenser 475 dispenses a

rinsing solution, such as NH4OH in DIW, on the substrate surface to hydrolyze the cleaning



[ 0082] Upper rinse and dry head 404b- 1 and |ower rinse and dry head 404b-3
in Figure 4D are simlar to the applicators 404b- 1 and 404b-3 described in
Fi gure 4AvendioAs3csThe substrate 405 is cleaned and dri e@CRAIS2M0905R9ES

bet ween upper applicator 404b- 1 and21 ower applicator 404b-3. A rinse agent
404 is applied to the substrate 405 through ports 408. In one enbodi nent,
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[0085] In one embodiment, the method includes an operation for controlling a flow rate of the
cleaning material over the substrate to control or enhance movement of the solid cleaning
material and/or contaminant away from the substrate. The method of the present invention for
removing contamination from a substrate can be implemented in many different ways so long
as there is a means for applying a force to the solid components of the cleaning material such
that the solid components establish an interaction with the contaminants to be removed.

[0086] Alternatively, before the operation 503 of substrate rinse, the substrate with the cleaning
material, that contains dislodged contaminants, can be cleaned with a final clean using
chemical(s) that facilitates the removal of all the cleaning material along with the contaminants
from the substrate surface. For example, if the cleaning material contains carboxylic acid
solids, NH4OH diluted in DIW could be used to remove carboxylic acid off the substrate
surface. NH4OH hydrolyzes (or ionizes by deprotonating) the carboxylic acid and enables the



504, the rinse liquid and the cleaning material are renoved fromthe
surface of the substrate. In one enbodinent, after the rinse liquid is
appl i ed owmothw/sedagtrate surface, the rinse liquid, thePciraspéomgsIzateri al,
and the contam nants on the substrate2surface are renoved fromthe surface
of the patterned substrate by vacuum The contam nants on the patterned
substrate to be renoved can be essentially any type of surface contam nant
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as DI Wagl qf A& rehirfithél coh@miRiByV R tHaeubhest Gath&) ‘I‘ﬁ_@q)oilﬁnérg%ff% Pﬁlgrr&tl an,

if such an operation exists, or cleaning material, w thout the ean
oper at icompopnrd mithhargeubsleeane weight demm latigepolymear dhaissedvhioh camssodpecrats-on

houl d heni cal i d t h bst r at f fter i
ovapor JPEEY By B WG o BT Rl S b s B Rl B0 e Rt Prsbtissed
above RapeioadupabilagRsoficApekiaanind@npadfieg bedamlsts 8 &smMirksbn td BEnfeBabiH €S

wi t hout damagi ng . the features. The cleaning materials are fluidic, either
in |iqéle@niggaaaerids. i n |iqui d/ gas phase (foam, and deform around device

featur Z@S%’,%r 8isCi8ed LBEVE! GNP r@ﬁ&@i% aclfspﬁﬂcl’ggtfrc%lnfﬁgewcliflg'fa (gle \éliﬂgs?rate)

featur
surfaces, the polymeric compound of the polymers can contain a polar functional group, which

can establish polar-polar molecular interaction with hydrolyzed particles on the wafer surface.
In addition, the polar functional group can also establish hydrogen bonds with the hydrolyzed
particles on the wafer surface. The van der Waals forces between the polymers and the
particles help remove the particles from the wafer surface.

[0090] In addition, the cleaning materials entrap the contaminants and do not return the
contaminants to the substrate surface. The polymers of a polymeric compound(s) with a large
molecular weight form long polymer chains, which can also be cross-linked to form a network
(or polymeric network). The long polymer chains and/or polymer network show superior
capabilities of capturing and entrapping contaminants, in comparison to conventional cleaning
materials. As a result, cleaning materials, in fluid form, including such polymers show
excellent particle removal performance. The captured or entrapped contaminants are then

removed from the surface of the substrate.



cleaning materials in liquid phase can be in the formof a liquid, a sol,
or a gel. The cleaning materials containing polyners of a polyneric
conpound wOt2hid/Esge nol ecul ar wei ght capture the cont anPoantsgons2he
substrate. In addition, the cleaning2¥aterials entrap the contam nants and
do not return the contam nants to the substrate surface. The polynmers of a
pol ymeric conpound with | arge nol ecul ar weight form | ong pol yner chains,

whi ch_ 0o Bl B B8ty RS bl o BE ofy et &S%%Bkalﬁi irRRIKTRA R idRE ki Uhar

pol ymer chai ns and/or pol yner erior capa Ies
capt ur i qagriesnchaeget mafhipi alepnognsauntionanhe charge ofipbe fiseniond gomy efthcopallymers

cl eanin terials. 9], As .di scussed abpve, to assist renoving of

parti CI%E%PS AP 9\5&?@%’ %ﬂber PUYETS fﬁaé?s %‘lﬂ? RefaEK tot%?emﬁ’éﬂ SAEAd Ut aBdBeRssd of
t he poliipeses CapQelt ddioval BElcinchuncti onal group, which can establish

pol ar-pol ar nol ecul ar interaction with hydrolyzed particles on the wafer

sur f acd0092] Hidrlerwing maferigoisasubptanédallyofrat of rmupdefarmablle pasisieablor sibrasive

hydr og i t ] ol,yze rtigcles on the wafer surface. The van
s TS R e e e O A
parti cltas sitsamet snefavdrf Ronglefdrmable falt®d] aré Ra@dshirtid164) suéh s fdrB&BE NPa slurry
materials entrap the contam nants and do not return the contamnants to0 the

subst r drea’d;Angdcan depagsfng geyise dgatyres on Jhrepatiernedpbsirale.s Puging he subsirgie

nol ecul i orqn | . PO h NS i | so. be_cross-|inpked
to for mﬁégnn tgﬁcﬁgs cgir% 60%3%?% pé%% wor L]?.COJIIEQ ?%rt\%g%% ﬁnérr P %Iﬁlﬁlreﬁsﬁgrﬁd r
pol ymersubgtarosicfashoMmigyer, inornonadeddriniable mtliaésl @t beeh ﬁgeﬂﬂikﬂlalﬁptdij%s@cp iMhe
contam nants, in.conmparison to conventional cleaning materials. a
resul t ,© %P%nmﬁﬁﬂ%@?ﬁeéﬁg cleaping mgterial gy appliedcan, e rﬁéb@m swétopfer subshaw
excel | %rfgangl%rti cl e renmoval performance. The captured or entrapped

contam nants are then renoved fromthe surface of the substrate.[0091] The
pol yned 093 dritwughl (s enafoditentp ebyveatescriteymatk s als,i methodke and Ejfmmtﬁsi fm:? aleagihgup I
that carries.charge ip the cleaning solution. The charge of the functiagna
o oup. JPUE SURYEs oBe bafrabn Belg K SR efpeien e B Reiad cerageang
net wor Kot §lafl sapstait&pr ead out and hence i nproves the. particle renoval
efficiency. [0092] The cleaning material is substantially free of

non- deﬂ%%mléioya tthe: |dissugsinn alprvasiis vasniszad: pe | cksahingbefntameinantsi fsorappaktemdd on

t he su t e t enpyv. ntam nant s _or rticles fromth

subst r gfa g&g’u@? ZC?:%LQ%OWP greaglbspgn%dﬁlflgt%fgéﬁ' Fi'e a]é% %8 X ecﬁ gor 8]%% F?Iiltéﬁnét?,ntssﬁ%‘ﬁ W5
parti clpaserned &adrdir Iy adilitiGra Mk exdMehlaRhattamBea the PRl wefefLALMUES Moyt he
patterned substrate. During the substrate cleaning process, the cleaning

mat er i &€ REAUgIngolinese puckions Belysitipers lipes pametal |limssf ridoweves, the concept of the

present invention can apply to substrates with recessed features. For example, recess vias after
CMP can form a pattern on the wafer and a most suitable design of channels can be used to
achieve best contaminant removal efficiency.

[0095] A substrate, as an example used herein, denotes without limitation, semiconductor
wafers, hard drive disks, optical discs, glass substrates, and 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 in
which the substrate is handled.

[0096] Although a few embodiments of the present invention have been described in detail
herein, it should be understood, by those of ordinary skill, that the present invention may be
embodied in many other specific forms without departing from the spirit or scope of the
invention. Therefore, the present examples and embodiments are to be considered as

illustrative and not restrictive, and the invention is not to be limited to the details provided



substrate surface. However, no non-deformable particles have been
intentionally mxed in the cleaning material before the cleaning materi al

i s appl i esoaniodssssgubstrate surface for substrate cl eaniPog/USp@OD3J29A t hough
t he enbodi nents above describe materal s, nmethods, and systens for cleaning
patterned substrates, the materials, nmethods, and systens can al so be used
to clean un-patterned (or blank) substrates. [0094] Although the discussion
above i t tt rs, the
c|ean|ﬁ§m§§gg§Q?§§ nethaggﬁgggépkgggﬁga%ggg]?ﬁl %%gg§§{§h1nants from
unpat t egped In addition, the exenplary patterns on the patterned
waf ers dlscusse above are protrudlng | i nes, such as polysilicon |ines or
nmetal |ines. However, the concept of the present invention can apply to
substrates with recessed features. For exanple, recess vias after CVP can
forma pattern on the wafer and a nost suitable design of channels can be
used to achi eve best contam nant renoval efficiency. [0095] A substrate, as
an exanpl e used herein, denotes without limtation, sem conductor wafers,
hard drive disks, optical discs, glass substrates, and flat panel display
surfaces, liquid crystal display surfaces, etc., which rmay becone

contam nated during manufacturing or handling operations. Depending on the
actual substrate, a surface may becone contami nated in different ways, and
the acceptable | evel of contamnation is defined in the particular industry
in which the substrate is handled. [0096] Although a few enbodi nents of the
present invention have been described in detail herein, it should be

under stood, by those of ordinary skill, that the present invention may be
enbodi ed in many other specific fornms without departing fromthe spirit or
scope of the invention. Therefore, the present exanples and enbodi nents are
to be considered as illustrative and not restrictive, and the invention is
not to be limted to the details providedtherein, but may be nodified and
practiced within the scope of the appended clains. Wat is clained
is:Cains 1. A cleaning material applied on a surface of a substrate for
renmoving particles fromthe surface, conprising: a solvent; a buffering
agent to change a potential of hydrogen (pH) value of the cleaning

mat erial, wherein the buffering agent and the solvent form a cl eaning

sol ution; and



pol ymers of a polyneric conmpound with a nol ecul ar wei ght greater than
10,000 g/ nol, wherein the polyners becone soluble in the cleaning solution
to form twe 20ioa&sésng naterial, the sol ubilized pol ynersPCoruskeng/osany

pol yneric chains and network to capte¥e and entrap at | east sone of the
particles fromthe surface of the substrate, and wherein the polyneric
conpound has a pol ar functional group, the polar functional group of the
pol ymeri c conpound establishing van der Waals force with the particles
hydrol yzed in the solvent to help refdammshe particles fromthe surface of
t he suggtragﬁ{ 2.. The cLeanin material of claim1, wherein the solvent is
sel ected fromclaBingrBYpridnelicd PR syrfaceeled subsgatsriop jamayies Retticles By the

di met hyl sulduemideofbN§g). dimethyl formam de (DVF), or a combination
thereof. 3. The cleaning " material of claiml1, wherein the polyneric
conpound i s swlent.ed fromthe group consisting of acrylic polyners, such as

ol yacryl am de { PAM , pol yacrylic aci , S a r bopol 940" and
ot bopol . o4 7 SuttrabisrBa Bitas aerfiap Ak Ghisr (NGRSt Gt Elosring Msvariid)
( PDVAA hergiftliye lﬂd\ﬂférﬁ?&rg_@ﬂ)ﬂndi‘l@é i@t fistin { SbEMEoluRal; ¥pgt hacrylic acid
(PMAA), pol ymet hacrylam de (PMAAM), polyiniines and oxides, such as

pol yet hyl eneolymere of PBP}ymesis apatpophé mathoxindecylRPE®@pighp gtepfer tmpl K4RO0(moE

PPO , Wil ny 0, rs....such _as.nol yvinyl . al cohol (RVA), polyethylen
Sul phontishel B ARRES beHR0 oo R Ih Mtk R o7y s e T )
pol y- 4-selubjlize@ ybiyaere fdritdnlong GRIynHrR S amhe ahl REIWER to ShflireahdBREAY ht least
cellulose (NC), ethyl-cellulose (EC), hydroxyethyl cellul ose (HEC),

car box yRAEE RS 1the anrtigles Seom dhacyurfage (of shecaiibairitgeand wherminade wiuneric emapouadd
agar os b egs I ins _such as _al ]

cor 1 agans TBAFbfbetigh ey hilc AL AL SHIY o A b SRR o e e
pol ar fvancietr &V?}Is fy]rmjwithlsths phlfbi]icleedllyﬂfcﬂlyﬁ:e? ig rtkllw pole@ms:}) ?iﬁlﬁ(;ﬂ:nlﬁfve&ﬁe PhtORs "
am de, _hydroxyl, c on sul fonyl, sulfinyl, or su ydryl group. 5. The
cl eani ﬁﬁ%ﬁ?éﬁf%@e %;tg%ﬁ Sfﬁ‘tf; wherein the pol ymeric conpound has a
functignal gneUledfidd neAEAdISS CARE9E WhertRCie! SAUHRYs Ssgiel&e'doﬂonlaﬂ\g %I%ﬁ :
functional group is selected froma group consisting of quaternary ni um
cat i on coesastingxof water, ppapyl alyeimdt(BPA)s dinfedinil subiciide (IDMSD)e dintdihydl forn@dmide

vt ant (ST e bindn §6%800 o/ mol to-about 1 0OM g mol - 7. The cl eani ng.

materi gl of Toklddhihg MAEHAIIT cldi@ MN&IHRLn BRI Sotfthe®d cdBifoud@liy BBESed RomNfe
group consisting of acrylic polymers, such as polyacrylamide (PAM), polyacrylic acid (PAA),
such as Carbopol 940™ and Carbopol 941™, copolymers of PAM and PAA, poly-(N,N-
dimethyl-acrylamide) (PDMAAm), poly-(N-isopropyl-acrylamide) (PIPAAm), polymethacrylic
acid (PMAA), polymethacrylamide (PMAAm), polyimines and oxides, such as polyethylene
imine (PEI), polyethylene oxide (PEO), polypropylene oxide (PPO), vinyl polymers, such as
polyvinyl alcohol (PVA), polyethylene sulphonic acid (PESA), polyvinylamine (PVAm),
polyvinyl-pyrrolidone (PVP), poly-4-vinyl pyridine (P4VP), cellulose derivatives, such as
methyl cellulose (MC), ethyl-cellulose (EC), hydroxyethyl cellulose (HEC), carboxymethyl
cellulose (CMC), polysaccharides, such as acacia, agar and agarose, heparin, guar gum, xanthan
gum, and proteins such as albumen, collagen, and gluten.
4. The cleaning material of claim 1, wherein the polar functional group is selected from a
group consisting of an amine, amide, hydroxyl, carbonyl, sulfonyl, sulfinyl, or sulfhydryl
group.
5. The cleaning material of claim 1, wherein the polymeric compound has a functional
group that carries charge in the cleaning solution, and the functional group is selected from a

group consisting of quaternary ammonium cation, carboxylic, azide, cyanate, sulfonic acid,



cleaning material is between about 0.001%to about 10% 8. The cl eaning
material of claiml, further conprising: a surfactant to assist in

di sper si nyoaniwvessé4zng t he pol yners in the cl eani ng sol uPComsS2@9/0349202
cleaning material of claim1l, wherei®the pH value is between about 7 to
about 12 for front-end applications. 10. The cleaning material of claima1,
wherein the pH value is between about 1 to about 10 for backend

appl i caliirQB: thibt: or &ﬁh&%}bﬁ&g material of claim1, wherein the polyneric
conpound has a functional™ group that carries charge in the cleaning

sol uti dn, t Hehecheangreg materinleaf daimt heviferic theanalecygrowgighf is thaevgealapomr 06000
conpound_i pproves ticle renoval efficiency. 12. The cleaning material of
claimZ% r,nogﬁ? QP ARE &0l ner i ¢ compound has” a functional group that

carri esy negattev@lesihias afitdrinl tok*%la(iﬂneﬁ“\ivﬂ&eﬁoﬂhﬂt\i/&%htt Patenk DERAS :;)Sly%gs fiROUS.
13. The cleaning material of claim1, wherein the polyners are’copolyners
made ofclepping mafanaldnbetpeby akout ©.09d Aplowbdut 1M%. The cl eani ng materi al of
claim wheg.ei i t he pol IS, ar opol yners .nade of nore than one
polyrreagl’c cgfr%octlﬁa lsrfgrgﬁtaxﬁqﬁog}% g eloﬁlgﬂ’&fx?lﬂgr%%'yrreri ¢ conmpounds has the

functional grsuactahed sdstiy dkparsig or ekttt @Gk palyniegs mahe'tle@Min@Bsluamet her one
of theaqpol ynmeri ¢ conpounds has the polar functional group. 15. The cl eaning
mat eri A of Thegileaning magsapkepicleine 1 puhsraiarthe pHovabeuisdetween abayt 7 e about 12
functi r . carry charge in the cleaning solution that is basic
and aqgglgﬁg&iésm%/gkﬁ%trﬁlgﬁghe pol ymeric conpound that has a polar functional

group il9. PANThelbeaniiizematleeianofingaimal ewheatinahe pHavamielis babhededi dbopol Yorebdut 10
form ncTL Iongﬁgiol yneric chains and network at least in part are influenced
to captighkac wRliFaParticl es by polar-the van der Wals force of

pol ar - pgl ar 1Rl GEHiA nlaldal %?_tcia%l ﬁnghé}mrtggfﬂ%gng%ﬁ%e réﬂiﬁlﬁnhéshaefl.g%gér?z{lyZEd

particles and the polar functional ‘group o C conpoun he
pol ynmergsouplthat Ganaescé¢haggei ingherelearingkolofiorg [thé chatge wdrdedby theh@inctli@abgrogp of

mat er i aﬂ,lfl d@f orms around .devi ce fe.a&ur es ﬁg{éhe surface of the substrate
when a 'foOPLETFLC SHBPYURY 1BIRTQVre PAIUEEIFINGY TFHY- covering the substrate,
the cl gani ngheed&midl maeHaDoARRIH a0, %efehﬁt&%&lﬁﬁ@ﬁ@torbﬁ@umﬁsez[ ﬂﬁlgti?rlla;/

substrate to renmpve contam nants fromthe surface wthout substantia
danagi ggoupHbatgaviesaegativerabgrgsnn theeclguitesoditioniatds basid argl avmeeusi al  bei ng

Sube Lol A ARt BRSPS T o
than one polymeric compound.
14.  The cleaning material of claim 1, wherein the polymers are copolymers made of more
than one polymeric compounds, and wherein one of the polymeric compounds has the
functional group that carry charge in the cleaning solution and another one of the polymeric
compounds has the polar functional group.
15.  The cleaning material of claim 14, wherein the polymeric compound that has the
functional group that carry charge in the cleaning solution that is basic and aqueous is PAA and
the polymeric compound that has a polar functional group is PAM.
16.  The cleaning material of claim 1, wherein polymers forming long polymeric chains and
network at least in part are influenced to capture and entrap particles by polar-the van der Waals
force of polar-polar molecular interaction and hydrogen bonds between the hydrolyzed particles
and the polar functional group of the polymeric compound of the polymers.
17.  The cleaning material of claim 1, wherein the cleaning material deforms around device
features on the surface of the substrate when a force is applied on the cleaning material

covering the substrate, the cleaning material being applied on the surface of the patterned

substrate to remove contaminants from the surface without substantially damaging the device



18. The cleaning material of claiml1, wherein the polyneric conpound is

pol yacryl am de (PAM and the nol ecul ar weight of PAMis greater than or
equal to wO0QOOB3gLnol . 19. A cleaning material appliedpom/is2enieer of a
substrate for renoving particles froMthe surface, conprising: water; a
buffering agent to change a potential of hydrogen (pH) value of the
cleaning material, wherein the buffering agent and the water form a aqueous

cl eani ngaGRk UWd & sidhite PRy BBAMnO imdle PR BE] 's@bs%‘?lﬁane rsfﬂig\’\ﬁ)it le‘asiq?[?%fd'&ll(%r

wei ght greater than 10,000 g/nol, wherein the poly econe so ein
t he aquisbure the deanirgymeisrial is @pplicd dnghersurfeee off darpatigrnedisebsuate. t he

and ont1Fap oG L6 e RSP S KRR AT o Gl riEe Eimeaid Brpanagn iR ©

subst r aPaMpdd HORToRIcHlak RRighebY PRM & oiBanom®akof 500900 Aab1. 9T oup
carrying charge in the aqueous cleaning solution, the charge carried by the

functi difal ot slegnine maerigaipphed pe acurfpesueior subsirateder pranaviieg partielen Vim the
ef fici %g&xcé)x?‘gg}ggiﬂ . the polyneric chains and network nore spread out in
ean

t he aqueous’c ing solution. 20. A cleaning naterial applied on a surface

of a substrataef or renoving particles fromthe surface, conprising: water;

a buffering ag?%%[r to change a potentjal of hydrogen (pH) value of the
cl eani ng natfeMUlieringigeRtdp shings anemial aghydiesan @R vehe aldhesletpgmatesiglieous

cl eani nhctgh wid itierdd deBRl KRS A RrROl %ﬂgﬁd@%@%@&;@ﬂ@ﬂi hhy a nol ecul ar

wei ght greater than 10,000 g/ nol, ereil ectoime soluble in
t he aqueous polyeass nfja polymdrorcompofind mithhemoleedar weighapeticathant 106000 g/mol,

and ettty BaEhe Rt iR 4l dhe aisors Shah Slitioade Tormuhe cloating
subst 1 afferiANghe WORIbAI22d A/ RS YSRihE 1&@%&1@@&1@%&%&%&% S0 Bd | e

carrying charge in the agueous cleaning tion, charge car
f unct i éntip grleasp sane phdie pottichasfiam thermpdacwofi thp subsastepard whéreinrtberpalgneric

efficien b Ki .he . polyneric chains. apnd network nore spread out in

t he aqﬁg‘%‘égu‘{q g%naf ﬁ%cé(&rf%lgf%ﬁ), Caﬁ&“g\/\ﬂ‘@f@l lﬂqgﬁéq‘ﬁ?SP%'éﬂ“E‘géB BB’n‘g‘eﬁ agg
pol ar fchiiedi an_he Ofu@biflonal NGo@P| AT thfsuPGFyinéﬂél! cAhSURd Ofmpro e P QLIRS r&moval |
conmpound_establishing van der Waals force with the particles hydrolyzed in

t he aqGEuuNCy| bamaking sheuppbymeris ¢haiy ahootevarkemprgr siredde suf i rthe heueus f ace

of the cleaning solution.

20. A cleaning material applied on a surface of a substrate for removing particles from the
surface, comprising:

water;

a buffering agent to change a potential of hydrogen (pH) value of the cleaning material,
wherein the buffering agent and the water form a aqueous cleaning solution; and

polymers of a polymeric compound with a molecular weight greater than 10,000 g/mol,
wherein the polymers become soluble in the aqueous cleaning solution to form the cleaning
material, the solubilized polymers forming long polymeric chains and network to capture and
entrap at least some of the particles from the surface of the substrate, and wherein the polymeric
compound has a functional group carrying charge in the aqueous cleaning solution, the charge
carried by the functional group of the polymeric compound improves particle removal
efficiency by making the polymeric chains and network more spread out in the aqueous
cleaning solution, and wherein the polymeric compound has a polar functional group, the polar
functional group of the polymeric compound establishing van der Waals force with the particles
hydrolyzed in the aqueous cleaning solution to help remove the particles from the surface of the

substrate,



substrate.21. The cleaning material of claim 20, wherein the polar
functional group and the functional group that carries charge of the

pol yrmer s wanotwassdie sanme functional group or different PamaiSzaasI2gr oups.
22. The cleaning material of claim 22 wherein polyners are copol yners of
PAM and PAA, and wherein the polar functional group is part of PAM and the
functional group that carries charge in the aqueous cleaning solution is

part 0fy1PAA The cleaning material of claim 20, wherein the polar functional group and the functional
group that carries charge of the polymers can be the same functional group or different
functional groups.
22.  The cleaning material of claim 20, wherein polymers are copolymers of PAM and PAA,
and wherein the polar functional group is part of PAM and the functional group that carries

charge in the aqueous cleaning solution is part of PAA.



