WD 2010/ 053642PCT/ US2009/ 059292 COWVPCSI TI ON OF A CLEANI NG MATERI AL FOR
PARTI CLE REMOVAL BACKGROUND [0001] In the fabrication of sem conductor
devi ces g@Ghopssdint egrated circuits, nenory cells, amdribmodidksz a series
of manufacturing operations are per1f ormed to define features on
sem conductor wafers ("wafers"). The wafers (or substrates) include
integrated circuit devices in the formof nulti-level structures defined on
a silicon substrate. At a substrate |evel, transistor_devices with
di ffusion IGWHQSETH)N@M CILEAMN&MAHIERB&EIEOH BARBIGIBCt
metal lization |lines are patternq@pgrovaliectrically connected to the
transi stor devices to define a desired integrated circuit device. Al so,
patterned conductive |layers are insulated from other conductive |ayers by
dielectric materials. [0002] During the series of manufacturing
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, cheny ?Iaﬁ 6’1‘?19195' tion materials, and |iquids,
anong ot hers. The various conta deposit on the waf er surface in
particulate form If the particulate contamnation is not renoved, the
devi cemot ! . %a%ﬁczwoﬁ'o@'s%c%d&ta? AR LBl oirk il htBE, Lelgper abl e.
Thus, I"'s necessa ean contam nants er surface’in a
subst aaltd aiel ykszmptr&tseoﬁmmn@acmngwmram ngerfomeed datdefies fdghiened on t he
waf er . lze o Lt I n.the order
of thescg}l?ciﬂl %cé?r “éat}ers svfag%rg i?gm of”'F e? : %g?éeig%gg? {ﬁg{g‘% gm% %FC%R dfg ef< Renmoval
of sucik sEebim p»armulnmémt etmmrrtsadifnmﬂmmna wltchmwubmdlteer sﬂglwsw‘sfr&tctlewg t he
features on t | t fer
ol ean T HEE HBdsTh a0k FERHER GV R St nimh St S, PaRvER

parti cub@li@atianinddTae @hat@ﬂecf ﬁrﬂmletctmanw:mneaeﬂ feathe .traﬁﬁstéle@dvttree tsdefi@sacont i nue
to decrease and becong r.agi t he bahility of feajure danage due
Lo appleesh R RCRATEs Mgt el PRBNR dive e dowl it PR BT Lo,
exanpl &ndl@aé 1k ES b ariaagichhgdiaaspect rati os are vul nerable to toppling or
br eaki ngqvvhen I npact ed b%‘Pa sufficient. mechanical force. To further
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parti cu ate cont am nation, Particul ate contam natjon of sufficiently snall
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t hat mahuf acturing operat | panel di‘spl ays suffer fromthe
sane shoedessory ngdanfconthminants dyyathe dvaderrsatfice imemibalentintly vgmgletcmamed above.

without damaging the features defined on the wafer. However, the size of particulate
contarnination 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



[0004] In view of the forgoing, there is a need for apparatus and nethods
of cleaning patterned wafers that are effective in renoving contam nants
and do n the features on the patterned waf erggr RsbiiEYe; [ 0005]
Broadl y %%’g&%g%zt he enbodi ments of the present invent{on provi de i nproved
materi al s, apparatus, and nethods for cleaning wafer surfaces, especially
surfaces of patterned wafers (or substrates). The cleaning materials,
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of par [omem ¥iew ¥ tHadonyaihg thérets Sided tfodppirasisizhd aeshods beclpolingrpttraed onpound
of the pql rs c contain a.polar functionpgl grqu i ch can establish -
ol ar < BB Wb RECaTeat v i BRI G e, B 200 HRbes B JEGRS PRd et or
sur f ac@ardriedagdési on, the polar functional group can also establish

hydr ogen bonds with the hydrol yz ticles on the wafer surface. The van
der Waal s forces between the pol the particles help renove the
parti ckgdsf sk hepRher tRUehBEEmeht900hd Hradat trivetiont Reovede apraged
materials entrap the contam nants and %o notf return the contamnants to the
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di scussed above, the polyners b f -1.i nked. er extent of
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includes a solvent, and a buffering agent to change a potential of hydrogen
(pH) vrErtiskesdelprpEos BapATHYeEe Meal feniHERS: n the buffering agent and the
sol Vﬁgboéo‘??ﬂn AdHbE e "eSRUinhRals EhGas | BARLAGIRAST dndl dAhsO rduia! Mees

pol yners of a polyneric coipound with a nol ecul ar wei ght greater than
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the particles fromthe surface of the substrate.




[0011] In another enbodi nent, a cleaning material applied on a surface of a
substrate for renoving particles fromthe surface is provided. The cl eaning
material includes water; and a buffering agent to change a Eotential of
hydr ogen wok)owsistee of the cleaning naterial . The buf FeVPSYP4G&% and the
wat er form an aqueous cl eaning solufion. The cleaning material also

i ncl udes polyners of a polyneric conpound with a nol ecul ar wei ght greater

t han 10,000 g/ nmol. The polynmers beconme sol uble in the aqueous cl eaning
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[ 0016] WriagUbke 2Bthsho particlae Avdralyzat iuhé wiest af hqipkenase thapirdeey fPAMtheand
polyacrylic acid (PAA), in accordance with one enbodi ment of the present

i nvent PEFce pOBE PSR GuUr e 2C shows the resonance structures of PAM with
functi gpay Br fldeher CENENRAY 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 molecuiar 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



of PAA with functional group -COOK, in accordance with one enbodi nent of
the present invention. WD 2010/053642PCT/ US2009/ 059292 [0018] Figure 2D

shows a bondi ng schene of a copol yner nade of PAM an 1 th hydrol yzed
siIicon'WQﬂH@mgﬁﬁ%icle in an agueoys solution, in acggfééﬁﬂ%@%%9|ﬁ one
enbodi nent of the present invention. [0019] Figure 2E shows a bondi ng
schene of a copol yner nade of PAM and PAA with hydrolyzed silicon nitride
particle in an aqueous solution, in accordance wiith o enbodi nent, of the
eﬁgb $ehoval

pr esentia§ HiPBF{NBhErouR REEE GBRigE MehS ATLINBWE AT SRIYUAT er EfEe

ef fici epch@sidnRREDLpasF de fﬁégﬁf&i@rboﬁlfpoﬁm anpoass WetigB! refndval C4fBEBATYTbY

mat eri al s contai ni ng PAA and HEC (hydroxyet hyl cellul ose), in accordance
Wit h ofekisasdIoRERiC shaiphandgiepE ofespEsit B hin thopprepuselegiing sailidhons a

di agr apgeab) BREs afsihdd chibdainieal) aQficalRb efitbdll apBlicatn { Qurf ek @RRIsOEkARLEY i al S
containing PAM in accordance wi th one enbodi nent of the present invention.

[ 0022] remqyingeragcies HEMR tsoTupiaes 1 Ervfsidn s g rde At iBRIRIY finghies ikt n#d 2

negat i ¥ekefingNBLAH cha ettt bOR@ro@hqQUR) Walug A Sle fl4feriaPl Whd On, in
accordance W th one embodi nent of the Fresent i nvention. [0023]. Figure 3D
<

shows bwieriobeains and sher ieteidoam 6n apasors slepyingyelrtey 2 Ebe Paning maiielciYance
Wi th Oﬂﬁluﬂ%}ibgg%%@tofqa#ﬂ%leﬂé 2SR unHNWAN G ABlechiI0 A lgnFiptidle A shigws a

schemati c am of apparatus for cleaning contam nants froma
subst r gtml.s Thé gelymersnbegeme seldple an wier HIUGAE dpasint saiwfionop fore thy dewins

I nvent Jngt@riai. 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 functional group carrying charge in the agueous 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 agueous cleaning solution.
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

aqueous cleaning solution to help remove the particles from the surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[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
Jarge 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,



[ 0025] Figure 4B shows a top schematic view of the apparatus of Figure 4A,

I n accordance with one enbodi nent of the present invention. [0026] Figure
4C shows a schematic diagramof a region 450 of Figure 4A, in accordance
Wit h enbwdizemensssed the present invention. [0027] Fi gﬁ?EUWé‘ﬁm a
schematic of a diagrama process afea 450', which is simlar to the process
area 250 of Figure 4A, in accordance with one enbodi nent of the present
invention. [0028] Figure 4E shows a schematic diagramof a rinse and thy
appar a{#38UHEyrei 3D abwoy danodingvstiiemored ebsdymenmads of FAM raaddhtA iwithent i on.

[0029] , F4. Yhed HicBH oW, c RurBEOGPES Léo%xvs&&uaﬂmccar h&%ﬁzog?éa{% hindh 40 cl ean

a subsmﬁ surface, accordance W th one enbo I ment e present
i nvent thﬁlpres@ETnﬁdeilEEm. DESCRI PTI ON [0030] Enbodi mrents of nmaterials, nethods

and ap t nj C 0 gg@gﬂ features
are d eBﬁS ?9] Pu%um % egf%: %‘gaén ﬂ%@%? %1? ]I§1g & @%)o‘gﬁ;rg%}u}éﬁdé;n d ng LijVAdé1 gﬁ ussed
her ei nhjtavigzeddilant agede partidé @ean arqgeq:aatso@tlme,dn supstamat e»sthwnt: kubpdimedteat ur es

wi t hout, , WO 20£I..0/ 0?3642PCT/ US2009/ 059292 6
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[0020] Figure 3A shows a diagram of particle removal efficiencies (PREs) as a function of
molecular weight for cleaning materials containing PAA and HEC (hydroxyethyl cellulose), m
accordance with one embodiment of the present invention.

[0021] Figure 3B shows a diagram of PREs as a function of molecular weight for cleaning
materials containing PAM, in accordance with one embodiment of the present invention.

[0022] Figure 3C shows polymeric chains and network of PAA having negatively charged -
COOH functional group in a basic aqueous solution, in accordance with one embodiment of the

present invention.
[0023] Figure 3D shows the chemical structure of partially hydrolyzed PAM, in accordance

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 44, 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



damagi ng the features. The cleaning materials are fluid, either in liquid
phase, or in |iquid/gas phase, and deform around device features;
therefore, the cleaning materials do not danage the I@ E@% res. The
cIeanrng“ﬁﬁWéWﬁéV% contai ning polyners of a polynerr %boun Wwith |arge
nol ecul ar wei ght, capture the cont dvi nants on the substrate. In addi tion,
the cleaning materials entrap the contam nants and do not return the
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whi ch %‘ﬁ?bct th?é?thpa r.%rh% &thlﬁﬂng OF $8nARPH RdtafitnanRercit & WHki&e. 1 n one

enbodi e asp ec rati o of the device structure can be in the range of
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st r uctafresicangudnie, megeat&mt/ed yothicgh dasrpemporfatmammm the widie 0§theulﬂvxsr¢ es make

t he device structures prane.to eak mul at ed
ener gyfeﬁh‘aeﬁueatﬁﬁf’?“éaﬁn PP %‘gmqer‘vie Qhag %’Vgggﬁgct%’%gg lr’%Jhc‘%Lro grsﬁ%ggé?r%%ggpartr cle
sour candil FRdtERedt] Sadowing axddwtdtm;n and heigtiamal) etrdavics evatld unctrerzrsesthal so can

becone |noperable ue to the damm [ 003 sho

cl eaniThgstviies ripa highh 0 Wﬁecﬂg%g?ﬁ“g%% dogig Jé’gng% ‘t?t fndlﬁ cogﬁt ai ni ng
pol ymehsaukdfe Whichirdsal Aea AOLIE auioy stteiugdi] sudh 38 @dmade wmﬂdmavelhegimp@t l'i quid
05, in accordance with one enbodi nent 0{13%@6 resent jnventi a‘? | n one

enbodiragmtvhichezketpm Broge TG PatoEss apP the STYEUPE ot WELBORIICH: anot her
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mat er i ggle&%ﬁ% %gﬁﬁgggoggﬁﬁﬁ%iubstrate vvrﬁteh particl egs on the substrate
sur f acieplietiion hamtroeiptevineludasdorce MeRAIORSFS! !erré@m% EAtiges fRIreopRmERnEH o1,
12011, fromthe substrate surface ill of substrate 101. In addition, the
cl eaning material 100 entraps particles that are renoved fromthe substrat e
surface 111, such as particles 1201, 120mor are present in the cleaning
material 100, such as particles 120m 1201v, to prevent themfromfalling
or depositing on the substrate surface 111. Details of a cleaning materi al
containing polynmers with a | arge nol ecul ar wei ght have been described in
commonly assigned U. S. Patent Application Nunmber 12/131,654, filed on June
2, 2008, and entitled "Materials for Particle Renoval by Single-Phase and




WO 2010/ 053642PCT/ US20091059292 8 can be hydrolyzed to form O H and HNH
on the particle surfaces or stay negatively charged (0-) on the surfaces of
t he partl cle, as shown in Figure 2A. [0038] If the pglRhsobiehe cleaning
mat eri al c%?t’t“g?sﬁ“ﬁol ar functional groups, the polynmers can establish

pol ar - pol ar nol ecular interaction with the polar OH NH2, and 0-groups on
the particle surfaces. Pol ar-pol ar m)l ecular interaction is a van der Waal s

i nteraction and ca n tract forc bet onmpounds.

Fur £ horfTomE RSB E i (D 0 BATRLIGT TR0 MALOR e ssdy b FIF8H hy o ogen
bonds Whitdial hed pel @abstd siNd2e oapnsh B fighmodigsneing tdf eldaaing i radteris wr FHades.

Hydr ogen bond results om a di pol e-dipole force between an el ectronegative
at om digeK aydh ?)Sugﬁ@tq\fuﬁ'{a% in silicon oxide and oxidized silicon nitride,

and a hyeh4p gendak@rdooiar df tevicd duagas ,an@mygelmw@y higalaﬁg@eﬂra(lﬁdﬁfhbﬁf}e
fluorine), such as the hydrgtﬂen at ons bonded t Bag‘%gn in water
I

hydr ogdRUBEHRY make Jeydsvise SPehEs fpf‘%‘édoch" pas g nfolifgr"r\ﬁ‘é‘tn%‘l@

force, chsthy WRRK8plieh #tc& OV @iaged @i s&ﬂduﬂé@b&idrdfﬁa RenEs sodr&03%dutd gur e 2B
shows chem cal structures of two exenplary pol yneric congoundsa

pol yacayAlandedifisae dagpge frvirgsTaCHTGh e Eﬁ’i‘ahec‘@‘%‘bﬁ’ﬁper@ﬁ‘il ¢ lodRgdassesacr yl i c
aci d (AAk) FiphiChsHoas aaiic{:‘km@l'éér@r[gaihatgﬂﬂq@o #RIRh cofalib e ldeing eMEod NES

resonance structures of PAMw th functional group -CONH2 and of PAA with
funct i 6pRERINiGE PRlYmeEOdd With darge-polgryar. Rﬂahtrftwsatve@%t}ﬁscltﬂﬂlmm%w oi0- pol ar
group Qf. RAAAKEH ARt iNPolRled! of IHRURSsehOindvBitRInACH: ¥hd Bmb¥limetHee @jadh O-

groups on the particle surfaces. [0040] Figure 2D shows a bondi ng scheme of
a copokiaing magdalof00pniv g forg Wk enethiy gmepdimsat sha ¢leasnsoRiteréal 87 Siccl e in

an aquggus SehuthMediheafeRhdamoe ki e EDoERN A phielePbeuRn!

i nvent e particle surface has polar groups OH and 0-, which form
hydr oge;rbstmcldm“fawﬂ tLh1,C20 capiere-aNzepOE dartiglesupish 68 pEAMea AdO:CRx, fsom & gr oup

of PAA, us d-,%si P8¥V§1b§m?<?llgi g a%ta‘ttf% Ot 1eani H&MEOWP@%MM and PAA

W th hmﬁ’ro |con ni parti c I'n an aqueous S
-accor danat:ﬁe \ntmdrved rﬁt@nethb@ulvsttewtsud#cetlﬂé qnncbgsammtlnwé?{m B, oFheee praseni vl e

surfac olar OLRS \ . n wth
C=0 an (ﬂiﬁ? R§oTaF aglr%{@psgﬂf agg%f;ggng% ! pof g? I%%lglpm(;e %%& faﬁg“gd"}] The
pol ar -_@@ioatmgmh eeudubstratn biefaae tlil bn Betdilson! myldam@mamladsodmenmg@cﬁymhe

pol yners and the gxyge |tr en est.ablish strong va | s forces
bet weeK!H I‘F’e%ﬁ%ff ﬁfg‘?%’g’én‘ﬁelgﬂ Q Bl%egm@ ch §YPER yvﬁsﬁlgB% %V\?% Storces
hel p paubplichtieh Nafnbbxctzzssta@say t‘iddOcm e amonacam drftitled eMesmiaiefor YWaatls f or ces
are strong enoygh, th %(Pi?rc the tractlve %Frce bet ween t he

e
part i cRe8OZhay ?Wéfespﬁ'ﬁ?t “Flétt % Bnd" *PF ¥ I?“"r?ép‘)ﬁ%\‘F %“FI«E Ydf re{"ﬁ’em
subst rgd grigy.f ace. [0042] Exanpl es of polar functi onal groups that the
pol yrrer s _can have to establish the pol af E‘ﬁ % {%cul ar | nt‘?r acltI{IMDn
and/ or [0A3al Topembls sarinTRe RREUCIES Bt A8 paTE!es At rutrdn Huthe supstaie
2010/ 03364XRGHNRR08L O5RRAL 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 inciude, but not limited to,
silicon oxide (Si0,) and silicon nitride (Si3Ns), whose surface could also be oxidized to contain
oxygen (5i;N4Ox). 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 (Si0,) and oxidized silicon nitride
(5i3N4Ox) are both hydrophilic. The oxygen atoms (O) on surfaces of silicon oxide (SiO,) and

silicon nitride (SisN4Ox) particles, and nitrogen atoms (N) on surface of silicon nitride particles



9 t)o, am ne, am de, hydroxyl, carbonyl, sulfonyl, sulfinyl, sulfhydryl
groups. [0043] Besides having polar groups in the nolecular structure of

t he pol yners, having a | arge nol ecul ar weight to for r.ghains and a
pol ymer nEPRAHARSIEL al so i nportant. The nol ecul ar wei %&ﬁ%@@?%@rs used in

the cleaning material can affect t hé particle renoval efficiency (PRE). PRE
is measured by using particle nonitor substrates, which are purposely
deposited with silicon nitride particles with varying sizes. In this study,

only pafan kel ydeilyzed (iR ¢ HatH e te pricle sUtiacss of gay neseitvely chasgedy| at ed

by equag@-p&&éluﬁdc&t&%mlrm\e, as shown ilPREure 204Pr e- cl ean counts - Post -cl ean
counts)/Pre-clean counts (1) [0044] Figure 3A shows a graph_of PRE of

h
cl eani nEPOASIIE theanobynygrs H 1981SJ5HBING iRl AT RElapAINSHERA ETRs offit 8OlymEiE PRE

measur egnt NepEheMr 818 hidihRh Gieraftion | illCAR poid IdMENRAr i gHufenpakt ed on
surfaces of substrates that are greater than 90nm by cleaning materials
nmade of Pasidly aufages. c Paler-polppmelecypr HiEsgachiey at AyYancesr| Wpds dnteragteon 3nd A " 100"
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about g/ mol to about 50% for 1M (or 1,000,000) g/nol. Data
i n Fi guueh 3A\CaksoNsttaws ith silicPRExifin erde asidizedusitisompitadel and avbydybgenfagem PAA
from aho %for 5 0 . 85% PRE
does n(l}fold?:%dgt%gné% e%hogg%egl\’/\gléﬁ&%&%?pgﬁ& n%%%&%@r%}:éﬂh? é@%’ﬁg?ggés@% about
85% [t0@48denkh gutee. 3Beiydugermbopdaiph ey RREgdixed| dpolé-dipotentanrdealVdaalsade wit h
1% (weight 9. of . PAM in . 100" f L.on. of _the nol ecul ar wei ght of PAM
The dat ee??{n/%?r%eﬂp%t %rﬁ%% %Oﬁglgalﬂ%g%?%@?tgggcebo\%&%h nmol ecul ar wei ght of PAM
f r om aljogas] 3rd @B 506y 0Begicab Istréaurab adit twa5 Uxéroplafdy8 Mobfmapic. c¢iy@4ids, The

data in Figures,3 d 3B.show t hat | vimer it h_| arge l ecu i ght,
such aé’og’gg"@{% @/ﬂ&’ “ﬁ’d?h E%ﬂf' @%ngg%’u%f %m&mjﬁﬁ%?acgﬁ%f %% | for
PAM  ansghigicied aduictioiad geougo QOOPRER cuiPQICysiews thai rtdonhie garucrotee of PAM wigh ght |
such as, >100, 000 g/ al)o | ymers with forml | yoer chajns and
pol ymerdUIfE0T ERup \Sﬁifﬁe %ﬁp?#gga‘%@e fqngtborﬁgg{qug &Qmamﬁrg?@éﬁ%gﬂﬁ%d on
the subsiar atcaps s PANEaRNDOSU pPRANgRdp of AR 418 abiMecpdld] grodss Wememhiieith above,
when the polgyrrers come in contact wth the particles on the substrate

2y

sur f ac@HtN ﬁﬁﬁ%gfﬁPW’s&“‘éﬁarﬁﬂés‘H&C%rs f orm hydr ogen bonds and establ i sh
pol ar - pei4dt Fipteeot | sabwi At natki RASHbLE B BRsIVinet asdonstiavisaastAataasur f ace.
The van der als force between the particles and theggolymsr s .are strong
enough hydrolyped siligen opide pRgicledn P BiHCORSOMLBDIR Atcerdenrs Witk Onergabodipgymt of

2010/ 0%%4&%%5’%%9& IRDPRAe Hidck bASIRREIIPE (RS at] ©- IWiRRPREm A Gogas Pended
in the polyneric network and chai ns fornmed bé t he polyners. The trapping

and subpatdiitigCoP andeNPappiae ReupppicldaM: and{dOBapelac Ewyp 1of Biv¥ afigisgtback to
the Su?ﬁotw';sa:} %ox?di'rqgf &%8me 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 inferaction 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



[0048] Polyners with small nol ecul ar wei ght form short chains and are not
able to formpolyneric network that would capture and trap particles. In
contrast, polyners with |Iarge nol ecular weight forml %y L, chai ns and
al so a pdygﬁﬁﬁﬁﬁ@ﬁetmork (or networks), as shown in Fﬁ%ﬁ?@ﬁ }gﬁﬂ% pol yneric
chai ns and network captures the particles on the substrate surface and
particles, which include inpurities, floating in the cleaning solution of

the cleaning materjal. The poly i ¢ chains d. network prevent particles
capt ur e® ?‘Wg?’ﬁgu‘g’l’ b-’éfl’i?w REPRY; gﬁ?ﬁoﬁ’r&?‘%ﬂﬁ?ﬁfﬁ%ﬁ' §R®Ssubstrat e surface.
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520, WA O oitDa nLABEEr: ot nA T Fe s i e SRR ¥ oot o
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nol ecul es _assu a ¢l ose cked formation.and the resulti ol yneric
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pol yners can also WO 2010/ 053642PCT1US20091059292 11 hel p the cl eaning

mat er i atd 52 gieliforhAia %y @GBSttt e surface when the cleaning material is
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[ 0052) PRREimaRe BRIt Bl S BB et vel y
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10. The charge density of the solution is defi ned]?lﬁ% t he | ar ge cent age
of acri ipelan&raps /n tthée PRIAFEATY hygaeeh YKl pAGSERE RN TBHTET shown i n

Fi gur einéB‘ctions 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
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lifted particles are trapped and suspended in the polymeric network and chains formed by the
polymers. The trapping and suspending of the particles prevent the particles from falling back
to the substrate surface.

[0048] Polymers with small molecular weight form short chains and are not able to form
polymeric network that would capture and (rap particles. In contrast, polymers with large
molecular weight form long polymer chains and also a polymeric network (or networks), as
shown in Figure 1. The polymeric chains and network captures the particles on the substrate
surface and particles, which include impurities, floating in the cleaning solution of the cleaning
material. The polymeric chains and network prevent particles captured in the cleaning material
from falling on the substrate surface.

[0049] Further the cleaning material containing polymers is fluidic. The fluidic cleaning
material deforms and/or glides around device features, such as the protruding feature 102 of
Figure 1. The cleaning materials do not damage the device features during substrate processing
{or cleaning).

[0050] In addition to the polymers containing polar functional groups and having a large
molecular weight to form long polymer chains and polymeric network, the polymers of the
cleaning material can have other attributes that help in removing particles (or contaminants)
from substrate surface. In one embodiment, the polymers contain functional groups that carry
charge in an aqueous environment. Figure 3C shows that tﬁe -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



88% Tabl e I: Conparison of PREsS for cleaning materials with different
charge density. [0054] The data in Table | show at charge density of 0, PRE
is negatlve whi ch neans that particles are added to e surface,
i nst ead &Y0 BEPG*Peroved. The parti ¢l es added are |rrpllt;fr| hﬁg@ﬁ»&%@% uded in
the cleaning material, which is nade of un-purified industrial-grade
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oxidation by atmospheric oxygen. The oxide layer o? the surface behaves similar to surfaces of
oxide particles and is negatively charged. If the polymeric chains and network are positively
charged, the positively charged polymers would bond with the negatively charged particles.
However, the positively charged polymers would also cling to the substrate surface and become
hard to remove from the substrate surface, which is undesirable. If the polymers are negatively
charged, the polymers would not cling to the substrate surface. Although the negatively
charged polymers repel the negatively charged particles, other types of attractive interactions
such as van der Waals forces, polar-polar moleculér interaction and hydrogen bonds discussed
above, between the polymers and particles would dominate and would be sufficient to pull
particles off substrate surface. Some polymeric compounds, such as PAA, are more likely to
become negatively charged in a basic solution than others. Depending on the pH values of the
cleaning materials, the polymers could be positively charged or negatively charged. If the
solution .is highly acidic, or when pH< isoelectrical point of the substrate surface, the substrate
surface will become positively charged. When this occurs, the polymers should be positively
charged. Due to the importance of charge density in the cleaning material, it's important to
choose polymers made of polymeric compound that is more likely to become positively or
negatively charged, depending on the 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.



Table 11: Conparison of PRES for cleaning material wth different
concentration of Carbopol 941Thi FAA polyners. [0059] The data in Table |1

shows thgt ﬁhld?%ncreases from about 74%to about $@%pehRsdhe

concentration o rbopol 941Tm ingyeases from X% to 2.5X% PRE stays about
t he sane beyond 2.5X% The data in Table | also suggest that if the
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affect cleaning efficiency of cleaning materials, These other factors include, but not limited to,
pH value of the cleaning material, the nature of the particles to be removed, concentration of
polymers, shear/down forces applied by the cleaning material on the substrate, etc. Table II
below shows tﬁc PREs of 3 different cleaning materials made of Carbopol 941™ PAA in a
buffered ammonium solution (BAS). The molecular weights of PAA in these 3 cleaning

materials are all 1.25M g/mol. The concentration of Carbopol 941™ PAA of X% (weight %)

in the table is less than 1%.

Concentration PRE
(Wt %) (%)
X% | 74%

2.5X % 89%
5X % 87 %

Table II: Comparison of PREs for cleaning material with different concentration of Carbopol
941™ PAA polymers.

[0059] The data in Table II 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
6an be reduced.

[0060] Table Il 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) (%) (%)
0.5-1M 30% 6%
5-6M 30% 89%
15M 22% 84 %
18M 32% 95 %

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

charge densities.
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[0061] The data in Table II show that PRE increases with molecular weight when the
molecular weight is between about 0.5-1M g/mol to about 18M g/mol. At molecular weight of
about 0.5-1M g/mol, PRE is about 6%. When molecular weight increases to about 5-6M g/mol,
PRE increases to 89%. At molecular weight of 18M g/mol, PRE further increases to 95%. The
charge density of the above mentioned cleaning materials are all about 30% (32% is close to
30%). These data show the effects of molecular weight on PREs.

[0062] However, at molecular 15M g/mol and charge density of 22%, PRE is only about 84%.
Based on the trend of PREs for cleaning materials with about 30% density (including 32% for
18M g/mol sample), PRE for cleaning material at 15M g/mol at about 30% charge density
should be about 94%. The lowering of PRE from about 94% to about 84% for the 15M g/mol
sample can only be explained by the lowering of charge density from about 30% to about 22%.
This observation illustrates the importance of charge density.

{0063]) As mention above, the polymers of a polymeric compound with large molecular weight
forms a network in the cleaning liquid (or solution) 105. In addition, the polymers of a
polymeric compound with large molecular weight are dispersed in the cleaning liquid 105. The
liquid cleaning material 100 is gentle on the device structures on the substrate during cleaning
process. The polymers 110 in the cleaning material 100 can slide around the device structures,
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 molecunlar 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,
1201, 120w, 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
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polyviny pyrrohdoneu(]?'%?t ?y Atl v1ny pyrl nltea&&%]??f etg Elgﬁ)sed 44 Ja&i}//és such as
methyl cellulose (MC), ethyl-celiulose (EC), hydroxycthyi cellulose (HEC), carboxymethyl
cellulose (CMC), etc; polysaccharides such as acacia (Gum Arabic), agar and agarose, heparin,
guar gum, xanthan gum, etc; proteins such as albumen, collagen, gluten, etc. To illustrate a few
examples of the polymer structure, polyacrylamide is an acrylate polymer (-CH,CHCONH,-n
formed from acrylamide subunits. Polyvinyl alcohol is a polymer (-CH,CHOH-}m formed
from vinyl alcohol subunits. Polyacrylic acid is a polymer (-CHp=CH-COOH-)o formed from
acrylic acid subunits. “n”, “m”, and “0” are integers. The polymers of a polymeric compound
with large molecular weight either is soluble in an aqueous solution or is highly water-
absorbent to form a soft gel in an aqueous solution. In one embodiment, the molecular weight
of the polymeric compound is greater' than 10,000 g/mol. In another embodiment, the molecular
weight of the polymeric compound is between about 0.1M g/mol to about 100M g/mol. In
another embodiment, the molecular weight of the polymeric compound is between about IM
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.
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2010/ 053642PCT/ US2009/ 059 mmnl ion (BAS h cl ude
basi c "RRY Hesedped phiy f@?ﬁ? Zé%gdent S%%ﬁi ’"Sohéié B‘Pbsg{ﬁ‘w%% 0.4 W%
of ci tﬁ[lte@naﬁ?&lg&ubﬂra@ms&@h bt hﬁfﬂsteéﬁyt(@?mbhﬂ@aﬂd tﬁdr}ﬁed@uigfrﬁdtaﬁhl fﬂi@b&ﬂs& on, ?]u?:h
as BAS, includes sonme ampunt. o surfacta suc ADS, to help
sus peMaWammenwgd sie] W@?’@‘”’l hﬂ{f’ﬁ%mctﬂféglﬁ qogn 4 @?u‘f’]"\é\fﬁ 18 ORpgsétF i on that
cont ai dlgccwzf@m ADS, 0.44 wt % of NH3, and 0.4 wt% of citri c acidis
call ed solution "100". Both solution "100" and BAS hav%ﬁ%g | ue of about

10. [ G0N76] Lrprpuerebagimesthoiie clﬁﬁm%ﬁaﬁe&tﬂh@smﬁﬁ kg 4Ot ap ¥RPSE e 450,

in ac € QE&s e RPensdd8n appar at us
400 i E@F ﬂ%ﬁgw ﬂt 2’5%? gtgﬁtg?re?g%ds?g%@ﬁse@ l?lznodial\é P?Sens? ng a

cl eamsut@trmat:@ﬁ iiml fopt systemrwislc e 4inning maierial @wﬁwathéadzl@sl thqfhéw&%f&rﬁ ng

mat eri_al pen I age 431.
In oné&"ERbYd] mﬁr%eth a%ﬁige ﬁ%ﬁ%hﬁa&ﬁ%&ogﬁgah dﬁg?éﬁ%gj ﬁgls{jaggigﬁ%%ﬁ%g{sd in held
i N pr Qudhiss triyise gaiaixy haatlyOke a0 Ot}@r tire obumsk god dyppakiug.ne substrate 405 by an

neaa BT wBrechrent el R RRGRL 5L R ST el RRE I helRE 307 1Y

The upper rinse and thy head 404b 1 is coupled to a rinse |iquid storage
432, which provides the rinse liquid for rinsing the substrate surface 415
covered by a filmof cleaning material 402 dispensed by the cleaning

mat eri al di spense head 404a. In addition, the upper rinse and dry head
404b-1 is coupled to a waste storage 433 and a vacuum 434. The waste
storage 433 contains a mxture of cleaning material with contam nants
renoved fromthe substrate surface 415 and rinse liquid dispensed by the
upper rinse and dry head 404bl.



[0072] In one enbodi nent, substrate 405 noves under the cleaning materi al
di spense head 404a and upper rinse and dry head 404b-1 in the direction
410. The {0 P81 of substrate 405 is first coverggpishéholofed i | m of

cl eani ng ri‘al "402 and then ringgd and dried by the upper rinse and dry
head 404b-1. Substrate 405 is held by a substrate hol der 440.
Al'ternatively, substrate 405 can be held steady (not noving) and the

cl eani terni ; 4b- 1
move | g g pdl LaRgR3R QAR AN BUIRREE s g ML ERE B 598 07,
| n one lentathiserend drytHeedsc4dhili ang mbérarabomfsbtemshéadms@%gmm mibari nse
and upRer. d ot st terial
o i S Phetd e A SERR AL B R MRoor LT

rrat er i ahchdofsthe hseer hmamldramiymhmﬂ 498b-€cand ot 0db-Seco nelhipdpdstoeapasitt ninse liuide and

dry apparatus.. The ri nd dr n £ fatus such as
rinse éﬁ;&agg; T%%Q%raﬁdwzﬁ%mf OE %%%E‘%%‘Lago 0] l%r’?’&?gg 0311 ppa dPsEs [ 0074]
I n one rasigliidremtageded 2omdt432° subembiaté intQ5ne 'sdoage, ad evdstwostdrogesrd3g iande and

dry 010 053642 CT/U 09 292 18 404hb- 2 3 t,0 clean
the ot ?r? %ﬁ?‘f‘%@f&ec{ﬂ%’ GF ° u"@%‘t R eﬁi’g?%”’i‘em one Ehbolr ta“ﬁ%ﬁg F08°% oner
ri nse amdbigdéyinheadsaddbpiznmnd 404b 3 are coupled to a rinse liquid storage

an 1 niGaL HEPRS B R, M. e hokd 1A B e Bl P oRBR Bl 3 ana

404b 3 dﬁﬁ@lsﬁ Bendl 40da taad kepariateand dag Bedd 4dbd is Hﬁf}cﬂl@&ﬁlo&ndnﬁemamgb& dwaslt e .
st or ages an separ at.e vacu u not er e I qul
ot o R S B ppter KO TR Rosit s Y e Hp e e ST el AR 1 s 433
and 43304137 re GRFRIARTL0IRY $LsRides St QEMYE miBridl Mispeashedi MRRtand s dMePUNPS
434 and 434' are aI so conbi ned |nt one vacu @51 H%g b%()) % In one

embodi faddry headAQeb én&“ﬂ??elﬂt&%ﬂ% GEPP?"{;”B?'er [‘:ﬁ%y 14 8RYERY TRt er i al

di spengg J}?ﬁgadégfé@o 2 aRfl4di8viire Rl SERAN B [5G Ao 4iBAR-13ads atdjt!hé egtdkys bel ow

rinse and upper dry head 404b-1. In_another enbodi nent, e positions of
the | ofrandidd@aespneiivalyy obdasbsutsa A0pby A EIOERL BogPl not reI ated to the

posi ti d dry
hoad agR0iefie ABThOG HRUGH LSl of bRRLSEA00r Blact el RS 7, e

| ower the psecranavedtign. hEaaidcaninphmaterid dligpeads-1gad Aedanis paraflel thdhajupnsr presxi mity
(proxim t t;0 I

subst rari g%%g@h%r% gtrtl %?O(ﬁeg%l Bs #}ﬁ‘faggg%ﬁfblg%%ﬁg?&b%&ﬁm té’b%lgg” vi ew of
appar adubsiradd@)5 aml deoozdeaiernl \ﬂksptnsg meadbfife dindripperainse hed grydwedtiO4alent i on.
The clganin terjal r e [ nse and
dry hedd™ 5(?%5’ lm LI% ot\%\léfl?&‘fl nSe %ﬂddé%% SZ%%? Z%-lz?biofg% %’hgff%g‘?? hre
shovm)up@éleuxﬁebmv\ﬁ@mb&b#(}attbel @ﬁ%@nﬂhpﬂw&mtmem&omm al di spense head 404a and
upper 1] .and . dry head 404b-1. odlne ower_rinse
ana arGb T EE st Eh s gied 42De B °F 6T BRlenero P obr FebSHRE ey head
404b- Jf dayedehEyivation. Pine drdceds dren ﬁnelhmmtteheﬂie emt{oﬁﬁﬁe?x} oFﬂlgdlaﬂﬂﬁ:ﬁh@hows a

process area 450 in Fi e .4B, cord th one enbodi nent, of the

D eseriie Pt AoniomLe bl s naisalEaRnss Foef alhe uEHE BR R SRR of 1 ui o
appl i Calh.9nink Govhd?@inSdIREE drftheadd A548-2 afd tbuh-B.l 16 8N BEbERneH:] @fipedhﬁseeﬂae head
404a and upper rinse and dry head 404b-1 and | ower ri ns(g % heads
404b- Zry hepdA4b- laandﬂﬁweweaé%éal heady 4049pd 1 RSgnsh @ng iy %éﬂ%ﬁ'ﬁﬂb 1 and

| ower Oxob n8p anthsdiys Hsads 44024 mﬁ}%@aﬁ dri R&Rs a0b-glEyg 4038 3Habsh T at e

405. Upper |nse and dry head 404b- | and |ower rinse and dry heads 404b-2
and 4@M&pe®ehvaﬁé0&a@ﬂ wemeowqé kogegpodiament fsposwe BoratR isppeddaapply
embodi AL i M ERENP & BRTniARGydis, U5 B Lo ARPLYS. A Nahiifin id Bl mitigh as
de-ionize \/(\761 e substrate 405. A vacuumis drawn through vacuum
port s vaQfnt portsectﬁﬁvte rémmedﬁkaépppl@é Wi d:smng@em é0pothe Hog, rempeed qhmuah r enoved
t hrou t he vac ;th and

cont a?‘r“i‘%vfﬁ't‘%m P md aslr%rslé H‘\ﬂ #%&R{n%c e%r%]lll ‘%Héi ?%lttééllruﬁ%ﬁé &%0% b es of rinse
l'i qui (ilhecaénnaigsmatbﬁalaripﬂhmedpesmm;gb mtuslprantalmaﬁ applied themgh ub@pﬁaﬁ()& 19405.

rinse subsirate 405.



WO 2010/ 053642PCT/ US2009/ 059292 19 [0078] Figure 4C al so shows the cleaning
mat eri al di spense head 404a applying a film402 of cleaning nmaterial 100 to
the substysg Qs | n one ermbodi ment, the cleaning mat@avisabisgsepense head
404a provides uniformflow delivery across the substrate 405. As described
above in Figure 4B, in one enbodi nent, the substrate 405 noves in the
direction 410 between the upper appli cator 404a and | ower appli cator

404b- 2 (o RP e Ao SRSt HP B0 ;t@teﬂmg {eehdadlaolehmayidehinarad oand the
speed o?mﬁe@gubstra(t)e unSder t? mgc | eani n SEJrtaggxt erlaal di sﬁt}gﬁs% head 484a

cl eani ulparing eretesial Entobe Slbpinte éQF thbot“hém%%@??tathé AFH e HPBEH dgpaisense

port 4 ARy 2268/ 1R BullsBa UDsC CAMBscribdl AkPhdance
W th oﬁgaﬁﬁ%%ﬁgnﬁﬁg Lg?%%qﬁe resenity i ﬁventl on. ° ?I'he cl eani ngnmat erial

di spengeguredl inonacbasdiaenicge subsirapfdPmoyss ip|teaadirasgomal Gbstapentthpurilien
turned gﬁtfcaéom&ﬁ%ng fRad, 05 2kror 508 2f |I§éﬁ3n§lﬁ%5§-% SNSH nfle hfGiEb&ANI Ng
mat eri al® prevents dripping or |ea mgétof the cleaning material fromthe
upper apjpterqctawr the Ospacdih© fhet HBSEEIQ W !tlhérleané»antnﬁtjnﬁiaﬂ:épﬁnat heatt 4Rfgh t he
mani f ol f t ere is
Vol ure s At b b, B breet BECH0S; DRut téstr%@dwﬂ’t%or?!‘%;adwsttr. a
and cohttaveemabas 20 e:minuedo B0 re/tive is gberdante vl fngcanbddgoqg]of the prgnt

enbodi nent,, t S e

b oug e dfe GleaGRk el @bichle BT RENAARL LT E ottt

down- wao® whert eenddoorc! Baummgnbmitmcmt attleaﬂmtl twidchdersiopsafriat eleguing af@e%riaﬂ' he
cleaning material can, be ssed.out of. t eanl nse head
200 bt finstia Foua 6 REHBalie i B AR Gl SLIRs P IRE T
appl i cab®rof 44aedpin@ \thalexdal ah:dnghrﬁwamdtfmdr(mﬁ shmvnhe tmhahnffngjmm fhe mat;e on t he

substrate surf ce b orce. |I.n one, enbodi

novenefitd ¥ be état‘ﬁg 6@%?1’8%?“2{%‘5 5@5?’?5&% 15’?3646!& C‘r‘fa’tlﬁ%“@ﬁ%ctl on
410, prRMoABmiRnEheREvdiarEetht oulististe sluéani ng material and to the substrate
surface. The downward and sheer ,forces, ESSI st the .c|eani n Jﬁn‘?tlé

renovi HQ7UJR @i FEPREMSTto fher HEArdRs, Sfetial dRPTsEChead 1 4a[‘60 ]’relil

shows &:&@HQH@%b&nOBf BispirBEib T tBe RIARAS SAELA, FRRides \Whiedn- wardsfdmel r to t he
process area 450 of Fi gure 4A, in accordance wth one enbodi f t he

pr esentledninganetpiin ang FP RiSEDSERY SBf#rEn e Clraniae MAerighcaRRaresspL e ‘ﬁloﬁ ®mat eri al
di Spe”ég étgfﬁaé%% e%éa@%ta &) %ﬁrﬁré@uﬂgﬁijﬂﬁ AmedhaRaNpiag, hgadord@4a’ . The

upper c g nate a di spensi ng head 404a has been descri bed above in
Fi gur esnbhdin@L, titepilicaler 4@4aeaﬁvxé@ néaver-vard igrespende slyanias dratgishon Bieso

di spens ai g.tr% %ﬁgy% dg\tln%v £8P BLET E@Bné‘&gbod%er{t htﬂe W&Eeﬁ'o@@tso‘c

subst rate 40 ower c eani ng material di spensing head al so has a

di spensbstpor #05408der fbr apfilispendfdagint the diteetion AL, maeeddsal shagoforceqkretigi spensed
cl eani mat er i al r f 40 f rate
205 1 TR Y A, 8 B Aot e Mol RPEASE B SR G
appl i eSeanirfgivhaerid 2 rembvmg eanmngamafremlth@t sub@dite swiacheid. ower surface 416 of

substr 05| aS|mI ho 20 to
previ dﬁé&] éﬁ"é?: ssgﬁwﬁﬁﬁ 3#1? ﬁlégy\% gt%gésg?g;%ﬁgy H{ﬁﬁgggﬂ%i@%@l n one
enbodi gyeseks ard mfrfggmmrmabmdsaee anm ofd@hbalireernt «ieﬁeumbmmeheon dnanot her
enbodi nent, cleaning materi al s 100 a @vaﬂo 4($ t ‘[s’ 1\ Sone of
e o Ba i 1ot o1 POHESRT letiRe SRGEad e TERL S0 BUEH dpileibhing TS 410
of di spanse d%éﬂsuﬂ;ol%ad 4044 OrmReaiphéd dR ALY matéﬁaltd”@ehﬁvgeneaﬁm%)ha&i heendi spense

port 409" there is col |l ector_ 407 for_ cqllecting,. cleani [ t hat
PP ow tsserived shets neurer bodie 1 Bl e Ak B epor0e T PG rBfer

di spenge.head 902 of B c%ﬁng HQ&%I”HW on tRQow&! iRCIFREbARR 4085 Tae \Mv&el’

openi ng near the top a narrow channel near the bottom In_on
enbodidning ma’twaﬁp@em@t%b@ﬁs’ﬁ’@otﬂ@é@ dispegseapRft reuekor (S‘isgﬁ‘e*t@ethﬁ&?ﬁm%% are
both coy ' 0 43k ABPINLE ovfek Qe R 4A, i f
cl eani™ g@qgé %lgéeﬁgéat n‘g&g‘?lci%gaﬁ’?‘%g “material 100'. 1n another

enbodlsﬂmﬂtatetdmé |tmmem®mehm@a@r dearing Paternd difpersinedieat 604 APYED? age ( not
shown) _ of a 0f f:ber ent
frontéﬂ@ﬁ%ﬁﬁg Eﬁ? F?enfbgb %hgegvﬁgk@ﬁggﬁﬂ% gh?ﬁg§ﬁ§?g??g@k%§%lected by
col l ector 407 can be supplied to the cleaning naterial storage used to
supply cleaning nmaterial 100" to dispense port 409" or to a different

cl eaning material storage (not shown). [0082] Upper rinse and dry head
404b-1 and lower rinse and dry head 404b-3 in Figure 4D are simlar to the
applicators 404b-1 and 404b-3 described in Figure 4A and 4C. The substrate
405 is cleaned and dried as it passes between upper applicator 404b-1 and
| ower applicator 4046-3. A rinse agent 404 is applied to the substrate 405
t hrough ports 408. In one enbodi ment, the rinse agent 404 is de-ionized



[ 00831 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
appl i ed %ﬁ)lll(p%% fate 405. The substrate can be noved deg@neibfgnsAappar at us
for rinsing an ry| ng. Figure 4E ghows a schematic di agram of an
enbodi mrent of a rinse and dry apparatus 470. Apparatus 470 has a contai ner
471 that houses a substrate support assenbly 472. The substrate support
asseﬂbl Rl FoafiRh kAT 3 &et SHARILE. HE S80S

ch ﬁ%gﬁ%f‘%%&%%@%ﬁ Cean?%g material 100. The substrate SUPPOFt
as s enblcieaniZ@ materiplo t! 80 end BYO’ e idemicklighiteeia wammwmmhmmclam BatgRaly 70
i ncl ud se. | di spenser 475, which can dispense rinse liquid 476
on theqé%%ld{frogt%eglﬁ?%ge to clean the substrate surface of the cl eaning
mat er i #0081) soronel derisbediing magerithBowy stée idguply of Sredewpiodibneatk wad g0 pDIW . In
anot her,. e [ er such as
N - 1A0H P Dpvl 0 tp i, EPRAOSET ACAD U SREURE I A nbhS, Rl IR thedlhe U
2010/ 053B4@PGU7 B2 0090569 28:2niRg materiadrtha| ﬂQ\b tenfablsedet well c31@anirmoundins er| al
to bellfted h r I er 470
or a difFPaEre e%%J%D%pgﬁgg&é( o gns géav\nq%%gan %gg}gﬁégﬁﬁpm%ﬁ?g@n%\%w %enas
cl eani ntiles opafiigomeaf thenmop thwbmwatiensdrrfeax:tﬂhe Hoo084] InFing LeneoBinghuws: a
process fl w500 of ani R e erl.al
Cont ai ARG pBrOREre pEro a3kt WO f pERCANLAE FHCHE s | o
enbodi nretial os‘torhgne@lr abent in mm 4 nif cﬂeranmgetnanﬂwdm@aﬂtthe bdmee suddstninet e i s a
patterned . thfetur rotr dln ro esubs te s rface I n
Prot hePeglotPrent pRerER e elbH b AT SRR dpfth The
cheni cabxs% (hot rslemi)aﬁrulmurgamaemaal mbamehﬂ:ieeam desior sdmadasabloméfereﬁt froper at i on

S

501, a su tratet cleandls l.ace i ragyus At
operat?%"ﬁu@ol?atef‘ﬂe Zrélﬁlc?’(ﬁr Y rle ‘?mg émcs‘ﬂagéﬂb ({)H?tca]gé%é ‘#Ogc‘@ncﬁe t he
subst r @hfliedAb M ARash@R0 ¥@ragt DRACH eIl dediti ShhRlialClO0t & dipepRIpsers Wi th
a large nol ecul ar weight, both of which are mxed in a cleaning liquid. At

oper atﬁ‘Q?nOB‘G@dl%fFfitﬁ?émF‘B&ﬁFeﬂm%%Oréﬁes(ﬁ‘%‘n%‘%ﬂ%n the surface of the patterned

subst r@b@z t[% @fﬁés%aﬁﬁti R8d abSANLNDIoWBE Bhdedind dFBeddi 4038 3] th Gibiugk drs adescri bed
above. ration , the rinse liquid and the cleaning naterial are

r ermvesnknﬂmdmherwplsqﬁqraé%bolr artdrf@%ﬁb*é%%??‘ém Figurg ié aSdi Therdtbstzgter P t he
rinse Li-gid ahs dﬁpcpgé i?gas@& BeGeed lﬁaﬁérra?bl@caﬁiﬂ 140868 anll Mver iapSiRatol Godpd. t he

cleaning materi a he contam hants on the substrate surface are

r emov el riseomenhéd4siy rapale@! lofthe pubstde f@F Auershunests iBe Ippng smbedimenthide

Cont an?msg O#e%t%h L e AR Las G 15 iR eler %Soéﬁexlﬁethre?ﬁgé’ ngﬂgﬁﬂ be neRsRki al |y
rface contam nant associ ate t he sem conduct or wafer

f abr | amonmad ace eed 1sqpmpb(11 dicoig!. b tvagvam 1si driwe dhroegtppertsi 4161 iatremove the

cont am nat i o trace i.0, l4f5 cont am nati on,

phot or@é?%@ s % gﬁil &S %@[&%g%?%ﬁrﬁ% ]ﬁ)rsg%gng?l ng equi pment, and waf er

backsijdes3paikinativay, etheawamlrrg rnapirans 4A0AES Jnot hamanenmairmémds 4041@ et hod

over " Pi-uwSh FLRES L Gl SRR el b er e on QBT P Ll o

mat er isghsy@R0éaar b ﬁiﬂ:ﬁr@dﬂtcﬂaﬂcﬁhc&\l\mpmfafu@ ot hi@sisgbatirdyieg. TRgueetthekbvaf at he
present invention for repoyvin ont am nation from a subst rate n be

i npl errelEEC ARSHENYT & PRRYHRE \ﬁg)?sm‘é% a?‘gﬂrd PPIPHS 420 PRAAES gﬁﬁgsra appl yi ng
a forcgphBet Sa S Ahs&ONPORLMAE Supbritdi@noiear, ng‘hﬂ&ﬂﬁfrhtalsuppmmsﬁelﬁﬁﬂy t he
solid corrponents establish an interaction w.th IF rqlgra ]2 t.o be

r enov d2 hisooebyratg hdsiP at JUPPARS HIESEHR (\é;gpe?*"a‘cc ) FStF3 e rinse,

the sybsiraid. V‘Fﬂc'}uﬁs}&%tﬁuﬁﬁdﬁ DGRy 872 RlrotafchBY aGoRLR mgc}ﬂmsﬂnng elhe

contam nants, can be cleaned with a final clean using chem cal (s) t hat

faci | iapparases 4Meneledas\ierinsp fiquid dispenscicd i3anich cameispsnat asedieyidd /Oronithie
contam nants f.rom I dngaid ng

mat er i ‘él? %gSﬁltlrg}CgéO %lggb%ggf&%ﬁgg?@%éf&g d,eg %mu? %Oh% ?ﬂ%ﬁﬁcoul d be used
to remyeliquad fs@e}ibmzcc‘awatdr @t He asmb@tmélnmr,ﬁ@m@spw@% Higpnetsyezes (or

58257%%§b solpbon sl oL 0 at ' gg,gaggggw ROXNL s GosBile SuARE BNRREEF . RE cledlifhg




hydrol yzed carboxylic acid to be lifted off the substrate surface.
Alternatively, a surfactant, such as anmoni um dodecyl Sulfate,

di 3(042)‘,;%9@ 3k, can be added in DIW to renove cagdgusthiopsaei d sol ids
of f the substrate surface. [0087] %he rinse liquid for the rinse operation
503 can be any liquid, such as DIWor other liquid, to renpve the

chem cal (s) used in the final clean, if such an operation exists, or

¢l ean! N0y T Litbic (b bRGHhe bhL! B3k 183 BRRALS %nsurtfaéémkft&%aﬁébtﬁ& rate
surface dt Used Ih rinse operation s 3 | 'eave no chem cal

resi dusesy dmpenShe 4%@1 los tar differentudifpgnsst dheteshom) @maﬁcspmse@IW [0 os8]veThe

cl eani ng. mat §ol t?zlnsﬂ'o PRALALMUS o Ad nethods di scussed above have advant ages
in cleani ngg at erne substrates wth fine features w thout damaging the

f eat ur g8084T Figucd Bahdwiga pedcessi fdve 580 ef Fleanivl @, subitravensing alcleguing npiae, or in
l'i qui d/ has 0 u r e, the
cl cani 119 A oS th 3 ARE pEEL AL ARA R IRILER BRLIY Sophilat & RS

mat er i kesentrinvdngon.d Iphmse:nmmrrtmt ithe smtratorlmaofaatamedmubdrateawgblfeatvmcs a gel.
The cl eani terlal ni n I co th

| ar ge %Q@g&g g%%s%ag%%%lﬁagé t %e coélynctr[r%m%ﬁgl egit g]g]; %ﬁg%t 'EER e@gfl i

addi ti Qﬁthoﬁth@tt@hleaﬁrhtgcm%s &l Seedndanbg mhremlohﬂvanbaaamiesznamdj abkwcnoﬁt return

t he contamin t he subst urf.ace, The ric
orpou Ao op SpE A hY BB R e E SenBitE RRITE: A ferfieR AT, Ca

al so b@e@ﬂh@gﬁxadehﬁﬂlﬁedlsp@sémmmasmﬁwﬁfrthe mfbsmtby%mnndﬂae abmghpoﬂem chai ns
and/ or pol yper netwo show superi or. capabi li apturin

ent r ap PGk 6PRRs ﬁa’;{f’?m D do fipgr ESHY W&%’E‘/e% ]i]oolga”f’:h F’%ﬁgﬁﬁt erial s.

[ 0089] Wenifk 56u8Sed pbaven 503 sasst Siquiddsdispaged on play hlrfhlctesf fheqmtérh@i waf er

20[)0?;?5&@{5%%& e o e e g L TR g TR AR e R e GBerfah <O 1"

interagpd @ st Do Qﬁ@{wc%amaghfateﬁhme ffindvee Moaf BE st af@e sibraedid i on,
t he polar functi onal roup can al so_establish hydrogen bonds wlt t he

hydr ol yecembsdimen) alter ¢ e ligad dt 2nplied g8 &he spherdja urnee, YRAEPY TB%L Y bet ween
the pok%é%% gﬁaﬂaﬂ R BelchishBantBh Phe’ SBRME: LlificPafelibbes i Mol difratafl er
surface 90T 1 h ad Ition, the cleaning materials entrap the contam nants
and doohtile pastmed stbirateob apduEnt $he EORBINST <A HEePaligiogd SRS SO gl yrer s
of a pg rr}éqgc{ %a% BB %Hﬁ%(ﬁ)y y%é& Rrth @’ DRl £ HsBEia 08 Wi iind QRdn@RGorP 0l yer
chai ns; CAn” al ss-linked to forma network (or polyrrerlc

net wor k/)lfer Tdbecdttmngarp«cﬂsy nmIUdlhab#sm&rﬁl@#@ﬁ i PlagtieRlatneanioR RAUSA RS UPRIRL or
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[0094] Al though the discussion above is centered on cl eaning contam nants
from patterned waf ers, the cleaning apparatus and nmethods can al so be used

to cleanygp (ﬁ@sfﬂgnts fromunpatterned wafers. |n addidiengesbiesexenpl ary
patterns on t patterned wafers deiscussed above are protruding lines, such
as polysilicon lines or netal |ines. However, the concept of the present

I nvention can apply to substrates with recessed features. For exanpl e,
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substr gxtat%m\é\fs tcgl I?tauitnmcg hp% [f?zmers of'e p&ymenc compound with large molecular weight capture

the contaminants on the substrate. In addition, the cleaning materials entrap the contaminants
and do not return the contaminants to the substrate surface. The polymers of a polymeric
compound with large molecular weight form long polymer chains, which can also be cross-
linked to form a network of polymers. The long polymer chains and/or polymer network show
superior capabilities of capturing and entrapping contaminants, in comparison to conventional
cleaning materials.

[0089] As discussed above, 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.

[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
As a result, cleaning materials, in fluid form, including such polymers show

materials.
excellent particle removal performance. The captured or entrapped contaminants are then

removed from the surface of the substrate.



polishing (CMP) for renoving particles fromthe surface, conprising: a
solvent; a buffering agent to change a potential of hydrogen (pH) val ue of
the cl eanipgnomiseri al , wherein the buffering agent anectieosakwent form a
cl eani ng sol ution; and pol ymer 23 of a pol yneric conmpound with a

nol ecul ar wei ght greater than 10,000 g/ nol, wherein the polynmers becone
soluble in the cleaning solution to formthe cleaning material, the

sol ubi | fjpged 1Re Py Bksc E&hﬁ&dﬁG(sL eNthepol PR ingy GINAI RGNS rRREYE Krdup tgaPt Ur e
and entrap at least sone of the particles fromthe surface of the
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Waals force with the particles hydrolyzed in the solvent to help renove the
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e
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[0094] Although the discussion above is centered on cleaning contaminants from patterned
wafers, the cleaning apparatus and methods can also be used to clean contaminants from un-
patterned wafers. In addition, the exemplary patterns on the patterned wafers discussed above
are protruding lines, such as polysilicon lines or metal lines. However, 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
Therefore, the present examples and embodiments are to be considered as

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



26 2. The cleaning material of claim1, wherein the solvent is selected
fromthe group consisting of water, isopropyl alcohol (1PA), dinethyl

sul f oxi deywoRMaR}ssadi met hyl fornmam de (DVF), or a conbrpaatbmmdshmeeof. 3.
The cleaning material of claim1l, viderein the nolecul ar weight is between
about 10,000 g/ ol to about 100M g/ nol. 4, The cleaning material of claim1,
wherein the weight percent of the polyners in the cleaning material is

bet weenalatibut bt Yaddericabal brat@%i within thbecopk @aien@pémb@tlamhs. of claim 1,
further conprising: a surfactant to assist in dispersing or wetting the

pol yrer gzhits tEhgieglieani ng solution. 6. The cleaning material of claiml1,
wherein the pH value is between 7 and about 12 for front-end applications.
7, The cleaning material of claim1l, wherein the pH value is between about 1
to about 10 for backend applicati on.



8. The cleaning material of claim1, wherein polyners fq@gbppplong

pol ynmeric chains and network at least in part are influenced'to capture and
entrap particles by van der Waals force of pol ar-pol ar nol ecul ar

i nteraction and hydrogen bonds between the hydrol yzed particles and the
pol ar functional group of the polyneric conpound of the polyners. 9. The
cleaning material of claim1, whereiq the cleaning material is free of non-
deformabl e particles before the cledning material is applied on the surface
of the patterned substrate. MCS L LP 27 10. The cleaning material of
claim1l1, wherein the nol ecul ar weight of PAMis greater than or equal to

500,000 g/nmol . 11. A cleaning material applied on a surface of a substrate
wi t hout chem cal nechani cal polishC CwP) for renoving particles fromthe
surface, a_buffering agent to change a potenti al

conprising: water; ff _ (
of hydr ogeh®'tiy8 Daies Pl & FUiAtE RE? AEERT AN thaHEPanicat mechBakeler i ng
agent and the watising{6MP) boraguedos paticanfrog $elsutfae@ncoramtting:

a sojvent;

a buffering agent to change a potential of hydrogen {pH) value of the cleaning
material, wherein the buffering agent and the solvent form a cieaning solution; and

polymers of a polymeric compound with a molecular weight greater than 10,000
g/mol, wherein the polymers become soluble in the 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 polar functional group, the
polar functional group of the polymeric compound establishing van der Waals force
with the particles hydrolyzed in the solvent to help remove the particles from the
surface of the substrate, wherein the polymeric compound has a functional group
that carries charge in the cleaning solution, the charge carried by the functional
group of the polymeric compound improves particle removal efficiency by increasing
interactions with surface particies and makes the polymeric network more spread

out;

wherein the cleaning material deforms around device features on the surface of
the substrate when a force is appiied on the cleaning material covering the
substrate, the cleaning materiai being applied on the surface of the patterned
substrate to remove contaminants from the surface without damaging the device
features on the surface;

wherein the polymeric compound has a functional group that carries negative
charge in the cleaning solution when it is basic and agueous, the negative charge
increasing interactions with OH groups on particle surfaces and helping the cleaning
material's removal from the substrate surface;

wherein the polymeric compound includes partially hydrolyzed polyacrylamide
(PAM) having a molar percentage of acrylic acid of about 22% to 42%.



polynmers of a polyneric conmpound with a nol ecul ar weight, .greater than
10,000 g/ nol, wherein the polyners becone soluble in thévéagéous cl eani ng
solution to formthe cleaning material, the solubilized polyners formng

| ong pol yneric chains and network to capture and entrap at |east sone of
the particles fromthe surface of the substrate, and wherein the polyneric
conpound has a functional group carrying charge in the aqueous cl eaning
solution, the charge carried by the 2fPunctional group of the polyneric
conmpound i nproves particle renoval efficiency by making the polyneric

chai s andhaelewaink muterea! spri@adt sierdimtherselvaglis selscter &A1 g es®iPut i on and by
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cleaqb nat el al. el aidB.sar ound device features on the surface of the
substra é When a force 1s applied on the cleaning material covering the
substrate, the cleaning material being applied on the surface of the
patterned substrate to renove contam nants fromthe surface w thout
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cl eard/mg! @cAbart BAMEHEW it is basi ¢ and aqueous, the negative charge
increasing interactions with OH groups on particle surfaces and hel ping the
cleaning material's renoval fromthe substrate surface; wherein the
pol ynmeric conpound includes partially hydrolyzed pol yacryl am de (PAM

havi fig a bk aeapes cetrrayel dfimde Mpeietn HeiverRigt nebesut Om%ppgmfz%ﬁ thg2. A

cl eanidagingBt REdiAks PREEEhoRN0BOSHRS as®tabxa substrate w t hout chenmi cal
mechani cal polishing (CWP) for renoving particles fromthe surface,
conprising: 28 a buffering agent to change a potential of hydrogen
(pH) value of the cleaning material, wherein the buffering agent and the

wat ers f or fhacRAMBOHSR 12PN 15 AlrtHel B8pAMk: a surfactantlay¥dRIi$ di@erdnpol yeri c
conmpound mntg a poleculgr MBL%?t reater than 10,000 g/ nol, wherein the

pol yEME B BRBONBIER &G FE TN %ﬂgéﬁuS cleaning solution to formthe
cleaning material, the solubilized polyners formng |ong polyneric chains
and network to capture and entrap at |east sone of the particles fromthe
surface of the substrate, and wherein th lymeric c und has. a
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char gentand eedichyortshe functional group of the polyneric conpound inproves
particle renoval efficiency by nmaking the polyneric chains and network nore
spread out in the aqueous cl eaning solution and by increasing interactions
with surface particles, and wherein the polyneric conmpound has a pol ar

f unctz onalrh@tlespng therpodiataihunehe@ivadhe gHowu O bétaeepabyurer foabeonimound
eSta@&Jéﬁ%&@hﬁﬂﬁuﬂﬁr.Vﬁals force with the particles hydrolyzed in the
aqueous cleaning solution to help renove the particles fromthe surface of
t he substrate; wherein the cleaning material deforns around device
features on the surface of the substrate when a force is applied on the

cl eanj ng ri.al I . . I er| i ng
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char gg, wartfnﬁct&)'n%r’g}b@,go%k%lymrwfeﬁﬂa&&ndo°f Rasbgrand aqueous, the negative
charge Tncreasing interactions wt groups on particle surfaces and

hel ping the cleaning material's renoval fromthe substrate surface;

9. The cleaning material of claim 1, wherein the cleaning material is free of non-
deformable particles before the cleaning material is applied on the surface of the patterned
substrate.



wherein the polyneric conpound includes partially hydrol yzg pol yacr yl am de
(PAM having a nolar percentage of acrylic acid of about 2 H6F420 " 13. A
cl eaning material applied on a surface of a substrate w thout chem cal
mechani cal polishing (CWP) for renoving particles fromthe surface,
conprising: a solvent; a buffering agent to change a potential of
hydr ogen (pH) value of the cleaning naterial, wherein the buffering agent
and the solvent forma cl eaning sol é¥i on; and pol ymers of one or
nore pol yneric conpounds with a nol ecul ar wei ght greater than 10,000 g/ nol,
wher elon t ee plebyingmetdiat ohasisidl, whkeii thetrhdecllgamtiely S8R s ereates thoym the P

29 cl®apid19 588,686d @mott he sol ubilized polyners formng |ong polyneric
chains and network to capture 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 polyneric
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material, the solubilized polymers forming long pelymeric chains and network to capture and
entrap at least some of the particles from the surface of the substrate, and wherein the
poiymeric compound has a functional group carrying charge in the agueous 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 by increasing interactions with surface particles;

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 damaging the device features on the surface;

wherein the polymeric compound has a functional group that carries negative charge in
the cleaning solution when it is hasic and aqueous, the negative charge increasing interactions
with OH groups on particle surfaces and helping the cleaning material's removal from the

substrate surface;

wherein the polymeric compound includes partially hydrolyzed polyacrylamide (PAM)
having a molar percentage of acrylic acid of about 22% to 42%.

12. A cleaning material applied on a surface of a substrate without chemical mechanical
polishing {CMP) for removing particles from the surface, comprising:

water;



wherein one or nore of the polyneric conpounds include a functional group
that carries negative charge in the cleaning solution when#tsi;s basic and
aqueous, the negative charge increasing interactions with OH groups on
particle surfaces and hel ping the cleaning material's renmoval fromthe
substrate surface; wherein the pol yneric conpounds include partially
hydr ol yzed pol yacryl am de (PAM having a nol ar percentage of acrylic acid
of about 22%to 42% 14. The cleanillg material of claim 13, wherein the
pol ymeri c conpounds include one or nore of acrylic polymers, polyinnes and
oxi des, vianyfepad sguet & cleekd aibowetidef hydivgarelpH) paby stibe lskeeiide shaterwd

pr ot &} {iFein tHpuffEhPg %F@ﬁ%inﬂghém’ét%l: it Odqueb@ Mdfing solution; avherein the
acrylic polyners include one or nore of polyacrylam de (PAM, polyacrylic
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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;

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 damaging the device features on the surface;

wherein the polymeric compound has a functional group that carries negative charge in
the cleaning solution when it is basic and agueous, the negative charge increasing interactions
with OH groups on particle surfaces and helping the cleaning material’s removal from the
substrate surface;

wherein the polymeric compound includes partially hydrolyzed polyacrylamide (PAM)
having a molar percentage of acrylic acid of about 22% to 42%.

13. A cleaning material applied on a surface of a substrate without chemical mechanical
polishing (CMP) for removing particles from the surface, comprising:

a solvent;

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

polymers of one or more polymeric compounds with a molecular weight greater than
10,000 g/mol, wherein the polymers become soluble in the cleaning solution to form the



wherein the pol ysaccharides include one or nore of acacia, agar and
agarose, heparin, guar gum xanthan gum and wherein the prot®ing i nclude
one or nore of al bunen, collagen, and gluten. 16. The cl eaning material of
claim 13, wherein the polar functional group includes one or nore of an

am ne, am de, hydroxyl, carbonyl, sulfonyl, sulfinyl, or sulfhydryl group.
17. The cleaning material of claim 13, wherein one or nore of the polyneric
conpounds includes a functional grodp that carries charge in the cleaning
solution, and the functional group includes one or nore of quaternary
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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 damaging the device features on the surface;

wherein one or more of the polymeric compounds include a functional group that
carries negative charge in the cleaning solution when it is basic and aqueous, the negative
charge increasing interactions with OH groups on particle surfaces and helping the cleaning
material's removal from the substrate surface;

wherein the polymeric compounds include partially hydrolyzed polyacrylamide (PAM}
having @ molar percentage of acrytic acid of about 22% to 42%.

14, The cleaning material of claim 13, wherein the polymeric compounds include one or
more of acrylic polymers, polyimines and oxides, vinyl polymers, cellulose derivatives,

polysaccharides, and proteins.

15. The cleaning material of claim 14,

wherein the acrylic polymers include one or more of polyacrylamide (PAM), polyacrylic
acid (PAA), copolymers of PAM and PAA, poly-{N,N-dimethyl-acrylamide} (PDMAAm)}, poly-{N-
isopropyl-acrylamide} (PIPAAmM), polymethacrylic acid (PMAA), polymethacrylamide (PMAAm);

wherein the polyimines and oxides include one or more of polyethylene imine {PEl},
nolyethylene oxide (PEQ), polypropylene oxide {(PPO});
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wherein the vinyl polymers include one or more of polyvinyl alcohol (PVA), polyethylene
sulphonic acid (PESA), polyvinylamine (PVAmM), polyvinyl-pyrralidone (PVP), poly-4-vinyl pyridine
(PAVP);

wherein the cellulose derivatives include one or more of methyl cellulose (MC), ethyl-
cellulose {EC), hydroxyethyl cellutose (HEC), carboxymethyl cellulose (CMC);

wherein the polysaccharides include one or more of acacia, agar and agarose, heparin,
guar gum, xanthan gum; and wherein the proteins include one or more of albumen, coliagen,

and gluten.

i6. The cleaning material of claim 13, wherein the polar functional group includes one or
more of an amine, amide, hydroxyi, carbonyl, sulfenyl, sulfinyl, or sulthydryl group.

17. The cleaning material of cfaim 13, wherein one or more of the polymeric compounds
includes a functional group that carries charge in the cleaning sclution, and the functional
group includes one or more of quaternary ammonium cation, carboxylic, azide, cyanate,
sulfonic acid, nitrate, thiol, or phosphate group.

18. The cleaning material of claim 13, wherein the polymers include copolymers made of

more than one polymeric compound.

19, The cleaning material of claim 13, wherein the polymers include copolymers made of
more than one polymeric compound, 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.

20. The cleaning material of claim 19, wherein the polymeric compound that has the
functional group that carry charge in the cleaning solution that is basic and agueous is
polyacrylic acid (PAA} and the polymeric compound that has a polar functional group is PAM.



