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of sem conductor devices such as integrated circuits,
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operations —are ‘perfor ne features on

sem conduct or vvafIrWQn"PR\H EMEDR wafers (or
substrates) include integrated circuit devices in the
formof multi-level str Cltnldern%rsdefi ned on a silicon
substrate. At a substrate ['evel”, transistor devices

with diffusion_ regions are forned. [.n.su guent
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to define a desired integrated circuit device. Al so,
patterned conductive |layers are insulated from other
conductive layers by dielectric materials. [0002]
During the series of B&WIKEROUNRg operations, the

waf er surface is exposed to various types of . |
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particulate contam nation is often on the order of .
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potentiflNsdulie Wafcontagdinatid. | Wot &xdinbfed, Golitces 1dI0fBitamination may include
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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
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cont al ni ng po yners o ne or nore polyneric conpounds
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substantially cross-linked or almost not cross-linked can be estimated by dividing the
molecular weight of the polymers by the molecular weight of the monomeric species (length

~ (molecular weight of polymer)/(weight of monomer)). The long polymer chains and/or



pol ynmer network show superior capabilities of
capturing and entrappi hg contam nants, in conparison
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cleaning materials, in flgid form including such
pol ymers show excel l ent particle renoval performance.
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surfaceQfltilgpdtteftRMdiseBsirdte provi ded. The cl eani ng system
i ncludes a substrate support for supporting the

patterned substrate. The substrate support rotates
during a cl eaning process to renpve contam nants from
the surface of the patterned substrate. The cl eaning
system al so i ncludes a di spensing nozzl e positioned
over the patterned substrate for dispensing the

cl eaning material on the patterned substrate for
defining integrated circuit devices. The cl eaning
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[0014] The sol ubilized pol ymers have | ong pol ynmer
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for making the cleaning material. The cl eaning
mat eri al preparation system further includes a first
m xi ng container for preparing a first mxture of the
pol yners, the solvent, the WD
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buffer agent, and the additives to make the cl eaning

material. The m xing container is coupled to the
w@oedogesvezont ai ner, the sol vent contai ner, andr¢h®s2008/013697

contai ner for buffering agent and additives. In

addition, the cleaning material preparation system

includes a purifier, which is a systemthat purifies

substantiRy f ddnsdging Xhe! [ devideo Redules T shie sufaty CTONE adledring Theterial is
purifier 1s coupled to the first m xing container.
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orce intensity curve of eaning material, in

and a sab/cmtrcdmtmeemmrphmmtaenm@blwemtt ofe <tlmampg gwtaital preparation system

also mclua/es a contamer for buffering agent and additives, which contains a buffer agent and
additives for making the cleaning material. The cleaning material preparation system further

includes a first mixing container for preparing a first mixture of the polymers, the solvent, the



[0024] Figure 3A shows a cleaning material containing

pol yners of a polyneric conpound with |arge nol ecul ar
Wei09/07896¢ ssol ved i n the cl eani ng sol ution, i NPCT/US2008/013697

accordance with one enbodigment of the present

i nvention. [0025] Figure 3B shows the cleaning

material of Figure 3A entrapping contam nants, in

buffer agep) ghaneige wildifiveneo endkedihgedléandig infteritil ©STHE mixing container is
i nvention. [0026] Figure 3C shows t he cl eani ng
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ance wth one e resent
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mat eri al of  Figure 3A di spensed on a patterned wafer

COUPIGQB’@F&FH UK IELPNAMYES fromthe substrate surface, in
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solventneltyﬂmhd mmﬁn%m&mecmeruédaﬁqgcina@mangamhythaan1 parf per billion
accordance with one enbodi nent of the present

(ppb) of metic spntamuwats) batpig heingapplind we the ﬁléf&af?mf dhgpaitpmed substrate.
The sofﬁB 15kl ?)lolyrﬁé}s G500 i&%@%’kt{:@ha@&e to ‘ﬂgr'e Rt en@lfaPrp}Pig fclorétgmmants

resent i-nvention Igure 4 OWs a Si
from tl&C:hﬁﬁiﬁé iof thé panenediulsttacp Thewlahing systiehdeforms around device
cle ubstrate in ccordan e W th ne .enbodi

nt .
featuregypn § é)a?tﬁméatsv'aﬁra&[ wbers} Toree i PYEY SR SbeCIsaniee (AT applied on
the sur?efcet&etlﬁ:l E&%rﬂ&i REGGraME &H BmBVERRE BhtadliSRROSI AU O§u§§tant1ally

di spense the cleaning material, in accordance wt
damaglogeheedt)\och fremntre bn tthe synfasenthd qlv@nng amterial is substantlally free of

abrasive particles before the cleaning material being applied on the surface of the patterned
substrate. The cleaning head is coupled to a storage of the cleaning material, which is

coupled to the cleaning material preparation system

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] 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.

[0020] Figure 1 shows a defect and device feature on a substrate, in accordance with one
embodiment of the present invention.

[0021] Figure 2A shows a diagram of 3 response curves related to applying a cleaning
material on a patterned substrate, in accordance with one embodiment of the present

invention.



WO 2009/ 078969PCT/ US2008/ 013697 8 [0034] Figure 4C
shows a side view of the cl eaning head di spensing a
W@ b@asn7srg body of cleaning material under the PCPRHSI08013697

head on a substrate surfage, in accordance with one

enbodi mnent of the present invention. [0035] Figure 4D

shows a cross-sectional view of a cleaning head over a
[0022] FURSé B Showd a28REFMRES3 WedpOnsNBuREY e6latd@Nto @%plt/h@ a cleaning

aEresent i nvention. [0036] Figure 4E shows a substrate
materi D'éarplaﬁ@fﬂs@'sltl@fnatebn accordance with one enbodi nent of

S i.n 0

[0023] ‘F% 5‘% ?ﬁg %g\arrs) adi S{nugtl’ 3 Ligr?%%fg 'Fjé’%foﬁ d‘%ﬁ‘%%gpyﬁﬁlﬁology nodes and a

force iGt@NYiGI By ¢Toh wmm&lgOfnaeerpQI iylnscrclofda@xoermun@nw dribddamget of the
nol ecul ar wei ght to clean substrates and a rinsing

presentipysafighus to rinse of f the cleaning material, in
[0024] @?ﬁ&% gn&%v%mo%glg?ﬁﬁg atel Emﬁflg %B@n@gﬁ?ﬁgtpol}gnerlc compound

with largensidigrudgppaeightiglisseived 1hhthecdlammng'lgolmuba,r lualaccordance with one
cont atnl ng polyners of a polymeric conpound with |arge

embodigenped ih Slpr%é?tg‘ﬁt’ertt’(?ncl ean substrates, in accordance
[0025] Néutﬂe afpe sl%(pso%e”@ﬁtam‘ﬁ ThBRriBr 68 $gurk M/E %trﬁgpmé ocQﬁ%]mmants in

gure 4H shows a cleaning system in accordance with
accordaannewetthrbmdlendmhménttorﬁdlqpremntnvmmt| on. [0040] Figure

1 sh a sinplified s c dipagramof a to
10026] B 30 S8 I IS BT S e el wafer o
clean c\ﬂhﬁaﬂm@iﬁ@s sohp tenRidkirk s‘uhﬁcé Ny efebdrdbnce Wi ldneFébsdindt of the
shows a bottom view of the ¢l eani ng head and the rinse

preSenth@mljtlgfl Figure 41, in accordance with one enbodi nment

[0027] g )%Jtre ﬁP%SVSVg a("hlga\r/{g{l]%#n%pelna[ 8@%‘ ér %16519 ld{s%er#égiogxgv\%at%med wafer to
clean cohtamiging eGhothienBibdstrat subfacqrie webérdamiceiwithodhe embodiment of the
present invention.

[0028] Figure 3E shows the cleaning material of Figure 3A dispensed on a patterned wafer
with trenches and vias to clean contaminants from the substrate surface, in accordance with
one embodiment of the present invention.

[0029] Figure 3F shows a cleaning material with gel-like polymer droplets emulsified in the
cleaning solution, in accordance with one embodiment of the present invention.

[0030] Figure 3G shows a cleaning material with gel-like polymer lumps suspended in the
cleaning solution, in accordance with one embodiment of the present invention.

[0031] Figure 3H shows a foam cleaning material, in accordance with one embodiment of the
present invention.

[0032] Figure 4A shows a simplified schematic diagram of a top view of a system for
cleaning a substrate in accordance with one embodiment of the invention.

[0033] Figure 4B shows a bottom view of the cleaning head with a number of dispensing

holes to dispense the cleaning material, in accordance with one embodiment of the present

invention.



[0043] Figure 5A shows particle renoval efficiency
(PRE) as a function of nol ecular weight for
w@oelogacsvgd i c aci d (PAA) and hydroxyet hyl cel | uPOBES2008/013697
(HEC), in accordance w thgone enbodi nent of the
present invention. [0044] Figure 5B shows PRE as a
function of nol ecul ar wei ght for pol yacryl am de (PAM,
[0034) Flpua€ aQr sivwaca WiddvieRe oL hilzodiea®ing hehd tdigepsiag entleaning body of
i nvention. [0045] Figure 5C shows experinental results,

cleaning fmajejizlgungerdhs GleremBdidadeon 8 subsitate sysfaceodn tagegidance with one
. ' I de wth pol yacryl am de (PAM

embOd@gﬁgﬁfetrﬂgP@%&a{}c}géonrt@ghce with one enbodi nent of the

[0035] pigaserD ishvwnta oross-séifioAnI0 91ed7 89 GO PIETH 0S8/ 61368 Bubstrate, in
[ 0046] Fi gure 6A shg\#ts a fr ocess . flow of using the

accordanre ¥l rﬁﬁ‘eﬁﬁ}bépl%?“t@ ChR eﬂb”‘d&“}‘ﬁfbrs of a polyneric

[0036] F%JP@HE%%EB SbStfarteleg itk A st ShhccbRiante ANthPGe @hb&HAment of
substrates, in accordance wi th one enbodi nent of the

the presgnemeeartianavent i on. [0047] Figure 6B shows a process

| ow urifyjng cleani material . .in_accordance.

10037) Ejedhe 3P lenin <BpmeRs P des e HOERERGR! Cpogauqe polymer
of a pdli QL& BmpdlRdSyith Mras aaslebdimvmelghpub i dddnngutsta®sidhd a rinsing
material, in accordance with another enbodi nent of the
apparatps ¢@ armse i off ¢ iclpaningEmaterigh iDESCRIdeTFON it 0pgggmbodiment of the

" ntErr\%oﬁi nments of nmaterials, nethods and apparatus for

present Apvel f’?fg waf er surfaces w thout damagi ng surface

[0038] FRpakdirds shb®s dest¢dniied andhéngih@ appagtusatising aths, cleaning material
_apparatus, and nethods di scussed herein have i

containigy aAbyAES qfna cPMMICHy pPRQMACY By EET AnQlsCylpt HVeighfeto clean

substra{grg,f}élrd?cgsfdmc'émﬁ% | IMeﬁtlﬁtifl(f H{ngﬁwe;mgn.m eani ng

S are , elther 1n qui d phase, or in

[0039] Figywé dibabowhaseleasing systeor, nm azcooridncte withe ofie @mbrodsment of the

therefore, the cleaning materials do not danage the
presentgaenignt eat ures. The cleaning materials, containing
0040]) PRI $hoRfs AimBli MRS HenfAFRER N BF b Rop AlGCo M4y &1 cleanin
[ ]wgugﬂ?: gaSt urleBtlhle contam nants on (hﬂe subst ra%?e. In ®
a substrattdntacomdartdeevith eémigodmterdfihg invanticp t he

ont anj nants and do. not.return the contanm nants to.t.he ;

o041y EGNESHLIRNh Felfont ieNEOThF  faind 8P ER LA R head O Fidfe 4. in
accorddnBERAMUhe Whitd dIridrd & f PR esehainvegight form | ong pol ymer

chai ns, which can al so be cross-linked to forma

[0042] FieguiortK flsrwspal syaisrt Emeeaio maseriat maenagaiipnpon yaggerdance with one
envos L BRI LN nvor i show suerior

[0043] Fizue©Ppahb®e paitiRlcenwaal effickincy (RRB) aga fmicabh af snolecular weight
for polyacrylic acid (PAA) and hydroxyethyl cellulose (HEC), in accordance with one
embodiment of the present invention.

[0044] Figure 5B shows PRE as a function of molecular weight for polyacrylamide (PAM),
in accordance with one embodiment of the present invention.

[0045] Figure 5C shows experimental results of using ammonium chloride to reduce viscosity
of cleaning material made with polyacrylamide (PAM) polymers, in accordance with one

embodiment of the present invention.



[0050] It wll be obvious, however, to one skilled in
the art, that the present invention may be practiced
wowrdbomoesone or all of these specific detail SPCT/IS2008/013697
ot her instances, well known process operations have
not been described in detail in order not to
unnecessarily obscure the present invention. [0051]
[0046] Fipre sActiows atpgoctss floivhedisheyr the nlepniaginteeddl@dniaigng polymers of
mat.eri al s and cl eani ng HEHEOdS that are effective in )
a polymeghey FHEPREIt X Aghs TAPIACHEY Yitiehtafhgeeanh @atterapd r gidstrates, 1n
] t hich may contain
acanmﬁ@%hﬁ%é%%g%ﬁ%@?ﬁgﬂ?ﬁ?%ﬁ?gs.?sﬂﬁﬁg&?he enbodi nment s
[0047] pigwé 6B stpeci 4 ipeocesafipivest pwelfaingdcleanisg matenedyuot accordance with

| eani n | i cat.ions, these cleaning applications
Onemnﬁ@gHF“H%RSEBEﬁBQG?Y%“QHy t echnol ogy requiring the
. ) ”
[0048] g%?é’ 3 Qfovx%oz{‘})%geﬁkaﬂb'@' ot ]glg’ii?gfgt@@iﬂiﬁé @nater¥® in accordance wit

9/ 078969PCT/ US2008/ 0136 0052] "Figure 1 shows
anothergnshadgmenttod tHeOpresdnt inventiomst r at e body 101, in

accordance with oie enbodiiﬁnt of the present
i nvention. On sub TIQN; devi ce
nLu re 102 and, a (o ' bC 0 .
00451 LA PR R A0 L O e withou

damagiﬁ%%urfﬁ&i eangad aleedéstribbd  Skheecledniiey nodteriwdg ippucheusasnd methods
the width 104 of device structure 102. [0053] .For

discussedierisebpvecadvapiaee Wscleatiom pateraey sihstratss yrihl pe faturop without
. n e Saral Wi : :

om0 E N, L CCRIR QO OO e AL, 101 e, o i

liquid/ghb @haded hind deforrd evowel ddviceceatues; thevefbreashentledring 6dteyfals do not

dﬁéige.structure 02,1 ar.e scal ed conti.nuousl dowq. 1 .
damage, e 08y KRB ol G, CIFBHRE TS fPPIRES RELEMGT Qi polymeric
compourdMWi@®d1a34¢ T @Ae ¥ eftht,CBARSre thBecdiRABMaRtsObn (thE substrate. In
devi ce stfuctures, such as height 106 of device .
additiors ttheicleaning hoRsridlnenjmpghea confamimantssand| do mhdweturn the contaminants to

SR E S <L B
form lohf PéPhErChairtsy @hidkS cAIYS bk ice6xR-11nkee $o dreh BBiedlork (or polymeric

i nterconnect, narrow ng the w dths and hei ghts of L
networle) r Tee igngspelsuier chains apd/er PREYMesJ1e6VPRK $Hoss SYRsHIoRcgpabilities of

.10 : i ani fi 1 : . t .
L L
[0050] Tewillcs: sHviaist howsver stocineakilket it celdre tHAA2he presend iinsenéion may be

. high aspect ratiq, which, e them prone to da b
practicqdoyithout samg 9p r{fl O thige spREg. 5@}@%1@. et 16??%“%’%‘?5@? Kagn process
operatic?d;ﬁlélgé gﬁpﬁ%&a&és& B¥d hR e drerSidt Y& BHﬁ&'e%ﬁl)bdegﬁret #A8 present

i
about 2 or greater. Force 112 is applied on
inventiggarticl e 103 to assist in renoving particle 103.

rce 11 and 11 e applie cl eani ng,mat erj al.
(00s1) e Erenaimsripesebed el Bioy e orind ARAPHITEHEelefhing methods
that areSdffddfil el P rehiR/if® coREMURNEWHndAEEndtadanage thd Raitur4i6h tdSpatterned
particle 103. In one enbodi nent, forces 111 and 112

wafers, agomney of yhittoseayi pontaignhighdaspedi ratie feptagesar Vhile theeembodiments
. viclimty. of her. Forces 11 ' ' 0 .
providegspic ﬁca{\é)éarg%lr@?grglg%gioﬁ gergxgoxﬁ 1o r# a%1§arglé$ a@?@éétﬁ’glts i E)hr? 80 1caning
applicafi@iswRizht bdextehdaintongy teshadlogy réquiriideesedsvalaifeontaminants from
surface. For exanple, it can be from di spensing of
a substrgieeani ng material or rinsing of the cleaning material.
[ 0054] The decreased wi dth 104 of device structure 102
and the relatively high aspect ratio of device
structure 102 nake the device structure 102 prone to
breakage under applied force 111 or accunul at ed energy
under applied force 111. The damaged device structure
102 becones a particle source to reduce yield. In
addi tion, the danage device structure 102 al so can
becone i noperabl e due to the danage. [0055] Figure 2A
shows a di agram of 3 response curves related to
applying a cleaning material on a patterned substrate,

Y a1 e




11 cleaning material peaks at E. Curve 202 shows

particle renoval efficiency as a function of energy
wappbiogsseon t he substrate by the cl eani ng mat ePCHUS20081@13697

particle renoval rate peakg at near ER \Wen the

energy exerted by the cleaning material reaches ER

the cleaning material is nost efficient at renoving

[0052] Fagure Al Sfows' D RubSHRLS UOG Witk & sEbNtfale BodyCl0Y, eanQc'i:oSdums with one
t he amount of dana?es of device structures caused

embodlm‘et of ehenprsgeniavanfign. @8 substigticl 9 bHees isehdsyge étﬁﬁtﬂtPr@dl 02 and a
poiek o1 0Bk 018 SYALETBS s, SN gk ptivale albeer 107,
which chingh:ah thdsame drdehofyhegniridd as EEN width Eiesfideveoesstiuetiirgy02.

the cl eaning materi al o t he substrate._Since
[0053] Eeouaégawﬁuf@?mogjw rg% 3‘&{ émbu%f %%@m and, 16 nm

technolggﬁ @it M&Htl'OQrthtQé- de¥ict RRuGLRATING dRLEIJ & less than 65 nm.
ts on the pattern substrate, the device structures
The wigithst b dp'aicb estrucauss tsuah exswoidt 106t obdevdacrssgedturerﬂ@2 are scaled

article re curve 202 s ea
continufBfily doah WER SHahSGENSH OIeaE HLaPOEQeY BT 05 (e IR EAgurfece area
of chip8U kTﬁE hfoBitsSat tha €Bviee khadthred 2dRH 128 Befpht V06 BF 86vied strli@ure 102, in
substrate. [0056] Figure 2B shows a di agram of 3
generalrdssipsissale clgwemp@tlemdbf wvish gpvigtingt ﬁleci%emufﬁﬁures due to concern
o e e ey DuPudL AR S BB Sy 0 Ba s SRR Spgeommeet

narrow g the PRIdUSY ﬂﬁﬂh&?%tdfadtﬂ}ctuﬁki‘wwtdeﬁﬁztdaye ﬁi@erds&ﬁvmesttbe high to
cleaning material peaks at Er'. Curve 202' shows

cause sigiifipant RG dplgy Andrgenerajcetogumugh Beajforfis saduetive ?felcmres As a
h A %

e, PRSBSOS SR RSB, i ko

them prod@ab@amape by tfree dll @ applied omtler staictire. imene embpdingmt, the aspect

. at removing particles fromthe subgtrate surface, . .. .
ratio ofi (g0 SN PR &% HIUERES ah?&hg@égfeaferd oy el 12 is spplied on
partlclesi(s}lﬁ)t dsfP 1&%@}%&1@% ficaph e AL gid al2 are :ﬁbfplled by cleaning

function of energy applied on the substrate surface
material l(eotc$lmn)rtgl thet sabstadte sTitfacalaedr odeviter sisicture sl 0grtot lhreiove surface

prico BB BREOTSTTERNE o L1 NS A, cose i

magnltﬁd%erslitﬁ!é By e 16 tBERIdIgityTRF @attdlotheP Medicéshel Iielflzlapplled on the
structure damagg curve 203'is within the energy

substratyi srfachwobishbe from ary relativd BWHPR Peutesr thg|cleangta maggsial and the
substraﬁfgﬂré&?% E{(J)E ? §'lfgr gvgcgp é)te rg%\#ggﬁﬁﬁ% g e%l erg%eﬁg'l or rinsing of
the clediig@matrial.0 add particles (or defects) [0057] As

10054] e sisgscroioits A Sh el e meions F e e deiaRusli highfashect ratio of
device Q&gct&%%@%gm&%é @evicd EMQ@Z RS CoHrédkagl uh g apphed force 111

trate surface to r evi ce yield. “Therefore,
or accunhdatee katrigp natemappbicddene tLhé 61hea1amagecbd¢wee goicturari®2 becomes

.da e curve 203  of F| re 2 unde
a partigl o, © teuc aiekd dnoidle ti BATRRG Sk B sringhek, 198 elso can
becomg% &agleqﬁlm%ma%ezos of Figure 2A is desirable.
g Conventi onal substrate cl eaning apparatus and
[0055] rquTQdZy\lShoWadﬁe dingrasnesf hrgsneasks curvep irglairg te@pplyingap cleaning

o HF 2 g TR AL BHE3 ABTOALSPBBIERS 5 g rsem

inventid? tE&WBI01gbIREVIMritéhsite WetsusSéneugyt (ises resilh oﬂ&bfdéyvexerted by a
wi dt hs and hi gh aspect_ ratjos, the nechanical force
cleaninggpptead wytwbﬁws seEfagen d T e dersily ofafleaning ﬁ%eréké\ﬁxéléed by the
structures. In addition, the harsh brushes and pads
may al so cause scratches on the substrate surface.
Cl eani ng techni ques, such as negasoni c cl eani ng and
ultrasonic cleaning, utilizing cavitation bubbles and
acoustic stream ng to clean substrate can al so danage
fragile structures. O eaning techniques using jets and
sprays can cause er03|on of fllns and can also danage

o R o ~ o~



WO 2009/ 078969PCT/ US2008/ 013697 13 | ower energy | evel.

When t he technol ogy node becones 45 nmor |ower, the
waeeowersonal cl eaning material and met hod of BOT/VE2008/013697

201" woul d cause damage tot device structures. The

onset of damage for 45 nmtechnol ogy node, E5111, is

| ower than the EN'. Figure 2C shows that although sone

cleaning IngAéYid) Qpeﬂl@d &'Eal Suae0Tahbee paitieldkrentvat efficidiicy @8al function of
technol o they no | onger work for advanced

energy applidodn ee%lbetrzttﬁ ahe sleaning agateria. wihetpasticlyemayy rate peaks at
Jf L gM ysi i

near ERC l*‘gglgn 'rt]ﬁ‘e éh ?@fé’%ﬁ% rygftﬂe eleﬁhl F%Jt%ﬂ?g%gte EQ the!dMinthg material

is moststffitidntirad ramdving efrfieles Ifmm |tlme sebsratengurfiet | Chee 203shows the

the substrate surface for advanced technol ogi es
amounty {008 domagssRfr devige SFAINeR CPRYHI Y BlceSlhrmEe RRERTa adpnetion of
[ I S ta
ey R SN U5 SPELO® S DR IRUERY! I} o st
become Hamagedaati Erg veothtis btgheloﬂtamthe higher dacrh,cEN,vwﬁ éneogle exerted by the
cleaning %%;%H:thg gq}i}éggtieplrﬁ?%eegﬁ%lg&{ﬁegétﬂgggp gﬁnagtbeurvg 283 ése?umde the
energy |dﬁhn@l§lﬁtd?19201‘33p% BRMing iferidl Bkedls GhaRpipAttefiBl®strite, the device
Is a sol. In yet another enbodi nent, the |iquid
structmes @arthﬂ gatiemeubsiratg oould nat b¢ q\amnagqm The particiheemowgliicarve 202
shows @a&tﬁ 62(3%{1?%}%%&%% (f’aglgé V\'h ?fés é 0%?ac?s)sfyokt§ El{eaéu%strate surface

ace can

withoufkindgidgefiruRfurtd\én ﬂiél%&bftﬁit@ surface In one en‘oodl ment
the renoved particles 320 are attached to the pal yne

[0056] gggglre g@ shown ai diagiaguof BECSPIRE pyIVgTdelateds togapplying a cleamng

matertagghé e(}ngcf E@%ﬁ%% WgBRgel/ ﬂrr%l? eshHQ% féttéh%ér g% Wg{%nt}rgy %Qerted by a

cleaning Qﬁzgetﬁml otverpattbaied ssubsteat@o | TheEintehsine exeatdd by thapteanimg material

and, trap the renoved partlcl s to prevent the
peaks 25 e’ Ve 207 5 MR BTt HGEBAYA TG VERS Sy egplied on the substrate.
The pa\f\t}]ﬁlé 3eBoval NGt BLWTCLSnddir 50! Verie t"liecérﬁ‘e?@ @Qeﬁ’&i Hﬂf'tﬁ@ cleaning
contains el enents that affect the PpH val ue,
materiab mahcseEth ¢hs oleatingimatendl is meosp ffjorentsat 1Thevpgl gamt:lss from the

s S5 okl 3 B T B O GRToBee Bfih gusa o

the cleai%glﬁqhﬂ:ﬁal dda %ﬁm@ﬂ‘%@@h&g?ta méaeo&ﬂﬁt@mmatserfm E}hﬁhe cleaning
substrate surface attach to the solvated pol yners

materiaj. oﬁhedermeetruotterns gie theysuiptsate become @%Qﬁeﬁl@é Eab |"\‘hl‘f1btséléghef than

the lowg% darlléf g ebrl]l??) o%teﬁgligﬁe 'xgttt 4 Bgtﬂ:)eg gl’e%rmr}% mater1a1 Since

the dedeeCdtﬂilbﬁJYe dﬁmhétecmaQﬂmm afithin th'Ehﬁetg@'l diseibatica o ur ef thedtleaning
entrap the cont anj nant s. I n one enbodi nen t he

006
materiabg¥epivensthe patierp spbstiare, ¢h Lf CWftSh)"l P@étt%hééﬂtaé% would be
g sol uti on 305.
damagel\ﬁﬁdygtge F{elgghﬁ n%}%&%l\@? ot P &&Egg& r i c conpound with
[0057] A3r gentimied caloxe, vhemmthg ategicedi s:pnetu;mj dumng taecllearqug cprocess could

render oAU S S g it S SR SAATEhS e sbstrace

surface%ﬁ ki’éatfc@tcﬁ:vfwr)hag Oﬂfc‘?éfbfég tHY &%%ﬁshlﬂ_ et ViRB cfead g duive 201°
t he eanlng mat eri al can slide around the device

and damagmtrm 293’ ofigura2Bsisrundesirable3dn coagasthibnmelationship between the

._cl eani vol.ume 330 o
cleaning 553308 ab8 ST TeRehE 20T SBE SR RsiieSei ng a
[0058] Tohe&tishal BitRehteOblehhifg dphRtusSiHd! eletidls 3dlude rbrushes and pads
contrast, hard brushes, and pads nentioned above woul d
utilizingraieshamgal dpTgpni TeBIoY M RArigUldes Famdhe pubstiate yefags-eEor advanced
and damage the device structures. Forces (or energy)
generated by cavitation in negasonic cleaning and
hi gh-speed inpact by liquid during jet spray can al so
damage the structure. Alternatively, nore than one
type of polynmer can be dissolved in the cleaning
solution to fornulate the cleaning material. For
exanples the polyners |n the cleanlng naterlal ~can



[0064] In addition to cleaning substrate with |ines
features, such as the ones in Figures 3C and 3D,
waaisreases wi th ot her patterned features can BCHUSIO8/013697

cl eaned by the materials snd WO

2009/ 078969PCT/ US2008/ 013697 15 net hods described in

the current invention. Figure 3E shows a substrate
technol3gids withtdeviet strastures svidDR4rrdvn atidthe and highasp&1 Batarsdthe mechanical

trenches 316, i cordance wi th one enbodi nent

t.ne.
forces appbigd iy ﬁhﬁ\})é\*&hiegﬁng a3t SRR damese dre ew%f‘z%‘ilf“ﬁ%e%&fdgﬁlon the
harsh lﬁ'ﬂ&lﬁé%ﬁ'ﬂd Ip n%%ysglsgec BOMRHRY &) GREOI Gstidé esfdrﬁl:e 30@1eanmg

scusse above I'n Figure 3C and
techmqum;e sectbaxdinegasonict ¢tlearpog yne luﬁraaomlc adeaairnfg, wbmngmavﬁmm bubbles
cause the particles (or conta

f
and acGipher YEPEIP S0 HBERGET FIE. TSN TEIS ipugures.  Cleaning

techniqh&y (18 Hg ¥ 30Qr §RA}S &1k @iusE'éﬂ@sl&U%ﬁ’qnﬂﬁdarﬁlaEid @lseSdanhdpe fragile
anot her “enbodi nent, the polyners do not act as a

structurgs. ocElguaWZC 5lo065) chenms@unvgé@latf@me coppentinwil, fleasingf material

applleddpg gg{gtlzq%wn?lhngn (Lfl"l \r/]\%L%:E | M a%%nllce le%\a%‘%ﬂ\égh‘%!f&?% € with one

embodlﬁehvmerthec 96 GHAChtint hThee gﬁte a@m@g@ carvey08)1203y, and 203y for
i ncl ude, gut not limted to, acrylic polgiérrers such as

three teplanojegy lyngm Yang, BANm, aalﬁdlSprgn yrggpeypy@lya g opssA &f damgge, starts at
energy %6' t%‘f‘kﬁ’ﬁ@?o ﬁ% 3;1%%@%1/ ﬁf;gar Qrg q§)lj 9@%nology node. Eg is larger than

the uppeP Er)’d ENP io$ epérgp WistAbiitydnaot the )cldaRingAAnerial on the patterned substrate.

thacrylic acid (PMAA), pol ypethacryl.am d
Therefqrm%xﬁ)ls np grgnss ipelie é‘ﬁtﬂw%i?%%fess B C%V%smaétqiiﬂng}%emateﬂal of
Figure Q@ %ﬁ’l \(VEEJ ) for %‘Blr}?ﬁtt%n%p OpdddesinEERe omgt XSP'HQHMF@ Bfarts at Egy,

etc ymers such as Pol yvi ny
which ﬂllﬂgﬂwlthz(rPEA’) A{sotleylmdilgfg}enmvss,lirm oairewer ivadth Pgnset of damage

starts aggp\ygrldfn rgg} lg%}r IP W@ 211%4\9 Vrllorllégyc %X %F{,ﬁrgcgs: PVP) or lower, the
conveng&{dl \é@édn‘i’x%snﬁké?ﬁl and TREAYE oFdubwd 90F° GWld cause damage to device
hyl -cel I'ul ose (EC), hydroxyethyl cellul ose (HEC),

structurcar B‘chxym‘sthyf doeigaufastd poMerhnalegy npds, \sas dhigwelethan the Ex™.

Figure ZQ&EP tﬁa&&it:l‘laléé}hf@%ggfbl ﬁ\)ggndfﬂngrazg Cnﬁl 6?%?5£§V§°%ku for co conventlonal

technoldgies! Wﬁé‘y nb Qbﬁ%ﬁ%rk%ﬂh&%nc@d eschioloilek ugith aseower Mure widths.
exanpl es of e poI ymer structure, polyacrylanide is

Therefasp, @efeymaa aepblty find ¢ clepplogaorgpniSA PepgH CleayRg material that is
e LB TS Y Rl o e v

foradvﬁfde&@évhylbliogle&ci dis a polyner (-CH2=CH COOH)o fornmed
acr)ﬁl I ¢ acid subunits. 1 lied
10059] Figue 3 shorRa SEHTR6 PS04 81 § FAP Y TCBHIGH G eperial spplie
a S Bcé Wi @rbrﬁoéiﬁl%tﬁ t of
o oA BV b DL iy e
the pregaat invengon. ad‘nhewaresdakna(gs omrves203n@08mbandh 2@t forttheee technology

v, BRN 4 onh §5 e RSO LB %y £

2 L @S in@Rirs Br 60V8mROLBHTRIGy R Relai dor BIRIN/BER d
eurve 0‘?).' ﬁ,?&50 1% g9/ m)rstor aborSt 1OOM%’Cn I”I]i%ﬂ aﬁog?tﬂer upper e

N of@nbr(gdl distnibutiomof 1the eleaniag metegak onthe pattgsped) ebstiate.  Therefore,

there i 1s|nr? glija%gﬁ%tﬁhb etv\é\%gsgtax%t)urgst %&!nn&{lté%ngx gfrégr\ll;i\}elg %%{\A;x%l II*‘légure 2C

still wd?Rd Yore63 Gint GH&Sﬂﬂd)llBgylr@dbeime@Ehea@mt oiﬂ%@émtarﬁsmtmm\vhwh is
20M g/ mol . The wei ght percentage of the polyners

higher thea By eaf\s rigehaalogyi pvessing pamavera itk 10 GuE9h 3loamgs starts at
20% in one enbodinent. In another WD
2009/ 078969PCT/ US2008/ 013697 16 enbodi nent, the wei ght
percentage i s between about 0.001%to about 10% In
anot her enbodi nent, the wei ght percentage is between
about 0.01%to about 10% In yet another enbodi nent,
t he wei ght percentage is between about 0.05%to about
5% The poI ynmers can d| ssol ve |n the cI ean| ng

o o o o,



[0066] Alternatively, the polynmers can be copol yners,
which are derived fromtwo or nbre nononeric Species.
wao-e009exanpl e, the copol yners can incl ude 90% oPCRBMoasali3697
10% of PAA and are made of3 nononers for PAM and PAA
In addition, the polyners can be a m xture of two or
nore types of polyners. For exanple, the polyners can
lower dﬂ@rggﬂdﬁelbywiﬁb% It tec o 16y A6 bedetet M fm GiUiokyegsth® @¥mventional
AM and 10% of PAA, 1n the solvent. [0067] In the
cleamngmwar@ﬁdgn@hwf PRV 20T avond S@Serﬁ?%r‘% yicg structures. The
r I t
onset of BRI £0RRILAMoNe hodR! B, JRISEL, Ban L BN Rifire 2C shows
that altlhdu(ghisdmeaﬂeeﬁm’ngvenatenamfaridhaethbd&awoﬂcgfos @anemmnalaleclbml@gleS, they

non-pol ar liquid, such as .turpentine, or a polar .
no longer WGFlﬁ oglggﬁanggd mg?logm oleth Wrg vg@ﬂgf '@)&re‘fgﬁ:t there is a
d ( y | §&itied® the devi
need td Eﬁ}é%) aeérﬁgg (_{H ﬁl@{n ? %g &lgﬁ)m% Jf@rtrennt'hgﬁg Eatle e device
structurenmidlsrreffeqnvcehm seuhmemg partgdlesd ﬁsnnﬂree sttstnateo serfadeq feirdadvanced
1 and is a mxture of two or nore liquid. For polyners
technol§gies, holarity, such as PAM PAA, or PVA, the suitable

[0060] ¥ fgu\’ée Bl SHwstd ﬁq&'deéi&{% sfatdtal 800,] whthPRdnddind & @Watling solution
such as water In anot her enmbodi nent, the

305 comthising p@ym@t&ﬁhoomtzn Aaige Mewp\@@rghtsdlésqimd inhike clggaing solution

305, in @Ic‘é%{ﬁ c‘& \ﬁ,ﬁﬁ g’P? %fn oaﬁrrlérﬁ of tﬁg)gresgné E&en?fogpelht(ﬁjoémﬁmment the

liquid cR@hiHgahatetifl 3006s al geﬂnlnr@loﬂﬁk Uﬁlb@dlme’ﬁqrtheliqmwcﬁcanidgematerlal 300
cl eaning solution can include a buffering agent, . whi

ch
isa solc hnyganathge erbediment theliquid iclegning material i<t adquid solution. The
[ dr. n Jon th bstrat
i Y e, TETAARED ook Bl WP bRy e s
surfaces Gdrlkérdne Pineickex ampthe ofbstrite snefake. adn cbnlesembddlmeniacthtd removed

it S L BT8R g e o
polymeﬁcpcﬁ)n?&)%% \;‘gh 15 e%@le@t‘i’fﬁp%eﬁ'@ﬂt sudhOhs lFafdr- @Bl 10,000 g/mol or

t1ons ore t he deposition of copper and
100,000 igtreol; rfmmallomg pbb'merrmh)arnstdmd pdlpmetie getvaerr foa¢aptye and trap the
sic. The

oo BB L5 AL SR AR S,

polymefd@is§tiive ﬂﬂ’ﬁ%‘l’éaﬂ'ﬁ@ soltitit, Wﬁré&ﬁbd}iﬁﬁmﬁ @lenhdn® tha ﬁﬁfect the pH value,
applications are bet ween about to about 11.

and enhgnes thersobuihlidi afethe polymeery HTbepglé@er%rilsrcrlwﬁ nethe rgﬂeanmg solution
t b t
con ve ORI B8 P BB gD RO oded AR ctllind Styion. 1n on

embodiEh€rtheebalanthaiteoh rth@)subdlﬂa&e cdrmalamgc]smd) urhe solvated polymers by
slightly basic, neutral, or acidjic |n on nmbodi ment

ionic f@EﬁﬁpeYanl (et hWaplsc ke ielrcEPHBih fcer hycisep df\}eﬁqcéxon steric
interactd 2&0814&1?@%685’&&%%’3%’&184&1@@&&%\34&%93&& $R°! HEIMAY of the

Wt h anmoni um h attack opper. The pH val ues for
contambmntseﬁthe@pmmaratalms: adeenbrep Weamontdpunantd, t o about 7,

t nbodi t
100611 R g ek i P BRF &I BRIy RPa: Bopirund Sfliarge agolecular

weight %Hfﬁ a5nethfbrl¥qr1 B O41BATin® WBRMIOAEIVS. tACadditivl t~l|1@5pc§19fners of a
bac endhmfp i cations are between about 1 to about

polymetin campptied withBorge maleculariveeightaandisperses] wntthe hqwﬁcqlmég solution
305. ﬁrgslzir,gﬁ Sﬁeaaglgﬂ%mlaselnﬁgg{)ﬁn?%@*‘rtlllénog qgg %%Lnﬁ:g lgtﬁtu@ﬁl?es( '%P %)le substrate

during SlRhhg BFocess) TiepEpiessi IMNh,thé hleaniug ﬁlﬁﬁér%BO&bﬁﬁJ shde around the
assist wetting of the cleaning naterial on
device sipeivieas &ichuas sRecturgel, 3y shPWRHE CEAURg w@hrm 839 &f Kgure 3C,
the substrate surface allows the cleaning material to
cone in close contact with the substrate surface and
the particles on the substrate surface. Wetting
i nproves cl eaning efficiency. ther additives can al so
be added to inprove surface wetting, substrate
cl eaning, rinsing, and other related properties.
[0069] Exanples of buffered cleanlng solutron (or

N o



18 device features to danmage them In one enbodi nent,
the dianmeters of the droplets are between about 0.1 pm
WO 200al0z89659 100 pm [0071] I n anot her enbodi nent PCT/i82008/013697
pol yners of a polyneric cosmpound with | arge nol ecul ar
wei ght dissolve in the cleaning solution to form
gel -l1ike polyner |unps 350, which do not establish a
withoutingking &t fobtuidarpgcier thetdegicelseactureg3édl| It d:mrllra@l(;)ﬂiﬁzd lrmshes, and

shown in Figure The ¢l eani ng sql uti on 305" als
pads mEgngA ABo AP O arRke WBTeiia ca@agﬁw%ﬁae devige Siguitures gad damage
I gef
e e RS TR 200y 306 S5 LA B o an
high-speed grapanttoyntiqud demieggyt §poay tar elsd damagheheletriggare. Alternatively,

o S RSB BB ek BTRSE T, Hre
cleamng%fﬂ@ﬁzﬂ aRUxafhplesPike td 1 ARG tin YO clRBRink GRatélial Td¥ include an “A”

Cleaning materials di scussed above are all in liquid
polymeplraompotind gut a EBdpblymesicisodipound., t he cl eani ng

terjal, spc UId cl eanj material s 30
100621 5 BabEers LS Bolirisvtbotn b g Pl Syl fori long chains
of polyfRss, withCdt ishdWe cradE-1inRBigt todRsim a PolyanéFicidtwerlof Agak®@sn in Figure
such as air, to make the cleaning nmaterial into a
3C, thef gglmne@s3§(h§me| lﬁ ingaet avigy the ¢ontanigants, sych aneontaminants 320y,
h
320y, gi(? am358;| gg%?{nﬂé: ﬁ%%e% n(%%o@ﬁ 'i)gt?#gg& e%ulgs?r%ted:sgpfg & etgld capture

contamdiaﬁtser sefteri thet bentairantsn@res cdptiied nb)8@5e ;iolhyméx’eethe contammants
enbodi nents, the polynmers 310 in Figure 3H can be

become, ajiaches tartBep |pel>§n@a@n6rarﬁév§m§fled mrg@fr Slsaning JuEiefigleq Figure 3C

sovs 42 RSN, 0T ORIt kot 31

and 31 hgtrespeativalgs cCaniedinaits\320c amd B20,darspatashet oy othenypolymer chains.

ST o015, SUTR B SUi TGRS 2% SLESRER . i
polymet @RAiHE &t RMattBRedP @S 4 PORAERURSN AL EWheh e F@l@ﬁ&?{s in the cleaning

applied by the cleaning material on the patteérned
materiag 300 ace rereeds! frombibe rubsivitte Isarfadenisneines by oénsig, ghe pgntaminants

oo Jo . FIRCL I I SGS 50 Bl SHBE0' g i

polymeaaﬁhlgmo* di scussed above are either in liquid phase

gas/liquid phases. Liquid and foamcan flow o
[0063] iThe emb@étmmteshgwmf wcBigared 3 g e quby on csiﬁ«ylcsr%ralﬁalr% H'@2 On a

substragﬁydcﬁeas asﬁggr#%ee §? P IILFI%)C% %?Eé&l@é ?ﬁru?ééudrfe%ﬁs%tclﬁ ZE §gt§1 N gé?.e i 802111, and
302y, cnlist glastereditd e uiexeooeasrtd apthenrag eh@ma irg ¥ igune BDe irdeadoedance with

features_on the substrate su fac 4] Fj.gure 4A
one emb@mnw&m@mrﬁwéwvge%@ha§1r@ B GEF o0 e g elsgning materia
300, mE}héxf%taﬁlrﬁ‘g %@9@394 qsggh?ﬁ:eén DGR ﬁrdcﬂlréé: bR rtg@gl?(%trate during

one~enbodi ment I nvention. Wafer
cleanmg Lpirmessat &he 4dlymers &4 0iin the claaebug matesal 3eh slldmearduml the device

sructur, o g0 He al2i1s b1 925y SAebIEHES b GER LimeG on the device
structurdfi SimIan 1 theAPoriminantie 32000320, 320m, and 320y, of Figure 3C being
09/078969PCT/U82008/013697 19 cl eani ng head 410
attacheqb topplyawr cbaingi eopeansiositst S 1.c3and hy.nandedd 5y, are also attached to
olvme (:%{%bed above. In one enbodi nent, the I ength 440 of
polymey,diag eani ng head 410 is longer than the dianeter 451
[0064] ©f addiconad eleadid@. subéttae widD1ih frates, viceds tH&eones m Figures 3C
cl eani ng head only once. In another enbodi ment
and 3Dy, sHpstratesawith fotharedaticrnsd featurrsagnsaler bg cenmed &y thﬁamaterlals and
the di ameter 451 of the wafer 420. Wafer 420 is noved
under the cleaning head 410 nultiple tines to ensure
the entire wafer 420 has been cleaned. [0075] In one
enbodi nent, the cleaning nmaterial is delivered froma
reservoir 470, which may be pressurized, through a
supply line 460. Alternatively, the cleaning head 410
My nove over mafer 420 mhlle the mafer 420 IS

oy g o o o o o

"



[0076] In one enbodi nent, the cleaning head is al so
coupled to a container 423 for used cleaning materi al
wo amaunda f rom the substrate surface and a vacPUIUR2NP013697
425 that provides the vacuwwm [0077] Figure 4B shows
an exenplary bottom view of the cleaning head 410 wth
a nunber of dispensing holes 411 to dispense the
method§ lde@lﬁibﬁd ilEedun@ht invent@ OFidarRc3E vidws wmﬂ)s&ntec&dn frevith structures

he present invention. Alternatively, th

302° th@ﬁ fgﬁeﬁgtaﬁélﬁénegea@tfs ane lﬂéﬁ%té@t?w'thw%e Plah@dlgwat of the Presem
rr, n
ens CILAIRATLIS, S5 9t A8 SYIPLTSID o Binf ey clening
materiall 240 byﬁme:dhamems‘dmusﬁedabowgmﬁlgerel 3T afid 3. t Incone embodiment, the
substrate sur[ace [0078 g re 4C shows .an b
polymegs,Befapsranflocsrlant dhajecayse e Partiles (og LN HgNIRUEY TPy the substrate
surface% SO mcawﬁicﬁa@'anﬂagof&‘mé@@y%fg flo8a6H B8 ﬁHEtsﬁfﬁeﬁhed particles.
er t cl eani ng head 410 on" a surface 421 of
In anothﬂft?ﬁtbodﬁﬂertt,dhc ipebmerhdo ot fchaea flpdculdie cl eani ng

su i ed by suppl ne 460. Th ) '
100651 (53, Esphed SRR Phe LUBLERS COTPGIPE QD AreS dnolccular
weight MAC HidPeSePRl HRACIBMiIN@ UL D& - of 1R ¥&@Erid 48mpound with
nmoves under the cleaning head 410 in a direction

large mioldcylar vesight ingludtrebuamoblumited to,Taraylid Belmers Bisdyesasdyasrylamide
eamn ShEERORRGTR TSR TR, o P BBF 00 T Eillpgl o417, pol-
(N,N- dim&ilxyl(&fylumidwe) (BBM A M) QU;b(ﬂyiQNht@mdpﬁmtrﬁlaﬂﬁ@a)nec(PIPAAm)
art &v} surface tension of the |iquid. The neni scuges such

polymerlgacranlecﬁc M AA) applymgthgcrylamnige Wtsf\fe’ﬁmbvrétl.‘ﬂa“g‘tﬁ%%%l
o pobsThAE SARLIPROR NSy o FRESIEFCH, SRR S rrO) et

Vinyl salymeseswhi he Pal)emyleatwhdhg(PMqﬁe) fﬁoduaﬂlwlsrm shlphotiheacidNQPESA),

09/ 07 9PCT/ US20 8/ 013 n remain
polyving ipe (P SrD): Rebre doge, PYER el g e B4V, et
cellulose 0 wkilved shdh RE %bb‘ﬁ&PQeflﬁthéﬂ (ﬁﬁi)' ety - c@ﬁﬁﬁoﬁ@'{E@?' hydroxyethyl
systenms that are in part interfaced wWith a control

cellulosg (&Eﬁ)ucarhgxssystheh@elmsc t(CMQ) ste; pelyrarchaddesDachias @cmw (Gum
Arablc)g ag%b&%n%aggseh E%Raglélg ég]%rn nglliasgnésm o%tc 1%|te1H ts&lc(ileasoglbumen

collageﬁ ]glﬁt@ﬂ lat362 ilfddtiate a EQC&& of LRABHG Bk} strﬁdcth@dp@l@acrylamlde is
enber 18, 2006, entitled "Substrate Preparatio
an acrytasq p@y@p@bcm%@wman Exsmodifisim agr BTNEE Rpite o Polyviny! alcohol
u =4/ un
s sl LA o LS 1
polymeh &Gl FCQH-CGOHr onfoemefl G’ﬁo’iﬁ]ackyhoomd eubadisrefit’;, tM’g and “o” are
i cl eani ng body 430 | eaves behind, a hbin | a . . )
integers,| AR FRIYREFC?] &IPLHBENS RBURPURSh ¥ithe 8e ecuj&zlwseht either is
soluble nﬂ %n%ﬁ@&usds%gltfmvc?rsts Wadey vJatB?-a‘BE&‘BQﬁtrtg fﬁﬁﬁq ﬁpgel-m &n aqueous
I"'ayer of cleaning material 1s a resul
solutiorc| hannctgmtutiamrw thnonokcou\lpt seghy of ehqmeldmtwwt ¢nenpound 1s greater

v R el PSR OISR RO B! otvmere

compoundSs beRddeh Bolead M EndiSto @BbLELHOM Ry8¥1. N dhdiegtbmbddiment, the
one enbodi ment, the cleanlng material di spensed from

molecutahevaightanf te pelamenc Compsnnd is between ahousd M 3meh te fbout 20M

c of t d | 0 i
wimol. S8 G SRR G FE b e AR Bimpouna
betweelBb It llaM Qﬂnﬁﬂws&dlthDMTg/h’ﬁﬂ Theanrighy pbeadtadd 6f dlegolymers in the

~exerts a downward force %g homn on the sua{ace 421
cleaning materéal 4¢ Between AbomH 81001 toc?%ﬂﬁd HBneLIppodimepfyeln another
enbodi ment, the downward force and the shear force
assi st bringing the polymers in contact with the
contam nants to allow the contam nants to be attached
to the polyner chains and/or network. In one
enbodi ment, the contam nants are attached to the
pol ymers by van der Waals force. In another
enbodi nent, the contantnants are entrapped by the

. oy o



WD 2009/ 078969PCT/ US2008/ 013697 21 hol es (not shown)
of a surface tension reducing gas coupled to a supply
wo 20ve/04969 of t he surface tension reduci ng gas, PehUs1008/613697

used to reduce surface tepsi on of the surface of

substrate 420. In one enbodi nent, the surface tension

reduci ng gas includes a m xture of isopropyl alcohol
embodifieRf) thandleight pargetagdN?y befwded 2boki Qtﬂ]Oé%deo showis1@%%. In another

enbodi ment of a cl eani ng system

embOdlﬁ‘tﬁ"érthﬁlwedlgbét@ﬁ%qni‘@ed§ Jemutcp sbout PR 10 AharGER A et another
embodﬁ‘rfgﬂg:thc% %@E’t ggr(c g sol;etR'EQt(?]BHut Y. @%?Q alfbldQ SOR |1“H¥V§61ymers can

roximty head) , and a suppo
dissolveirr thetcwaemgbalutﬂilnebumspersm cﬂmrplctglymealje dleaning solution, form liquid
the | ower cl eani hea
dropletg, (e@aﬂtlﬁgcqfl%ﬁ%? slapming safie s 19 ?ﬂi%gte%mng SSlution.

[0066] CAQ{%&I{%IIVE?:I Y pSymeRL &4l beeéop‘&)%ﬁnerf\ @Hf‘éﬁ%"r@ﬂ@né‘é@froﬁeﬂ\ﬁgor more

substtate hol der asses between the
monomepp epecatrsd Fboexampl¢.che m]g)lhmads:azt m:ludm?ﬂ%m RAM and 10% of PAA

and are i o BEerS R Mt A Bo TR SEBory R PO ko By inture of

two or ﬁio@@%' 8f of pilymeRS tFRleRadpR, ﬂie%z}&ﬁfers icambé atide bs|ixing two types
Each cl eani ng head i ncl'udes a plurality of

of polymesvpeupét as@o%pfegA(\/band] bQé|0é)P%r1@ thnsoh¥fingh t he
ani [ :
00671 Sh BP0 Bl FUARL L5 Bl U BRAAHS G fhund wi
large nfp®culdr Geiglarar@tiieslved ghifeinaledn gredeimingsolaass, Thedase liquid, or
or rinse substrate 160. A plur aI i td\éﬁof vacuum

solventyafha gfsrying Solian srabe 2 nBrORsTISHIh PUGHoAS tGEHFBlibpr & polar liquid
S

such as ﬁf‘r&frég gl‘-lg?);] égl?e]' é@ﬁl@lersat;fgsgwaeﬁtr" h%}tﬁ%?@é@%gjélsﬁgﬁlpog Qﬁ’/fgﬁ @imethyl

sulfoxidbey (DMSDYE sanlil Aiméthylk éormminm de nEMIF re nlins pney entioglomdrit? the solvent

surroupd vacuum poris 114 and ly iso | alco
includes fpese the) PP JaHIT 2 is,q grailal BBF of SFOBHER. o4 B¥iners with
polarlt}I WRcHP RSB RMI P A | SHB VAT thei sdlitabiB 8olReiZlof sheldldarime S(flhtid)lﬂ is a polar

uppl i ed therefromaid in maintaining a coherent
liquid, $u0dm|8ds/agfzxs(ﬂzﬁb erface at the surface of neniscus 200.

re details rel t|n [ OXy y
[0068]%E@P8 ﬂng“Pﬂgb po?%? bylgg)eggﬁggs B#ﬁhHQfOﬁggthmlthe
solventRﬁtfcﬂ?trz%n\QQtei Qo MeddifyetheAirtbp&eChf tie dbaviey maferfalir whichligiformed by
U S. Patent Appl i cations, 10/ 261, 839 10/ 330 843, and
mixing fhy poIpMETFTIndhe cleariBE SALGANS ST BMRIE GRS eaaing pluton can include
roxi y. t t
o G AR LBl 68 6 SULL O, pocnin of
hydrogéie §sH ) caldé sf enseleatiagsblugionand rcﬂalnmgalmetedtals tarinted dbyi the cleaning

solution. A,@}ﬂgat enHe o R]{%e:jgvg% Onl‘ﬁig é%ﬁ/ig}%zﬁcg 1) Ag)t%mlF tq%ége weak base is

d Y Of thelcRAR AR St BétReen Yoot 1 to about
ammon'%%ﬁ?ggp I |Tg4gtﬁnﬁ%i§1/ LS i materiid ale Bettvesn 0 abou
12. In bmsdtam)ent ffor ﬁzdnteandseapheaﬁws (heforexbo @epasitian ¢feappper and inter-

ot RO O R B0 B8R o
betweeﬁﬁb@tﬁ@sﬁb) abolit 120nWheBagalitént18n anOA6s efbddibdedt] the pH values for

Substrate Preparatlon Using Stabilized Fluid
front-eigbppnlicaniensagiel beByesacbopbs taaRel 1st kibyes alnpt!nea empgyliment, the pH
0}
vtoes SRORURTARSERTLIBRORPLANIEREo0A SILMARNY. i sgnd rcsssig
(after d%p@silﬂt(ﬁﬁbf osppet and naer-metah dadednie)ethe dyanigd solerieeis slightly basic,
[ 0085]. The enbodlnents descr|bid above are nerely
neutral eQrAflieSIN OOEFBILOSHBEY FeAPPET B the| é%lfﬁnﬁgnt?%ecftdﬁ not compatible
di spensing cl eaning nmaterial on the substrate surface
and for renoving cleaning material fromthe substrate
surface are al so possible. Figure 4F shows a cl eaning
tank 480 containing cleaning nmaterial 481 and a
rinsing tank 490 containing rinse liquid 491, in
accordance wi th one enbodi nent of the present
i nvention. Substrate 420 held by a substrate carrier
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[0086] Figure 4G shows anot her enbodi nent of a
cl eani ng apparatus 499 for cleaning contam nants from

wo b@osmsobace of the substrates. The cl eani ng apEBRUS1I00$013697
has a cl eaning tank 485 with a substrate support 483.
Substrate 420* is placed on the substrate support 483,
whi ch rotates during the cleaning process. The

with badi€asliufien apiparadirienid widsh attedksadvpper. matter pHl values for backend
di spensi ng head 497, which di spenses cl eani ng mater

applicaing a1 bstivgeacbowt | &ushaut 4t i epppmborimaeny| daansiger crmbodiment, the
P i n 0z
it voll S S ESEARAET AL PIETIDD 2028, St ancve
embodiftent Ctlheqﬂ{ rvglmppfar bbd&nd%pbtaﬁmnhase aemaeseablouqlhl td about 2. In
di spensi ng d 498 (or. ensi ng nozzl whi ch.
anOthersw%ﬂngmng@ 3?%% stighucLifes Acur oy ok o dsAtpipgium dodecy!
S I
sulfate f'zgﬁg) é %?ggg grngthgb Qoglnfegg Htrgﬂlhﬁgle&ﬁ?%us?)ﬂﬁldn 15U4Ble@thodiment,
the surfaotaat alsg assis stettatgeothO tleahingwsateried opl tbaammgamefapel Wetting of
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contact&%hﬂh’é%ﬁ@st&% §Lﬁ‘9a%e BRE HeSparti@ed e shbdittitdsurfacel SRASE tmproves
to renove the cleaning material fromthe substrate
cleanmsmﬂﬁewy Wihep additinFBGHAETheSiBddPOTPEDE 2Bk ng, substrate
I ter the.c hl eg@ ”Ht%h%%| is rinsed off the surface
¢ ea“‘“éf“‘?sﬁ'&ﬁ - 5 DR SRS BERY

e, the patterned substrate is

[0069] Bxf@1RYo S Pufféved ocléting @bRtibA Y br tdl@nﬁigbsélnab@) &{ch&ie a buffered
relatively hl@g speed. During the spinning
ammongyrpsohHioa (BA e cthieh inglude brsig and eefilcmfﬁqmgsmemwrleh as 0.44

wt% of %\Il—? 8"6]4'\%}:'(%“&51049:@' th Bees& rfE,Lrplatir’\/e the buffered
‘ace tension Teducing gas |s appli ed on face
solutiogfsutines BAS, el’(dmdies&ub&tathahmt bHa asfacsant] sruchemivwﬂg of #DS, to help

rinse and possibly resjd cl eani.n rial on o
suspen¢ AR disheit e b sberia e P RO c?%‘igfa@ A Pt 1 wet
of ADS of%ctx\tvtg LS WHA, 308020, A ethehcid!iPed 1@ 1itidn Q96" Both solution

(N2) . her surface tension reducing gas can al so be
“100” amsldilASb@%ﬁ%])Hm@ecdf@@numd)tank 485 can recei ve waste

10070] 3 eloS AL e R o BEF S g MRl | 4t Tl grial 300 that

has therﬂdl‘y?’rﬁetls'fﬂqw With 14rg® o1 &R AN ETBRK disdieedClot AiNs By e B Ptk foBHy in the
has a drai nage hold 403, which is connected to a waste

cleaningjsahutipp305\a seles¢rnt@dmv¢,quibm945e\ulth éarge\rmleeﬂaloselght for this
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polymekD aie h@BC hiatg-apESrdesSr f04=ﬁ)165(m‘ gal Wasﬁ agpeasesdotiond O Figure 3F
[0089] < The cleaning materials described ?&¥e have

shows apempadimeat ahe digwid lsaring aiaterip! | 30 itk asd-ike molymsgatroplets 340

emulsnfge%alﬁtl{?:ngtglegﬂfné SSRRIAHBS) The Wélam%% BRJtD()ﬁ'jnge QRolcbh ?nsosrmall and
netall1rc 1 ntércon c

nects (wth trenches and/or vias
isolated b@lym&béﬁ(ﬁ ateswsfactaacsuci he ADR cbeldtbevddded t¢ dre dcammg:sﬂlutlon to

|on of e feat.ures can_.be 45 2 nm .
help thosgerhke GRS TORBS ) BRSEASSTESEd WUTQIEI g dPb &IFRRGE solution
305°. IW%B@ eh®bdinte® ShdPETh ?%Y@ 3F ! fGreCik @aYuRBaryBIAr bl Ser@REleaning

to cone wth as littie metallic and/or particul ate
solutiorr 30§ aarichthatgs-tike pokands| dropTtsed4fet Bid gd-ldsrpadpinaadtoplets 340 are

soft and RSB BREL VSV E BaRParTh B ShuplE Pty |l ARk potymer
dropleté B3O d&RPmPRBuddaétise RAfurél, lihdyody nbtasxerl largdBinaldyl @r force) on the
contani nants, in one enbodi ment. In anot her

enbodi nent , the netallic contam nants in the prepared
cleaning material are specified to be | ess than 10 ppb
(parts per billion). In yet another enbodi nent, the
metallic contam nants in the prepared cl eaning
material are specified to be less than 1 ppb for
advance cl eaning. The particle specification for the
prepared cleaning material, before it is applied on
the substrate surface |s Iess t han 50 for partlcle
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[0091] Figure 4H shows a schematic diagram of a system
475 for cleaning a substrate in accordance with one
weredpotisvent of the invention. The cl eani ng healPlCBHUS2009013697
clean proximty head) is gsgnmlar to the one shown in
Figure 4A. The substrate 420" is held by a substrate
hol der (or substrate carrier) 424. The cl eani ng head
device 484tutes toOduthad themn MasSslevenhbodienyftheldianetars of the droplets are
materi al, such as cleaning material 300 di scussed
betweegigbeut. 0. ke tolabani HY wmad 410 is al so coupl ed to a
[0071] OE%?] 0eL ﬁ%cflmgn 6tlljes chl e?sagf yﬁ_pl%g ?lﬂpo\’i‘ﬁa Wt Rrge molecular

CEUn pl

weight Qi'@%@ﬂlleﬁﬁf“the cl:‘éﬁﬁin@f@o‘ﬂﬂt&nht@sfoﬁnrgdh&ke et 1Itmpatd5Oh which do not
di spenses a rinse liquid to renove ¢l eaning materia

establighy & dictingl BaNIFABRWER (B BlseRiaecolBion 305heas FHYED HbEtguse 3G The
cleamng‘}é)ﬁﬁlzﬁo L o c rﬁzﬁﬁg @i aﬁi (fﬁétt g%@lj phd?SR6l | Bhd Pel-1iE polymer

e rinse structured
lumps 350rbfeaxdfyamda dtmncdrea:m devibeghtwes bn thersebstriatusuwtface, and do not
dlspenS|ng hol es hol es. The rins

cuu head 417
exert large @gipune ot €aergy PidafeAb b1 Abe ds7 i s e Fbrate ‘surface to
damagé"‘mei:rpI Th ¥nd Bf Bﬂﬁﬁne‘ﬁ? URé Bfintefers of eIy RnpE Are bét(i/een about 0.1
anot her enbodi nent,” system 475 has a vacuum head 4
pn1U)Mmmth00ﬂmmves any renmai ni ng cl eani ng naterlal and/or
inse liquid left on the substrate s.ur g b The v cuum
f

100721 s aclpanicis umtéaalﬁ odlacm 35Q6n i Abrnabaigs PhSey T yet another

embodﬁﬁ&%nth@%l%ﬁ:g Jc'h”a°s9h dle Lelamm?%av@%ts%oo 300°, and 300”
contal ner urt er coupled to a vacuum punp

discussé@3bovd, @ﬁmaq: aEﬁtzgeki & 4dd sgan/,vsueh zy Nssinsieert igos alr anatprgfof gases,
anot her _cl system 400*, .in accordance. W t

such a<Cg JB FrAb R IcPHEE SIS ANP L BARY BhShat B Fighpe 18 Figure 3F

the cleat»mgt fafeihl 480 Y eSr iabBleb Imaalsgér&apm QRe tcP¥RAfrE Solution 305.
cl eani ng head 410* (or clean proxim head). The

Polymers 8dAi rSgals«v\tdlsp@cﬂ@donstgeMmgsgd@@vroié@gﬂnzghﬁrea@bpélments the

T e e

F1gure§3Ie§{iH 5Q. Mateldading nidterigll 39mihaga peashadd Aid pliquidisigsé.or
di spenses) the cl eani descri bed above. In

ing material
[0073] Jie cdeapbg matgtial t%érlb@ﬁglme@&e bgdispsased) byamaRy mrshgnisms on the

I [ r t
iy RO PR L BB Shel P s e
feature$ ronathet peterestb substrates, tltehendrgylgapphékﬂ(byoﬂhet ct‘leamhgamtmgal on the
head 410* is s r than the d of th
patterng purface et F S| B fEBUTrEE Enet Seéﬂ.%tal%saaagmg the
device %&ure@l Tﬂepkl%aﬁlhgerﬁ ateAal8NSithead E‘l%aﬁﬂé irhfteMak 95004@@0haﬁ)0”
een cl eaned I'n the embodi neRt of Figure 4

300%, dm:smdu abowe anermhngmhleradd phase anex gay/lquid eh@seeammgd heédoam can
ea 410%,. the

flow oy fheipial, gt Bp T S By BB e mn P aseoRebeq bipe substrate

surfacel h?hé}'bﬁﬂ@ttﬁé cl‘b’éﬂmgfmﬁtaﬁal\/\@inelbe appife@ronde prbréafed Walsikate without
cl eani ng head 410* first and subsequently noves under

exertmg |1ats¢ ARETRY 80 th:ld@chetﬁq@tutqseaﬁhﬁglhsea@ smgee i ncl udes a
| y
o071 Tl S50 o BRADRE, FPRR OB ) oY 6.4 e 400 o

cleanmghﬁ silettatéJtﬂx*ach‘thnce neitin @nbeanbelimént of abeidheshtion. a Wafer (or
reservoir 471 of thg rinse liquid, In one enbogiggnt, ..
substraep) ¢ 20; meweshidadl lingar-direction itoward 2 gleapig) hgady l0o(or iedean’ proximity
C f a0 [
head). o R e e PL B0 S8k Lo S8 D5 an am. The
Figure 4J includes a bottomview of rinse head 417*
with a nunber of rinse liquid dispensing holes 401,
whi ch are surrounded by a nunber of vacuum hol es 402.
The rinse head 417 is coupled to a contai ner 408 of
used rinse liquid, which is further coupled to a
vacuum punp 425'. [0094] When wafer 420 noves under
cl eani ng head 410* and rinse head 417*, the cleaning
head 410* dlspenses cleanlng naterlal on the substrate
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WO 2009/ 078969PCT/ US2008/ 013697 26 below). In
addi tion, system 482 has a buffering agent and
w@eaapoisees cont ai ner 487, which stores bufferi nBCHYSU8/013697
and additive(s), such as mw surfactant, used in the
cleaning material. The buffering agent and additive
container 487 is coupled to a dispense controller 492,
cleaningtlicad 400M3rovldes (Hredispenses) e dedningy magrageescribed above. In one

s s B el (LR M e contalne,
wafer 4?@2 '\X%f@r g4 Isr}ﬁ{)vegfr'{:&gﬁk mlee}]rﬁ‘ﬁ)g RO drly 8nésS RERBREr 'teﬂié)odiment,

eani ng nat and there 1s no additive in
the lengthf440r dfhfe atpaningainehdadldi isi sherteotitanithe dias@Ter 431 gethe wafer 420.

not her epbodi nent. the buffering agent and the .
Water &gl me&id;?n%fgﬁ? glegpipg e 4IB PRt e ip gl the entire wafer
420 has¥ah cRlah&fl by separate controllers. [0096] In one
enboglnent, t he pol yners, solvent, buffering agent, _
[0075] &mdnaddiboidinedns,) ther dedniing madriabds delivened fiom girgservoir 470, which

cont ai ner 493.  Afterwards,, t.he,m xture from,cont ai
may bepissusag el sTpPR et oD pt Ty, RGIEHRERPES 410 may
move o9&dwher USOWElRE Mafdr2008sRMbAANIE aBdNEHAEr As described above,
contam nants fromthe mxture. In one enpodinent, the
the clegning fiaterialigwy dtesis theformnet ¢ lideid sobutem, pifpaarqrig qrpulsion. If the

fi t i . .S0Of ' .
e 5 Py B PR S BB PO PAL Ayt
a foam thiﬁr sobdifg Uelveediot@ dl¢anipchqade-Whereahdtakerveir i4 98t pressurized,

he buffering agent and the additives are not mixed in
the cleaning sohesion mabe Brinaeher dedysredithipueh athss PomEtoa kP H@eans.
| | o8l $14ni i feBaBtz cHR¥RePEEP for used
00761 RYE Sy ] o B S (RORIPRITDLE RARPAS for
cleaning omitarial encuidted omtthe suhstrattdiutfaonand & vhoavant purbp 28 thatgrovides
agent, and additive(s) needed to nmake the final
ﬂw‘”‘ﬁ@%ture of the cleaning material. The prepared
[0077] FIRAOUBEhERE Ghi Abmipfary bOIER Vil BFIRERAMABE hB2d 41@kithS€ number
I m cleaning substrates. Alternatively, the mxture .
of dispeosinggholes 41 tthedisperisti the 4Baning matatialf ok apserdapep with one

doe t need.t.o be further process in.th
embod AL of s Dee iy e bl p NG TBF cliefihiTelss 4t are replaced
with a ldpgedndSiieFove Hfsgéﬂﬁﬁg’iﬁlﬁﬁsln bhe effbydinient,ahi(fgv 0Bt didpensing holes

the purifier 494 is the final cleaning materjal_ and is
411 ares gyypeynsdvacyust belsgd 142 Whigh raneeyiss idpapiicematgrial ffipm the substrate
surface@not her enbodi ment, the mxture fromthe pre-m x

container 493 is ready to use and does not need to go

[0078] Figupe g0 shbes philehfbiodimetd 4f alsitderies e theadeariing hemst 4lfcdispensing a

. the mxture, which is the cleaning material, is
cleaning gy {448 of 6lepmesmBiergleundsy thy (39@3?;39%{ 471 ups Yolage 421 of the
wafer J}gt toha&g‘n fhEesuPMEé b er HR4c18hg Rt Ys sited WNhpRETine 460.
5, and the pre-m x container is a mxing container.
The cleanuhgrmatenisl is iremovislt fromethe shisstratexsaudface baviaggnmstpplies| by vacuum

. | ! [ tly to, the st 427. | .

ines o AP R il bkt BB SRR AR eaMe uuprpa b

arrow 4B5E€MHQI dleshitfy BbdyUBOISIScIding atetfal fdfths 8NGneéhlscus.” The term,
from storage 427 ‘of cleaning material. W)

“menisQBg 94s0r8d borR@T r¢ferco giodesrg bady G0 gojunea ¥ @ of liquid bounded and

. conpar t he. vi scosi t ri.ns i a ]
containf bt Burfiat, i op whese i ihETusrsFERRS Shffcqlgple and can
be movell dv@f AapathcdhlihY FAhihdd H$Ape. Thepwdific @fibodiments, the meniscus is
~ neasured at strain rate of 500 s. The rinse time .
maintaingd dyrthe dehery johdlyids toak surfacs Whilg alspremeyingnthp dluids so that the
material off the substrate surface. The PRE is
nmeasured by using particle nonitor substrates, which
are purposely deposited wth silicon nitride particles
Wth varying sizes. In this study, only particle sizes
between 90 nmand 1 mare neasured. PRE is cal cul ated
by equation (1) l|isted bel ow



PRE = (Pre-clean counts - Post-clean counts)/Pre-clean
counts (1) Concentration (wt% Polyner nol ecul ar

wowioglotrsoty/ nol ) Viscosity @500 s-1 (cP) R nsePdi/mig2008/013697
(seconds) 20

meniscus remains controllable. Furthermore, the meniscus shape can be controlled by
precision fluid delivery and removal systems that are in part interfaced with a controller a
computing system, which may be networked. Details of a dispensing head forming a
meniscus on the surface of a substrate is discussed in U.S. Patent Application (11/641,362)
(Atty. Docket No. LAM2P581), filed on December 18, 2006, entitled “Substrate Preparation
Using Stabilized Fluid Solutions and Methods for Making Stable Fluid Solutions.” The
disclosure of the above-identified related application is incorporated herein by reference.
[0079] In one embodiment, the cleaning body 430 leaves behind a thin layer of cleaning
material (not shown) on the surface 421 as the wafer 420 moves under the cleaning head 410.
The thin layer of cleaning material is a result of cleaning material not completely removed by
the vacuum. The cleaning head 410 is held in proximity to the surface 421 of wafer 420 by
an arm 450. Therefore, the cleaning head 410 is called a proximity head. In one
embodiment, the cleaning material dispensed from the cleaning head 410 exerts a shear force
432 on the surface 421 of the substrate under the cleaning body 430.

[0080] In another embodiment, the cleaning material dispensed from the cleaning head 410
also exerts a downward force (not shown) on the surface 421 of the substrate under the
cleaning body 430. In one embodiment, the downward force and the shear force assist
bringing the polymers in contact with the contaminants to allow the contaminants to be
attached to the polymer chains and/or network. In one embodiment, the contaminants are
attached to the polymers by van der Waals force. In another embodiment, the contaminants
are entrapped by the polymeric network. In another embodiment, neither a downward force
nor a shear force is needed in bringing the polymers in the cleaning solution to be in contact
with the contaminants. When the cleaning material is dispersed on the substrate surface,
polymers dispersed in the cleaning material would come in contact with contaminants on the
substrate surface. During the rinsing step to remove cleaning material from the substrate
surface, the contaminants attached and/or entrapped by the polymers are removed from the
substrate surface along with the cleaning material.

[0081] Figure 4D shows a cross-sectional view of a cleaning head 420 dispensing a cleaning
material on a substrate 420. The cleaning material is dispensed through dispensing holes
coupled to cleaning material supply line 460 and removed from the surface of substrate 420
by vacuum holes coupled to the vacuum lines 465. The cleaning material forms a meniscus

430’ between the cleaning head 420 and the substrate 420. In addition, there are dispensing
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holes (not shown) of a surface tension reducing gas coupled to a supply line 467 of the
surface tension reducing gas, which is used to reduce surface tension of the surface of
substrate 420. In one embodiment, the surface tension reducing gas includes a mixture of
isopropyl alcohol (IPA) and nitrogen (N2).

[0082] Figure 4E shows an embodiment of a cleaning system 400’ with a cleaning material
dispensing assembly 418, which include an upper cleaning head (or proximity head) 410, a
lower cleaning head (or proximity head) 410°, and a support structure 419. The upper
cleaning head 410” is a mirror image of the lower cleaning head 410°. The cleaning material
dispensing assembly 418 is controlled by a controller 419. A substrate 420, being held by a
substrate holder 424, passes between the upper and lower cleaning heads 410, 410’ in the
direction of 466. With the upper and the lower cleaning heads 410, 410, both the front and
the back sides of the substrate are cleaned simultaneously.

[0083] Each cleaning head includes a plurality of dispensing holes (or nozzle) through which
the cleaning material is supplied that forms meniscus 200. The liquid may be de-ionized
water, a cleaning solution, or other liquid designed to process, clean, or rinse substrate 160. A
plurality of vacuum ports 114 apply a vacuum at a perimeter of meniscus 200. Vacuum ports
114 aspirate liquid from meniscus 200 and surrounding fluid, such as air or other gas supplied
by nozzles 112. In certain embodiments, nozzles 112 surround vacuum ports 114 and supply
isopropyl alcohol vapor, nitrogen, a mixture thereof, or other gas or two-phase gas/liquid
fluid. The nozzles 112 and fluid supplied therefrom aid in maintaining a coherent liquid/gas
interface at the surface of meniscus 200. More details relating to proximity head structure
and operation are incorporated by reference in the Cross Reference to Related Art section
above. In particular, U.S. Patent Applications 10/261,839, 10/330,843, and 10/330,897 are
referenced for additional details relating to proximity head structure and operation.

[0084] Details of cleaning apparatus using a proximity head to dispense cleaning materials
are described in U.S. Patent Application (11/532,491) (Atty. Docket No. LAM2P548B), filed
on September 15, 2006, entitled “Method and Material for Cleaning a Substrate,” U.S. Patent
Application (11/532,493) (Atty. Docket No. LAM2P548C), filed on September 15, 2006,
entitled “Apparatus and System for Cleaning a Substrate,” and U.S. Patent Application
(11/641,362) (Atty. Docket No. LAM2P581), filed on December 18, 2006, entitled “Substrate
Preparation Using Stabilized Fluid Solutions and Methods for Making Stable Fluid



1% 1. 25M 560 8-10 87% Table I: Conparison of cleaning

material with different concentration of Carbopol
WOAMINTPMA pol yners [ 00100] The cl eani ng mat er i BAT/VE2008/013697

Table | is made by m xi ng22Car bopol 941TM PAA, which is

commercially available, in the BAS described above.

The Carbopol 941TM PAA used has a nol ecul ar wei ght of

Solutiods.2 Pe QRQlds@re of edBiVbf Blermbve-ideatified tdlited iapplicibas Is incorporated
show that PRE increases with weight % of Carbopol
herem@ﬂ@quw until about 0.5% There is no significant
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cleaning .mﬁ;@ﬂ%ffromﬁhe EYRSHAICYTASE QFS alSO PRE S eBEGE F phfpvs a cleaning
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tank 489 cggfeaﬁh cﬁ:fi%ﬂl? ?%aﬁiéﬁﬁmgg%élq]%fg%f tanly\a§§ 'E:gfﬁtégiﬁ?{ﬂn&ohquld 491,

in accoadtnnlce t\ylttofondleﬂﬁlmdenentwfedm pngsematlmanaba i &ubstrat%\ﬁa%ﬁ ndeld by a
substrat%{qa?rg%n I(,jltls:] ﬁgﬁ%ﬁﬁl it eaf eguel}jfg:,%%tglél?e4gﬁag aani 480 to allow the
cleaning material to be in contact with the contaminants on the substrate surface. Substrate
420’ is lowered into and raised out of the cleaning material 481 in cleaning tank 480 by a
mechanical mechanism (not shown). Afterwards, the substrate 420°, held by a substrate
carrier 426, is then dipped into the rinse liquid 491 of cleaning tank 490 to rinse off the
cleaning material. A mechanical mechanism (not shown) is used to lower and raise the
substrate into and out of the rinse tank 490. When the cleaning material leaves the surface of
substrate 420 in rinse tank (or rinsing tank) 490, the contaminants are removed from the
substrate surface along with the cleaning material. Substrate 420’ is lowered into the rinse
liquid 491 in rinse tank 490 by a mechanical mechanism (not shown). Although the
orientation of the substrate shown in Figure 4F is vertical, other orientation is also possible.
For example, the substrate can be submerged in the cleaning tank and/or the rinse tank in a
horizontal orientation.

[0086] Figure 4G shows another embodiment of a cleaning apparatus 499 for cleaning
contaminants from the surface of the substrates. The cleaning apparatus has a cleaning tank
485 with a substrate support 483. Substrate 420* is placed on the substrate support 483,
which rotates during the cleaning process. The cleaning apparatus 499 has a cleaning
material dispensing head 497, which dispenses cleaning material on the surface of substrate
420*. The cleaning material dispensing head 497 (or a dispensing nozzle) is coupled to a
storage tank 470 of cleaning material. The cleaning apparatus 499 also has a rinse liquid
dispensing head 498 (or a dispensing nozzle), which sprays rinse liquid on the surface of the
substrate 420”. The rinse liquid dispensing head 498 is coupled to a storage tank 496 of the
rinse liquid. The rotating substrate 420* allows the cleaning material and the rinse liquid to
cover the entire substrate surface. The cleaning material is dispensed on the substrate surface

before the rinse liquid is dispensed to remove the cleaning material from the substrate surface.



into the cleaning materials. After being added with
silicon nitride particles, the cleaning WO
wWQ@9/NMIBO69PCT/ US2008/ 013697 28 materi al s ar ePCT/US2008/013697
di spensed on clean substrates. The cleaning materials
are then rinse off of the substrate, which is then
nmeasured for the nunber of particles (silicon nitride)
[0087] @iftek hBe slvahimgematetiahiy figsddhbferthalsumhcel ¥f BieNpgsarhéd batsstrate, the

pattemgagﬁblsgrlat% i(s: %lflilg(ti %yasfptinenringr I(onrsrlotna ing t%%nslu%gtra'l\t/g tatealrg]lati%lyql%ia speed.
During the spinning, the substrate is secured by a device (or mechanism), which is not shown
in Figure 4G. In one embodiment, a surface tension reducing gas is applied on the surface of
the patterned substrate to assist in removing the rinse and possibly residual cleaning material.
In one embodiment, the surface tension reducing gas includes a mixture of isopropy! alcohol
(IPA) and nitrogen (N,). Other surface tension reducing gas can also be used.

[0088] The cleaning tank 485 can receive waste of the cleaning process. The waste of the
cleaning process includes waste cleaning material and waste rinse liquid. In one embodiment,
the cleaning tank 485 has a drainage hold 403, which is connected to a waste line 404. Waste
line 404 is coupled to a valve 405, which controls the draining of cleaning waste from the
cleaning tank 485. The cleaning waste can be directed to a recycling processor 406 or a waste
processor 407.

[0089] The cleaning materials described above have special advantages in cleaning substrates
with fine features (or topologies), such as polysilicon lines or metallic interconnects (with
trenches and/or vias), on the substrate surface. The smallest width (or critical dimension) of
these fine features can be 45 nm, 32 nm, 25 nm, or less. For advanced cleaning using
cleaning materials described above, the cleaning materials need to come with as little metallic
and/or particulate contaminants as possible. The metallic contaminants in the prepared
cleaning material, before it is applied on the substrate surface, are specified to be less than
100 ppb (parts per billion) for all metallic contaminants, in one embodiment. In another
embodiment, the metallic contaminants in the prepared cleaning material are specified to be
less than 10 ppb (parts per billion). In yet another embodiment, the metallic contaminants in
the prepared cleaning material are specified to be less than 1 ppb for advance cleaning. The
particle specification for the prepared cleaning material, before it is applied on the substrate
surface, is less than 50 for particle size grater than 65 nm, in one embodiment. In another
embodiment, the particle specification is less than 20 for particle size greater than 65 nm. In
another embodiment, the particle specification is less than 10 for particle size greater than 50
nm. In yet another embodiment, the particle specification is less than 5 for particle size
greater than 30 nm. The specification for metallic contaminants and particles is more strict

for more advanced technology with finer (or smaller) feature sizes.
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[0090] A number of methods and systems can be used in making (or purifying) the cleaning
material meet the metallic contamination specification. For example, metallic contaminants
in the cleaning material can be removed (or cleaning material can be purified) by
fractionation. In one embodiment, an alcohol is added to the aqueous solution of polymer.
Since the polymer is much less soluble in the alcohol than in water, purer polymer would
precipitate. In addition to the alcohol, acid can be added to the aqueous solution of polymer
to assist in separating metal from the polymer. Acid can provide H' to replace metal ions,
such as Na®, attached to the polymer, which would assist in separating the metal from the
polymer. Another method of removing metallic contaminants is by using ion exchange. The
cleaning material is passed through a column packed with small particles of resin to exchange
metal ions in the cleaning material with hydrogen ion provided by the column. The column if
filled with acid, which provide hydrogen ions to replace metal ions, such as Na’. Na" is only
used as an example. Other metal ions can be removed by such methods and systems. Other
methods can also be used to purify cleaning materials.

[0091] Figure 4H shows a schematic diagram of a system 475 for cleaning a substrate in
accordance with one embodiment of the invention. The cleaning head 410 (or clean
proximity head) is similar to the one shown in Figure 4A. The substrate 420” is held by a
substrate holder (or substrate carrier) 424. The cleaning head 410 is coupled to a reservoir
470 of cleaning material, such as cleaning material 300 discussed above. The cleaning head
410 is also coupled to a container 423 for used cleaning material, which is further coupled to
a vacuum pump 425. In one embodiment, system 475 has a rinse head 417, which dispenses
a rinse liquid to remove cleaning material from the surface of substrate 420”. The rinse head
417 is coupled to a reservoir 471 of the rinse liquid. In one embodiment, the rinse head 417 is
structured similarly to the cleaning head with rinse liquid dispensing holes and vacuum holes.
The rinse head 417 is coupled to a container 408 of used rinse liquid, which is further coupled
to a vacuum pump 425°. In another embodiment, system 475 has a vacuum head 412, which
removes any remaining cleaning material and/or rinse liquid left on the substrate surface. The
vacuum head is coupled to a waste container 409 of used cleaning material and rinse liquid.
The waste container 409 is further coupled to a vacuum pump 425”.

[0092] Figure 41 shows a cross-sectional view of another cleaning system 400*, in
accordance with one embodiment of the present invention. Wafer (or substrate) 420 moves

in a linear direction toward a cleaning head 410* (or clean proximity head). The cleaning
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head is held by a support structure 450, which can be an arm. The cleaning head 410 is
coupled to a reservoir 470 of cleaning material. The cleaning head 410* provides (or
dispenses) the cleaning material described above. In one embodiment, the length 440 of the
cleaning head 410* is longer than the diameter 451 of the wafer 420. Wafer 420 is moved
under the cleaning head only once. In another embodiment, the length 440 of the cleaning
head 410* is shorter than the diameter 451 of the wafer 420. Wafer 420 is moved under the
cleaning head 410* multiple times to ensure the entire wafer 420 has been cleaned.

[0093] In the embodiment of Figure 41, there is a rinsing head 417* next to the cleaning head
410*. Similar to cleaning head 410*, the length 440 of the rinse head 417* can be longer or
shorter than the diameter 451 of the wafer. Wafer 420 moves under cleaning head 410* first
and subsequently moves under rinsing head 417*. The cleaning head 410* includes a slit
411* to dispense cleaning material. Figure 4J includes a bottom view of the cleaning head
410* with the slit 411*. The rinsing head 417* is coupled to a reservoir 471 of the rinse
liquid. In one embodiment, the rinse head 417* is structured similarly to the cleaning head
410 of Figures 4A and 4B, with rinse liquid dispensing holes 401 and vacuum holes 402.
Figure 4] includes a bottom view of rinse head 417* with a number of rinse liquid dispensing
holes 401, which are surrounded by a number of vacuum holes 402. The rinse head 417 is
coupled to a container 408 of used rinse liquid, which is further coupled to a vacuum pump
425°.

[0094] When wafer 420 moves under cleaning head 410* and rinse head 417%*, the cleaning
head 410* dispenses cleaning material on the substrate surface and the rinse head 417* rinses
the cleaning material off the surface of wafer 420. The rinse head 417* also removes the
cleaning waste, which include particles and contaminants on the surface of wafer 420,
cleaning material, and rinse liquid.

[0095] Figure 4K shows a cleaning material preparation system 482, in accordance with one
embodiment of the present invention. System 482 has a polymer container 484, which stores
polymers used in the cleaning material. The polymer container 484 is further coupled to a
dispense controller 488 that controls the amount of polymers being dispensed into a pre-mix
container 493 in system 482. System 482 also has a solvent container 486, which stores
solvent used in the cleaning material. The solvent container 486 is further coupled to a
dispense controller 489 that controls the amount of solvent being dispensed into a pre-mix

container 493 and to a cleaning material adjustment container 495 (will be further described
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contaminants from the mixture. In one embodiment, the purifier 494 also has the function of

filtering to filter out any particles (soft or abrasive) from the mixture. In another embodiment,
only the polymers and the solvent are mixed in the pre-mix container 493. The buffering
agent and the additives are not mixed in the pre-mixed container 493 with the polymers and
the solvent.

[0097] After metallic contaminants have been removed, the mixture is moved to the
adjustment container 495 for to add additional solvent, buffering agent, and additive(s)
needed to make the final mixture of the cleaning material. The prepared cleaning material is
stored in a container 427 for use in cleaning substrates. Alternatively, the mixture coming out
of the purifier 494 is ready for use and does not need to be further processed in the adjustment
container 495 for the cleaning material. Under such circumstances, the mixture coming out of
the purifier 494 is the final cleaning material and is supplied to storage 427 of cleaning
material. In another embodiment, the mixture from the pre-mix container 493 is ready to use
and does not need to go through the purifier 494. Under such as circumstance, the mixture,
which is the cleaning material, is supplied to the storage 427.

[0098] System 482 does not have the purifier 494 and the adjustment container 495, and the
pre-mix container is a mixing container. Under such circumstance, the mixed cleaning
material is supplied directly to the storage 427. In one embodiment, the cleaning material in
cleaning material reservoir 470 of Figures 4A, 4E, 4G, 4H, and 41 is from storage 427 of

cleaning material.
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materigbab ttae rt&shrau ferthmudd. e (ﬂmielr &mnh! ezntchmstanm, ahe readitsresy $dleertt, and/or

substantlall ice feature on the
buffer Gipt s 000¢ 0 TEGIRE G THRIOGHS LA CarRE B ant i ol |y
[00108Fmee s é’ig&é%&"ﬁ)&@r&'e&l zﬁ% RInVe? of etk RABE PArifying the cleaning

el ng applied on the surface of the patterned
materiad thosit rth?& deartihg matershioh gﬂeteélacdccbmmglatmm pAétdrrlavvely, the purification

can bef ;%eggoa%ggo Hﬁ{j‘hﬁﬁ‘?e? F%nm% rnen%grrlaalt I?rsp]arg %1} é)mcegﬁ1 dLbOgure 68 shows a

process flow 670 of preparing a cleaning material to clean a patterned substrate, in accordance

vacuu

with another embodiment of the present invention. At step 671, the polymeric compound and
some solvent is mixed together to form a mixture. At step 672, the mixture of polymer and

solvent is purified to have less than 1 ppb metallic contaminants. At step 673, the mixture of



a support structure for holding the cleaning head in
proximty to the surface of the patterned substrate.
WQ@2009/08896% eani ng system of claim1l, wherein theCT/US2008/013697

cl eaning head further incBudes a plurality of vacuum

hol es for vacuum ng the cleaning material fromthe

surface of the patterned substrate. 3. The cl eaning

polymes Wad eoiveiit &tk anired withhthe eémaihing iapediRntotofend theicleleing material.

includes a_plurality of dispensing holes for a surface

Other embediments e&wfafglggtia% clegping material aisalsqpesstle t ensi on of

he s a t e b a
100109}, 7 ¢ 8%9%% ﬁu%gdé%}gg%lég‘gga% 3hd Hethod eaifyssed above have

advantapgs ixeuheaxﬁmg Ipatta:m&d sthstriates r\mdoﬁm femtures wahbmtatamagurtg the features.

mechani sm f or he ed subs rat
The clqig; FRRAOAS e QI Hbdaua RRaserrod 12 i g5 RSt Gippm). and

defomoiro&{@amlée fRgEE! tﬂe;teme dth%&%h?xhr{ggnﬁ?é%ﬁ‘éé net 'd%gge the device
slit to dispense the cleaning materi al

featureg | Eanclagning stagerials incliguiidnphasefoan bhan tl@oﬁwpm quariglmd a sol, or a gel.
The cleaning materials containing polymers of a polymeric 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.

[00110] The cleaning material is substantially free of non-deformable particles (or
abrasive particles), before it is applied on the substrate surface to remove contaminants or
particles from the substrate surface. Non-deformable particles are hard particles, such as
particles in a slurry or sand, and can damage fine device features on the patterned substrate.
During the substrate cleaning process, the cleaning material would collect contaminants or
particles from the substrate surface. However, no non-deformable particles have been
intentionally mixed in the cleaning material before the cleaning material is applied on the
substrate surface for substrate cleaning.

[00111] Although the embodiments above describe materials, methods, and systems for
cleaning patterned substrates, the materials, methods, and systems can also be used to clean
un-patterned (or blank) substrates.

[00112] 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.



a rinse head position over the patterned substrate and
next to the cleaning head, wherein the rinse head
waele@psrves a rinse liquid to renpve cl eani ng NBCEUSZN08/013697
fromthe surface of the paiterned substrate. 7. The
cl eaning system of claim®6, wherein the rinse head has
a plurality of holes to dispense the rinse |iquid and
[00113] he riAseubieart, ahss Carhaskaspld Wiselli hyredd, \desotesn Withest tlamitation,

. renove the rinse,li&uid, the cleaning nateri al %?d t he ..
semicop gt AL, Sard divve fisks wpfigddiss, e pptraienapd Tlat panel display
ulp B | e S%sHi bife Leonthialifated duri
ot SRR I, SHRREL e AOT Ay U0l MIRIAIA g
manufacagding dhhamdlimgnopegativead Bependipeeonl .the actuihsubstreteniangurface may

material of. cl.aim1l1l, wherein the sp]vent is selected .
becom¢ cepammates iy Rerspt ays, ﬁgs she mgﬁagiei ley) o spntagipgipy is defined
: i ' i met hyl fornmam de
in the ‘{"‘Bﬁg? 1%‘%&2&% nmbllﬁégla{h?)éhgsﬁﬁééaggg dle(i?'o. The cl eani ng
[00114}rat er iAlthavigh @l ewnertboditmentsiaf thépregentyimesntiondwivp bgem dessribed in

detail %gélg%fsgpﬂ@%ﬁ hcicr%é&é}ﬁ.}y?&%ge::r?) :gpc%%s?ﬁ[%tbétgtgpﬁrfzscent invention
may bef&thBodi& MY mafy bheRSp&edfi® fitfls Wil iMdepatifha roap ele SPATHR scope of

pol y- (N, N-di net hyl -acryl am de) (P N, )
the invgotign. ( Fhesdpreothel presenti examptds gnd| @plaggiments are to be considered as
. ol t hacryl i.c aci R . pol t L\ ] . .
musoaffs AR 7 el e koo B8 bR, BE IR T i provided
therein] Bitigay RENpdifiealaye phactice®witkintttie 6EIpof tiodppiende/tiaings.

oxide (PPO, vinyl polyners, such as polyvinyl alcoho

(PVA), polyethyl ene sul phonic acid (PESA),

pol yvi nyl am ne (PVAM, polyvinyl pyrrolidone (PVP),

pol y-4-vinyl pyridine (P4VP), cellul ose derivatives,
What is¢iaimaasisimet hyl WO 2009/ 078969PCT/ US2008/ 013697 35

cellulose (MC), ethyl-cellulose (EC), hydroxyet hyl

cellul ose (HEC), carboxynethyl cellul ose (CMO),

pol ysacchari des, such as acaci a, agar and agar ose,

heparin, guar gum xanthan gum and proteins such as

al burren, collagen, and gluten. 11. The cl eaning

material of claim1l, wherein the nolecular weight is

bet ween about 0.1 Mg/nol to about 100M g/nol. 12.

The cleaning material of claim1l, wherein the cl eaning

material is fluidic in a formof a liquid, sol, gel,

or foam



13. A cleaning systemfor dispensing a cleaning

material to renove contam nants on a surface of a
wQaiwerssed substrate for defining integrated cP€T/US1008/013697

devi ces, conpri sing: 33 a substrate support for

supporting the patterned substrate, wherein the

substrate support rotates during a cleaning process to

renmove contam nants fromlagmsur face of the patterned

substrat e; a di spensing nozzl e positioned over

t he patterned substrate for dispensing the cleaning

material on t atterned substrate for def |n|rrr§12E

L. FntleHag SYSEm, E’U IS PN & B0Vt A MNABIS 9T Y
substra@%?&éfﬁh% %1‘5’@§ cRehiY H@Jlé‘esoéo&ﬁ@sn‘i@ ymeri c conpound
ar weight greater than 10,000 g/nol, the
peulysmtescalmcrrfgr smp@mr@ ¢dgea05thle\pemmedx stbstuate; he
anln t he eanln ri.a '
B e el o e sty BhiEE nplr, P S Tage carer
the clea‘i’n'fhgt R d P i@ Geplafalibhef dl%dn@fn?@ﬂle%ltbﬂislb@ﬁ@,a ¢1Bshing material on the
solubi l'i zed pol yners havin mer chains to
Surfacedhppaﬁ@m% @u@ﬁnatm@rtdﬁéithmr@famcycw slevicRn Whgreiciae cleaning
materlagﬂ} Ll?d%glpoértg%eeg? ﬁgthséu}p %rég%ce t:oﬁqg(ﬂ el Bith gemgleglpﬁxl Q/glght greater than

arou evic atures on

10,000 [pAhbErthe hosuhet haig vélableanf Okcleentstoafphl @ clbardihg material, the
cl eaning materi al p{)l ied on.the surface of the

cleamnsmt@rm viigoless 148 t Garieh\nillion dPenelamicAlit gowwmafs before
s s A TR 0812 SBUGE ESUETRS8Bobs i on
polymet rcaginefto adapase aed leltﬂap che sohafronants ienc Itlmmutlﬁg:e of the patterned

rial applled he surf atterned
substiatg,Era e iR RELBIER hge BB ety deth eauEs & e pattemed
substrat%t Whéa f?&frcet ﬁeaﬁﬂl%nbﬁ]%%kﬁﬁlh@mat\éﬂhpﬁpﬁlﬁad‘:&ﬂ%@@uﬁféﬂze of the

he cleaning material preparation system
pattemed sa:stratg wys@ve ghe goatamindits whtowt nuhstagltlgubsianaig@g the device

featureszeggﬁ o pI acs %gg'ﬂ%ﬁ%@‘% SEAh sﬁ%t r%qu fr a%f ﬁ%raswe particles

before ﬁi@&l@ﬁﬂlﬁé Iﬁiit@hﬁm Bangf Il@@ronCﬂﬁp{drﬁlbélg)f the patteghedi ﬂfb@trate the
l'iquid dispensing nozzle for dispensing a rinse |iqui

cleaning heach eipgt qoapleddosupioragst &, thaedsaging makrial, dech iy awapled to the
0 ed to a rinse |liquid storage
demun?g%%%ﬂ?hgg?gﬁgg ??gﬁf renove the cleaning nateri al
f rsappdrbetresttifeafoe holdihg ehgaleheing ddad b prdxdinéty thethe Bheface of the
cleanlng system of claim 15, wherein the rinse liquid
patterngdssu8girateni zed water (DIW. 17. A cleaning system for
renovi ng contam nants on a surface of a patterned
substrate for defining integrated circuit devices,
2. Tberpleasinggystem of claim 1, wherein the cleaning head further includes a plurality

r:e of a patterned

of vacuum holes for vacuuming the cleaning material from the surface of the patterned

substrate.

3. The cleaning system of claim 1, wherein the cleaning head further includes a plurality
of dispensing holes for a surface tension reducing gas, which reduces surface tension of the

surface of the patterned substrate.



a substrate carrier for supporting the patterned
substrat e; a cleaning tank containing the
w@b@anisyg mat erial for renoving contan nants fPONUS1068/013697
surface of the patterned saubstrate for defining
integrated circuit devices, wherein the cleaning
mat eri al includes polyners of the polyneric conpound
4, \Tiht ldleaning| sgstomadst sleinghtfu@heabomiprisingn 10, 000 g/ nol, the
pol ynmers being, soluble jn a solvent to formthe .
@) EsPoRy TReshanism fory mevingethaindgermsd subgratp Jpdpmepthsthe cleaning
head. than 1 ppb netallic contam nants before being applied
on the surface of the patterned substrate, the
sol ubi li zed polymers having | ong polynmer chains to

ptyre.and entrap the contam nants.fromthe rfac .
5. Gl St s, b e Risprethg Ead fgs % Tone stit 1o
dispens¥Bh&Eleatling fla@tr B around device features on the
patterned substrate when a force is applied on the

cl eaning material applied on the surface of the
tterned substrate t ve the. contam nants w t hout
6. g?llsgfegﬂ‘(“igam ma‘ﬁ??i*tji’hﬁ f{lﬁgeor&gmpggl.nigem ures on the
AUfARCRead! Pesitedit dNEN CheTPhtehad stitrag snbakRNtd @ld ¥leaning head,
free of abrasive particles before the cleaning

whereinrtheaiinsg| hepdidispensssa wrpedifuichto wmovgcdeaping matepal fropnibg surface

of the %#QI%B%& rat he di spensi ng head being coupled to a
PE orage o “he cl eaning material; and a
mechani cal nechani smfor |owering and raising the

%attern_ed substrate into and, ouyt of the cleani

tan
7. e cleing st @t it whergimthn rrse headihasra il ot holes to
. . " I

ipen AP 3 o o RERL I RS SR Ay RERD o o
rinse liguidf dweclefiningengetitleantethesednstmiatets feoml the secthenpf dlie patterned

nmechani smfor |lowering the patterned substrate into
substrafehe i nsing tank. WD 2009/ 078969PCT/ US2008/ 013697 37

19. A cleaning material preparation system

conprising: a polyner container, which contains
8. Jbk yolesaning system of claim 1, wherein the substrate carrier moves the patterned

substrate under the cleaning head at a speed.

9. The cleaning material of claim 1, wherein the solvent is selected from the group
consisting of water, isopropyl alcohol (IPA), dimethyl sulfoxide (DMSO), dimethyl

formamide (DMF), or a combination thereof.

10. The cleaning material of claim 1, wherein the polymeric compound is selected from
the group consisting of acrylic polymers, such as polyacrylamide (PAM), polyacrylic acid
(PAA), such as Carbopol 940™ and Carbopol 941™, 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



a sol vent container, which contains a solvent; a
container for buffering agent, which contains a
whodobersony agent; and a m xi ng cont ai ner P€DIUS2008/013697

m xi ng the polyners, the solvent, and the buffering

agent to prepare the cleaning material, wherein the

m xi ng container is coupled to the pol yner contai ner,
cellulodeN®IGR leitgiHee 00§ (BEY hy drogydthy cetinloss (MEC), martioxgmethyl cellulose

bufferi ng agent, and wherein the cleaning material is
(CMC)s B‘PlY??’éﬁ’@ﬁW% Rishea et agap AN 28a1PTea BEPASTN, SUBLEYR, ¥phan gum,

e t ted circuit devices, and

andpro\?#lpégel{cﬁtag Erfga%ﬂ“n Q%nglg?lgfﬁl ncl udes pol yners of the

pol ynmeric conpound W|th a nol ecul ar wei ght greater

an 10, 000 t.he ners being.soluble.in a
SBF SUAREHEF 1A 3T AN PO e dRIGLISE KEPBH] BoRRgen 2bout 0.1
Mg/m(;mgggé@llobgy$/ﬂg)ll ess than 1 part per billion (ppb) of

nmetal 1 c contam nants before being applied on the
surface of the patterned substrate, the solubilized

2. BRLHIEI R RUR R VA SHEL B3 GBI 0 i  omo

ahquldp@(ntgg]n@okﬁmbst rate, wherein the cleaning materi al
def ornms around device features on the patterned
substrate when a force is applied on the cleaning
[ u : .
13. %1%%1111% s§ @J'nr @?}D&\EQ) %ﬂgg gaoﬁ%'%rﬁng%%attééh\?\d t?ﬁrgltl?t%(rp%gntammants on a

surface%lﬂ bqiaﬁélfnbdl kubstrdenfag definihy inteigruied eirteiatievies, oasmplhﬁng:
surface, the cleaning naterial being substant

al | y
fr wibstsate aBiPRETLY T pHPPPRINGS thse PRfENGh SURYBEE; ¥ grein the substrate
| Sher
spporRURHS e TARL FR ) Y AR aht AL o e
patternest aubsigeepf t he cl eaning material, which is coupled to

Iean rraterlal re aralonsse 2Q. The .
B CEwRTE Rt postiorie RS e Rl eE SHRGRRIo8 fispd8iing the cleaning
materiaMB! i Eﬁ‘&n&? nuBétRRE tbPrdebiirfge iriteiaRE efkculiti bViBEs, wherein the
cont ai ns additives to nake the cleaning nateri al and
cleaning heatpmlymehlsles phlymeass wErihe pphyenesiet ¢ampaygdayihta medeoutps weight

greater %g gb;@ﬁ ga} thfh%oqg@tgﬁ e etrllrgge :%ai[ugl d heaprgr(ﬂévpeg? 6t1‘t) form the cleaning

mater1a$ Yiht @RBingC nateal avinBeles thah epplo |nYétﬁ1l1clc$>nﬁﬁhlﬁ§:ﬁt§ (efore being
fromthe tgr oup consisting of water, iso c? al cohol
applied( pipAfe surfags 191 the inattesned sSubeiaey) thegsetabifiged mokagrs diaving long
r i
potyc Wy eI 8l o, o D o
substrafep mstieedin ¢he &manugdm'a&rmhldeﬁjlmd drowmd tievacg rfenmres on the pattemed

consi st of acr I | yyers, such as yacr | am_ d
substraEpRi apBRgacy JMIEdash i PRagne STt a0 SRl ool AfiRe of the
patterné) SufsRAROROten L Tk o%ﬁiahlﬁzhﬁti\'w1tho\4\psubstant1ally damaging the device

2009/ O78969PCT/ US2008/ 013697
featured Dm§h¢1 phefame; yhenicdeng POMEA) bepng yulgstanitieUp riogey f alragivarparticles

before H}ﬁ él%@lpﬁgp‘n%ﬁeggf rrEt nagryld g%%;%%%g%g p&t(tieragg substrate, the

dlspensﬁ'%cllibaa% Yétphed wstbmge%f(tﬁéu)aamﬁg Iny2édl]| @ARhAYicdepled to the
pol ypropyl ene oxide (PPO, vinyl poI ymers, such

cleanma@q@mla}wmmt@n@mﬁ@m (PVA), pol yethyl ene sul phonic
acid (PESA), polyvinylamne (PVAM,
pol yvi nyl - pyrrolidone (PVP), poly-4-vinyl pyridine
14.  ([Ré\éRaninpesysnoE dlsini Y3t whein giectubatateeduppbrt is placed inside a
cellul ose (MO, ethyl-cellulose (EC), hydroxyethyl
cleaning &4nky| ose (HEC), car boxynet hyl cellul ose (CMO),
pol ysacchari des, such as acaci a, agar and agar ose,
heparin, guar gum xanthan gum and proteins such as
al bunen, collagen, and gl uten.



23. The cleaning material preparation systemof claim
19, wherein the nol ecul ar weight is between about 0.1
woL@bomdoes o about 100M g/ nol . 24. The cl eani nBCT/US2008/013697
mat eri al preparation systgn of claim 19, wherein the
cleaning material is fluidic in a formof a liquid,
sol, gel, or foam 25. A cleaning materi al
preparation system conprising: a polyner container,
whi ch contai ns pol yners; sol vent, contai ner, which
LS. Efaﬁpkﬁan@géygtéwéﬁlalm 13, mrﬁ?ﬁ&%‘i’l‘?ﬁ?‘ﬂéf for bufferi ng

adzlﬁgldag%b%ﬁs\{%rﬁzwl fef &leﬁéfﬁidgs aaflméf fl€1[11da%ﬁthe patterned

I'ves the cleani'ng materia
substrate, fm'heeain thexringg loqunid aluspensmg) hegt spaupleg ta & rinst liquidtstorage tank,

e iR OV L. SRR Bt S 5 e

the m xing container is coupled to the polyner
contai ner, the solvent container, and the contai ner

16.  flbe cleahingsystgmadetaimalfd whdttiin thegnse liquid is degomiz¢d water (DIW).
which is a systemthat purifies the first mxture from
the first m xing container, wherein the purifier is

17.  @04BAfAL b@td®or lehdbi dﬂnﬂﬂmﬁﬁ&ﬁ& 8h A& fadef a pattern@substrate for
adj ust nent cont ai ner preparing the cleaning

definingrintegrpgd chguitidgyiees, PWéplfI%?lrlgt m xture with additional

QUL SO AGE A AL YR AR, the ad) ust e

ai ner e puri and wherein the

alctaningotanBefitailing thef déanigymidienigl ﬁﬁn‘bmﬂ@rﬁcﬁltmnmts from the
sur face of augatterned substrate for definin

surface;f thegpaliesredPEALE TRICARTINE IniGgePish eI Higese POgHFim e cleaning

: j.al |
materlamcﬁfdaeg olﬁgrgédf‘ gr? th %1?@%? ggt% (?li}?h‘gﬁh %gﬁ%lggulﬁpwg%'ﬂgwgter than

10,000 paingheths pokingys éxeingohcdubla ia &oblvent tot forfrothm d:lhsnng material, the
cleamngg&g?r@?g%ng{g%%%eéggﬂié%gghp gontg\flh)inants before being applied on the
surface of the patterned substrate, the solubilized polymers having long polymer chains to
capture and entrap the contaminants from the surface of the patterned substrate, wherein the
cleaning material deforms around device features on the patterned substrate when a force is
applied on the cleaning material applied on the surface of the patterned substrate to remove
the contaminants without substantially damaging the device features on the surface, the
cleaning material being substantially free of abrasive particles before the cleaning material
being applied on the surface of the patterned substrate, the dispensing head being coupled to a
storage of the cleaning material; and

a mechanical mechanism for lowering and raising the patterned substrate into and out

of the cleaning tank.

18.  The cleaning system of claim 17, further comprising:
a rinsing tank containing a cleaning liquid to rinse off the cleaning material from the
surface of the patterned substrate; and

a mechanical mechanism for lowering the patterned substrate into the rinsing tank.



39 material having less than 1 part per billion (ppb)

of nmetallic contam nants before being applied on the
wabarewenf the patterned substrate, the sol ubPCT/EEZN08/013697

pol yners having | ong pol yger chains to capture and

entrap the contam nants fromthe surface of the

patterned substrate, wherein the cleaning nmateri al

19.  dedlediihg alatiall petpNiation bpaénf @mnprsingle patterned
substrate when a force |s applied on the cleaning

ArwEbIMeTconfapier cthish comains prARES,0f t he patt er ned
ﬁ%gﬁ%ﬁ?{o%tﬂtiﬁ?erf %%K%ohﬁﬁ}scaos%tl@éﬂ'n ants w thout
Sdbstant i al 'y’ damagi ng

he devi’ce features on the
aubh@aaer farltmfiehiagagey, waichrcoatainsa mdfesingsipemnt aed | y

free of abrasiye particles before the clean] .
AP SR FOTKRINRy APt PO Koy freszalvedlts Sk (s Garipgpeent to

prepare> HQSEfe%iﬁF hhfRrig], 8aRd B9 h&aﬂliﬁﬁ%n&n%h@ Rdcb®l&d to the polymer
storage of the cleaning material, which is coupled to

containthehe _lselamiltng)nm_a'llﬁr pad ther epdaiach fon thy Sufferies agéry, and wherein the
cleaning}fggtg%ialgish trgr{giq%:vir%: gﬁ'gérg}n}aggd?x%/ %tnsj{rrfag% raa ;pghezr%bd substrate for
definin ??E?ﬂ%%%x%iﬁbrugfw&s,nﬁﬁ@bdhkfeiﬁ‘ﬁﬂ:t AChAY nSatériflMhélR&es polymers of
the polymeric compound with a molecular weight greater than 10,000 g/mol, the polymers
being soluble in a solvent to form the cleaning material, the cleaning material having less than
1 part per billion (ppb) of metallic contaminants before being applied on the surface of the
patterned substrate, the solubilized polymers having long polymer chains to capture and
entrap the contaminants from the surface of the patterned substrate, wherein the cleaning
material deforms around device features on the patterned substrate when a force is applied on
the cleaning material applied on the surface of the patterned substrate to remove the
contaminants without substantially damaging the device features on the surface, the cleaning
material being substantially free of abrasive particles before the cleaning material being

applied on the surface of the patterned substrate, the cleaning head being coupled to a storage

of the cleaning material, which is coupled to the cleaning material preparation system

20.  The cleaning material preparation system of claim 19, wherein the container for
buffering agent further contains additives to make the cleaning material and the polymers, the

solvent, the buffering agent and the additives added mixed together in the mixing container.

21.  The cleaning material preparation system of claim 19, wherein the solvent is selected
from the group consisting of water, isopropyl alcohol (IPA), dimethyl sulfoxide (DMSO),

dimethyl formamide (DMF), or a combination thereof.

22. The cleaning material preparation system of claim 19, wherein the polymeric
compound is selected from the group consisting of acrylic polymers, such as polyacrylamide

(PAM), polyacrylic acid (PAA), such as Carbopol 940™ and Carbopol 941™, poly-(N,N-
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dimethyl-acrylamide) (PDMAAmMm), 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.

23. The cleaning material preparation system of claim 19, wherein the molecular weight is

between about 0.1 M g/mol to about 100M g/mol.

24.  The cleaning material preparation system of claim 19, wherein the cleaning material is

fluidic in a form of a liquid, sol, gel, or foam.

25. A cleaning material preparation system, comprising:

a polymer container, which contains polymers;

a solvent container, which contains a solvent;

a container for buffering agent and additives , which contains a buffer agent and
additives for making the cleaning material;

a first mixing container for preparing a first mixture of the polymers, the solvent, the
buffer agent, and the additives to make the cleaning material, wherein the mixing container is
coupled to the polymer container, the solvent container, and the container for buffering agent
and additives;

a purifier, which is a system that purifies the first mixture from the first mixing
container, wherein the purifier is coupled to the first mixing container; and

an adjustment container for preparing the cleaning material by mixing the first mixture
with additional buffering agent and additives, wherein the adjustment container is coupled to
the purifier, and wherein the cleaning material is for removing contaminants on a surface of a
patterned subsfrate for defining integrated circuit devices, and wherein the cleaning material
includes polymers of the polymeric compound with a molecular weight greater than 10,000

g/mol, the polymers being soluble in a solvent to form the cleaning material, the cleaning
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material having less than 1 part per billion (ppb) of metallic contaminants before being
applied on the surface of the patterned substrate, the solubilized polymers having long
polymer chains to capture and entrap the contaminants from the surface of the patterned
substrate, wherein the cleaning material deforms around device features on the patterned
substrate when a force is applied on the cleaning material applied on the surface of the
patterned substrate to remove the contaminants without substantially damaging the device
features on the surface, the cleaning material being substantially free of abrasive particles
before the cleaning material being applied on the surface of the patterned substrate, the
cleaning head being coupled to a storage of the cleaning material, which is coupled to the

cleaning material preparation system

26. The cleaning material preparation system of claim 25, wherein the purifier uses

fractionation or ion exchange to remove metallic contaminants from the first mixture.



