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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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ai'ns or polymers that are not substantially
[0006) o‘,rrmﬂdmlonnhdfedckaamagrmstbrnmlstermtapstheIqontaadnmam apd do not return the

contamapinigr G UL SEITEal Lhe RBMGES B aILGHG fRmpgund with large

& @érﬁm [y reaail WiRkIthn Ofiso b linked to f
mo}ecugage\)%g S wei H% gf}mrybrnonérj). The nonsg0 pglcyrr(;wsasr lr(1:h€a| nos orm a

networla(ﬂi/pmlymm ﬁa@@ﬂ@?s%glmh 0S2008919186 OFai@s for polymers that are not

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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o - o, AN NN PN o



[0014] The sol ubilized pol ymers have | ong pol ynmer
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materi al deforns around device features on the
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10,000 kgéhng dihpl podyimens Isrsehﬂxln fimaesodvent e fpantthe wéganing material. The
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cleaning e of Salih g 3] SRPATCA BT STBBROPEArS BEFRePPied on the
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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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substra The cleaning head is coupled to a storage
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substan@tlﬁy edﬂm;glm@nhe Qfevid&efemhﬁserdn ithiB/&[ltfh@m ThO21¢anmgunaterial is
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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
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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~
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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 a¥8 S TTeRehe 20T sBE RS A 5P Stk 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



[0063] The enbodi ment shown in Figure 3C shows only
one device structure 302. On a substrate, such as
waawshrseabe 301, a nunber of device structures, PELITR08$013697

3021, 30211, 302111, and 02w, can be clustered to be

next to one another as shown in Figure 3D, in

accordance with one enbodi nent of the present
technolbgieewithalevicBistruttarestvati-ngrove wadihs hiidahiglhcaspctt mzitémnth@gnechanical

material 3Q0, in the cleaning volu 330 geqtl% ..

n addition, the

forces applied dybeibreshes apd tnafe sap ﬁia'tnﬁee thendavics @tnaﬁsvre !
harsh %?%ri%ﬁi ga%cglﬁaﬁr g aEBecﬁﬁEWthengn 'tﬂetéﬁﬁs&z{tga@drf%e Cleaning

es aroun evi ce structures,
techniqB@2 tuch3@2htgase@i1dldaniag dn@ QRvasonic tcﬂnamnmklimlgga:awtatlon bubbles

ot eGSRt 0 L, S AT B RUIAUA® i
technlqEéSQH§1§ Jts %'dn%)z st &aheshist GroQby BB IfilfRaMHS can also damage fragile

cont an1nants 1, 32511, 325111, and 325w, are also
structuras.t aEfme 26 guiwmercieasing ensve 200649 preoaventidngh clegning material

s hETFRFAL T Rl E P ey 8pd e win e

embodiRht 6f ARdpfesaitin®sntioal Bhé&o e demaghedrviby 20Bg 203y, and 203y for
materials and WD 2009/ 078969PCT/ US2008/ 013697 15

three teplndhegysnatlss.0npe @5inm.tand 4Surp arspechvait (THa ongst g damage starts at

energy %F' gli%/% {o?t %tt%x%%d %géljglfﬁlt %dégrtgft grﬁlgz% (Ld%atE A BPger than

the uppefrbsdiEQe ot eﬁ)érgy Rigstfb@sanss thewbsahingnmatedal amrth'eamterned substrate.
3261, 32611, 326111, and 3261v cap, al so be rzgni % lof

Therefasg.dh¢ie iy nadr@agaio t@eeiewe FeedHuiss s ke gpRvandions] clgging aterial o

Figure ECgé’firl §staq89' 630, thH?xBfo ' SRBL the 5P Ok VARG e dfatts at Egy,

'occul’ant T hat cau particles (or
which xsdmg}mmman BN f mmthmlsgmmwa& mtes nafrawer wmdtbetmrmlset of damage

floc, which.is a ssforre aggregati on
starts a4 |QWEmERHERAFYTle| en e Fema st ARG BRRaPes A6 tower, the
convenﬁ@ﬁa\f LSO mARkriaP Ghd 3fetod |0¥Cacad 1 WOURPLad® damage to device

descri bed "above, the polyners of a polyneric conpound
structungs.t IThIeamget qbtigoageafowﬁbﬁ gt teghroloys pedes débui, As doweer than the EN”.

Figure %’f owggléaéoallrtﬁplléé}h pogpe \nglﬁﬁfg rlg%tgﬁtlﬂg Ry &{Iﬁ&is w?ﬁ(‘%? l'3::§f‘1ven’aonal
technolb@nes &ﬁé}y Inb dofedr YWk Sfop daVanesd mihnal@ggeb anitid @arr 38 feaamel widths.

%‘gcry ic acid (PAA), such as Carbopol 9401m and
Therefatar wols Dpeqdo oy Rﬂeﬁpwgne@ﬂvmsab BSING A aléymng "material that is

gentle t() P%@é{]}easgr Itll}/r(e: (aglg 1%9@%)m ?&ﬁ?(vll ﬁﬁl)clre% IFﬂa n substrate surface

ﬁnadv&ﬁk%ﬁﬁ%nomgkyjn1nes and OXIdeS such as polyethylene

[0059] g;gua@Zéﬁqglg)’vsapgllaat\eﬂg£§{lrexlgcea(ﬁngg§a % angggz%ocﬁgqnor?g//fna?eerial applied
by a coﬂb?lﬁfbﬂlal fn%%}i SLﬂ:‘Bl %%E‘g’ds@ﬁ‘l@ c‘féélnf)hpﬂc&(ﬁ%éj wifREs?) embodiment of

vi nyl am ne pol yvin rrolidone §PVP)
the presmnt ynvtnﬂonny IThplyar atﬂldama(g@zt\lﬁ)e,s 2@89 20&e,l angl 233 for three technology

R e e i D
curve 208 1*%96)(((&5@&’ bvatg$ ot 95 Bm(tedfabloggt fodeP Ay sladeathahethe upper end

such as acacia (Gum Arabic), agar and agar ose,
En” of h:ep@tyl qhstr@uaon @éinhe zhaanmarmg@ﬁ@l pn ¢he pritaraechsubstrate. adherefore,
al cr%l? t%ﬂ'll lcﬁoﬁt& Purr(%1 TS & nvzgndna’ gl%aﬂxﬂ% ?naq%rf aq\%f Figure 2C

there isdip4 struc ur e

still woRs &6i' §3 ahe tde@hyIoRY rodEHARRCHNHAnsEN of Qlﬁﬂ‘ﬁge fstami at Esu, which is
acryl am de subunits. Polyvinyl alcohol is a po

higher (ham-@éHoéw )ieRhPEIOgY P YRS ASFOMFCB IS, WaIRF: damage starts at
Pol yacrylic acid is a polyner (-CH2=CH COOH)o f or med
fromacrylic acid subunits. "n", "nf, and "o0" are
i ntegers. The polyners of a polyneric conpound wth
| arge nol ecul ar weight either is soluble in an aqueous
solution or is highly water-absorbent to forma soft
gel in an aqueous solution. In one enbodi nent, the
nDIecuIar melght of the polynerlc conpound |s greater

- A PNN NN N o oy



enbodi nent, the wei ght percentage is between about

0.001% to about 10% In another enbodi nent, the wei ght
w@eogerveye i s bet ween about 0.01%to about 10P€T/UR2098013697

anot her enbodi nent, the wg ght percentage i s between

about 0.05%to about 5% The polyners can dissolve in

the cleaning solution, be dispersed conpletely in the

lower eab@FNMeRd. SWheh ltl@tﬂtecflﬁﬁlﬁgﬂ' n6dd Beddnepl 45t ﬁm(@t’rllalvt&:rfuhed:bnventtonal
in the cleaning solution, or formlunmps in th

cleaning nesdeiad gnd anethed af cpyeEd)l” Ayqusd ﬁ%itsie\fj@ﬂ?gettﬁ éiebtsF yHefyres. The
ch, ar i » O

onset o?ngﬁnaggr fogmélp%rgﬁéé‘ttno@gy Itbd%h'gfl% s lﬁ‘%grcg{aglrﬁy}%re \E(r)s glgﬁ’é &C shows

that although sdmeXDanirig MAtdrialschntiG¥ethddPidrkafoa caneemmdel te€hnologies, they

nmononers for PAM and PAA. I n additi.on,
no longegHoRetos afy&ces éecarologss S RATRO WSy E%UrafW'gin Sy RAeEeforeo fhere is 2

ad HAE X Y vice
voud EFATY) B ABHPREE G0 P85 o Yol ors e
structulsodnderst efffA@D87in remdving gattadésréots thehovstiate surgﬁaneefor advanced
3A-3C, polymers of a polyneric conpound with |arge
REFSCUl ar wei ght are dissolved uniformy in the
[0060] Fig%?é" BRQSMS‘% \igfid c-mﬁm@ﬁﬁtériaﬂ 806, wRichSn¥EM a cfaningesolution

cleaning solution can be a non-polar liquid, such as

305 contanmp@qpqlmmerso}mawpbﬂgge Ima]egudarswieightadissedved 1n(t|lqg(t;}eamng solution

305, in (aic%%ianec)éa %ﬁsﬁ %fgmo %nXeengt f (t%\lér%ggnt 13\2&&%ﬁyllﬁacin%oé?t%odlment the

liquid cleahmathateri{IDd6)is algel. OmeandtHee dinbeditment, ke aqhme;m:tanmg materlal 300
i ncludes nore than one liquid and is a m xture, of

is a sol.ofn yesragothieg embodiment, S W@%lwmﬁ Rl 0P, is s fighidssolition. The

liquid gftéMu%éD iter?di ﬁ\%wﬁeﬁe fi s%BLtY Qt\mftlﬂlbaftﬁ?es on the substrate
clearfing solution s |qU| , such as water

surface( bﬂf)}emc[)\(wﬁﬁhclen (ﬁnﬁiehmbsteatbcsdrfamt In tone @hlaahmngt the removed

lLution includes conpou oth r tha .t he
particle3 ) %46 SURAHEH (0 RB° ABEITP § b 35rBRERL) BV ol B ohgners of 2
polyme%t&ﬁﬁ@undmitﬁ rlatl h6leeBdr %éﬂtx‘sﬁtﬂh A @rd@drYilBA S10,0D0 g/mol or
he cl'eani ng sol 0ti on. For exanple, thé& cleaning
100, 0005 cglfmd)ll, dorng dong polyuthe czlnablafa‘ndrmﬂgmagemetwwﬂﬂ tohcapiure padatrap the
remove‘ﬁfp&p&@ ol t%(%rpofgr\t %gargt?rc'ets tffa H&F%g\ li'x?%b%cgﬁe{?p t%tgr%ﬂést%te gurface The
polymefd 8R§HIVG inTBlcianlg JoMitBRL whicH B&lt@th@%ﬂ:lnﬁ@l@ tHat affest. th@jﬂ?{ value,
exanpl e of the weak aci dis citric acid. One exanp

and enhgnce e m@éklltb(a@fethﬁ polymeshi Lhe pabror) dissleed iy %lmn@ solution
con be 35 KSR, BRI BELALS BB SABRREROME, drelfagtton. 1o on

emboditfeat, ahe cohrantesos ohithe sﬁlﬁstmcqomfacaraﬂtachnt@ rtheredlahted polymers by
dielectric), the cleaning materi sic..The

b .
ionic fgpgew eeany Ger { Waab- éwae,aﬁtﬂcrre%tetwonfgr% cgBoRbie apistactpn, steri
0 r i
iraofdh, ol WRGRE P ST RELIE BB By of e

contamﬁtaotst ’I&etp@l)abﬂutalﬂtﬂre and eptrap theatontamisaidedi nent, t he pH

al ues for.fraont-en atl ns are betwe
100611 §5 ol gibogimeto o BRREIRE P GRUEPRGE CRPPBRTS QL (4FEp nolecular
weight %nﬁ@&pﬁétv@i‘l@l ih nﬁtﬁrclgﬁhﬁé s@iuBloRC309. C)In AdBti6A, EMRI PSlymers of a
solution is slightly basic, neutral, or acidic, in one
polymeeigisonipaerd withdarge mdlecularevdighticendispersed inghe davidicleaning solution

305. 'prg %ulggc:l%tmn&nm&etrﬁ gém)? %Eﬂé Wﬁagg%/egékg %Zw&x?es%ﬁ I?he substrate

during a_leﬁhlﬁg*pbt@ewi‘ST Heopolpmersetd iapme tleaiing neateria 3Ioetcmeende around the
about 1 to about 7, in one enbodinment. In another

device sirpidicRRRHCh AhETYRN 2107 S FBPWB A8 KA FANIBg Yol wng ﬁé%sofaﬁlgure 3G,
bet ween about 1 to about 5. In yet another enbodi nent,
the pH val ues for backend applications are between
about 1 to about 2. In another enbodi nent, the
cl eaning solution includes a surfactant, such as
ammoni um dodecyl sulfate (ADS) to assist dispersing
the polyners in the cleaning solution. In one
enbodlnent the surfactant also assi st wetting of the

. .. Y YA Z 2 a2 "

technol



WO 2009/ 078969PCT/ US2008/ 013697 18 devi ce features to
damage them In one enbodi nent, the dianmeters of the
waelec@ploesvs ar e bet ween about 0.1 pmto about 10BCPIS2008/013697
[0071] In another enbodi ment, the polyners of a
pol yneric conpound with | arge nol ecul ar wei ght
di ssolve in the cleaning solution to formgel -like
withoupmblifgra foroehs idfpact svhihehdestivesauctast 208. 1 Bhcantasts hardchrushes, and

boundary with the cl eani.ng sol ution as shown in
pads meptifed abeye wRwd emé@mrwgel@ag o Br1S 3058 deyeE sfyciyivs and damage
i
e Bk, k2L 00T S6n 08 T8l RO g an
high-speed tilpacs (Hyskiquad elusing fjetcspraypnah diso namagrahe stragtgee.  Alternatively,

more tlfﬁgngj[y%%rozn lg%lpé o8 0:510%)8],}135 é’t thtﬁeed e\é‘lﬁl%o{? u Eolillrteo formulate the
cleamng TRAGHATE NEor éx'ﬁﬁlpqiésaﬂl‘i@t&'l}%n&fs ih e BIRhMARMAtBAMScaR! clude an “A”
et ween about 1 pmto ‘about 100 pm [0072] The
polymegicsamipoygndrandea i 81 poyingrgsogpoandbve are all in liquid
ase, In ot her enbodi,ment,.. t he

(00621 FE gB et §ER pB NG Rigr et A ehtoafo S Qs fompdone chains
of polyﬂi&ﬂs 330 ordi/ B33 L5Es IARME, toTRIn BPoBGhdrad RAwbek. adlsl skown in Figure

gas, such as N2, an inert gas, or a mxture of gases,
3C, thespellimgss 319 com@ inegaatachavig] Eensaidarments; aich ay gortaminants 320,

320u, §?Oa%fn 328“’?1&% eri aI a%‘fgg& e(aglé? P L% FE%)% ﬁ%%gtedlsggfg?esed] d capture

contamirantshe Aft@athengoriahiitan@nad0baptited ysyetise blyméers, #iescontaminants
di spersed in the cleaning solution 305. In other )
become Atizsieddnttac pohangs | apdetts sumended £ iy gleaping gRatggial. Figure 3C
I 0 1
stovs 0 R ERB. 515, 48 PN e MR R A g g 20
and 31 hgsegpeaselpnCantdmigantd 320ased 3PQPF8] atthobed ke athengolymer chains.

LRl SEGE 0. S0 S 5 e b o e
polymefRBRYifs, i} el AHLR&I #fa PONNZBic dePwdkO! WheRMBIpHYnHEYirCie cleaning

features on the patterned substrates, the enéergy
materxaaﬁpmae@l rgipovddefrometini sugstrate enifade, @nclt A% bpainsingadle contaminants

eeds t.0.be be ow t numf e
atache o B P RN A sy PO RE il e vin e
polymeﬁaﬁ;ﬁﬁg als, such as cleaning nmaterials 300, 300 300
300*, discussed above are either in |iquid phas

nd
[0063] the iembedament shiownpiaEigyre BC DS anly paaderiss FusHre302. On a
f n h
substrat%é&cﬁ%gfss %{Ia?e g({)'l:j %e Sug‘i’i?&ﬁ’% ggngscg? dce% ?ﬁé?ﬂf gO%I, @02111, and
302,v, danebecdlasteried o atneki @l orzaanotieer apghévenl i Rigune 3Pain acovedhnce with
W t hout . exertin e_ener on the dev

str at [
one embegimanps ﬁlﬁ RIERENS TSP e Sigifr 36 1o %4 fherigid egpng material
300, m%ﬂ@‘éﬁ:a?ﬁ é '3@6 5§ g&m’é bt il @di@Rfcndel 8R tHé S¥bsBthte during
a syste 400 cleaning a substrate in accordance
cleanmg\npirdmessae Téahmdbmmﬂlﬁfmtthe claanmugtmmnrlal\/\w(é slidesraround the device

structurgf,b %’né@‘eﬁﬁguﬁﬁn |2g1, :ué]:t]llmb:? g{@kgﬁ!lgr gc t O\Na 9 o% the device

structur@d. e@mngr hea &o%ti}ﬁln@lniay 3905 g@mprstzoﬁ,t, raaaty_rofv 43WFigure 3C being
whi ch can be an arm

attacheg 0@ 9O 378D EDFAT,/ mzmmmsm 32PucB2ami 3y hdmd a1g @lso attached to
olnwg;qyt%es (or dispenses) the cleaning materi al
poly S&"bed above. In one enbodi nent, the | engt h 440 of
[0064] Im@d&he@% Ritahimatsubdioate mttong@rfetadmm bhich 6§ eieedres idFlhgures 3C
of the wafer 420. Wafer 420 is noved_under the
and 3Dg substfatrg With @tlss Batisrcd. fepresneannapo évmfé%ﬁq%érhy thepaterials and
| ength 440 of the cleaning head 410 is shorter than
the dianmeter 451 of the wafer 420. Wafer 420 is noved
under the cleaning head 410 nultiple tines to ensure
the entire wafer 420 has been cl eaned.




[0075] In one enbodi nent, the cleaning material is
delivered froma reservoir 470, which may be
w@e@smmszed, through a supply line 460. Alterpet/UsS®og013697
the cl eaning head 410 mayiswve over wafer 420 while
the wafer 420 is stationary or also noving. As
descri bed above, the cleaning material may be in the
methodﬁ Géiﬁrtbﬁ:dan tHeqwir@éns ivehtid), FigufeBHSIwsansubstrhtei 300 wlith structures

reservoir 470 is pressurized, a cleanlng solutiPn
302’ th%)trfoéﬁijl"@ﬁ 8 aag trseches BAp £ asrrrdenssaridponmembadimeanpt the present
[ | 4 ygr r

inventilf CortuERBAS, S0 B3, T SFEN RN ARo00T eV By cleaning
materias 800 b emechayisine disenised abovalal Figeres3C tahd 31y hInocbd'eeambodlment, the

conmonl y no _means 0076] In one enbodi.nent, th
polymery gefnthg s } e t'afrts%?ug%alm BertisS (ot GRORHB Sk S dpe substrat
surfacetd %‘éc&h@ Zﬂéb n%{@ﬁt i8Tal ﬂhssvﬁ%m? ?féréhttl&? 0B WiRE siffeRded particles.

surface and a vacuum pu hat provi des the
In anothexcobodirh@0, pﬁlyg;lmrssed@‘r Botsdtoasa ﬂncml@‘mpl ar y bot tom

th.a nunb

[0065] \é.: 8 of.}i)‘%ge%g‘ilee neiArE y?t%?%l ﬁ mFﬂ% cgfrg)gﬁpg] dwth large molecular

weight AR 8fshétsed ih tlféc@lgﬁrﬁ%" GBlutioh. h E)&ﬂl}ﬁéﬁJ@ldtHEBp'UlyﬂErlé Rempound with
present invention ternatively, the dispensing holes

large moleruler aveiglyl inelede. iut mok lifmiteg t@,nafryim PRWMgrsprehsAsRplyacrylamide

a0 S gl BeSE STRCOAT g RCCR LTS, SREERBa 947 o

(N,N- dﬁﬂlamﬂmgylmm@m aI(PDM}m\fri)e spmgx(Nalt@rspyltmﬁanﬁm78](PIPAAm)
gure 4C shows an ment. of _a side view.of th

pOIYme&aéla/rlﬂcrﬁgl%@’é\éAMOPQJV@SﬁH%M?ngC P Y R%Wla%ﬁoar@f oxides, such
o po ISP R B U5y PR RO 10 203 (prO) e

Vinyl pdigmetsesuthngs Petyarinydl alcshad L@MA)@Q:oﬂb}eﬂmmﬁ yullphmna’c4zﬁﬁ)d (PESA)
. The .cl eapi.ng nmat er.i IS.reno rom t he subst

polyving e dB BT UG BITRUoRS (G UB U 1108 B IGigh dP4VP), ot

cellulos‘é’aﬁﬁ’fvaﬁggs FRME 2is Ul‘ﬁ@t%&l tc@ﬁulﬁEGee gl?frd(;)gv elﬂgé-@eﬂlllgsé ME®), hydroxyethyl

direction illustrated by t he cleahi ng
cellulodgdbE)EGDscarbbxmetam erdlubast d CMT), fetsy, polysacoeridescivsh "as pacia (Gum

" as used herein refe bgﬁ%%ngsudlasaWUHwn

Arabicl Bl and B e o eHes b iien 4t 4“4l

collagef QiMitdh, @€l To 1Wﬂateba/ fesEfantifted @ENhé p@lyﬁfer tsﬂﬁ@cthﬂeq pd)lgacrylamlde is
The neniscus is also controll able and can be

an acrylgteepolgmsi-Co e HGONHer)e frmed feam §mk9émd¢ ﬁu@wé& Ppb'vmyl alcohol
s o s RRLERIL R, IRRSHRY. A Byt cd s
polymet [{eCH]=RGHIC GOt Joaforinké froMD acrylic acid subumts “n”, “m”, and “0” are
2009/078969PCT Us2008/ 013697 20, ne cus mai ns
integers orfte PAYBFE. OFFarRAUPFS @omﬂ@%@ﬂﬁk&&e &Pjﬁ%ﬂ%rawe@@t either is
Iy IS QI BAA o frovali
e SEELAGR SHTACE SN0 LA AELANG 0 DY g s
solutiora honpcltem’mgdmy@tt,eme mblechlanwigighe orﬁehwmolyed:rlcmqtmdoﬁ greater

o 180 AR 5SS SR OB B
compoundli @ét'lwe%ﬁ%})o(lt“@ ¥ glhsikBlabbl: IUOM/%%S]” In Addted dbodiment, the

Decenber 18, 2006, entitled "Substrate Preparation
moleculdsiwejgist efbthei n@mmﬁrlgmrrwu@u@rbgtvem o ddvé g/mpl to about 20M

gimol. YEVA% R Enfddthdn ot HBar TBER 0P Sheindtle bifipound is

betweeR 86cRit N SOy g/hedl @d.S ebae 20{\/0@71931 IIhe onrighe pbadhnge bf tHelp®lymers in the
cl eaning body 430Q | eaves behind a thin |layer o

cleanmgu@maﬁgs &stv&epaaboehetooé%omb% 2Pt 18 efrRboHMERls In another
the waf er 420 noves under the cleaning head 410. The
thin layer of cleaning material is a result of
cl eaning material not conpletely renoved by the
vacuum The cleaning head 410 is held in proximty to
the surface 421 of wafer 420 by an arm 450. Therefore,
the cleaning head 410 is called a proximty head. In
one enbodlnent the cl eaning materi al dlspensed from

o o o A A N e o I o o AN 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
embodifdend) thandeight pergemagdNy befwd@h boki Q100¢ % > shows1@d%. In another

enbodi ment of a cl ean ng system

th a c ni_n
embOdlﬁﬁ"érthﬁlwedlgbép@ﬁ%q%ed:% $ehwiep bpyt COMoR e AndrUERA R et another
I 0
SNPRS00 1t
dissolveirr thetcwaemgbalutﬂilnebumspesrsm eanpletglyhiadbie dltamngsolaltlon form liquid

sopt ST b e I DR B B

[0066] (‘A(?fégﬁqgllvkgd Y pSymeRL &4l ﬂeeéop‘&)%ﬁnerf\ @Hf‘éﬁ%"r@ﬂ@né‘é@froﬁeﬂ\ﬁgor more

substtate hol der asses between the
monomgppspecatrsd Fboexampl¢.che m]g)lhmaﬁsﬁanl@ludﬁlm%mﬁ 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 polymesvpeupén 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 }(%f;Of vacuum

solventyafha gfsrying Solian srabe 2 nBrORsTISHIh PUGHoAS tGEHFBlibpr & polar liquid
such asVQGtdp gl‘-lg?);] g l?el]jfeégﬁl lersa(;fesol\}eﬂi" hféllf(fqu&ﬂl%ﬂ&lsﬁb'&l@q&%ﬁ @imethyl

surro , as alr or other gas suppli
sulfoxidbey (DD santil ﬂiméthylc éasmmmnde rBOdF )re nlins pna @ndtiogdemdrit? the solvent

RO FESHATPEE) o AT 0 PUEBLY SO SRYT el v
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 rox
[0068] i/tgearng “%PPS‘T?@D po?ltgfl By e;"e}né:ﬁlglgs E}Lh%égé‘fgg%  than the
solventRﬁlfcﬂ?irz%n\QQtei Qo MeddifyetheAirtbp&eChf tie dbaviey maferfalir whichligiformed by
U S. Patent Appl i cations, 10/ 261, 839 10/ 330 843, and
mixing thy pgymets7inghe cleapisg splusigns pr &EAIRLE he clearingi spgmon can include
roxi y. t t

o ot AR A B DR BLAE R 508, PSR R, pona o

hydrogéie §sH ) caldé sf enseleatiagsblugionand rcﬂalnmgalmetedlal; torimed dbyi the cleaning

solution. A,@pg%(t@g He o R]{%e:jgvg% Onl‘ﬁig é%ﬁ/ig}%zﬁcg 1) AE)E%QRIF tq%ége weak base is
&) d MRS Valhed OF thelcEARir3n td Bdt@reen Bbout 1 to about

ammon'%%ﬁ?ggp I |Tg4§tﬁnﬁl(ui§1/ L1 hating mate 1?5'1@%0{:% e 0 abou

12. In bmasd@m)ent ffor ﬁzdnteandwpheaﬁws (heforexbo @epasitian ¢feappper and inter-

vt ORI SR e S 58 4058 e pions o

betweeﬁﬁh@lﬁ@sﬁb) abolit 1 2dnWhe Rastdahfént18n arM@6r eBbddibdet] the pH values for
Substrate Preparat| on Using Stabilized Fluid

front- ersbamnltc@ﬁ@mam bebveracdopbe taBRPH 1St byes alnpt!nea empgyliment, the pH

values g Ofgﬁ/mq %EEJ&&B§%%Q$B%@§ égé%t 2?8 cﬁ Hl%&? InIZ) 4 I;el atckand processing

OS ure
(after d%p@silﬂl(ﬁﬁbf ooppet and haer-merahdedednds)pthie ddyanigd solefioeis slightly basic,

neutral, or acidic, in one embodiment. Copper in the backend interconnect is not compatible



[ 0085] The enbodi ments descri bed above are nerely
exanpl es. Ot her enbodi nents of cleaning heads for
walc@perdsng cl eaning material on the substrat ePGUUEBO®013697

and for renoving cleaningimaterial fromthe substrate
surface are al so possible. Figure 4F shows a cl eaning
tank 480 containing cleaning nmaterial 481 and a

with bdsihsblugoh anith 48medoiaiwticly afthdk%ecdpﬁalul a h@9ﬂH values for backend
accordance with one enbodi ment of t resen

applicafipnesreibshvees ayout hieabppd/, mr@tecfnﬂgpdan%béﬂ ARoepambpdiment,the
t | n 481 h
pH val‘t‘xgs’3 fOEE’GE‘fJé‘%aF% W ﬁrés gfﬁg&?ﬁegﬁm elrtl gltgaﬁb%[u'taﬂ Bl yef another
embodmmfnt at pH tvialuebdfor batkend repplications tahe bstweshrabbet 1 to about 2. In
surface. gﬁftrate 420' i s homered nto and rai sed out

anotherggmpqsmenis 41 S1EATIBE SIFHPR SHIASh a Shesasipntg ¢ %%uownadodecyl
r
e (RSP Bl SO B RN IR, Joe cbodimen
the surﬁahtant dsppesibt wetting dicthe nltsemglmmetmhlmlthofsulmlnemumfgce a?vl\kettmg of
to rlnse ff the cIe n|n A nech

the cleyfp SRHH] CRbe SHEIRIC FETUEAIOTS FoREPERAMTEDaorqpme in close

contact%hﬂh’é%ﬁ@stta‘f@ Surdied aﬁ@’theq;arttié]@s éil heQubsifke 4ifhce VRItib S Bmproves
cleaning material |eaves the surface of substrate 420

cleanmgrﬁ:ffﬁmmsce/ t@thler additiveneAnnajsa b RJdeddo, imprevecomfaaaiveaifg substrate
I h rerptectite substrate surface along with the
Ceamnéﬂ@%W%ﬁﬁn s FarteO BIRSTHSt e 420" is lowered into the

[0069] ExBfm@ldsi SlUbGT4RA dlBanihd1$6lutidnkof Ukahingassatb@nimhlde a buffered
mechani sm S not shovvn) Al t hough the ori ent ation of the

ammonstunsqohmo@ whichringlipde FRIG snd/é‘%lfilcc‘alll fergighagents, such as 0.4
wt% oP'i\{)}?Qi ﬁn()h t%) S Hgﬁshﬁhe %fpl eAltérH?tf(veay the buffered
strate Can € subnerge eaning tan Ad/ o

solutloﬂi h;eclli BHBA S, andtude’ sameamamnbhh smfacmmtasuohras 1[\@%@]‘ ADS to help

gure 4G sho anot her enbadi nent. of a ¢l eanj o
suspenféﬁrbdafiﬁperée HPABCTS) BAFG FIGIHBHE AR ASSHYERR {pgcontains 1 wet

of ADS W45, QF NHE aﬁﬂw i &3 citfibGcial i8 el da%oRRRAaYS. B3t solution

a cleaning tank 485 with a substrate support 483.
“100”eﬁ§dkBASha'eedﬁH*vaillsz cgﬂazboetjl(bn t he substrate support 483,
t he

[0070] ﬁtﬂgg b:qa ?ggsl‘gf\{jw §urﬁ3§Ag?€ OQIHF % e eiagrng material 300 that
has the%&ﬁﬁ&%lm Jom%:g@hol%ll&magﬁm&&e&dcdoe@ﬁusageaﬁtmmraﬂy in the

he surface substrate 420*. The cl eanin
cleamnwpbmoal 30di sperdsseripedeadgvagmlymersavidh é@f@ﬁgnﬁgaﬂérzw@t for this
appllcatrﬁ%%geu l eglﬁge?%gls%gﬂr 9% i@%gfelam 58 utﬁhemll&gmeg éhﬁ‘eous. The

parat’us has tinse

polyme# SRe£hiphig waedbd&Beiftofo formi sqfegsl hganagata)s, soMmalh Figure 3F
sprays rinse liquid on the surfa 8 of, t%@ iubsbﬁﬁ
shows arpgmbodiment phadiquidieicaning sl r%é hadth gebdike Pobyng dagplets 340
emulsnﬁé?i A it Qfegg% s%ﬂhloﬂ?['g)gm TﬁF%lerahlrﬂ esoldti%H'ﬂ}S I8 contains small and
ot at 1 ng trate eceanlng mat er i al
1solatedamiyﬂia3306 nAesdrfaqtamd stich 0@, theldeetdadded $<mtlEtcrlaarmg solution to

he cl eapin teri I s di spen
help thg sk Taino T 0B 48 Demiedtonareed WG 1 (e §Bféﬂ§1§dsolut'°n
305°. Ithh§ m%&nﬁé?ﬁ sHJ)\?ﬂ?mr'l ?%@Bﬁrt‘h@te i %%uhhﬁy%%&@&@q the cleaning
surftace. / 078969PCT/ US2008/ 0136 23 [ 0087
solutnomﬂﬂérartdwélecgeédlkc nvglymreirotdlet5|3s40r |Tiseeg|eldfkfe mqﬂ\}émsudlfoalﬁés 340 are

soft amg Idf:%) be{}(a)ér% a%vel%e ?e(agtfrct‘:{ %l{) ¢ g)%r@ Sutfa E?Sf?l?e atr gelqlke polymer

droplet§ gh@'dbfb@x'n)’arbulﬁhdéﬁ@@ftatm ltlﬂ@ ddBotsdxeftNafp@, enehs (or force) on the
substrate is secured by a device (or nechanisn), which

is not shown in Figure 4G In one enbodi nent, a
surface tension reducing gas is applied on the surface
of the patterned substrate to assist in renoving the
rinse and possibly residual cleaning material. In one
enbodi nent, the surface tension reduci ng gas includes
a m xture of isopropyl alcohol (IPA) and nitrogen
(N2). O her surface tension reducing gas can al so be
used [0088] The cleanlng tank 485 can recelve maste

o " S . Y 4 "



[ 0090] A nunber of nmethods and systens can be used in
meki ng (or purifying) the cleaning material neet the
woreaoalorg969 cont am nati on specification. For exaP@i/@52008/013697

metallic contami nants in t§e cleaning material can be
renoved (or cleaning material can be purified) by
fractionation. In one enbodi nent, an al cohol is added

device tfeathfte taodmadpe thehut iIoronef epbddinent, the riiametbes pbllydroplets are
is much less soluble in the al cohol than in water,

betweep @peyt (bbuyh@rab@iémQQ temeci pitate. In addition to the

[0071] Ehl&l%g sr‘ ?mg%cglmen thenp egs B&ﬁ&%ﬁ?%ﬁ“@)oﬁﬁﬁ ldJlthol'aré%fmolecular

SISt para

weight Rﬁésbmérm the ictbafidig Jol@iond® fdrmt gbl-ﬂlkﬁlmt,}enﬂ‘emxatpsll’tﬁﬁ)s which do not
such as Na+, attached to the polyner, which wo 9
establighsa dsstm%b@@satiyaWhght ﬁ@aﬂ*@gaﬂolmwara%he%&%tn igure 3G. The

cleamn’é‘é&f&hﬁﬁﬁ JR+he % chntz{lﬁ M AnBE LGtk Bo ; Waﬁ@ afhS gélﬁhl&y polymer

I on “exc e cl eaning IS pas
lumps 850 @tegkofaambkielhsnnpmokmﬁ dewitd fesmmles*. opah¢ sebserteofurfagsj and do not
to exchange netal igns jnt eclea rmterlal i th
exert 4ga gt Db M EIEVOBdercsY o 1B Y GRneaties i poFkate surface to

damagd tﬂekr? n Whi QmﬁSHﬂtenY‘hh@ Hlapr[e@éfk Gth@ﬁﬂ@ﬂuhﬂﬁ Sird Between about 0.1

replace nmetal 1ons, such +is only used as
pmtozﬁd@uek@mpine O her net al |ons can be renoved by such
ds .and systens. O her net hods, can .al ao be us

to
0072] fﬂhe. Flganing e e el BS80S A0PY0 8] Al ufigH FPBRBwg T yet another
I yst [/ 1'90@ 300°, and 300”
embodBEJRRE Qo HALRANL B, SRS LA Skl FREREA 0@, 200" an
discussedabone, omn bd hgitattd tmaditja gegdudl & Nprandherdigag rowei nmtnyre of gases,

5250 i Wi S SO AN AR s,

the cleatmgt ﬁlateﬁap@t)o* afal #i2bubBiRe IHoeanrpifed @adhd kieadnsng solutlon 305.
coupled to a reservoir 470 of cl eani ngﬁ/materl al, such

Polymcas 3dDeanilng dipeweilan tbocleining sxwidormBBy.c InTother paadimgnts, the

polyme@f gg(?] Ihglgr%et gifl cgp%ou ollyzrﬁert &o lgf?ﬂéfoaergg r?i tslutxtg; éﬁ%egescrlbed in

Fi gures\/ﬂC B3 @UTRe 4 Baninkima8ealSt0s dase ghs pigigs bedm 4ighidyamsa
rinse head 417, which dispenses a rinse |liquid to

[0073] Tdewlaningempicria! drserbschabave san bR elisspseacyy BemY giechanipws on the
heti S
sl Ol oA RB R g BERUEL dph o, BTty avics
featured ba the pdttenedduseidtraies) ter bnergy aphbed lbgathiengedremgl maatehial on the
rinse |iquid dlsp§ sing hol es and vacuum hol es

pattemiq Audastoakiia £ BeooUOY e aTPEmH RO aF Efodo grofibdemaging the
device rﬂ:ﬁﬁt%sl '"FHH gleamgcrﬁathﬁalfsugﬁdﬂeﬁs g1e4RhE Indteridls \G@@U@UD’ 3007, and
punp 4 . I'n anét her enbodi ment, sy3tem 475 has a
300%, dxmmmaheadammthemm liquid phasees imgys/Hauidiphases. dliquidiand foam can
flow ogﬁtﬁfsgbglrate?-ﬂg/f%rg @E}Iﬁ :%Sﬁoe%@ glog/é g{zﬂtué) e:t H%lsug:f'ié rreast Sh the substrate
surfaceC Of‘ltxe%f%?é A8 le@hing SAsefihiech Beapicdrdnithe attefricdSRbstrate without
The waste container 409 is further coupled to
exertme lara@ enargy anthesdeyice feagos|onithesithstrate sypfacs a
G 253458 I e 4
[0074] I;]gugg é%\r gl-g(;ﬁ’gsneg 51r%{¢1l§fg\édg£cg§€xggp %faﬁfalrﬁ%@ aﬂt%psxﬁg\gfecﬁqta Q)QStem 400 for
cleanink Ny esuibstedte iMbddcebrdance Suikis tonat ﬁﬁbd&ﬁﬂeﬂﬁ)\bé&he nneerittolneaFWafer (or
irection toward a ¢l eaning head 410* (or cle

substraﬁg) dl)gpnmpyesh@aqjjmearh rqgtlggﬁgwgr gejeaning head 410 (or clean proximity
2 I
head). R Cel U e s ARl CTACERE 430, DRICH b B an arm.  The
cl eaning head 410 is coupled to a reservoir 470 of
cl eaning material. The cl eaning head 410* provides (or
di spenses) the cleaning material described above. In
one enbodi nent, the |ength 440 of the cleaning head
410* is longer than the dianeter 451 of the wafer 420.
Wafer 420 is noved under the cleaning head only once.
I n anot her enbodi nent, the |l ength 440 of the cleaning
head 410* is shorter than the dlaneter 451 of the

Y A NN \AZ L D |



[0095] Figure 4K shows a cleaning material preparation
system 482, in accordance with one enbodi nent of the
w@r@smargoed nvent i on. System 482 has a pol ynmer cPOI/EBI068/013697

484, which stores polynmer® used in the cleaning

material. The pol yner container 484 is further coupled

to a dispense controller 488 that controls the anount
cleanin@theR@ |41 U8rovides (@ dispasesetticioiéaning pracerial xeswitiedi abeve. In one

493 in system 482. S¥sten1482 al so has ah I

sol vept
embodigsat dha ingihet0 ahtherflenineebeadsteridlongssd %rhthp_r#iametef 451 of the
wafer 4?9??’25?3945@&%6\%(1 undee tl?eoéléla?ﬁ“g ﬁ@iatdzﬁlf‘ Bhedt O dnﬁ;ther embodiment,

er coupled to a dispense tontr er 489 that
the lengthrM4000f5tht deaaimpuindadod 1 0sisl sherter thenriye diasperséd ohthe wafer 420.

wate D7t SPIMLNES 893,200ty LSRN 9B SR e v wore
420ha%§%ﬁgggﬁg¥8969PCT/USZOO8/013697 26 below). In

ion, system 482 has a buffering ggent and . _
[0075] &doint iewdbodimerd therclediimg whitertal 43 deléeeredfifosr prigseryeintd70, which

and additiye(s), such as urfactant ,, used.in.
may bepesnirgrierat Sk Wariolr | AGCARk AR it Gaed 410 may
move ovBNvaieP a0 4fhilei the AR 420 it Gtabioflir§ RRAKS BEVIhE OlAsedesdiIBed above,
whi ch controls the anount of buffering agent and

the cleaniny miatesiabmadieriy the §yaneta ligpidosolwitong pdoamyor agrmaglsiop. If the

493 and to the cl ' ri | u ' .
e R, ROy AT SR
a foam fphior € Béing Aelivere®td tle cidmiriglesad. iWhere theleistivoir is mot pressurized,

bufferi ng agent and additive contajner 487. | et
the cleaging soltioarrpaabaawnPed pedadiyered tiioysh gisr cammopfygknown means.
[ €N 3 [
0076 3 FAinglc T BFIRLALR: SPPR0 SRPBANS P 420 for s
cleaning minetiareatyunidiefrpal thereutsirataiuvent andafi@nuimmpuragdds that provides
and additive(s) are first mxed in the pre-mx
the vacuyht ai ner 493. Afterwards, the nixture from cont ai ner

[0077] f“%}lré 2BSHBRA iaﬁci‘:xt‘:&'pﬂl_r? BoithineFiew AT tR8IElehyihp hedd 31@Mith a number
494 to renove netallic contam nants and ot her .
of dispeosingmhelant 4l If tonispensai feucksaning oreeriahb dali spsptdanegewith one
purifier 494 al.so has t functio £ fil.tend
emboafitpt of B préir]) ot Al s pehjb Hp dif are reptaced
with a [ngtdfidenartolv aiRpéiiig SIGHOH BROEmbediment, e [FRvy BB dispuiding holes
the solvent are mxed in the pre-m x contai ner 493.
411 areTRerTowitdf ¥gqupe helen 4 14nwhighereaepyies icleasing matestal fjoge dhg gubstrate
Surfacethe pre-m xed container 493 with the polyners and the
sol vent. [0097] After netallic contam nants have been
[0078] Féstipy 80, shbWwe afflenibotdznéds offa\siid tiew tolfi heaclparshgrberd 410 dispensing a
~container 495 for to add additional soly , bufferi
cleaning Gogy 438 74 clegaing meiesy! Wsbade ¢leink 4l pnisorfaee 421 of the
| t DI PiehMBE&Hih 2 nate e iPEEHAMAD ly line 460.
wafer @é%%l%@ﬁlgt%ﬁag% a?s stored i ngaa “Cont ai ner 427 °f SC)llrppu},s e
The cleaning| reatatizlgs serhetadafrem. th@\stlsstratet surfacy by tviaeuum suppleed by vacuum

) om.ng out the purifjer, 494 is faqr use .an
ines 4ioaLheyteh 42 ey on e b cleanipg dEad 2 frp firgttih Mlktracd by the
arrow #9 USHhERManGfbadyas0 41 1éRind Rfatdila® TR0 a Miididcdb.” The term,
Under such circunstances, the nmi xture con1n8_out of
[

“menis¢use” gpusid heneing 9effeisgo threcleameg bedyelonivalpmed P o liquiddaugded and

concin B0 T B A0S Al TS o o ot and

be move@rdvat A&urfd&3in ther @athinddosHape. andpelafis endodieads, tthe @eniscus is
. through the purifier 494. Under_ such as circunstance,
maintainpe by the deldveryf dhidsta 4 sudnceanhilg alsgirempying thg fluids so that the
supplied to the storage 427. [0098] System 482 does
not have the purifier 494 and the adjustnent container
495, and the pre-m x container is a m xing container.
Under such circunstance, the m xed cl eaning nateri al
is supplied directly to the storage 427. |In one
enbodi nent, the cleaning material in cleaning materi al
reservoir 470 of Figures 4A, 4E, 4G 4H, and 41 is

o, AN o 1 .



[0099] Table | conpares the viscosity, rinse tine, and

particle renoval efficiency (PRE) of different weight
w@eorgeroedf Car bopol 941TM PAA in BAS. The vi SBOFUS3008/613697

nmeasured at strain rate ofp 500 s. The rinse tine

measures the tine it takes to rinse the cleaning

material off the substrate surface. The PRE is

menisciE a&4iasl doyitroBablg. pRuttheh®rd]Ohict MENISEUBS blispeesan bhi edntrolled by
_.are purposely deposited with silicon nitride particles
precisiqg flpidyvagliyengard sagoval systpms that g In GArtyin e piithsd sggtroller a

compul 155y SN B, ety TEBRMI pin ead forming o
menisc{sPore tid aaface afnt substriteds dscessad GioLh8 sPdtenteApplecation (1 1/641,362)
x50 ol PR LBt bt E0 R RS e Prparo
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



(seconds) PRE 0.2%1.25 M 26 <5 74% 0.5% 1. 25M 198
5-10
WO 2009/078969 PCT/US2008/013697
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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



89% 1% 1. 25M 560 8-10 87% Table |: Conparison of

cleaning material with different concentrati on of
w@20000p8959 941TM PAA pol yners [ 00100] The cl eani PQT/US2008/013697

material of Table I is magke by m xi ng Carbopol 941TM

PAA, which is commercially available, in the BAS

descri bed above. The Carbopol 941TM PAA used has a

Solution®* FaedakloseiedTleadl of theHBo0OMendfied ralthll afplidkiond Beincorporated
results in Table | show that PRE increases with weight

herein by igferergebopol 941TM PAA until about 0.5% There is no

[0085] g‘g?;urrrlgeﬁrogﬁﬂ%%tg'c{efs%ﬁag%(}ﬁ fﬁgﬁngﬁﬁyﬁ%?&{lﬁléag% %%r.lg/%ﬂé iments of

e resu so show t viscosity o
cleaning headd eandisgnsigeriealing natems @a the tshbstiute weifadet and for removing
I n additjon,_the

cleaning gl HaRde SO RIGUTDEF AhEIsERGsHPIRg e 4iaphows a cleaning
ok S ERTTES Rkl oSBT A oE USO8 i 491,
in accocdmmperveith bhe eaitiodithgntodf thief presemhtincingiani nGubstrater #20°s held by a
substratle ca?rri]érr&%? Iisngrs(t) rdipped into the cleaning material 481 of tank 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.



suspendi ng particles in the cleaning materi al s.

Silicon nitride particles are purposely added into the
w@eb@anisrge materi al s. After being added with siPCT/UR2008/013697

nitride particles, the cleaning WO

2009/ 078969PCT/ US2008/ 013697 28 materials are

di spensed on cl ean substrates. The cleaning materials

[0087] &Afer tthe Rlgahingemeafetiabis hhﬁ:dsblﬁ?slhé stifacenbf die patterheh substrate, the
nmeasured for the nunber articles §SI [icon nitri gg%
patterneshsybstraig jf dgied by spéumns §0rl\}49 abipghfhegubgtiateana gelaively dugh speed

During T Eﬂlﬁrluﬁg,ctﬁ&" Bt §'seldrBE bPY deVRB oM BedBhfih)2which 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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the cleaning material to increase the ionic strength of the cleaning material. The increased

jonic strength reduces viscosity of the cleaning material. For example, 1.5 wt% of
ammonium chloride is able to reduce the viscosity from about 100 cP to 60 cp for cleaning
material with 1 wt% PAM. 1.5 wt% of ammonium chloride is also able to reduce the

viscosity for cleaning material with 0.5 wt% PAM from about 50 cP to about 25 cP.
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leani %ﬁ%ﬁéﬁl taf meR 6f 4 pAYmeROBESmPburidWith Tr8e hriokbul ht,
Ceanmg her et %?gn trﬁlggfﬁélgsent e%(%n%mes and ﬁeun‘ood} mantgs areuta(;rwelg

in acccwéartconmtu emedermbodifrient tof 2h¢ \peesenid inventipwst Fhe: clegaingappgterial is

descrlbfﬁi 8‘?/‘%"3’\(; Sl{]t:s;t]eg{] %q ™ th%tteﬁg@ 3 strr%e:jﬁg)la}ecg ih t{}e egir% an% Api)aréitus At step

602, thwcrebmﬁ txﬁ'ﬁer%%)&sgéns%@%naﬂ@ﬁﬁﬁh%é of ki Ifmtenwaashbstmte. At step 603,
cl ai rre 09/ 078969PCT/ US2008/ 013697 33 C ai ns

a rinse 11quwd sl dispenpesl ety theesnrfage ofitappattarpryl subsiate ig rinse off the cleaning
materia of halnr]mnsglrltq?nci) i gH{)Jdagl?ov%f Rt én%&ﬁﬁjleﬁtu gﬁgf ﬁleerufls%rhquld is

rate rcuit” devices, conprrsin
applledsmbﬂlbfsabﬁratcawﬂfa&é fherrirse Pigaid, Itlnigcleaigﬁg nmftertalh,aand the contaminants

on the ps?l%gt?artg esﬂrficl:leb%grg %teeremoved from the surface of the patterned substrate by
vacuum.

[00107] Figure 6B shows a process flow 650 of preparing a cleaning material to clean a
patterned substrate, in accordance with one embodiment of the present invention. The
cleaning material containing polymers of a polymeric compound with large molecular weight
as described above. At step 651, the materials, such as polymers, solvent, and additives (such
as buffer agent, and/or surfactant), are mixed together to form the cleaning material, or a pre-
mix of the cleaning material. At step 653, the cleaning material (or the pre-mix) is purified to
have less than 1 ppb metallic contaminants. It is possible that after the purification process,
some additive(s), solvent, and/or buffer agent need to be added to restore the cleaning
material to the desired formula. Under such circumstance, the additives, solvent, and/or
buffer agent are added to make the final product of cleaning material.

[00108] As discussed above, there are a number of methods for purifying the cleaning
material to rid the cleaning material of metallic contamination. Alternatively, the purification
can be performed during the cleaning material preparation process. Figure 6C shows a
process flow 670 of preparing a cleaning material to clean a patterned substrate, in accordance
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 cl eaning head positioned over the patterned
substrate held by the substrate carrier, the cleaning
whead/orsaed ng a plurality of dispensing hol es tBCT/US2008/013697
di spense a cl eaning materBml on the surface the
patterned substrate for defining integrated circuit
devi ces, wherein the cleaning material includes
polymep @h& geiventodre nhieed olithnthe iremeiaingougddisntshtoaforrmltie vleaming material.
reater_ than 10,000 g/nol, the polymers being
Other e Bﬁ@% At Burifyingdhe cleaning HAeIA 269 %mw){ﬂfat erial,

[00109Lhe Clhg@nicfy gslﬂgt ?ﬁdtéﬁﬁl{‘ a\c’ibﬁhgat'l@S%na hf’HEtl‘%)dEaHfsc éd above have

ion (pp i ¢ contdam nants ore
advantagppin eldaming pheteraed Salrseraths wlﬁeﬁpafdamresamthuwsdanwgmg thiedfeatures.
ins . to

soJ ubilized pol rs . having l.gn
The clERIBe PEeHAg By L UEC L Gh g TS of 1 KL pliese, ffoam), and

deform®roti dPALe ednts; SHBRESR! e MR ﬁlatéafawh@%t agmage the device
mat eri al deforns around device features on

feamrepafheeclnetdng mﬂm o Wvhed phasewan beiis thepforined admttlthea sol, or a gel.

cl ea . surface of th
The ol EEdrAeE-Buoelir PPl an S0 a e i Rifpfin SR igg rotecular
weight ShiREicaihe] cdhtamifai®gh MBe bR tERY | IBeddRny HiRScleshih$ enaterials entrap
surface, the cleanlnglnaterlal bei ng substanti a Iy

the confameigarss ag@dagiof ectpry thecloatanaans to theesubsteainiswigace. “The polymers
of a pog%%e?[ 'cﬁ%m o%' ﬁ @]Df?i a%eglof)e%ufap%& ff&%? lo fg eﬁd&fm&a&ﬁa%sn%wh can

i ng head being cou

also be %f@ﬁ&@ked)fo fon LChedRoikngl myméﬂsalTheMngtlbblyﬁleﬁﬂwmmdt/@' polymer
t he cl eaning material preparation system and

networks ghigyp sepesior gapahikitigspt %@Mﬁnﬁgmfir?@tréplzs%wﬁgtaﬁé%@tﬁ jin comparison
toconv%hﬁ#ﬁFE$?1B%n£ﬂ§u§§rface of the patterned substrate.
: e

Ing systemof claim1, wherein the
[00110]:I eanmhg deaning mmatdreal usrmibsmlesalky ﬁieelroaﬂ ncbrydcfbrmddelmmrticles (or
es. f r vacuum ng t he cl eani fromt

sbrasive GRS Gre el g DRNSHGE RS HE SUrket 1 GFBPULATHgminants o

particle ¥idr Th@ fsubdtkdTsdrfadeh eN%theYJiﬁlaBieeﬁ‘d}h@lgs headafdipirhieles, such as
includes a plurality of dispensing holes for a surface

particles emsgisbrry edsandngndjaan davhagehfinedeniess featnrésaer theepatieanredofubstrate.

During 28?@%@%6@5%@%%% al Bﬁ %%n%}ébr%tt%g%lhwogll\éocogleﬁt contaminants or

partlcle§yf$(§rﬁmh@f subsehie §urfafc6rt PRfweveid Sbiidef@niabRNp@Gicles have been
mechani sm for noving the patterned substrate

intentiogalle mied in threcleprindimaerial dipforeghe plranigematerigl &y aprlipd on the
substrat%fsuf[la?é A Lap ey 8 éf”ﬁ‘ ﬁ%e di spensi ng head has a | ong
sl o di spense e

| eaning materi al .
[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.



6. The cl eaning systemof claim1, further conprising:

a rinse head position over the patterned substrate and
wWmeow/0ts964 he cl eani ng head, wherein the rinse PERUS2008/013697

di spenses a rinse liquid 89 renove cleaning materia

fromthe surface of the patterned substrate. 7. The

cl eaning systemof claim®6, wherein the rinse head has

[00113 pl urml kibstrafe, hed em texadiptpeanse hbeird,i @stotes qwutﬂoﬂndlmltatlon
the rinse head also has a plurality of vacuum ho

semicopdygiQrewelees, hardsdrive disky optipad discsaglipbigsubatrales.aAnd Haﬂt‘el dlsplay
t face e
e LAY QR0 A BFEL A ok P st onimngin v
manufdcheingubs haadlmgcaperatésnsmobepsenidive patthe aoidl subs@tat&ataesurface may
under the cl eaning head at a eed c| eani ng .

becomegeEpmUTASH PG Woih et FTEPBIEVEH! OGO BRIH s defined
i sopropyl al cohol

in the g} h?&.;]&rhgd&&?qp mafﬂg%t)ﬂl Gl ls%ﬁ(ﬁe% oty or man e

[001 14[ DI\/F) ,Aldrough cofeidi crabochmenlseafetbé presdn[l inf¢ngion| heapibegn described in

erial of, clai 0 c conp ound | s
detail {5 bt oo EESpetiSeOney 8F PRGVEY Sy PFicHe prosent favention
may bep&hb’(F@éé in M4RP offer REENRE FothR N igtbut B@}Mﬁlng(ﬂohﬁﬁfe)/%hﬁt or scope of
cid (PAA), such as Carbopol 940TM and Car bopol 941Tm
the 1nvpgi|19n ( ﬁhmqﬁ@methwpma@ﬁyqxamp@)alw(dmmtpents are to be considered as

111ustra§%ff é?ri DAL ers r} gfgla%ndc {h% W%}lpol Oh ﬁfﬁ% (l:lrmyl ed to dthe details provided

therein{ RIYAVY) be @Ol ifiediane pravhide dwitlinsthe S¢upd o‘ﬂhe}osﬂp,eﬁtidst}/d:lames.
I mne (PElI), polyethylene oxide (PEO, polypropylene
oxi de (PPO, vinyl polyners, such as polyvinyl alcohol
(PVA), polyethylene sul phonic acid (PESA),
pol yvi nyl am ne (PVAM, polyvinylpyrrolidone (PVP),

What ipdhimed-ivi nyl pyridi ne (P4VP), cellul ose derivatives,
such as nethyl WD 2009/ 078969PCT/ US2008/ 013697 35
cellul ose (MJ), ethyl-cellulose (EC), hydroxyethyl
cellul ose (HEC), carboxynethyl cellul ose (CMO),
pol ysacchari des, such as acacia, agar and agar ose,
heparin, guar gum xanthan gum and proteins such as
al bunen, 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

cleaning material is fluidic in a formof a |iquid,
wa@elogogwby or foam 13. A cl eani ng system f orPCT/US2008/013697

di spensing a cleaning matgyial to renove contamn nants

on a surface of a patterned substrate for defining

integrated circuit devices, conprising: a

substrate support for sugraifmisng t he patterned

substrate, wherein the subsirate support rotates

during a cleani ng process to renpove contam nants from

the surface of.t g%stterned substrat e;

L & clpaHeg syteB o1 dispesing E?H&Y“Eﬁ/%?“t?rﬁlé‘aﬁtét%? fdace of a patiemed

substrat%l*fels&éfﬁ‘fngg frf?égré’ﬂfﬁ REDSit BEVite SR %‘9 material on the :
patterned substrate for defining in rated circuit
devbstmte, canhierfor wnmmg %@QS n@thnamam:ma substratedes

RIS Bl ISR T 5 RN BT BB o

the clea%sa{quéaa Hafin® aSpHliagiff of das;se%mgtﬂoeesctb QAapeie d’@ézﬁﬁhg’lh}aterlal on the
the cleaning material having less than 1 ppb netallic

surface ¢herpatiemed sebstateofas dedining Hkarated coruit evisas.faleseips the cleaning
materlaL gvh.ﬁ]a ts ltp§ nee(iis &Stﬂ ef}tqaerrié h? (gtléllﬂt ulrtféégrﬁ%legﬁlgmgfgthﬁ éreater than

10,000 G@AibRthe E}.ﬂl)&nérﬁ Qiéldi solablefiace s@lfveﬂith&) forin &feneléanmg material, the
substrate, wherein the cleaning naterial deforns
cleaning repierdal hayingelose Hiagr boarper e lipat(PR nelumstablis peptamigars before

being a?“%flé?ir &? HeSsus ?tj: bﬁﬁw tlefed% g\ﬁﬁ D GhEREIGHH2Ed 3B e‘?ﬂh&’ﬂng long
esur ace o atterned subsStrate to re t he

polymet @htiasitoanapairsvahd cutrap uhe tcantaimahdnys dizome ghean guﬂfm ofethiecpatterned
f eat ur es he, surface e cl eani rial bei

substrals, BPEERYR 8 IF 3 e Bieriah S5 ETPS A BFUEe BEAFS it patemed

substrafe! @ﬁé}{ RO & hipllicRedM g2 RRAAiRE rﬁﬁ‘tehgﬁagﬁ‘lfeﬁa&? thé shiffce of the
patterned substrate, the dispensing bei ng coupl ed

pattemdcbswbssratcr wgerrmfvetthe cohaamnangs nethept ambstam:aﬂh agaging the device

featuresl qn Qisﬁl éurgz]lcga E&?% éllegg?}gg n S?ale?eé?gns%?gr%qg Fehe %Sbr%swe particles
before iﬂéb&%ﬁlﬁhg HABRAN beih % a?gﬂ@d? @ni hei defage AJfempi Mehﬁﬂksubstrate the
WO 2009/ 078969PCT/ US2008/ 013697 36 15. The cleanin

cleaning igad heia colupledh toR storagerdrthe é:,lp@mng m@terlal whicl 1§ pwgged to the
for dispensing a rinse liquid
cleamn Hm%?elﬁgal gt@?&%%h sg‘g’g%‘*r&e

erne ate, wherein the rinse liquid
disapsors isttgctheafdr iwlding phe diehming hiekdi$ie proxjmity totthe ageface of the
tank, the rinse liquid renove the cleaning materi al
patterngd YRSYHE surface of the patterned substrate. 16. The
cl eani ng system of claim 15, wherein the rinse |iquid
is de-ionized water (DW.
2. The cleaning system of claim 1, wherein the cleaning head further includes a plurality

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.



17. A cleaning systemfor renoving contanm nants on a
surface of a patterned substrate for defining
WO paoegrsased circuit devices, conprising: a SUbBCT/EHEB®08/013697
carrier for supporting thes patterned substrate;
a cleaning tank containing the cleaning material for
renmovi ng contam nants fromthe surface of the
4, [Tk icbganidg systesit dfadlfinf Qrfudedricompgisingt egr at ed circuit
devi ces, wherejn the cleaning materi al inchﬁaes )
BoFansees mechapismy frymeying 1he mgemad subsirale fpdemgpty the cleaning
head. Wei ght greater than 10,000 g/ nmol, the polyners being
soluble in a solvent to formthe cleaning materi al,
the cleaning material having less than 1 ppb netallic
nt gnmi nants bef ore. bei ng lLied on the syrface of .
5. (RE SRRy seeemyk Elalne] MRELL M, Afpsing degddis 2 long slit to
dispenddaNd A@arifG thaR@laymer chains to capture and entrap the
contam nants fromthe surface of the patterned
substrate, wherein the cleaning material deforns

ouphd devi ce f ure n, the patterned substrate when

6. %SFeégmig@'%ltﬁﬂ cﬁg:ial%ﬁtfﬁ%heglcggﬁpﬁ@gmt erial applied on
tahengeUhdaRAC fosdtiort BOe @ie! gatf&ﬁed_s litsstagt 8nd Aeke VIR thaning head,

contam nants w thout substantially damagi ng the device

wherein et ipsehead dispenses ref rirse, liquirk tocTeagve edeamiteempteriab fippythe surface

ofthep%ﬂ?r%ﬁ'%ﬁsﬂ]atey free of abrasive particles before the
cléaning nateérial being applied on the surface of the

patterned substrate, the dispensing head being coupl ed
to a_storage of the cleaning. material;

nd a
7. hbereAeRnEng Syphsem i cdaHY Br WheRREY | g“%%ﬁ’dh‘iagi hgsygy plysality of holes to
. o :

dispensfhé GRAATQES IR 1Rk B AOIDAA pRlalicf B FGAR Rilc! ¥emove the
rinse liqoidpthesclegning materia andnthiengpntaminants fran theguefacd efitlienpatterned

liquid to rinse off the cleaning material fromthe
substraley, 't ace of the patterned substrate; and a mechani cal

mechani smfor |lowering the patterned substrate into

the rinsing tank. WO 2009/ 078969PCT/ US2008/ 013697 37
8. The cheapingasystemn redtadzimall, prhersan she subsygist eamrier moves the patterned

substrafe UNAE! the rg‘iaa‘:aning 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 polynmer container, which contains polyners; a
sol vent container, which contains a solvent; a
waeoeowarsyey for buffering agent, which contai nSP@r/US2008/013697
buffering agent; and 35 a m xing container for
m xi ng the polynmers, the solvent, and the buffering
agent to prepare the cleaning material, wherein the
cellulog# (M@Y etyicalilulese (BC)chyjrbegkthyl deliglope (HBE€), cachuxgimnetry] cellulose
t he solvent container, and the container for the
(CMC)ppelysacehayidgsetich agsgadimazar And pgaresce AAPAHL BYpELBYY) Xqnthan gum,
[ n ' surface of a patterned
and p roféé&{l)ss%ur%g? \éaP%P& géécglrﬁgﬁg’%ﬁtgggsgt ed circuit devices, and
wherein the cleaning material includes polyners of the
| yperj ¢ conpou with a nol ecul ar i ght. greater
1. e Glegpinggmeighink, 1o tfpwbvﬁg% € BRFIRGoV EigL S BTygeen about 0.1
M g/mdi% Y68t 100M @uiBit he cleaning material, the cleaning
material having less than 1 part per billion (ppb) of
metal lic contam nants before being applied on the

face of th d sub t he sol ubj ki zed.
12. 35?- ﬁﬁ‘%ﬁ@%ﬁg%};iﬁ%lpq%locaag&gglvyﬁﬁg?ﬁgt cggr‘l%gm%%%(l:a egr aﬂ rlge hgﬁizg in a form of

a liquide 531! 84, éf@amont am nants fromthe surface of the
patterned substrate, wherein the cleaning materi al
def orns around device features on the patterned

u . n : ' | . i .
5. FUPEHBR SRR ek 3, APELLE B "S S SP0 framinns on o
surfacepflaphattarined substrarefoe déficing imégrated @irtsit devibesytomprising:
substantially damagi ng t he device features on

t he
uosiEaie TURBOR| AnURgOTHRBe theaPatianst SURHEicany heFiny the substrate
support fo‘?ﬁesoﬁ}lﬁxgéﬁsdlé’ﬁi F)I'dé:%gseﬁ) FeCodnbninh @A the surface of the
materi a Ing ap ed on the surface of the patterned
patternslLvbstratte, the cl eani ng head being coupled to a

storage of the cleanin terial, ich i oupl ed o .
B HBPE TSR DA RR U TR b5 ALk ST Rogrnpgns R cleaning

materia® | AN PafiBh8d | sabstPItE BF afeliAfheS WitéaMef cifdudd @evi8es, wherein the
wherei n the container for buffering agent further

cleaning apateiizlsinabidies ipokysners offghe pphanericeenmpryndaywith i aamodgeglar weight
t.he I r the | vent, .th feri .
e AU g0 5, BEVER LSRR, FLUTUPES A8 0 v

materiaf,Ofit &1&¥@ing maferial hevidkelagy thgn MBHEY inddtalfit @pataatingits before being
system of claim 19, erein the solvent is selecte

d
appliedt porihe terfarco0p themaftsted gsubpiraia: Bre, solubilizesdpolymesiving long
polymei Bﬁégns tngggﬁfg% lrarl,gﬁ Wty dle c@%@antgzmﬁ%é (s;{n‘?ﬁ&%‘f R patterned

I'nation thereo eani ng
substrateniwdiergih the efranaigi oatesiph deformf ardbwidndddce \iewrures ront the patterned

| ' d i | ected f th
T oS Sel oo Tramine grobhry e e
patterndd’ &ﬁ@égﬁﬁgﬂr% T’%‘ﬁ{d(fle' the %hﬁr@iﬁﬁﬁ%wi%%sﬁ%ta@@iﬁh? Rfamag3tEMe device

an 941Tm poly- (N,
feature 60 3h® FFERPOTY LiS2niog/0dt8iad 7bed®e substantially free of abrasive particles

before Ig{fg?lieg}/ilpé&%t&igl%ggé (a@m’ RR! irkals |30 Eoppa\(tlefn%%r %’ulb%{pdte, the

dispensing head being coupled to a storage of the cleaning material, which is coupled to the

cleaning material preparation system.

14. The cleaning system of claim 13, wherein the substrate support is placed inside a

cleaning tank.



pol ynet hacrylic acid (PMAA), polynethacryl am de
(PMAAM , polyimnes and oxi des, such as pol yet hyl ene
WO pome7$REl ), pol yet hyl ene oxi de (PEO, pol yprp@yisInes/ 013697
oxi de (PPO, vinyl polynmess, such as polyvinyl alcohol
(PVA), polyethylene sul phonic acid (PESA),
pol yvi nyl am ne (PVAM, polyvinyl-pyrrolidone (PVP),
pol y-4-vinyl pyridine (P4VP), cellul ose derivatives,
such_as, nethyl cellulose (MC), ethyl-cellulose (EC),
15.  dhackaysgsysterd ICQHIWS]@’@H&@CO@HFSB%WH hyl cellul ose
6 Nde llﬂﬁlﬁiy ﬁ?s?&h@r‘i%%%zlesfb‘?hd@g rﬁ Chayin@I%qufddn the patterned
agar ose epar | uar gum xanthafm gum and proteilns
substrateu e/heeesn ﬂid)ﬂlmhqmdldha)gﬂm'ng heal 'gl Qﬂuph:d to28ringehbquid storage tank,
cl ean mat eri al .preparation mof claim19,
the rinsGHGR FONE DA U RREL O BF Ut ahs it (ahBtergs s pptate.
g/ mol to about 100M g/ nol. 24. The cl eaning materi al
preparati on systemof claim 19, wherein the cleaning
16. e eleaningisystemuifeiaimi i, avheraimthsfrinse liqyid id deonizedyehter (DIW).
or foam 25. A cleaning material preparation system
conprising: a polyner container, which contains
17.  POLIYATRAS syster %Nx@ﬂfovﬁ@%tzﬁ‘ﬁhant%h alvupfaed 8f NBatéerned substrate for
sol vent; a container for buffering agent and
defining itegrpied sircuihbevipess 6PMATIFBZA buf f er agent and
e rial; a
A PRt i ol B PSRBT

afcldahihgprahly gefitainingdthesdéaniny matehial ftufrémbvﬁgedtmtarﬁmdnts from the
the additives to make the c] eani ng materi al, wher ri_l
surface o éhepatierigs doyhptEAth 49T 46@%@#@@%%&%@@ 6%‘119%wherem the cleaning

materla? %‘h@iu??()}yxﬁé?? of ﬁlevﬁdT%IHQH@E@rh Gind @ al161E0RE %&%’E greater than

ng agent addi t ves; a purifier,
10,000 \iinoh) the p@l)_myc_srs ermirtghsdlulplarinf a selveitetof farst thei sdeameg fmagenial, the

ccaning b S ST BT S, BUEL LSt s o

surface@ﬁjtl’le?tﬂiﬁ%e& QbR AEthé QbluBl18RAPoNEndrE @1a¢lr@aldnB Golymer chains to
material by mxing the first mxture with addrtional

captureanfifeatriap ghfag@rmmmdtsa‘mmtthw swrfaceindithe patteraedigibstrmipemiherein the

cleanmg ?12%%: zﬂ Qf{ ﬁg'g‘f’ng%?g qe gew%e %eiaglﬁg ucr>r|1 gﬂee%aﬁ%eam nang{srgtlg ﬂwﬁel?l a force is
applied So#f ﬂl@c&eaﬁfngamﬁﬁtﬁﬂ?ﬁ]gﬂiédsdibﬁl% rsaffﬁcef of thidefatteiried substrate to remove
integrated circuit devices, and wherein the cleaning

the contgmimants| Witheytusibstaptiplyrelagiagme: the driandeatiore mpﬁlfnairface the
cleamn%"&gﬂer"f‘al "B%'B% y&l%[anlmibg tHe«e gcffeﬁ)tr Eﬁ'ﬁcl]eg Heefle Qfllénale’anﬁl%ematerlal

ners elnasov to form
being appléeiromihe Iﬁmtfarel dlthe phreerndeaibistngie, 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.



WO 2009/ 078969PCT/ US2008/ 013697 39 materi al having

| ess than 1 part per billion (ppb) of netallic
wa@eomvanidsant s bef ore being applied on the surfBCEUSL008/013697

the patterned substrate, $he solubilized polyners

havi ng | ong pol yner chains to capture and entrap the

contam nants fromthe surface of the patterned

19.  uEleiding ﬁmtéﬁﬁ@?&ipﬂratlbﬁ sgdt@adomgprisaier i al  def or ms
around device features on the patterned substrate when

& Pobiee cogtaies| Wiigh gantams pelyaagising materi al applied on
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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.



