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s are pertorme def I n atures on
sem conduct or waf r'WQ*RHASE MEBEA wafers (or
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the wafer. Removal of Such small particulate .
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on the wafer, can be.quite difficul.t.. []0003 .
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size of features fabricated on the wafer. Removal of such small particulate contamination

without adversely affecting the features on the wafer can be quite difficult.

[0003] Conventional wafer cleaning methods have relied heavily on mechanical force to
remove particulate contamination from the wafer surface. As feature sizes continue to
decrease and become more fragile, the probability of feature damage due to application of
mechanical forces on the wafer surface increases. For example, features having high aspect

ratios are vulnerable to toppling or breaking when impacted by a sufficient mechanical force. .
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the molecular weight of the monomeric species (length ~ (molecular weight of
polymer)/(weight of monomer)). The long polymer chains and/or polymer network show

superior capabilities of capturing and entrapping contaminants, in comparison to conventional
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entrapped contam nants are then renoved fromthe

surface of the substrate. [0007] As discussed above,
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entrap at | east sone of the contam nants fromthe
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[0013] In yet another enbodi ment, a nethod of renoving
contam nants froma surface of a patterned substrate

WO 200908806819 | ntegrated circuit devices is provP@EUS200$1€13696
met hod i ncludes preparingg4a cleaning material. The
cl eaning material includes polynmers of a polyneric
conpound wth a nol ecul ar wei ght greater than 10, 000

polyme@d Bioﬁolyéﬂﬂﬂaﬁﬁﬂd/(fmlﬂ) hetanmoRehlabeight gecatdrahati ogequal to 500,000
solution to formthe cleaning material. The c| ean]
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mat er 1 al e surface of the patterned substrate.
some of e mrmanmagtsrfanerthealsurMmfnhe aatmmcﬁ slehsirete ﬂoedtﬁnmg integrated
ce. of the pat bst. e
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deformPatd@ldneSic Ratdred 8n thoeusth@ABr i &ﬁé@kubs&a&p%bﬁ@ force is
on the surface of the patterned substrate to renove

appliedcamthgngleaning nfatesial cheerag thaaatiained sybsteain s Thatqleaning material is
applied (?I{Tﬁ% Q\gfatﬁg%fqﬁé/ 'p%ﬁ%rglg@gﬁ 51 f%&%\%uégn 1na1-'[t!3§from the surface

eaning matert al sSu ree o

withoub@ibefagtidlhedahgding fige daties featuressOIaﬂwl swefhcon TiHeecleanid@amterial is
of the patterned substrate. The nethod further

substanfialy Tge 6t ahragjun pamigles befose the glepning mAterigkis appleten e surface of
the patS %OQ%SQZég@%ﬁ)&Eé&ﬁ%f Ql%fgl Qi&éﬁ&@s §n§1ﬁ RaL} e%flf?lgdmaterlal from the

strate to rinse eani ng ter|a | ong
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[0013] #0YEF SoARE divbodiBedtOh |n%6t90ﬂ%n%dn?c&ﬂ§&[ﬂamsi 26mi Nsurface of a

cohjunction with the acconpanyi ng draw ngs, and like
patterngde$ubstratecfon making mt@st:eg wirceit ldekigess tsrprovided! Eieemethiod. includes

preparlé%l Bs ?l}cgqlgg ur{u%teg%l e Oﬁlglﬁ n¢ gféan?rflge ﬁnaéeréaq 1d e1V ggssré)&fy%e#g eon p%lymerlc
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3 response curves related to applying a cleaning

in a clepging selafionfo forpethe @}qaewggnﬁgwl@laﬁéle GnieAGHACS RFIERd to have
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[0014] Hhelsyslub@llz&dqbcﬂjamemghmt leng glolyanerachzdnst &r ngntueuinst eafrap at least
some of the contaminants from the surface of the patterned substrate for making integrated
circuit devices. The cleaning material is defined as a liquid phase. The method also includes
applying the cleaning material on the surface of the patterned substrate. The cleaning
material deforms around device features on the surface of the patterned substrate when a force
is applied on the cleaning material covering the patterned substrate. The cleaning material is
applied on the surface of the patterned substrate to remove contaminants from the surface
without substantially damaging the device features on the surface. The cleaning material is

substantially free of solids before the cleaning material is applied on the surface of the

patterned substrate. The method further includes dispensing a rinse liquid on the surface of



[0019] Figure 2C shows a diagram of 3 danmage curves
for different technol ogy nodes and a force intensity
W@ 09878968 a cl eaning material, in accordance wWaTUs2¥68/013696
enbodi nent of the present sinvention. [0020] Figure 3A
shows a cl eaning material containing polyners of a
pol ynmeric conpound with | arge nol ecul ar wei ght
the pattdired alivefhtd 1o ririve off tharleagingahattiiginlorgwith tor comtasinantsiremoved
one enbodi ment of the present invention. [0021] Figure
from thg sulaesf At URg ™8t eri al of Figure 3A entrapping

contam nants, in accordance with one enbodi nrent of the
present i nvent i on. [0022] Figure 3C shows the cleaning

mat eri al of BRIGYRESER P EIONOFAT N DRAWINGSed waf er

to clean contam nants fromthe substrate surface, in o
[0015] abc presentcievetition vmhlel?eewbdxw wederstodd by hepfolgwing detailed description
n conJ 12)?1}\%51' e[%%éapgr%é (rﬂe%\glgﬁé eagl\gsl#ehr%ge%fze::]rb]ue erals dersignate like
structuthPelemead. cont am nants from the substrate surface in

accordance with one enbodi nent of the present i
[0016] Figrentli hews[ Ddefebt mdydedcaieatirgven ¢ sabyradqninrageordance with one

embodl%%ESftt%e %egglg% 10§A di spensed on a patterned wafer
es an vias to clean contanm nants fromthe

[0017] Figus¢ 2 ghows faadgranh odcx @ésqbaﬂsee civived relaedersbapplpimigt a cleaning
of the present jinventjon.

materiab o RO PELERICTH W@@swowm@nee[wbsqnwawe%@t sPlofhe present

inventiéh.C! €aning material with gel-like polymer droplets
enul sified in the cleaning solution, in accordance

[0018] Rigune @ie skowoai dmgtarmfoft?nees;po&seendtrvemvdatedom ap)9@g] a cleaning
[ cleaning material wth gel-like

. |3ure 3G éﬁ
‘“am”aEB ?ﬁ@?mpﬁiﬁ Sgﬁ@pended in the cleaning solution, in
[0019] §ifuPd g@%@w\é"atdlaé}ﬁﬁl S agthARNEuroés fdi‘QhﬂféI@ﬁteﬂ%Ehnology nodes and a

force lllltre]I\I/Seltr}]/ Im?rr\]'e of a cleaning material, in accordance with one embodiment of the
present invention. |

[0020] Figure 3A shows a cleaning material containing polymers of a polymeric compound
with large molecular weight dissolved in the cleaning solution, in accordance with one
embodiment of the present invention.

[0021] Figure 3B shows the cleaning material of Figure 3A entrapping contaminants, in
accordance with one embodiment of the present invention.

[0022] Figure 3C shows the cleaning material of Figure 3A dispensed on a patterned wafer to
clean contaminants from the substrate surface, in accordance with one embodiment of the
present invention.

[0023] Figure 3D shows the cleaning material of Figure 3A dispensed on a patterned wafer to
clean contaminants from the substrate surface, in accordance with one embodiment of the
present invention.

[0024] 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.



[0027] Figure 3H shows a foamcleaning material, in
accordance with one enbodi nent of the present

WO pwentdoes. [ 0028] Figure 4A shows a sinplifi eBICT/US2008/013696
schematic diagramof a tog view of a systemfor
cl eaning a substrate in accordance with one enbodi nment
of the invention. [0029] Figure 4B shows a bottom vi ew

[0025] Bigutd8F Ghewsangednaatmaferikl githqreftfike pblyasst Ardislosenmlsified in the
one enbodi nent of the present invention. [Q030]. Figure

cleaning eolytieman aceardanceiveth orfe arpodimentAfile PrEaRN! dEPERRI ng a
[0026] E@?b@gs%%ya ?{ea ilngaiﬁét?galnmtlﬁ :éeﬁiiky ?gf;fnmérhlﬁm%h %gﬁ%ee?lged in the

on a substrate®surtace, acco ce w
cleaning sdladomen hcadrdite vdttesrendmbadieiti adnhe p@OSitlinveingune 4D
shows_a cross-sectional view of a cleaning head qver a
10027] Eigye 3HisBovs A foRE GIRMETOETH, BHACCRFBBER MERONEMggiment of the
presentﬁ’nlrweeﬁﬁﬂﬁ. i nvention. [0032] Figure 4E shows a substrate
cl eaning system in accordance with one enbodi nent of
[0028] Figuredds shows raveintplified JcboBafic Miagmare ofFa ghpwdew of a system for

. cl eaning apparatus using th | eani mat er.i al
cleaning g SiBitiafe 18550 eV b Ot FRPOREERLOTBRIBIRLN h 1 ar ge
[0029] FRAEEUB ’hoWEh BBEtoMY il R TheSHEARPREY FHigde 4A)S$h B ordance with

apparatus to rinse off the cleaning material, in

one embeimentofdbe piasentaneengionhodi nent of the present
Lhvention. [0034] Fiqgure 4G shows | eani n .
[0030] hg}fgﬁ ﬁlg Q-B)a\[ - 2514 vis; naF tﬂhe clepnin 13ad cﬁ%apregplglggad gleanmg body of

e ing ma

cleaning @Rdteridli WilleP Phe BRAAINGT haad el Y NsRbsteate QuHaEE)dn ictbrdafded@ith one
nol ecul ar wei ght to clean substrates, in accordance

embodigjenholdie PEasBRIdNKENIONof the present invention. [0035]
10031 FloBHE O h DO fsELEARMATVRYS LE cieanﬁgc?%gggf& i dBstrate, in

nent o e present I nvention. Figure
accordafide s/ithwse @ntbodjrhért iof thegarbeemainventibragr am of a top vi ew
of a systemfor cleanjng a substrate ip accaordance .
100321 fjaufe ShheihaGHRSTALS GARRE Hio@ntn B5orqages Fine T frabogjment of
the preseHC¥Seftida0t t om vi ew of the cl eaning head and the rinse
head of Figure 41, in accordance with one enbodi nent
[0033] Bigurh14F pheseatleaningappaatus using the cleaning material containing polymers

of a polymeric compound with large molecular weight to clean substrates and a rinsing
apparatus to rinse off the cleaning material, in accordance with one embodiment of the
present invention.

[0034] Figure 4G shows a cleaning and rinsing apparatus using the cleaning material
containing polymers of a polymeric compound with large molecular weight to clean
substrates, in accordance with one embodiment of the present invention.

[0035] Figure 4H shows a cleaning system, in accordance with one embodiment of the
present invention.

[0036] Figure 41 shows a simplified schematic diagram of a top view of a system for cleaning
a substrate in accordance with one embodiment of the invention.

[0037] Figure 4J shows a bottom view of the cleaning head and the rinse head of Figure 41, in
accordance with one embodiment of the present invention.

[0038] Figure 4K shows a system for clean material preparation, in accordance with one

embodiment of the present invention.



[0038] Figure 4K shows a systemfor clean materi al
preparation, in accordance with one enbodi nent of the
wWEe@seTioes nventi on. WD 2009/ 078968PCT/ US2008/ PABESH0§7013696
[ 0039] Figure 5A shows pamticle renoval efficiency
(PRE) as a function of nolecular weight for
pol yacrylic acid (PAA) and hydroxyethyl cellul ose
[0039] Figatd SAIshods partibdd fetnoMal Bfﬂ@mw (PRE) aeafuratioh ld molecular weight

present invention. g0040 Fi gure 5B PRE as .a
for polvmm 61 (PAD) eand ydr\%y@thyl eRhulpssi &é@&& Uhpererdaks) With one
ne enbodi nent of the present
embodlh%\r}gﬁft% m?‘%’dﬁ%& |9lgure 5C shows experinmental results
[0040] Bigus 5BgshawsREIas alfunetictheoft moleeutlar; weighs fospalyaarflamide (PAM),

cl eaning materi al W|th acryl am de (PAl
in accompgwrtg ong ﬁmaeela?e@aﬁg@e\arw § odi nent (of N% he

[0041] ﬂg‘?ﬁ@rj‘ sh&\w €8k e?ﬁ‘ner{tﬁ%’ﬁl]lts e SRS a%mhﬁ)rﬁfeQG @&fuce viscosity

Ow o1 Uusl ng eani ng natefial containi ng

of cleammgymmesaloﬁlade patly pakylacrydamrdoliﬁdm polyhiegh inviceerdanee with one
to cl eanwsﬁtterned substrates, in accordance

emb(’dl\meflﬂ hE PERERIINHERO0f t he present invention. [0043]

[0042] Ei@% 8AGRo#E AWEoGsPIBRATUsgQNe Bleaiitp infatérd cohBatihg Golymers of
eri in accordance with one enmbodi nent of the

a polymﬁsswﬂmpwénthbn hIQIDGMFCLFtﬁngYeegIBU%W Rateraed syibstrates, in
et P A U IRl oot e

[0043] Piglé EEDSEBE%Q?bFEEkQ\ﬂow of purifying cleaning material, in accordance with
one embodiment of the present invention.

[0044] Figure 6C shows a process flow of purifying cleaning material, in accordance with
another embodiment of the present invention.

DETAILED DESCRIPTION

[0045] Embodiments of materials, methods and apparatus for cleaning wafer surfaces without
damaging surface features are described. The cleaning materials, apparatus, and methods
discussed herein have advantages in cleaning patterned substrates with fine features without
damaging the features. The cleaning materials are fluid, either in liquid phase, or in
liquid/gas phase, and deform around device features; therefore, the cleaning materials do not
damage the device features. The cleaning materials, containing polymers of a polymeric
compound with large molecular weight, capture the contaminants on the substrate. In
addition, the cleaning materials entrap the contaminants and do not return the contaminants to
the substrate surface. The polymers of a polymeric compound with large molecular weight
form long polymer chains, which can also be cross-linked to form a network (or polymeric
network). The long polymer chains and/or polymer network show superior capabilities of
éapturing and entrapping contaminants, in comparison to conventional cleaning materials.

[0046] It will be obvious, however, to one skilled in the art, that the present invention may be

practiced without some or all of these specific details. In other instances, well known process



[ 0045] Enbodi nents of materials, nmethods and apparatus
for cleaning wafer surfaces w thout damagi ng surface
w0 e@vrsess ar e descri bed. The cl eani ng mat er i al BCT/US2008/013696
apparatus, and nethods di scussed herein have
advantages in cleaning patterned substrates with fine
features w thout damagi ng the features. The cl eani ng
operati¢tRtiake absbeshedestrithed, ineletdilein drder rio o dnipdvassarilyosbscure the present
| i qui d/ gas phase, and deform around devi ce features;
inventiQther ef ore, the cleaning materials do not danage the
[0047) qﬁ?\;{ 'eﬁﬁ)oﬁﬁ'ﬁ%ﬂ@ ﬁésc ibb§ hE}eﬁ?gfd@%e@Ezﬁﬁhihﬁ erﬁ@@ﬁ Efeﬂﬁing methods
ners a po yneri c compound arge nn ecul ar
that arevm”feghve irc saphaming toreamoransrandatn sotalantage theibstures en thenpatterned

watrs R0 LS 10 PELSC LS SIS0 M e cptimens

prov1des%é%¥ff@te§arﬁ#l"e§ QEl‘ﬁtedebes@ﬁicbfﬁ@fc?oroéleﬁnﬂgﬂa)f)BﬁEthons these cleaning
ound l'arge nol ecul'ar wei ght form | ong pol ymer

apphcanhw might b emhndmhoams tedbsology sequiting the remoyalraficgntaminants from
network (or polyneric network). The | ong pol yner
ffai ns and/ or pol ymer network show superi or
[0048] FaRAP1! dHowdSa SlbsEaft LU0 Rathad dutkirhfealpdtiyn 60 L ORt RAbfIaNES with one
I n conparison to conventional cleaning materi al s.
embodlp@eomei thetpregent inyenaeryi @ subskrateeldr thekegis andevige strusiire 102 and a
r &s C
pric, 1, e e PG RSEE 08, AL 07 WPy DAk s 107,
which dahlberin tHesaaieaa8er ofhdgnkndevs the mé&sl 04\fﬁ)dev1ce structure 102.
2009/ 078968PCT/ U82008/ 013696 8 oper atiagns have not
10049] oo AdiGes itpemolagiciesH} b bRBer ot L1 et §8hrandy 16 nm
technolf?é?E ﬁb'(ﬁ% g‘ﬁewﬁftl?sl@mof 'tﬁ@’ﬁéuli:@ﬁruc{ngg‘]ﬁ)b 11'%3}1@%%}' 18&thEn 65 nm.
described herein provid eaning materials and
The widthsaanﬂ rigvmetshndls:rdshauclarae eitifled 04 v devicestuitngg 102, are scaled

contmuﬁlést Y g;)nwgg{}]&éf: 5 deccig@ o aﬁﬁg gllt]tnﬂ)g?fdggt%% [ estkﬁr}aﬂlted surface area

of chip@SPRE heiphisioT the @E\H!’:@ﬁrucm%& autl8s REBR1 085t devidOdthideure 102, in
speci fi € exanples related to sem conductor cleaning

general alopiot seal¢ down mmrmllle'a’mﬂn@lea'péth efdhe dﬁglcmf@webéue to concern

of resisEg R nmis 0 TS Yach S Ok AR BB cercomnecr,

narrowinghé atiths 1A Ndiglits f Suhsturat wollddyicrkase themealeﬁﬁtléﬁﬁﬁﬁhlgh to
w'th one enbodi nent of the present invention.

cause signifieanaRE doiay and angrateog aypcdiehest forcthg ﬂ@niwlvsrﬁamﬁmres As a
result, q%éé%ﬁhﬁg#gg §ur@gxagﬁséliﬁg&é@'lbf &Bul?%v@ﬁgl} %ea:ﬁqaﬁd QlBich make
them piohe te dimagy H}elforoé 1 irhgppliedden ths strbetuvd. dIrhoﬁleOdmbxfdmleni tlee aspect

i o3t B ko OBET At Lechinaloghesy sl i

partlclenﬂﬁet% asgl'é‘telnv\‘e%l%rgggﬁaﬁﬁéletllﬁg %Yée%el lsltafnldci llﬁ @re]agghéd; by cleaning

ua to or less nm The wd devi ce
materlai; (mojcslhowa$ onsthe subgrang durIﬁaCBOZIeaofdeﬂlevlsv'GC@rrfr 402 wp gemnoye surface

are sca l ed co down,.wi t h .each ch node
particulisS; SR 5 e 1 Ddattosne HEOT e 4TE # b ha g X Ve elose in
magmt&ﬁ:' rafnce Ihg/ hed ahtige Ofcirdifyor@NdhCEthsE. I URkdsseBL1, Slughappdied on the

ht 106 of device structure 102, in eneral do not

substratscﬁar@c@cqwdphmﬁgm anbmﬁlatyfevmohon hetwgertthe leapig malgrialand the
substratg OSHE]tLér engru & atnfpgg 3? ggr{ B% 80 %bgﬁs %&; ag%nr% Fl}laé%nal or rinsing of
mecmwmﬁgﬂmmﬂﬁwrconnect narromnng the w dt hs and helghts

of structures would increase the resistivities too

hi gh to cause significant RC del ay and generate too

much heat for the conductive structures. As a result,

devi ce structures, such as structure 102, woul d have

hi gh aspect ratio, which make them prone to danmage by

force 111 applied on the structure. In one enbodi nent,

the aspect ratio of the device structure can be in the

range of about 2 or greater. Force 112 is applied on

particle 103 to assist in renDV|ng partlcle 103.

— A A A Ol oA AN o o . 1

a substr@



9 [0050] The decreased wi dth 104 of device structure
102 and the relatively high aspect ratio of device
wa@eonoraese 102 nmake the device structure 102 prPOIES1008/013696

br eakage under applied fomce 111 or accunul at ed energy

under applied force 111. The damaged device structure

102 becones a particle source to reduce yield. In

[0050] ’cDIid ide¢refsedtvidthd B0l e ¢ sbactaitd LY atfdethé @élataﬂ/dp highraspect ratio of

econe |noperable due to the damage. ure .2

5 :
device Srgned Ogireakedhe dpviee FERHIRIOL FEAFES reagL RS Bbplied force 111
|
o scc LIS Bty SLEGTAICTROEL 11, 90 el A SHBREA02 hcomes
a parti¢lesenice an. re@ucey gieRD1 Is mmdmanmﬂmslamyga/dmus stmetugy 102slso can

a result of force) exerted by a cleaning material on

becometﬁép%ralb@tdﬂlﬁf‘é%:?dﬁf@&& The intensity of cleaning

[0051] Oﬁ?ﬁ&b&%ﬁ&&v@% B §Pz§?ﬁ dt! ?%@épﬁﬁsé‘f@ﬁ%é 3L1aRRAKS aphlyfg a cleaning
02 shows rticle renoval efficiency as a

materiaf uorC taj pattarhecbrsebgsat@ppi laeebrdance hwith u@sft reatb@dbyertth@f the present

v D R bR SR B TR 1o b G AP ofed by

cleamn@ﬁﬁzﬁéﬁﬁ' orf %@%ﬁ&rzﬁ&suﬁfﬁ& CTE@[Ht&ﬁ;ltS}HifQﬂéaihhnngndi‘gﬁfexerted by the
ficient at renmoving particles fromthe substrate

cleamns umart@reaé peaks a2 0BuRARE shws aadisht resiovahptfigéancyras a function of

CELS UG c e

ey S ST 5 B Sl g

near Ed. "'Wheh @anémeggyeteeteddy. thd hiaddygingatesal rraarﬂm &g, thecrxbsrmmg material
damaged at Es, which is higher than the hlghg 9

is mostERfﬁCﬁnt@ﬁéﬁl@w@geweaewr%éhec PeRSHRISSHHACET | GPrY6n2QThghows the

amoun@UPﬁ&rB?éeg ofuARG L& ¥'cﬁ§seﬁtﬁw9{eu%lgalﬂﬂ z?ceﬁz!ﬂr ¥€a 40Rction of

iS outstde the energy distribution 201 of the cleaning
energy npphed ahn \‘h)eembstram suhface iyt the ncleantirsg lna{tenalt h&helalevice structures

becom i, T WP TSP RSV SUATTE <oz enuEnr s P by the

cleamng ISR A InTRE ﬁfﬂsﬁfhtec i deQ AP YEyiBAsthichire Yat@fe 6@RWE 208 $9 outside the
romthe substrate surface w thout damagi hg structures

energy @hsmbmlcmub&k phthe, cl[e@roag]maxcxgalr@erzs oghbospaticn substipteothe device

sy PR B RET S By AR TR SHERAL gy cure 20

shows that @8 f‘cllda)/nn\gﬁh&@ﬁaledhﬁfr@nﬁoeéﬁ phartields fyr ontdoryfioig tiudsirate surface
on a patterned substrate. The |ntenS|ty exerted by the

withoutcdamagingstrngtuses en thssakgrase. Er Curve 202' shows
oos21 B4 2 S0P gk o) 3UoERETNcEREL B0 o clening

materiaERgn. a Wmnéd]eubsnetegyCamr 2@d sihyws Hiatendinamengs emdrgy iexkrted by a
reaches ER , the cle nin% terial.is nos
m

cleamngtmq}t@ﬂ%}v@mﬁ H?ét?meél styat olLensity Ieéft:xéecfs by ftg‘b éieamng material
peaks atELY €CERe 208N WGivd ;Ea@tlé‘l@[i‘b&ﬂbvélfrat@ YERQS %n&fgycﬁﬁﬁh&? on the substrate.

structures caused the cleaning material as a .
The paftinie remnvalf ragn pegss @tppﬁpare&z onWhee thabartergpt exertadf hy g¢hpycleaning
e dev stru tures on

material GEieh P 6 - § b SR BB TRYSHTAE TR CTGIPUL G TRy hcparpFigs from the

substrafe%rfaeéwe CubRd20ENhowe the BRbEM of dalntalgBs bf aew@é s@HQLEY caused by
exerted bY the cleaning materjal. Since the device

the cleaningimeterial anahestionrof energy applicd emihe auh@traéﬁ éuggce by the cleaning

v, 3 B SRl B EUEORLM B s B, iy o

the loweabhGIE)’ s ob&ter gy GlstriHMOdmfleﬁergstdxaﬁédJby!SthBlehﬂnﬁg material. Since
attern substrate woul d be da ed by the cleanin
the devfagteRcHITe ﬁana%cwa?ebéuwm %nsa&ygfiwtr@s@sw%sgf the cleaning
nment i oned above, damagi ng device structures during a
cl eani ng process could render the device inoperable
and damaged device structures could stay on the
substrate surface to reduce device yield. Therefore,
the rel ati onshi p between the cl eaning curve 201" and
damage curve 203" of Figure 2B is undesirable. In
contrast, the relatlonshlp betmeen the cleanlng curve

NN A o o o o o NN N Y o ~ N




WO 2009/ 078968PCT/ US2008/ 013696 11 [0055] Figure 2C
shows a cl eaning curve 201" for a conventi onal
w@b@anisyes mat eri al applied by a conventional neCTho82008/013696
such as negasoni c cl ean, i1m accordance with one
enbodi nent of the present invention. There are damage
curves 2031, 20311, and 203111 for three technol ogy
material @&, orHBB Fattérh sub3trate) dhelevicy struefpexcor thelpatterhismbstrgetvould be

of danagg starts at energy. Esi for curve 2031 for

damageshyt e slsgningrasterialgp ade paictes dedaferds)- node. E51 is

| aar . n r [
[0053] (1)% ?ﬁfétlé gaarl]llycﬁ/@ #g@gglngr&gr@% gfcggtgf grgﬁgg S Lbfe hfﬁﬂg PH8cess could
render Tiedefioe enopdnﬁrle and dmnmda@;endeosurdmeuxdewouhi stay on the substrate

surfacepip e ViR P o KEFIPE TSP SLR ST OE Hecieanite,give 201
and darﬁﬁ?e %@QO?fomgﬁQQBSISE\Hdés@ibléEE’ﬂl]oonMétC fhel &lahbﬁflﬁ‘ﬁ between the

As te noves into narrower w dth
cleanmgnge«te 261 andrmgegscméloétof Fianee ZAnEdWab@vel When t he

o050, PR ERSTR 0P e, Wi s e s

utilizing @dech¥ed] dofeads Hfr dricul@es G8mSthe 4Gbstra@Ssurfalde. For advanced
onset of damage for 4 nn1techno|ogghnode E5111, is

technolpgige withtdeyicetséruginres tlynarsoy widths ieht aspeatiatioph thegpechanical
| e

forces %}L %ﬁoqygtélgggmglieﬁe%d%gf gﬁ% Iea(rggl\?\%r g #g%@é%gtggc\églgg qHaeJddltlon, the

harsh Brasiveohmyipads whiyh afvar cawer sdrgtelidsr en Whelt substrdibesuefaoee, Cleaning

there is a need to find a cl eani ng nmec¢hani sm usi ng[ a
techniquese SHethgs MEEaTONIA clepring aBd JlFspRICtceantng, qéilizing cavitation bubbles

and ace didclt aﬁlﬁg%'c“le E@&#Ijaféecé afsgn@h\f'hfgg Ragild SlrEStufds®MCleaning
e substrate surface for advanced chnof ogi es.
techmq[l&OEﬁhg Fetguamd §hayshcas causlemmmoln oif d‘dmsngldramelalsal d3dge fragile
whi ch.. cont s a cl eaning sol Q 305 containjn . )
srucrungy] | HFEE 20 oIS AgUTE BRTSE AT THEP AR G §gning material
applied! Eg £| RAVEMDNAP IMhAN fRB. ad MmasAHisl e, Wint Bedb@ance with one

odi ment of the présent invention. In one
embodigrend of mlemprescxnemwcrqmnd Eh@ramrﬁglamgelcumes 3081,i293a, ged 203 for

three teggla)ef?né)}; 120e 681 n?%l l?nt1 a"ﬁ’é‘ lﬁ GTUI e(‘:fg}"r%Xt LIrlllg tteorfldgxalage starts at
energy EseficifyeMBE fdraattdRed ivafeérs |fb1q90 fimstet ol 6y anee }Edl iiager than
cl eani ng material 300, when applied on a substrate

the uppgr epd Bair ©f energy shisttihetioguekthe Alcaning; matesial omphe e%wd substrate.
l. c |
T o kUSSR L R i of
Figure 3¢Ostlthoﬂ¢$0fm 65nmrhi tgehne 6. nodeg sipot yireomsseobof @amage starts at Egy,
.. pal.ynmerjc npound with | arge ol ecul ar i ght, such
which i highes ghe %uhan‘\smc'ebtbog;v ROVeH 1L FATTOYE &f‘ﬁfﬁi h‘ef‘B}sFﬁ of damage
starts alt qﬂgexp Qhéfgﬁrle%la' d‘ﬁ'\nfilepf?:t:HMB%}p nb&d WEEmeE@ 45aithUWiClower, the
trap the renoved particles prevent the
convenpauatllod:etaemg‘ mamrtaétaud nnctgodbaxf leute %}é’ woukt p@use damage to device

surface. The SSO ikn a c qut on, »
structusgfy (e CHRPLPHETBNGER D TRalet Ty nE3e Topr JaTeRet GRR the B
Figure QC%GG«@ thftea 1ol ptbkbrhé X1e@hinkBatBQAlY AR metiH® Woiky foe rc%nventlonal
di ssol ved in the cleaning solution can be a soft gg
technologlebetbm0dengqr|wkofpb|@ﬂveatr@e@ techael@sigs iwith Rarewerafeange widths.

sol t|o e 0 L na .
herer 8L O KBRS FOCPLITRAL i 05aBRTLOT MR it e i
gentle t9Eh@OQEOABRHELGRA WSBEBIVE 1138 edbovidg partictes fiune ehe stdbtrate surface

der Waals force, electrostatic force, hydrophobic
ﬁ“advmﬁﬁéﬁ%@PP@ﬂwssterlc i nteraction, or chemical bonding

when the pol yner nolecules come in vicinity of the

contam nants. The polynmers capture and entrap the

contam nants. [0057] In one enbodi nent, the pol yners

of a polyneric conpound with |arge nol ecul ar wei ght

forms a network in the cleaning solution 305. In

addition, the polyners of a polyneric conpound with

Iarge nDIecuIar MEIght are dlspersed |n the Iqu|d

o ~ N - o




substrate, such as substrate 301, a nunber of device
structures, such as 3021, 30211, 302111, and 3021v,
W@ 20091028968 ust ered to be next to one anot her asPEHUB2V0$/013696

Figure 3D, in accordance with WO

2009/ 078968PCT/ US2008/ 013696 13 one enbodi nent of the
present invention. Simlar to Figure 3C, the liquid

[0055] Tligtae ROGshaRised ¢lehnid®Qurvier2(tidor h @anvengioviall ¢lemnidgMateriad applied

entl e on the device structures on the_  substrate

g
by a C%M?th@akn’@ﬁt"?ﬂn SUGHy FsCBEAsONIg e W@r@fge With; ppe embodiment of
t h
e e L5 ey 1 5 PN S e ot
nodes, ftkn@s and, and &b uim,i repzectively. tThe ahseti Qfedasmagmﬂtartse& energy Eg for

e A gt Ane FSLA 1Sy 328h 2L SO 80
EnN” of C&@Fg?”&t@@f%ﬁon 3t2fe cRAnthl m3kALldn (ROPatbn¥l sabRrafd. S Therefore,

hed to polynmers chains. [0060] In addition to
there isolcedamiagy te mtltmdevactaestwdmes i Hescdnyanionat cleguiol raafenideof thure 2C

s i, B BT830 Pos M 8L58 bl BB s, which s

higher FRhEE 2l AsabchndRIgYOdsvelemed heswémwidie, therdneéd of damage starts at
i nvention. Figure 3E shows a substrate 301" with

lower egeraycleuelesWhen'the keshnelogynnode hecopaes 4nam: ereloryessthg pgnventional

i BRSNS AT 5B BER s e

onset of AImags CorbS fianevanldpy tdd2aBkngismewer iah tBOENDY Figure 2C shows
nmechani sns di scussed above in_Figure 3C and, 3D ?ne,
that althoughcRomsrilcaningmatiriphedng mehogs Wik f%&eav%mton%f&?hno ogies, they
no long% I’J}%d%}[ %:H %c‘flﬁoﬂ)gfes GAR ﬁHd'\"@etr \/\%‘1 eq’.mdt}{s.e Therefore, there is a
ubstrate surface to Becone oc, Ich i1s a nass
need td ﬁhdm:lcleymaggnagmmsnnumhg fa clearsng peatekéal that {s gem}e tol the device

not odi ment, the polynmers da not ac
structuif] G 8 &SI 006 1 NG SBeH o o iro S Frgiey Sty ©rofdvanced
el ynmeric conpound with large nol ecul ar weight are -
spersed in the cleaning solution. Exanples of the
[0056] ﬁtguyerém showmoqudl dlearing aagrziahBl@cwhish agataghg a cleaning solution
305 cob RS s 0 s B o PP AR St
305, mﬂa‘éc&@ﬁmp@hh %ﬁ@-EMb@ﬂﬂn@ﬁrdeH@bre@&ik_Hm'entlon In one embodiment, the
Y(N, N-di net hyl - acrij/‘l am de)

liquid qb@mylg(mptpg@lp}()@pyp £8kr aéwmgéym%pthmmthe liquid cleaning material 300
is a sol.?%?&%f) %{&bgdlﬁ%‘ng tl(é:> P@ﬁi &le?tﬁi T t@%@rﬁggﬁ%?ﬁyfdesnoéutlon. The

I'm nes
liquid ¢leadigg iittrial 31101 wﬂ’telﬁyitmﬂlﬁdooﬁ dSubEtm ,witto pgpfctgsybeniee substrate
oxi de (PPO etc; gp % nmer s such as Pol($E%yl
surfaceapf'\}bﬁej'po‘(e:|:>p/r;(}1cleﬁ(ﬂny hSHO&H esS&Ffﬁffbnl B angign BNt the removed
¥V, AY/ )Y r ( )
parttcleggﬁg_df]v% H% (tﬁ) dﬁg%/m(e%‘j}/ ll'{g/ dges{hgm{ 15‘1*1% 02? PYB)polymers of a
polymedierdormdumésvslmdhrgasmnkﬂlﬂyf veeghtybadeay mater than 10,000 g/mol or

0 00F ot S St s 5 B S8, b and o e

removea%Ptl@@s RCstevént (R Hht’ﬁ'é%@'fﬁ()m r@dfing? BaLkA@NNE SObstrate surface. The
eparin, guar gum xanthan gum etc; proteins such as

polymeaﬂ Bigsadvg 1rce|0ll®gmg sogllltmrerwhl gontgigs elaments that affeeteiie pH value,

and enl%)l(}g Ie)eﬁso lltb/ ocﬁ’ )}ﬁg Xf(‘ren{ﬁ_é Mﬁerf?ﬂs%&w@ #natWe Q:?ea.hﬁlg solution

can be &CMﬂ Bl 8 bsddmtn ptlslikePatopldt ylispahdeanidl thescleariog ¥oRtion. In one
éntforned fromvinyl alcohol subunits.

embOdlptﬂnyaEEP yoni@migands pg the subsjrae syrfaceratierh tnthe $QIVatsd modymers by

fromacrylic acid subunits. "n", "nf', and "0" are WD

2009/ 078968PCT/ US2008/ 013696 14 integers. The pol yners

of a polynmeric conmpound with | arge nol ecul ar wei ght

either is soluble in an aqueous solution or is highly

wat er - absorbent to forma soft gel in an aqueous

solution. In one enbodi nent, the nol ecul ar wei ght of

the polynerlc conpound |s greater than 100 OOO g/nDI

oy o -

technolﬁ%



[0062] Alternatively, the polynmers can be copol yners,
which are derived fromtwo or nbre nononeric Species.
wWo-0090%86%l e, the copol yners can include 90% oPCPBR0a81013696
10% of PAA and are made of2 nononers for PAM and PAA.
In addition, the polyners can be a m xture of two or
- nmore types of polyners. For exanple, the polymers can
ionic fofce[rotd Riér MVsRY f6ree, eleasstafic plokaurehdrophublic ainte?fidon, steric
of PAM and 10% of PAA, in the sol vent. 0063] I.n the.
interactipp o ﬁ*ﬁwgalshenmng rhsng thee pglxmre, mglcylsr qorey g vieinity of the
contam %héé”ﬁfhe uf/& &nla ehﬁ'ﬁgfnerwn%ﬂh s\height are
I'ssol've yint eani ng so utlon The base
[0057] lIn Qe chmbzfdlmexitydr& polytnethef al papnegc sompound witn ldrge amolecular
non- pol ar |i qui sych .as t rpen or ,a.pol ar
weight | fogp} @ ge&wﬂasmw&?eaeiwe)so “ﬁoHe%gx pddiiBy. s pelymers of a
| | l1&ing solution
polyme 1@DNEH§3‘3u %ch‘?%%: H;?/dll&]fﬁ(li;e? nv%érlnélﬁ'e%}e Mé@&hﬁl tgﬁ ghﬁ% &hing
305. Twebloglideteaninghmatoial 800 i5 rgchtllmles thordevmhaﬂhruoheeﬂ piyuhel substrate

o S o TS i B e Y e gD T youn

device §9‘16’cﬁlréts §h ishﬁnfdtlﬂ@nwlg a8 GhbivhOiR ¢18arAn® YoRimd 3g01idf, Figure 3C,
such as wat er I n anot her enbodi nent, the

withoutcielging ragfomlﬁutlmnctu arcthg dieglce StpourRiE02t epontiasts hardebrushes, and
pads m%rﬁ}é) ﬁ{l‘ %80\%;\9%1}182?3% \}\*1'1?’16}11&18% E’&%&XHJ {g&ethg dQJQ 85 Et%‘%c(fureg Qr?d damage

the devite! sritetuses. NFArbes @ @aeighHY geitdrattd 6. caFMtlcﬁlXﬁirl’ﬁb@somb e:leanmg and
cl eaning solution can include a bufferin %lent i
high-speech irgpa %éﬂ@l%@luﬂnédetasnﬁ%iialbaléé dapygg 4 situgipe. Altematively,
t &y | @AidA%to formulate th

more LG e pIRCRRT BN L SR SRR ol o
clean1n§‘ﬁ1ﬁ&®eﬂ/ W&%{%E@TdslﬁéQﬁ&/rﬁ)&@@lﬁ)@hd&emhgtmmnrlalcam include an “A”

exanp acid is citric acid. One exanple
polymegig CPW@OV\E‘L?@(E%S%@ Plg(lym?ﬁlaﬁpﬁlmm The pH val ues of
[0058] tl“ﬁ@ pG yRié Bfa ]g%{neﬁlt&nﬂfoﬁn@%lmﬁgh %Qﬂ’é&la]f Ww&gRBHh long chains

In one e for front-end applications
of poly(nbsﬁ wiith qrhexttdmpomssﬂlmhm@fto éwperpomm@brlqnworietm shown in Figure

ectr t he cl ea teri a
3C, thevme‘lxglgrsf gfd Fprgﬁtm VLl \bmq e co Iglpgntge? \/\‘/:e e%s c mfmts 3204,
3204, 370,Rb000,,18n the PAGerasd @i Wﬁﬂbaﬁdrﬁecﬁ“@ﬁlﬁb@ﬂat@"ﬁhﬁdtmﬂ capture
the pH values for front-end applications are between
contamataom Aftes ﬁlsomntqrmmanﬁ giet capteeehy &b palyrass, ﬂt%émﬁﬁmmams
t
secome! L5548l RTIRGLAI0RL KEELEF 2T PRUEAUEM Biue 3c
shows ﬂhﬁt cappainaasd20ni, and rBR0A] which a&etatiached tohtheqiodaanerr@am(s) 311y,

sol ution |s slightly basic, ral aci di
and 31 ErvstRmeRUIRy- COBUBTTIHS LR L ROererit B bahisbfer olgter chains.
Altemaﬁgaga&é)rmiﬁld%fsh 3§ﬂs *390?@2@},,', ARd vsﬂzb@, RETRALHIBE aWRiHER to multiple
S copper val ues ackend applications
polymeacbalhetommemd tola polyatwutnevwonkn When ¢inbpeliymeng in tha cleaning
her enbo H val.ues f ckend .
materia D (6 FTBRG  E e B SURECE: SL RO AT e, ty pontaminants
attache@rietthg rpdiyiedi elRits afehfeniVed afrbk@StheOfubdftstéeiififace along with the
appl |cat|ons are between about 1 to about 2. In
polymeaplgtih®r enbodi nent, the cl eani ng sol ution includes a
rfa S e I t
[0059] zﬁ aﬂ‘é%nérsgﬁﬁ'aal?lhgl% %?re @hg&g %%f)h gﬁglc{e@}cg $fiPrte 582, On 2
substraté%dd:h%@&ubﬂtfht@%l ariotherefidevitd strsasiires,cluah as 60319302“, 302y, and
assi st wetting of the cl eaning materi al . on the
3021, eanibst Glugtered 4o %ﬁé’é’“ ipeqnte; agthse as ghown iy Rigvge ARy # pggordmee with
the substrate surface allows the cleaning material to
cone in close contact with the substrate surface and
the particles on the substrate surface. Wetting
i nproves cl eaning efficiency. ther additives can al so
be added to inprove surface wetting, substrate
cl eaning, rinsing, and other related properties.
[0065] Exanples of buffered cleanlng solutlon (or

o o N R o




16 shows an enbodi nent of a liquid cleaning materi al
300" with gel-like polyner droplets 340 enulsified in
wo b@oorssesni ng sol uti on 305 . The cl eani ng sol uPCDOSBOE013696
al so contains small and i3sl ated pol yner 306. A
surfactant, such as ADS, could be added to the
cl eaning solution to help the gel-Ilike pol yner
one enfbodipheit ©f fﬂ@pﬂ@@&ﬂﬁ gnitinsiper Sédilamof Kigadey3C,rth¢ hiquicl deariimgy material

| ut 305° th di h Fi
300, in R eV BNy S EPGCHIBH RS MU @ Ts B Stpirpte during
cleanmggtﬁgfrfﬁgg ’lgﬂgle%cggrlrneﬁ' gﬁ) ROIRE B Eanii P Rlagiral 340 sllas@around the device

roplets 340 are soft and deform
structumspatm a6, czi)aneamdr Bs&zrmnwttheutsmblsmgaet éorsefiul ampactSpmdlee device

el-1ike rrer dro form evic
structufeday SuBY ¢ b SRR B2Ph 12003 A A S2vr o EBFEAC being
attachetihs &%&ecrfaﬁﬁt U&rﬁ&mmnekauesre 31251{3 25, afd QZ@NJOQ&" z{mﬂhttached to

dianeters of the droplets are between about 0.1 pm
mﬂwnmecmbmut 100 pm [0067] In another enbodi nent, the
[0060]&5'%1 {ogrl t§ 6‘?3\?2“% %?F{g&cyggﬁ?rﬁg?%ao r'é{] Ju"élﬁ %§ t?@ Sgsulnaﬁlgures 3C

and 3[9SJubktrdtes Rahysmer pattaed Bturabicah atéo bwt:le@ﬁddabj' ItlSeh néaterials and
I stinct boundary with the cleanlngwsolutlon 305", as
methodstiisagritied iFithieWTIGINVEREOR| BNFHIE SBYW 2 spbstate 3Q) swith structures

) in [l t
302 o 2Rl S°UR, FARHUTEL AR S o o o prsen
inventibgat Q6tamdtantsh826 B3 6, 23255 Wnkda®2v @anl alkw betremoeed by cleaning
e anount . of energy (or force) n tge de ice .
Hréenempﬂdlment the

I
materigl 2’»98 (ygaeehianisms disgysssdAhove i £ rﬁ%e

d
polymr%@%\%gggoaagout %nt thgtmgél% ag@ Jtﬁrt?%eost Et?n &?ﬁ(t)%tg}gl]ﬁts Lfgﬂﬁ tRE Substrate

surfacectoctseeomg fivat evhiic 5 alinmsu §sewddiyoageregationldf fing Jusprriddd particles.
errbgdl nent, the cl eaning

t th
In anotﬁﬁ't“é?‘?%{lmeée an m&%&od‘o PEARAHPHEPEY i al s 300, 300°

[0061]‘5)5&‘-1dé’sQQbe(‘}j 'aﬁ&@esstﬁg RPAM&s dtad pBRmRdict @nesbund weH large molecular
gas, such N2, ‘an i'nert gas, or a mxture of gases,

weightsare hhsaosrsad rm the c}¢ak1®gt8¢éuttﬂne aFxangples 08 thex polymesicacompound with

RS LA TR RANE T R —

(PAM)I And HRIEEcBAR md AW @ﬁb}ﬁ@ﬁCaﬂmpysnene”B afd Ge&bqicﬂ ®41™. poly-
di spersed in the cleaning solution 305. |n o!ﬂﬁn
(N,N-démpigul-aesptegidghe (FHM 319<>Wn(1‘#rsgar0@y§ppra iy (PIPAAm),

p Olyme%)i %?%é@%@d%%r&% eanl(rht)g mat Palp' 308’5* hﬁggxges such

as polmﬁylai&ii;rﬁrmnd’m) I p(ﬂyetﬁykehamtde[ (FB09), pdtgproppglamé gide (PPO) etc;

. mat eri al descrl ove, ca ed b n .
Vinyl pelyRiers SHE! 8f X o lughh SleohPo VA aedbtRE e SRty acid (PESA)
polyvi é}ﬁﬁleg@\gﬁrﬂ?‘r tﬁ{ﬁ?ﬁr&ﬁlonEQP{‘W‘?' FolJqTRGyNHyeaiieC@4VP), etc;

tur d substrafes, "the é
cellulosqa;dleneztiwkey ) acsr swthyl gcattatose (MCbnethwecqblatqserrgw hydroxyethyl

celulofy{HEG ot BRI ORACUCH CHE e et Sug gfeacta (Gum

Arabrc fhﬁdﬁ aro8iC hepdris | RAPINS, KBABAA alfm, 3R prateids, suaﬁ)@s albumen,
09/ 078968PCT/ US2008/ 013696 17 3 0*,

collageur gl@u@s el¢. diollustratea &ew lssamples pf ainglysperstrugture, polyacrylamide is

o a5 s RIS ON S PP LRGN A, i aiono

is a pdlﬁr\ﬁbﬁ@-d}w{(bﬁs)nolforﬁﬂi&l fohs vingd alcdtiof aﬂﬁmlt?he]i’cﬂf/mrghc acid is a

t cleaning material can be applied on the pgtterned, . .
polymes oG s B-GPORBIR Feisd G Fe o e gynih 1 RG By, gad “o” are

features on the substrate surface. [0070] Figure 4A
shows a sinplified schematic diagram of a top view of
a system 400 for cleaning a substrate in accordance
W th one enbodi nent of the invention. Wafer (or
substrate) 420 noves in a linear direction toward a
cl eani ng head 410 (or clean proximty head). The
cleanlng head |s heId by a support structure 450




[0072] In one enbodi nent, the cleaning head is al so
coupled to a container 423 for used cleaning materi al

wQo awe0mes f rom t he substrate surface and a vaceRUNUR20N$013696
425 that provides the vacuum [0073] Figure 4B shows
an exenplary bottom view of the cleaning head 410 wth
a nunber of dispensing holes 411 to dispense the

mteger§| €l pelyietscof al polyimefic vohrpaNLS With ﬂ‘argﬂemﬂﬁchﬂﬁh weight either is
of the present invention. Alternatively

solublegn apeipens oties Qm highiy paserarbserbent e @rrrl@n@féﬂd in an aqueous
an

oo s SRRTAURLFE Py TR Mot s e

than l@CLGOO wihoh e rmmd&rcémhﬁdm@nt]aﬁler mwlecutannmweight of the polymeric

compo bR HeRusan HhouE0In 500 b otk K RS Er Albberpgpodiment, the
molecuijdrsxpégﬁﬂ BY it BLEAMRIRAUHNE 30 vatw&dne U I NTES/Riol ab about 20M

der "t he cleanrng head 410 on a surface 421 of the
g/mol. V\m 260%@5@96&5@%@32@@3/@113@9@ weight fofrthe 70Imerid eampound is
ni,ng,mater.i.al is
betweet Aot SMFREnofdp a0adl@of B R d A Bbh ool e ARV s in he
cleanin Rat&HAISE REWehUAHoRE ®.0W % & Hbt 2095 ineshebdmb@dithét. In another
i nes 465. The wafer 420 noves under the cl eani ng head
embodiment,j the aveightepercentagg i betveerdboyt PRO1%r foabas210%heln another

embodlfxle%?rtbggve?ﬁlq ef‘c?’et%ta%m e i§ lb%%péeﬂgab%f, SrO'I@'I th g&ﬂﬁ l‘i‘)% In yet another

embodlhﬁne l'the mxghlﬂ percepape fsg)eb)@é@h &biblut 0@5%‘@3 atsbaid 5%‘ 'l[‘ hcq polymers can
bounded and contained in part by surface tension of

dissolve Hetheicifanimg sphiionebs diepsecommlgeRoR thoF NS SeltoRfarm liquid
[

roni RIS ACHEL B RO 000 o

[0062] Wierdeivelyethe mdlyfkrsi cia heoc@ob_,{mna‘raoehmhlatedah@d from two or more

oSBT BB 85,585 15 DL S STS o s
and areGRAe SHhGfonifs RSAEART 214 FANI O 8ditiYE, rtlrie Ea@n{e@ﬁ@éfr%e a mixture of

systens that are in part interfaced a controller
two or mom)typdst oipplgyerse or whamplentay pobynrrss vxm ke mhadoby anikngdwo types

SiJag |s us he surface of
°fP°W5E§h é@/?gfgggi ‘Fgg% ﬁpgﬁé Rmnkpplication
[0063] ﬁrlﬂlfe%ibo%lﬁﬂénté Ahdwn iPPgRS 3/N<3C E&lﬁrﬂﬁﬁ&f a pblyhegicwdmpound with
Decenber 18, 2006, entitled "Substrate Pr egar ation

large mglenlgr syeaghtiare dissetved unifymly i the dlerningsefatien.f dhe base liquid, or
I f

solvent \t}ggllegﬁ n?i ?lu't:i glll §?5§bh %BF&T hgtI | g%%h:a%lt&z)g{lﬁ‘éé; gr Eg‘élar liquid

such ash\@ater (H}Q). r Otter eramplef Qﬁ%E]vehmrthleemdpythqhot (EPA), dimethyl

sulfoxi(iqI Zﬁni $n{3) ?%%epﬁggh{le e b Bg/ﬂﬂt hgl 23150? éer oafg&ené,s the solvent
1nclude§ I?ﬁor\é\@ftﬁf oﬁ@? qlifV&R] Hrﬁjﬁﬁxﬁl&eoptvﬁﬁei‘ %r@%}?uﬁ?—@or PBBmers with

l'ayer of ‘cleaning material is a resul
polarltyc Isedmsn@AMatP@rA air oA, the ispitailebglversfor the diganirgesolution is a polar
liquid, E uum TZE égeani ng head 410 is held in proximty to
qui iuﬁ 1 of wafer 420 by an arm 450. Therefore,

[0064] tmnsdhela@htbadm #EOclesnif@|soRMion RERYEITcCbMpbERE. ofhBr than the
one enbodi nent, the cl eaning material dispensed from

solventt $ushisesaten go meatifysthe nsrartysofathg eeningomatsrial svhigh isformed by
mixing ur S lglsé nclg%gl g?ﬁe n'gt ?mu Fr[pl% qge gl‘leg@ﬁgﬁglul?gg%an include
a buffeﬁagﬁgeﬂi \dhl&ﬂ&iﬁﬁelﬁk arweakt hcadodreaanveag bewsadtod 2@just g potential of

exerts a downward force not i ﬁ? G on the urfa% 421
hydrogest (RERevalum 6f thet %JefHH’a%FO %“ ene SRt eyBgraliermed by e cleaning

enbodi ment, the downward force and the shear force

assi st bringing the polyners in contact with the

contam nants to allow the contam nants to be attached

to the polyner chains and/or network. In one

enbodi ment, the contam nants are attached to the

pol ymers by van der Waals force. In another

enbodi nent, the contantnants are entrapped by the

. oy o



WD 2009/ 078968PCT/ US2008/ 013696 19 substrate surface.
During the rinsing step to renove cl eaning materi al
w0 p@a0td9e8 substrat e surface, the contam nants BCT/HS19681013696
and/ or entrapped by the pH ynmers are renoved fromthe
substrate surface along with the cleaning material .
[0077] Figure 4D shows a cross-sectional view of a
solutioml e)mmerxgnipm& AROeslt apidnisicitgiceaced. e@ﬂer@(anmlelofalhe vigaly base is

e 42 The cle mat eri al di.spense
ammoniut GBRO B 1Bk SFREP e GSNE LITATER TerAIS & B Re hquy! to about
12. In eﬂh%dxl‘n@ﬁt ‘f‘cﬁ-%ﬁﬁ%nﬁ%ﬁ?]‘(&@o% ?d@fér@@h@&'éﬁ(ﬁﬁﬁ)n‘ﬁf copper and inter-
strate 420 by vacuuhi hol es coupled to the vacuum
metal dialewsc)Aﬁﬁ clérdmmg:ineamahg basice r”ﬁ“haIpH valuss forfemitsod appldgttions are

verecf S oo £ 3008 AR R HOF SHRBHRAE 2 s o

front- en’a SPlicRTShs L0 DeNeeh @BYE! % Tesut qquﬂln%t bAotheSeBdYiment, the pH
| ine 467 of the surface tension redUC|nﬂpgas which is

values fos dipnt-end egplientions feeceetwaers pbant & tor shous 4Pf dt hgeckend processing
(after dF]gcgsﬁi({nﬁt Cé)i)ﬁ% ﬁ%‘f r-metnp8%ie%‘tarﬂ: thE rz:?eaﬁﬂtr%ﬁ)(fﬁlléneﬁ%h%ﬂtly basic,

ure I SO

neutral (drR0idi@ng ofk ‘éhfb@ﬁﬁnt{dﬂzﬁopﬂ;aolﬁ&ﬁe Ba@aene idtErcohnews ieinot compatible
‘enbodi nent of a cl eanin system 400" with a cle

ni n

with basst sqlpiaon avidpemenaiiins S8 9ttacks copmsreh Tlhﬁd?}t!ld‘@? fbr backend

¥ 8 r ﬁtﬂé&ﬁﬁd t, th

apphcaﬁ'?r% dre b t%\ae gg?%rla%r%))%?nm pt@/ g‘eg‘gﬁoaﬁ'@g‘?t 81’10a g frive iment, the

pH Valaésf lfﬁlt lbaﬂ(eMIQappThetmmepere btteaen nagpoledd tdleﬂb‘out $.a In yet another
ror inmage of elol\é\ﬁr cl.eanin

h
embodigiegh i@ BEY or Brckgas SPPIFALOR At getzt’fgn agout' %o about 2. In
anothercéi’llmafdglbélﬁd HRYc1EanS RN dIRtidrPincilSs a AuFadisit! Alch #A2MhmbfuRtdodecyl

a substrate hol der 424, passes bet ween t he
sulfate (AP8) toaasdist dmmrsmlgethmpqlgmﬂ:eamstha tiganigg@olutient He one embodiment,

i s B BT A D PR AL g i o

the clea'iﬁn%ﬁla&frlal BR the bHsidteesuifate alloRp @t Sleaihg amerid!ty.come in close
Each cl eaning head includes a plurality of

contactdwﬁp@ﬂ subsirateoiustace and Higpartidlestqiy ha gubsiarecirfage  Wetting improves
cleamng.ﬁgf’al 1en%gl gﬁtthgrr 5(2511&\&525_ csagﬁdﬁ’gzo;t? a&c{%ﬁtto fl&bf@g%pfag'& %ttg%o substrate
cleaningQlintirg) and Otheﬂfeﬂuﬁéd piopuititsdesi gned to process, clean,

10065) Ezama@%?gfsﬁgf%%éﬁfﬁ%%fn% SDuPbEL IR IS BOLLE o e
ammon}{f{ %Uﬂh g%sﬁm lnrcﬁ.fd% s Ui 56191@ Mrﬁ&u%e%%o sﬁélij as 0.44

surroun I'n such as alr or other gas suppl
wt% oD WHiOET laed (14 2vt% rof cdtricaraid,embtieti soduticn,. rfdmzésfemzhe buffered

surroun acu orts 114 and supply iso
soluton, gy 35 Sy GYLHIC SORF PGBl Phs o tanty SER rart g o§ADS, o help
suspend ¥R BRASSe ﬂfé%dlinﬂé'ﬂs% ftllléiélgamﬂ—i‘ SolRQ&z! Assoldt?onatlﬁdt Ednidifls 1 wet%
upplied therefromaid in maintaining a coherent

of ADSI Ocfidi wir%g af NiHR: end Qcewtit of kitrie aciflag eallsd selitioncd§0?20Both solution

w100 VAT roximty head structure and
100 %ﬁ&g‘égﬁw 4P vaLue c}tngf)%ﬁ eog by reference in the Cross
[0066] RAE @hBBEENdNSs SRRMaT mdslgﬁ&s SACIH provateayBquill Rldaalg aatesial, 300 that

U. S. Patent [i)l i cati ons 10/ 261, 839, 10/ 330,843, and
has the 11RO 899 vaitle laree srolerula weightdisnersedriar digselypsuniformly in the

L

applicafib®ard ogmplerdy dissslvadiimghacieanng sbhyiohpadiidhocali bpegseus. The
cleanlng rraterlﬁ aredscrl edln U S. Pate ?\9& 3F
polymepg, are; BighlyoHaiel £ B%fkerztgtf) OFTR; 9t Zlo k&R 2B wion pfigure
filed on Septenber 15, 2006, entitled "Method and
Material for Cleaning a Substrate,” U S. Patent
Application (11/532,493) (Atty. Docket No. LAM2P548C),
filed on Septenber 15, 2006, entitled "Apparatus and
System for C eaning a Substrate,” and U.S. Patent
Application (11/641,362) (Atty. Docket No. LAMRP581),
filed on Decenber 18, 2006 entltl ed Substrate

-~ .= Y T ~ 1 o s o



[0082] Figure 4G shows anot her enbodi nent of a
cl eani ng apparatus 499 for cl eaning contam nants from
wao bwosurdbsmce of the substrates. The cl eani ng apEHDS1008013696
has a cleaning tank 485 wg¢ h a substrate support 483.
Substrate 420* is placed on the substrate support 483,
whi ch rotates during the cleaning process. The
shows &1 embodigheappha diquid di8shihgsnateridl 8801 withngd ke golymer droplets 340

di spensi ng head, 497, which di spenses cle nrn%Onater

emulsifigd inhe glepning solwion 3931-r Ahe clepiging solution 305° also contains small and

1solatedﬁg(?§{ngl7 ?8@ SRGIna0P %(18{]@56%?82106]1%005 adliB& 1§ hl%aaéﬁﬁ’ng solution to
riral di spensing head 49 i spensi ng nozzl'e)

help the %ei}dikplpetym@ drogletsr UL bt:mlgkdrdﬁe@se(df urdfeganty iy thetckeanlg. solution

The cl eani aratus 499 also has a rin SH i
- I tgﬁ@ﬁ@l"ﬁ@%%éa]g‘?‘ﬁ@gl @Preg‘%ﬁ fi\ﬁr@rréi ﬁ%’“ﬁé&‘}’ a bf%rrr%the cleaning
solutlor?‘ Qﬁﬁ’ya?nd' ﬂh@%‘él likél Fﬁb bRegUWdbaceofeltine 866191%&1” lets 340 are

he rinse uid drspensrng head 498 i's coup
soft and deﬁvnsrtanomgiedetvamfeaeﬁea)on theesubstnate Slllrf@fm dSing¢, ghe gel llke polymer

substrate O* alloms the ¢ ni ng._nat e
croplets, THF kB AR v epon o U 10, e et o Porce) on the
device %Htul%@ Qo dhfage! tBami NUn Bk edrhifdditmentd it @nifsdergnoft flﬁ droplets are

substrate surface before the rinse liquid is dispensed
between about Polvemtthabehtddiymg. material fromthe substrate

o071 3 55 G5E hRPER 1N DR PR BefE} Fabind fgh' 838 hotecus
weight ra@stsb% NgGhé uréaﬁlhgtsemtﬁm%lfeﬂn t%el -5iRé PBIyAger (18pk G581 whith do not
he substrate at a relativel i gh sSpeed. Durlngthe

eStabllerﬁ disting, bouheary ubidh the elearing é@]l!#lé@l 3199 ’aasgdpmgein Bigure 3G. The
. h
ceanin 3G PGB IPA SRSy BORE 286, L B potymer

lumps 350 hﬁeso‘ftuﬁlfcﬁﬁefoﬁﬁ dréendpdévi@r frathrsibis thicasubstratcasusfase, dnd do not
renmoving the rinse and possjbly residual cl anlgg
exert lagge amonnt of Aneygy (eroyashenthe dRdcs deatyes opdthg;syRstrate surface to

damagd @gﬁf kr[‘&é&%fr?ég%lglgﬁé m@am&ﬁkgéﬂéﬁ ;legé}rlgﬁgig 8%:' 5R8dn about 0.1
un1unﬁ@duuxngngas can al so be used. [0084] The cl eaning

ank 485 can receiyve waste of the fleanrng]gggceSF.
10068] Fhe sleg émat@rrfés cfissaniedgahrvscessali | i §e In yet another
embodlgﬂ%gghg%k{ﬁrﬁ rﬁpdsu\@ﬁsats% dl&‘%ﬁ:a inguﬂngtgrllaﬁ SO 300|’ dand 3007

ednlng tan ral nagé ho
discussdd3hovwth carhbe a;gmamedwemdeloh L, aualmﬂéz lain ngert} @4k, ovashigture of gases,

liine 404 is coupled to val ve 405, .which ontr
such as i\ S Ghe UG A L0 or G FehPIE TG s Eiure 3F,
the clegﬁlﬁ%%%ﬂhmo@‘a%ﬁ £2BubSledl360CHiSsbrEc@ th HIRS ¥Idahidg solution 305.
essor 406 or a waste processor 407. &0085 The
Polymem$ 840 rsgalsratdapcab@ indbe cldgpimgatodutionn 2@ JIpexher embodiments, the

polyme(%¥ ﬁ{rglpa%es | gg)can géﬁ%ﬁe%bﬁﬁé}gés%%g\égﬁ qlg)lf ' <g]relum%§t3t§g1 ﬁescrlbed in

Figuresl TR SIICIHNEREE Slehiinf ndtérd DS hanwlgay phdb@sd a Bfuidphase.
substrate surface. The smallest width (or critica

[0069] dhawiegning)meerialdeseripqdpbove o beglseswesévmeaweslzawws on the
5 or [
b2kl S8y G0 LN AL USRS 28 BEELE Mgy cvics
featured @nCthEEpaMeh{édaasttr‘afbk etheedrek gy appilmﬁ/ by thardlcanuigarn&iterlal on the
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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.

[0077] 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
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 include a mixture of
isopropyl alcohol (IPA) and nitrogen (N;).

[0078] 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.

[0079] 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.
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[0080] 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
Solutions.” The disclosure of each of the above-identified related applications is incorporated
herein by reference.

[0081] The embodiments described above are merely examples. Other embodiments of
cleaning heads for dispensing cleaning material on the substrate surface and for removing
cleaning material from the substrate surface are also possible. Figure 4F shows a cleaning
tank 480 containing cleaning material 481 and a rinsing tank 490 containing rinse liquid 491,
in accordance with one embodiment of the present invention. Substrate 420°, held by a
substrate carrier 423, is first dipped 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.

[0082] 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
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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.
[0083] After the cleaning material is rinsed off the surface of the patterned substrate, the
patterned substrate is dried by spinning (or rotating) the substrate at a relatively high speed.
During the spinning, the substrate is secured by a device (or mechanism), which is not shown
in Figure 4G. In one embodiment, a surface tension reducing gas is applied on the surface of
the patterned substrate to assist in removing the rinse and possibly residual cleaning material.
In one embodiment, the surface tension reducing gas includes a mixture of isopropyl alcohol
(IPA) and nitrogen (N3). Other surface tension reducing gas can also be used.

[0084] 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.

[0085] 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
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[0086] 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 uséd to purify cleaning materials.

[0087] 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
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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”.

[0088] 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
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.

[0089] 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 4J 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°.

[0090] 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.

[0091] 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
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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
below). In addition, system 482 has a buffering agent and additive container 487, which
stores buffering agent and additive(s), such as a surfactant, used in the cleaning material. The
buffering agent and additive container 487 is coupled to a dispense controller 492, which
controls the amount of buffering agent and additive(s) being dispensed into the pre-mix
container 493 and to the cleaning material adjustment container 495. In another embodiment,
no additive is needed in the cleaning material and there is no additive in the buffering agent
and additive container 487. In yet another embodiment, the buffering agent and the
additive(s) are in separate containers and being controlled by separate controllers.

[0092] In one embodiment, the polymers, solvent, buffering agent, and additive(s) are first
mixed in the pre-mix container 493. Afterwards, the mixture from container 493 is supplied
to a purifier (or purifying system) 494 to remove metallic contaminants and other
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.

[0093] 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.
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[00101] As mentioned above, the viscosity of the cleaning material would affect the

rinsing time to remove the cleaning material from the substrate surface. Figure 5C shows the
results of adding ammonium chloride (NH4Cl) to cleaning material with 0.2 wt% -1 wt% of
PAM dissolved in de-ionized (DI) water. The PAM has a molecular weight of 18M g/mol.

The added ammonium chloride ionizes in the cleaning solution to provide additional ions to



cl eaning patterned substrates, the materials, nethods,
and systens can al so be used to clean un-patterned (or
whb@nkysostibst rat es. [ 00108] Al t hough t he di scusBCDIS2008/013696
above is centered on cl eapgng contam nants from
patterned wafers, the cleaning apparatus and net hods
can al so be used to clean contam nants from
the cleaiinpgatdtetidiad in@tasesthe lioniaddttdtbrof thédeleamimgphatesial. The increased
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efficiency. [00109] A substrate, as an exanple used

from thestubitrate denfenee Invaing lepthodimerit; theivissosite af herrdeaning material is dept

hard drive disks, optical discs. gl :
below S8 o etbQH sfb® shdabiie ¥ ie iy B4 i B2B8Pnate gime frame to
gwhmv§ﬁmﬁﬁ@anﬁh§gbgy surfaces, etc., which may becone
contam nated during manufacturing or handling

[00102hper athigrs 6 Delisayiod REpcsss Hons 6ALlslcastgst paffEnedysubstrate using a
i 58 T PP ALRAT S B ARl o i,
in accdridgndeawithCoeaembodiusint yofi the wireseht tilnensiatst That eldasing material is
describgg gg&e?? 1,%#8%%%(? %ﬁ%&?@%gﬁ{)g&% }rglo %:Id:nlg %tc ea%fingt z?peparatus. At step
602, the cleaning material is dispensed on the surface of the patterned substrate. At step 603,
a rinse liquid is dispensed on the surface of the patterned substrate to rinse off the cleaning
material. The rinse liquid is described above. In one embodiment, after the rinse liquid is
applied on the substrate surface, the rinse liquid, the cleaning material, and the contaminants
on the substrate surface can be removed from the surface of the patterned substrate by
vacuum.

[00103] 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.

[00104] 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
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What is claimed is:
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deforms around device features on the surface of the patterned substrate when a force is
applied on the cleaning material covering the patterned substrate, the cleaning material being
applied on the surface of the patterned substrate to remove contaminants from the surface
without substantially damaging the device features on the surface, the cleaning material being
substantially free of abrasive particles before the cleaning material is applied on the surface of
the patterned substrate; and

applying a rinse liquid to rinse the cleaning material from the patterned substrate,
wherein the contaminants on the surface of the patterned substrate are removed along with the

cleaning material.

2. The method 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.

3. The method 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
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patterned substrate; and
11. The method of claim 1, wherein polymers form polymer chains at least in part are

influenced to capture and entrap contaminants by ionic force, electrostatic force, van der

Waals force, hydrophobic interaction, steric interaction, or chemical bonding.
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17. The method of claim 1, wherein the polymeric compound is polyacrylamide (PAM)

and the molecular weight of PAM is greater than or equal to 500,000 g/mol.
18. The method of claim 1, wherein the rinse liquid is de-ionized water (DIW).

19. The method of claim 1, further comprising:
vacuuming the cleaning material and the rinse liquid to remove the cleaning material,

the rinse liquid and the contaminants from the surface of the patterned substrate.

20. The method of claim 1, wherein the applying of the cleaning material on the patterned
substrate is performed in a cleaning tank by submerging the patterned substrate in the
cleaning material, and the applying of the rinse liquid on the patterned substrate is performed

in a rinse tank by submerging the patterned substrate in the rinse liquid.
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21.  The method of claim 1, wherein the applying of the cleaning material is performed by

a cleaning head positioned above and in proximity of the patterned substrate.

22. The method of claim 1, wherein the applying of the rinse liquid is performed by a

rinse head positioned above and in proximity of the patterned substrate.

23. The method of claim 1, wherein the applying of the cleaning material is performed by
a cleaning material dispensing nozzle and the applying of the rinse liquid is performed by a

rinse liquid dispensing nozzle.

24. A method of removing contaminants from a surface of a patterned substrate for
defining integrated circuit devices, comprising:

dispensing a cleaning material on the patterned substrate, wherein the cleaning
material is made of a solvent, a buffering agent to change a potential of hydrogen (pH) value
of the cleaning material, and polymers of polyacrylamide (PAM) with a molecular weight
greater than or equal to 500,000 g/mol, wherein the buffering agent and the solvent form a
cleaning solution, wherein the polymers become soluble in the cleaning solution to form the
cleaning material, the cleaning material having less than 1 ppb of metallic contaminants
before being applied on the surface of the patterned substrate and pH value between about 7
and about 12, the solubilized polymers having long polymer chains to capture and entrap at
least some of the contaminants from the surface of the patterned substrate for defining
integrated circuit devices, the cleaning material being defined as a liquid phase, wherein the
cleaning material deforms around device features on the surface of the patterned substrate
when a force is applied on the cleaning material covering the patterned substrate, the cleaning
material being applied on the surface of the patterned substrate to remove contaminants from
the surface without substantially damaging the device features on the surface, the cleaning
material being substantially free of abrasive particles before the cleaning material is applied
on the surface of the patterned substrate; and

rising the cleaning material from the patterned substrate with a rinse liquid, wherein
the contaminants on the surface of the patterned substrate are removed along with the

cleaning material.
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25. A method of removing contaminants from a surface of a patterned substrate for
making integrated circuit devices, comprising:

preparing a cleaning material, wherein the cleaning material includes polymers of a
polymeric compound with a molecular weight greater than 10,000 g/mol, and wherein the
polymers become soluble in a cleaning solution to form the cleaning material, wherein the
cleaning material is purified to have less than 1 ppb metallic contaminants, the solubilized
polymers having long polymer chains to capture and entrap at least some of the contaminants
from the surface of the patterned substrate for making integrated circuit devices, the cleaning
material being defined as a liquid phase;

applying the cleaning material on the surface of the patterned substrate, wherein the
cleaning material deforms around device features on the surface of the patterned substrate
when a force is applied on the cleaning material covering the patterned substrate, the cleaning
material being applied on the surface of the patterned substrate to remove contaminants from
the surface without substantially damaging the device features on the surface, the cleaning
material being substantially free of solids before the cleaning material is applied on the
surface of the patterned substrate; and

dispensing a rinse liquid on the surface of the patterned substrate to rinse off the
cleaning material along with the contaminants removed from the surface of the patterned

substrate.



