SYSTEMS AND METHODS FOR CHARGA NG A CLEANI NG SOLUTI ONUSED FOR CLEANI NG
| NTEGRATED Cl RCUI T SUBSTRATES FI ELD OF THE | NVENTI ON The present invention
rel ates twoxyetmms2and nmet hods for effectively cl eani ngprmiusgeoaeseei r cui t
("1C") substrates. More parti cularly, the present invention relates to

systens and rret hods for fectively charging a solution before it is used
for cl eani ngSYETEMSANR THQWE‘H%%&%C&%@g@@ﬁN@@SQLUITEﬁ%USEDporti on of

the solute particle t te clusters. The
present invention a%@@%ﬁ@iﬁmﬁﬁﬁg%%@%ﬁgﬁ e cleaning of I1C
substrates. BACKGROUND OF THE I NVENTION During the integrated circuit
("1C") manufacturing process, contam nants, such as particles, photoresist
resi due andfFIEhD OF KBE INVENTEONoduced on the | C substrate surface. It is

inportant to elimnate or reduce the presence of these contam nants as they
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1:1:5. During cleaning,. the § g%?l ution contacts the substrate surface in

the pr esencf@“i?f’“ﬁ@&é%]bfiﬁe&“ §ipg of {C $UOSlES eved that the SC-1 sol ution

det aches contam nants fromthe substrate surface through surface etching
and that tRACEGROIND OFTEHBINVENTION renoves the detached contam nant from
t he substrate surface. Although this nmethod has been the cl eaning nethod of
choi ce for nost Duning lie istegiatdroledt (GIC”) madnshetyrirgiprocess, t:dsr&arhmsrtts fsaelt y years,
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Accordingly, various cleaning methods have been implemented to remove such

undesirable contaminants.

A cleaning method commonly used in the semiconductor industry employs a
concentrated ammonium hydroxide solution known as the Standard Cleaning Solution
1 (the “SC-1 solution™). In the SC-1 solution, typically heated ammonium hydroxide,
hydrogen peroxide and deionized water are present in a volume ratio of approximately
1:1:5. During cleaning, the SC-1 solution contacts the substrate surface in the
presence of megasonic energy. It is believed that the SC-1 solution detaches
contaminants from the substrate surface through surface etching and that the
megasonic energy further removes the detached contaminant from the substrate
surface. Although this method has been the cleaning method of choice for most in the
semiconductor industry during the last forty years, it suffers from several drawbacks.

Concentrated cleaning solutions run the risk of unduly etching, which appears
as surface roughness, and thereby damaging the substrate surface and the devices
undergoing cleaning. In a non-patterned semiconductor substrate surface, for example,
over etching damages the real estate on the substrate surface, upon which circuitry and

transistor devices are subsequently fabricated. For this reason, the resulting



transi stor devices are subsequently fabricated. For this reason, the

resul ti ngsem conductor chip may suffer from poor electrical perfornmance or
conpl et e wal2besmavisen. Di spensi ng hi ghly concentrated cl eamiusgoisob4ssé ons t o
drai n poses environnental concerns. Consequently, the concentrated effl uent
stream exiting the cleaning f rs#em reg ir.es,l appropriate treatnment. The cost
of an ef f | UEALCOPMUCIT FRiRMmay\SY fé AR Beqr %85“"? FeHPABAEM ORI | eanup process
make t he pragesstigf cl eaning using the SC- |1 sol ution expensive.

Concentrated cl ;ani ng sol utions al so_deposit on the substrate surface
undesi rabl e met ANSHEBHRGHBNE O eHFricd F Bt e soBtioRs /P B IHRBSOr nance. Mor eover,
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| C geonet ritBaSCalysphitiphexnensiveat uri zati on of the circuitry on ICs, device
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devi ces densely popul ate the TC substrate surtface. ntam nant particles of
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render the ire | el.ess. .As, a.result..an .effecti.ve cl eani met hod f or
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previously did not pose a threat to an IC’s performance because the early generation

ICs were not as densely populated, now have a significant impact on the electrical

performance of current ICs having miniature geometries. In fact, these contaminant

particles can render the entire IC useless. As a result, an effective cleaning method for

removing such contaminant particles, without damaging the substrate surface, is

critical to enhancing the yield of ICs.

In an attempt to circumvent the above-mentioned drawbacks, U.S. Patent No.

6,681,781 issued to Puri et al. proposes a cleaning solution formed from ultra dilute

concentrations of a cleaning enhancement agent (e.g., ammonia gas) in a solvent (e.g.,

water). In ultra dilute solutions, the solvent and solute are present in volume ratios

ranging from 500:1 to 500,000:1. Unfortunately, this process also suffers from

drawbacks.

At the high end of ultra dilute ammonium hydroxide concentrations, the

reaction of ammonium hydroxide with silicon continues to produce over-etched

surfaces in the current IC geometries. To minimize drawbacks of over etching, an

ozonating step has been added to the cleaning process. As a protective measure, in this.

step, the substrate surface undergoes ozonation before it is exposed to the cleaning



reacti on of ammoni um hydroxide with silicon continues to produce
over-etched surfaces in the current 1C geonetries. To m nim ze drawbacks of
over etchwogpocanomzonati ng step has been added to the clreanise@spea6ess. As
a protective neasure, in this. step, the substrate surface undergoes

ozonation be or e it is ex ed to the cleanin utij.on_cont ai ni_n a harsh
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concentratiQpsece.t he cleaning solutions are sinply not effective to detach
the contam nant particle fromthe substrate surface'. In other words,

cl eani ng sol ut i o‘gﬁh@nla%eﬁéof‘éﬁﬂ dvvie ammonmnOSIasde SAATAITEHARYRR oxi de do not
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of contam nant particles fromit. Conventional w sdom as a result, deens
cl eani ng soiubﬁtrm%lrﬂa@vﬂﬁgﬂ%wfé@)ﬁl?ewg seliiigns hafinglog eonerinfigtiansleéinci ng agent ,

such as am@ﬁla \, at is
t heref ore neede H%gﬁﬁ%%?g%gﬁ%gfggégﬂg&&?ﬁ t?%%%gtr%?ggﬁg%ﬁjﬁiﬁg&}llg whi ch do
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i nvention psruehrhsjzasmen;ismémoaidd torbe¢ hl@ffectﬂvoancbirfdesiltablmel y charging a solution

before using it inte cir "IC% substr at e.
Chargi ng a sol ut\f(]gaﬁnsl tl%re o e éle%ea&?ls So?lmso a tnﬁéﬁogg leamn SIFiscl es

t hr oughout whieh S@hattsiifier. theShem)efckmﬂthg'qurrentm aldsmrnge;do@ﬁsbmncmﬁecﬁ\h@ sol ute
particles a r ster form xi st as.solute clusters. By way
of exanpl e, leéaélg[h S@?%%Eeé}l&%cﬁﬁ Do the ﬂurﬁ?ﬁ a&%f&@ %?%B%St ween about 100 and

about 200 solute nolecules. In sharp contrast, in conventional cleaning
sol uti ons, $HERMARYIOF PaE INCENTIGNe di stri but ed random y, and not in
cluster form Wile w shing not to be bound by theory, the solute clusters

in a charged sol tdgﬂ@veo EA}C%)B{ es%xﬁ“ﬁ?\% kS rbr fron? Iﬂpa%btgetﬁ dtve r enoval

mechani sm for the ant par fe SU e surface.
It is beli efoedfftchiatly thregisph sulmmﬂhmﬁixeusngntﬁpctehmngtheumﬂgranacht particles,

which are | c':]'rc%t@‘ié”x s&%&%‘é.hﬁijarfg% TSEIGF ot ffln%sact:tg ﬁlte%istribution of the solute

particles throughout the solution. Specifically, in a charged solution, the solute

particles are arranged in cluster form and exist as solute clusters. By way of example,
each cluster can contain an average of between about 100 and about 200 solute
molecules. In sharp contrast, in conventional cleaning solutions, the solute particles
are distributed randomly, and not in cluster form.

While wishing not to be bound by theory, the solute clusters in a charged
solution of the present invention provide an effective removal mechanism for the
detached contaminant particle from the substrate surface. It is believed that the solute
clusters trap the contaminant particles, which are initially detached from the substrate
surface from the application of acoustic energy. In the absence of such solute clusters,
as is the case with conventional cleaning solutions, it is believed that there exists no
mechanism to trap such detached particles, which subsequently land on and adhere to

the substrate surface.



surface fromthe application of acoustic energy. In the absence of such
solute clusters, as is the case with conventional cleaning solutions, it is
bel i eved wbabodihierse exi sts no mechanismto trap such detrathmsdoosaesssel es,

whi ch subsequently land on and adhere to the substrate surface. The present
i nvention recognj,zes, in accordance with oae eanc;dl men t hat appl yi ng

acoustic energy 15 PREPU{TGRIGR IHHOBHIEZES: SHCERIHKE "hihone R Oddlﬂ‘?;ﬁtgq’?fg For
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zero dilutions. V\IQ n a solute,j resent in a solvent at a volunetric
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encount ere usi ng e conventiona eani ng
sol uti ons. dhoufado?’ 1gn@éﬂﬂfﬁht relatlvely dilute solutions are desirable

for charging, i cIu ers solu ) aV|n near zero
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| nventive nethods include: (i) charg a solution, which contains at | east

a sol ute sellBEPRY fPirlompgsEstaessss ﬁganeﬁ coryentioRplesdambbecaisecui t subst rat e,

to produce @m%]ﬁ'foﬁeﬁ@léﬁﬁlh%{ebl@ﬁqu k\"r‘hc‘%ilhﬁé Righdr cbRRatratRnPOf th Sniefo the solute is
present as clusters in the char
facilitate particle removal through a reaction mechanism. As explained above, the

particle removal mechanism of the present invention is primarily focused on
promoting solute cluster formation, and not focused on promoting the reaction
between the solute and the substrate surface.

The present invention provides effective methods for cleaning an IC substrate.
Inventive methods include: (i) charging a solution, which contains at least a solute
selected to promote cleaning of the integrated circuit substrate, to produce a charged
solution, wherein at least a portion of the solute is present as clusters in the charged
solution; and (ii) conveying the charged solution for cleaning the integrated circuit
substrate.

In accordance with one embodiment of the present invention, charging of the
solution is carried out by vibrating the solution, preferably by using megasonic energy.
Preferably, the solute is ammonium hydroxide. In accordance with yet another
embodiment of the present invention, the charging step includes diluting the solution

such that the solute is present in a solvent in a volumetric ratio that is between about



solution; and (ii) conveying the charged solution for cleaning the
integrated circuit substrate. In accordance with one enbodi nent of the
present iwoends/ams2chargi ng of the solution is carried egtr/usgoosiobs3as i ng t he
solution, preferably by using negasonic energy. Preferably, the solute is
anmoni um hydr.axi de. I n accgsdanc i th yet anot her. enbodi ment of the
present i nz i grind ghevt AR ggr@efgﬁagfmew’&a@t K100t ang abeps 1§]<ﬂ23t1i on such
that the soddtiorb Hredr@sieBétweéh B 16BN weNiboun1@ 090l unetric ratio that is

bet ween about5xl O 5 :I_ and about |Ixl g .1, preferably between about | xl

24 |
q 6 :1 and aboutiRore egbaliment, clegingapethogs ef tbe asrsat beniioaduther melide:1 and

about | xI O @4 ditdingthe &ﬁ%e@ B@Qﬁhnﬁ@?%odu&l 04 R dRd FH) s e esent
invention further include: (i) diluting the charged so ution to produce a
cl eani ng sofeaningrfolusing fqriclepning the dntegreied pizcaitisneptietsl dicrarding érthisl eani ng t he

i ntegrated GipdbthinSHOSERE oG 8L AGHECHatYed tc?ﬂ?@%ﬂ@%tb he charged

solution can be further charged to a greater exte Increasing its

di | ution. |wcrepengitschivtion lsdharleanimg selbons dlerrobitamyy breprpseetipntsolventa sol vent
in a vol unegri g0 ahQ@rIahis%e YRR 33694 an) L&u?lf% 'O'ZQ.F,%Q%%{B dxI g 241,
whi ch range ensures that the ¢l eani ng solution is etffectively cz‘t’ﬁarged.

Anot her st egnswes thht the elotronl sedriion iseffeotiieedy chprgedi Agothersteptaf thiener gy to said
cl eani ng so i . ic..device. .Before.charging the
sol ution, t"lf#é";dS?@%“én cﬁ{dﬁs{/ﬁaﬁkﬁn a)égx?sgg‘é lg%%? tgr?%ldg egiém S%}%Flogn’ Bregeéarr@’e and the
sol ute to pzwdgsenit Hevisol|Befare vhar@ngethe selbtign, tHelpeessitlimention Asodei oni zed wat er .

In certain enbodi nts, mxin duces .t he soluti . havi t he, sol ute
present in ?%mg(]ﬁ vanrings 581"\9 Iaﬁ(li °rP (lzl%rtglp fogu?eﬁg? 5 ?‘g{mﬂe;é\‘?ﬁg%ﬁbl%g%%t 3xI0 5
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out at about 30 OC or bel ow 30 OC. ] n another aspect, .the present invention
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| east a solai{qe el ecte too%rormte cleaning of the integrated circuit
substrat e; Htfq |C)° "% Cacoustic ener gy source capable of vibrating the

sol ution in the 16Ra6tBRAGEH AT RIserkt tnvRhRIHIF6videsGNPEBB Forsaliinb ON, Wherein at
| east a portion of the solute is present as clusters in the charged
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integrated circuit substrate; and (ii) a first acoustic energy source capable of vibrating

the solution in the charging chamber to produce a charged solution, wherein at least a
portion of the solute is present as clusters in the charged solution.

The system may further include a processing chamber for cleaning the
integrated circuit substrate using the charged solution. In accordance with one
embodiment of the present invention, the system includes a second acoustic energy
source for vibrating contents of the processing chamber during cleaning the integrated
circuit substrate. In preferred embodiments, the present invention further includes a
mixing chamber for mixing a solvent and the solute to produce the solution before the
charging step commences. A first connection between a solvent reservoir and at a
location on the second connection may also be provided for diluting the charged
solution before it enters the processing chamber. The second connection defines the
connection between the charging chamber and the processing chamber so that the
charged solution can be conveyed from the charging chamber to the processing

chamber.



enbodi nent of the present invention, the systemincludes a second acoustic
energy source for vibrating contents of the processing chanber during

cl eani ng wbeodantiegeat ed circuit substrate. In preferredpremusdiosmwnisss the
present invention further includes a m xing chanber for m xing a sol vent
and the solute t rod ce the ol ution before ng chargln step conmences.
A first connecti BHFPECLSHP PETRnt PREion B9Videh g coppasitio Oé?lon on the

second Conne@iﬁm@msé@ﬁbr dlesfindiatepragidicilealt fubktratds| Uhé e&nﬁ&aﬁmﬁh@nmgla sol ution
before it enters e processing _chanber. The second connection defines the

connect i on B‘?&Y‘“v\’é % $9841% AT 1 561?9%3&% BromQHFleanIme ot Bedutsgratgd el@tber so t hat

the chargedsmﬁuélmegs@a aeloﬁ@ﬂmsmateﬁmsaehm cRIBRf By HaNREsn 4R the
proce53|ng chanber F anot her, aspect, resent |nvent|on rovi des a

conposi ti on“&fsola’fesa&ﬂmlmmalﬁsﬁéﬁemdmaavle@ﬁm@aqo B betwepn@bewt dki0slibst r at es.
The conposi khdibolMGHeeS 18 2 $UMEAenMABinRnS qle%ﬁte m'sslbeﬂt%reéﬁés%ﬁélﬁg to

pr onot e cleanlng of the intégrated cir ylt substrate ast a portion of
the solute P’%u‘ﬁﬁ‘@éé’fmothﬁlscbet‘]‘gfteérﬂbwmlﬁiq adeabed 8¢5 and the sol ute and
solvent are present in a volunmetric ratio that is between about 3xIO5 :|

and about | BREPBESERIPTIOR o¥ ehemedregbodi nent, the solute and solvent are
present in a volunetric ratio that is between about |xl g"6 :|l and about

| xI g24 :1. BRI CRI PTI ON THE FIGURES Figure 1 is di agram of a
cl eani ng systenﬁfggﬁgﬂﬁ?ﬁ@g?@- ée@W@%ﬂFWﬁhﬁmﬁFg@h@(B?@@@N@nﬁﬁvéﬁﬁlon f or

ef f ecti vel ypebeanivagionMoperatipsly clesrsg mte?fatbatc[raﬁlﬁﬁlbs&dt&ur e 2A shows the
random di stribution of the solute particles in an uncharged sol ution.

Fi gure 2B shows XBge 2 shews t&aratqdeméssﬁa}uﬂamg@he pqjute parieles infagr m i n a char ged

sol ution, agePhGENSGRnONe enbodi ment of the present invention. DETAILED
DESCRI PTI ON OF I NVENTI ON The present invention EFOVIdes systens, methods
and conposi ti onstigye 2Bfshess the sglyte ppisighes srepniged Bglustes foriin e gharggd ©)

subst rat es. sGanyeRbhandho WhSHmat&h ot &S plbal mlQfiof! fectively cleaning IC
substr at es, hlgh enoug concentrations of the S0 ute, which is typically an

active cleanln redient in the cleaning solution, should be used.
Accor di ng t SESAERERDERSRIPTION OFINVENHON hat hi gh concentrations of the

sol ute react mnph the substrate surface to detach contam nant particles
therefrom Predipatgéent invention provides systems, methods and compositions for

effectively cleaning integrated circuit (IC) substrates. Conventional wisdom dictates
that for effectively cleaning IC substrates, high enough concentrations of the solute,
which is typically an active cleaning ingredient in the cleaning solution, should be
used. According to such wisdom, it is believed that high concentrations of the solute
react with the substrate surface to detach contapﬂnant particles therefrom. Predicated
on this belief, conventional wisdom teaches away from using cleaning solutions with
relatively low solute concentrations.

In the present invention, however, relatively low solute concentrations of the
solute are preferred because they promote charging of a solution. It is believed that in
a charged solution, solute particles, which are arranged as clusters, trap detached
contaminant particle for effective removal from the substrate. As a result, the present
invention focuses on forming solute clusters for effective cleaning of IC substrates.
Notably, the inventive cleaning systems and methods described herein not only

provide a way to clean substrates using relatively low solute concentrations, which are



on this belief, conventional w sdomteaches away from using cl eaning
solutions with relatively |ow solute concentrations. In the present

i nvent i onyohosenaers2 rel atively | ow sol ute concentrati on®cofustévs/osabat e are
preferred because they prormte charging of a solution. It is believed that
in a charged sol ut ut e art cles rrang ed as clusters,
trap det ach&§U&d H}eﬁ%qwgmcoﬁﬁ?ﬁoﬁlé eﬁ%‘Pg’é#}gtcsPanw 58 ?“F?)‘ilﬁllshe
substrate. p@ﬁre@enltpﬁfbln"edeﬁlh@inﬁél&§6iﬂthepﬂ&%ﬁﬂiﬂv&ﬁloﬁocuses on formng solute
clusters for eff ctl Ye cleaning of 1C gubstrat es. b%% the inventive
cl eani ng syste AR Gfleaniig systar Qaé?"é’?qﬁn%@tonﬁ) 5 i°4&°a way t o

cl ean SUbSt}E@é&ﬁﬁlﬂU@iﬁBﬂ foedfRbiives) Jedn@l IEQRLBERLS.0SFRM I a8 fFee Whi Ch
ar edeened | ffectl ve in conventional cleaning, rather such | ow solute

concent r at | BREDFTS p A SEERE chsmber F K0 whiRgR Yol andgr sofvqat ta ferabhtolitiopent i on.

Figure 1 Sh@mr@1§&}ﬁﬁﬂbﬂg8%&%§ﬂ§]n%%’e soRtftfeRafd A CEroE&sﬂQ‘é‘ha%’ﬂ%P@Z@BPt of the
present invention, for effectively cleaning substrates. System 100 has

three chambdfaing the 1g subsieptes ains e charged %S’tlu’ﬂf?iﬂxﬁh@l of miging chamshed 110 sol vent to
form a sol ufddQRargfhaChARIH: DG &J?lﬁé@%ﬁo&%%eﬁa%te EHREGAY 1ol 2 @cemll#t ion and a
processi ng chanbéer 126 for cleaning t strates 'usi ng the charged

sol ution. Edemberl2gi Rpesificelnntiust com@chen! 2tvanegcisgnising shambet 18 toonnect

t hrough se gally, a
ot connenry sane 9aPEE! 128and k& hAERRBLiNg 150 GREN Sehn BRRRH 8. 2. %106
and a seconi® peeasiaetchambet 306. céﬂwdbbfsewharegbnlgwcﬁahhmnecllﬂzﬁ 132capratsoessi ng
chanber 126b lﬁ‘@d W cjoilveg/ea Sgﬁfglllt fés 1%96!1’9011’ dli'ec{l o p%&%?s%g téh%ﬂ‘xber?’l%6can al so be
used to convey a so s reservolr i proceéssi ng chanber
126. M xi ng charmdmgkhmberdéd vaesw% swlwesidreah fiean sfoﬂ\@m @seswlivEIt reservoir

102 and the st.rea from e 1 th h val ves 106
and 108, res%ce%fc |€ué JeR rp(?zrarf ?/%Ohiiiesfﬂgméé@ﬁlgfug v?lgesglgblq\?g{l/?@ge contents of

m‘ xi ng chantesrectivisly. tovahar igiin getivhtieconidBhe Cdimeng crfgnmﬂngﬂhmlﬁbeilﬁ) cones

equi pped vvlth a first ac t ener soyrce 114 and,a.co chanber 116

for coupling 1ﬂ§m§éiﬁ g@ @Wé&lﬁ%"h{%@ 8comstequipad iwﬁﬁ g{ﬁ)%i %ﬁ % chanmber .

Cont ent s ofelmgmsagc@hmﬂ@codpmg@aﬁnwrspa ﬂﬁc@fﬂﬂhgﬂﬁcbﬁﬁlﬂow&@%SI ng chanber

126 through first. conn ct on 13 en_valves 112 and 120 are activated. As
shown in Fi Gis@ision &gy ﬁla%lfl%ﬁ# G ehtnieisYmysing chgmbe ) ge Aviseyed

t hrough m xdmigice hadhRtesdihP ciamthef 1 Z6throughTiRetdmbeibad3t htd RERSIINY chanber
126. Using a simlar path, solvent_fromsolvent reservoir 102 can al so be
and 120 are activated. 'As shown 1n Figure 1, solvent from solvent reservoir 102 can

be conveyed through mixing chamber 110 and first connection 132 to processing
chamber 126. Using a similar path, solvent from solvent reservoir 102 can also be
conveyed through valve 106, mixing chamber 110 énd first connection 132 to a
location on the second connection where the charged solution is diluted, before it is
introduced into processing chamber 126. Contents of charging chamber 118 are
conveyed to processing chamber through second connection 130 when valve 120 is
activated. ,

Similar to charging chamber 118, processing chamber 126 is also fitted with a
second acoustic energy source 122 and a coupling chamber 124 for coupling the
continuous energy transmission into processing chamber 126. Inside processing
chamber 126, a sparger 134 facilitates well distributed flow of the charged solution for
effectively cleaning a vertically disposed IC substrate 128, which is secured on a

suitable carrier (not shown to facilitate illustration).



conveyed through val ve 106, m xi ng chanber 110 and first connection 132 to
a location on the second connection where the charged solution is diluted,
bef ore i two2oeantinesduced i nt o processi ng chanber 126. CoRrCe&russ00sf243h@r gi ng
chanber 118 are conveyed to processi ng chanber through second connection

130 when valve 120.is.activated. . Simlar to charging chanber 118,
processi ng chamb X”igzcélalmi’erallqg?Wibﬁﬁ%ewlf‘ﬁené (ﬁheaaétcfggtt"?’& energy source
122 and a ceanpbilatgy cdiatiihes f1dw 4f dtdsastans PqiidGvitheE& Bt 4t Mdaibhe @RELT gY

t 1 SSi i nt racessj ng chanber  126. | nside processing ¢chanber 126, a
sparger  134CPEENE chRREE | LT PTG S BRerT PR gFohe T o R BREN&o] wt | on f or

ef f ecti vel ykeveanibsg gdod/edrksintrt byactishipes@sly. | Thesdbnidbal GreliSerabhy chis
secured on alﬁéu'_tabl e carrier (not shown to facilitate illustration).M xing

chanber 110" DB WHY- SHtirpsheigurR hdarsTibes thice chamberspgthresseparaist r ol | abl y

conbi ne a fiqwiQft idhoski8RShat @RANek Bitbinthed dollldde fidcBWoRledBhtol tR8FEssO06r 98S.
Char gi ng chanber 118 and processing chanber 126 can be nade of any nateri al

known to be? sngeIesselr dAs picfared cobodimenishavevenmisitghaveThies scpetaterisesels ar e
preferably gpdswhiomu@eartz. Al though Figure 1 describes three chanbers as
three separate vessels, it is possible that the three chanbers could be

i ncor por at ed i ntAcousls aperes spwcesrl 14 arnd W aan be sxyedourct ittt pippliesr r ed enbodi nent ,

however, isptobaye.dhr£8 SERAr [ ' . Acoustic
ener gy sour%e%slm ané(}[ 122 ce}n' %&gﬁ%%ﬁsi%h?eézﬁ? %gf s‘f'fﬁp’l1 éel%sa}{lkgrglzjﬂzgoni C energy
and the |i kare idchly pleerg abbiesrthear cotikgpoardine peastissicryy solmagdzad 26 are ideal |y
pl aced abov I e ] o) I ner squrces and. their coupling
chanbers. él%o ﬁ%&ghgé%h?Jgé)g%é%g?%%seﬁ%gg\fé?}%w‘%%rpéc%egrrr'e(ragbgc%lé%gﬂusse it is nore
ef fecti ve amorcafpvivegt smalvingsmplertpaticles fibmahe tubetracibsiacat Alisupi tee.

Al t hough th ni.c. deyvi ce . us i.n,system 10Q.can have ouf pyts as high
as 5 Watt s‘/lclﬁé%glgi evﬁcleglﬁ%arll}l SR gg%?aélfhél}(/%%ﬁ%utf %Squ asaﬂ% 8&/%#% f 3 Watts/cm

2 and | ower higlguj it alpreferebjaitpureat ofipnt feNFataldnfand BERS OSiiRbRRGHENeAS
comrer ci al I%/ avai | .abl e

/ A2 fro.mea vari elégﬁOt vendﬁég Such equi pnent shoul d,
however, pref EFaBT Y METTHE B getier ’Fc_laawf&vaal Erifoua $PEdy i vepd%hsducer s or
the like. Byuchayuigmanyheyld, megasolirefeAblyiitdsde AdtheRtonsRl LRABRpEsA | Y
available fro I%l’i@j 0, rkpohat i on of 1J apan and, PCT S}g_st ens, Inc. of Frenont,
California ‘Wﬂs ucsEs|of the like. By way example, megasonic devices, which are commercially

available from Kaijo Corporation of Japan and PCT Systems, Inc. of Fremont,
California work well.

Although in Figure 1, one IC substrate 128 is shown inside processing chamber
126, those skilled in the art will recognize that in certain embodiments, processing
chamber 126 can be designed to hold more than one substrate or a cassette of many
substrates. In preferred embodiments, however, processing chamber 126 is designed
to clean one IC substrate at a time in series. Figure 1 also shows that substrate 128 is
oriented vertically during cleaning operations inside processing chamber 126. It is,
however, not necessary for the substrate to be vertical. A substrates oriented such that
its surface is titled at an angle in the range from about zero degrees to about ten
degrees can be effectively cleaned using the inventive systems and methods described
herein. When more than one planar substrate (e.g., a semiconductor wafer) is
simultaneously cleaned inside processing chamber 126, a slight tilt away from the
vertical, i.e., ninety degrees, is desired to prevent adjacent substrates from being
jostled against each other. In those embodiments, where a substrate carrier is used, a

slight tilt prevents the substrates from being jostled against the carrier. Such titling is



Al 't hough in Figure 1, one |IC substrate 128 is shown inside processing
chanber 126, those skilled in the art will recognize that in certain
enbodi mrenwe,20@e@Eesi ng chanber 126 can be designed to RolraScense243k@n one
substrate or a cassette of nmany substrat es In pref erred enbodi nent s,
however, octeosm n chanbxg 126 |%§des iean one | C substrate at a
time in serl% “alﬁlgb%effe S GRS e?%ﬁ 1D 8 sjibstigie icarkiek d

vertical |y subsirates 54 @raarﬂgagfae@e)rfactel, Bk td Mkdﬁce%%ﬁ&%lba& oaRbehcekeb. It is,
however, no ne’?fjglf ?% gr t subst to be vertical. A substrates
oriented su fabag F“Iﬁaﬁcé“?vgr P el“é ogentafonsngl e in the range from
about zero degre&sydi@l dbaiitg frestsSRGYRESE 1W&gﬂﬁvﬁfeﬁﬁ(§gllvgﬁ|typlg.‘h@aned usi ng
the inventive s stem; and et hods descri bed herein. \Wen nore’than one

pl anar subst?at' drvaty, storgd EesoiveBRsE O L Ogdlows fo mixing ghamberld8b%| y cl eaned

i nsi de proceashirg wRANMDE! Skdficlyd RlitdRém bbbl 18RI 109 TR VG cal , i.e.,
ninety degrees, is desired to prevent adjacent substrates from bei ng

jostl ed agafHEeRbOipyHies 108158 nikpe mag fpBRPIeee Srmarselition Sallst rate carri er
s used 2 kGt 104 by BRNPMLSokRALARIGRL Rk P DEIAE0St | ed agai nst
the carrier. Such titling isoptional and under certain circunstances may
not be desi fulEnant frog the pbsiraie airbes. rineertain ebbedimendsofithepseninged face to
face, back [QehRa ksolJt@%@er@&r PRCInRns RAGHOnfuth: ﬁ}%?ogude @%ﬁﬁxetr% chGRnA0f back to
back are, however, preferred orientations. Al eani ng process in
system 100 mé@msn lihed farmswlay emaquedupsplotivd. yIndexrezfmr@lenhbmdhmnt, ssluter ed in

sol vent res i C 110 actl ng val ve 106.
Simlarly, %Eégg 1flél40(f%)%l%nlg\sé{§ n]lith?uea %eg’sv{’elg?}loaihlr%a;?%f &Y 9fa P méﬁ(ﬁﬁg gﬁglrrber 110
via val ve 1@81691@1yrirDW|cngcem§ﬂlo@s)rﬂmnde;)reibrrécbembcﬁhmmitubefbfemﬁﬁ.lgut e reservoir

104 may con I t hat faC|I|tates al of a particulate
cont am nant 21r?llrl Q%Q%Se‘%@h% 1}1%6'9&7" AT PHRGI 35 1% él?e[reé bé‘ﬁ%&}a?lﬁﬁ}ﬁ%%a SF t he
present i nv&he396n%. s[mbwtsamreeaemxmmufwogmttmmapeam@nhumtmedﬁom de as

either a copnc nin uid form or an aqueous solution. In
a preferred éﬁ%ﬁ)&? %mm Ei’ﬂt r?’é"s"gﬁlg ’fnrth‘?L%‘ S‘E“é"rﬁ“& 26 OlhBRSPIgas, which
all ows the mw&mmmmumﬂnﬂmxnﬂeomdb ﬁx&i;r beaRUY By iy &P d,ations. In

such preferr ts bef m Xi n i.a_gas W|t e| oni zed wat er,
armoni a gas® g”f“‘?“‘?eireeat hB]f“fcﬁ %a (bﬁ’ H@Zéﬁ%‘g? Those

skilled in go@esaid usthlly mi@d HGfhi dé%niz&ﬁ%at@ﬁlﬁ%@gmﬁgn @hich %u%ééﬂ@en@lgl particul ate
contam nant s é?%ﬁﬁ renoved fromthe substrate surface, other types of

sol utes, dif¥ apipgnf ratiembased SdeBsdrRbto reragvesttiples of siigonnedrbast  exanypl e,

a and their derivatives. Acid based solutions, such as that made using HCI, remove
metal contaminants from the substrate surface. In those embodiments where
ammonium hydroxide is used, the volumetric ratio of ammonium hydroxide to
deionized water is generally between about 3x107:1 and about 1x107:1, and
preferably between about 1x10°:1 and about 1x107:1.

By activating valve 112, the solution formed in mixing chamber 110 is
conveyed to charging chamber 118. An acoustic energy source 114, preferably a
megasonic device, through a coupling chamber 116 supplies sufficient energy to
charge the solution to create a coherent solution inside charging chamber 118. Asa
result, inside chamber 118, a relatively dilute solution is transformed from an
uncharged state to a charged state by the aid of a megasonic device.

Figures 2A and 2B illustrate the difference in solute particle distribution from a
solution’s uncharged state to a charged state. In Figure 2A, which shows an uncharged

solution 200, solute particles 202 are randomly distributed throughout solution 200. In



solution includes other chemcals, such as O, HO, H2O2, NH4OH and HF.
These solutes are usually m xed with deionized water to a solution which is
subsequenwvbyoasgadostor cl eani ng. Al kal i ne based sol ut i on®CTArsdo0sM2436610V €
particles of silicon, carbon, and their derivatives. Acid based solutions,

h th t nt ts f t.h bstr at
Cur face. || noIReE SHAREnt SoGHD e AT A TR PUHOR Ue FEORUE fho

vol unet ri ¢ sattion 206 a8 EMEHis 202 hmdrpié&fexdﬁi én@aodﬁmaﬂnbﬂtﬁépménefnvbﬁloﬂ%er ally
bet ween about 3xl O referably bet ween about

1 eoh AP etk namber afmaacyes ot Soiye 2iattn glivkts 3106 (R epBROOHTHA0 G | o

formed in mabdungoochalefgss phil Ouits, TRBAYRIE] Othe BaGAl RESIAMRA N datf of AN
urce 114, preferably a megasonic device, through a

acoustic ene 2

coupl i ng ché‘fjr'gténs 4Gand 2481 ‘i'h%é‘ﬂ%tﬁmlfﬂélie%ﬁ‘? dispplyegyin £ golzenis#ieich aok ol uti on to
create a colemenh F%{édbAOc{hd'ZBStb%ﬁhﬁﬁlgéﬁﬁoﬁmrﬁiﬁfxta@c]tﬁsc s%?o pd result, inside
chanber 118, a relatively dilute solution is transt ormeéil rom an uncharged
state to a EWHIEHBIFesuHES BI2 nerénelihaves cisrulep shapowith agmoptbextefpyay es 2A and
2B i | | ustr atigwiahe pfd A5 SGRer] dustl 3406 DAL t froma
solution's uncharg%g state tc])C auc %at%jlgzgdé gg aﬁ&@f&l{yﬁhg‘%ﬁé{ ré whi ch shows an
unchar ged sol ut i dithoegcluster fotmeatiparist predopgn@0@ (1 cleamd@nﬂsMe q:lto@éssin@ut ed

Sol ut e par ¢ (ot B sha ot Pl oo S BoY R e ErlBsblint 1 1 o

preferred efbadan®itexpdrinidh@® NELSOMat bITYEA tdnParan@B cANAbEHSOREMRAEEL Of
mol ecul es of solute 214 in clusters 212 is between about 100 and about 200

mol ecul es p&F SEfiGERguMberofsaluiganplegesivithithde glustesgjtp frapy hedeiathed that in each
of sol uti On%llzeﬁ)lgnﬁiﬂgara&lgs fr&ﬂ?heséﬁbéﬂa% sgﬁﬁée'aﬁhﬁﬁ)vﬁfe?héjﬂe%?s@l ed in a solvent,

which is not shown 1 n Fi gures and 2B to si rati on and
facilitate ﬁF@@H@élV?)waelquMﬁe}ﬁ%h‘édm% PJEIQtsmhsﬁazmksnééhlgh@ttemmam&s,c| rcul ar

shape with @uﬁéﬂ@ﬁ&h@ff%ﬁfe’a%’m vﬁggﬁw?&}lf ngﬁf)ﬁ lﬁ%arg% it gLUSt ers 212
are generally of any irregul ar ﬁ Fug mar i on’ i s

pr edomi nant stall Quaes, Censsawingy, auh@laweslqanmgmvmgffcmarnbearomﬁ&omhouI d be
carried out g ex@r&l?é‘t‘hm?’%r@l%x%ﬁyl% llleg\(gn??%m%(f‘ Test data obtained fromvarious
experiments suggests temperature or at about 30 OC, there are
sufficient nurrbeThe@hargcﬂ slgionskitiog blesging ¢tHaimbet HE hak Btﬂﬁtép&sérﬂ)lﬂﬂhap t he

det ached co m t he .su a rf and provide the
necessary e r@?%‘o%}"{?%%%”% 1§ﬁ]€ lé%ﬂﬁ“ﬁeenf%)rouﬁ%tlé hdn utf ?gﬁ@h g’artl cles. At
hi gher t enpprﬁ&tabbds;tween about 1x10°%:1 and about 1x10?#:1, and more preferably between

about 1x10%:1 and about 1x10 241

By activating valve 120, some of the charged solution is introduced through
first connection 130 into processing chamber 126 for cleaning substrate 128. Although
only one inlet to process chamber 126 is shown in Figure 1, those skilled in the art will
recognize that if more than one stream of solution is required for cleaning then
additional inlets to chamber 126 can be provided.

Inside processing chamber 126, the charging solution is introduced by a
sparger 134 located at the bottom. The charging solution fills the processing chamber
126 from the bottom as described in U.S. Patent 6,681,781 issued to Puri et al.
Processing chamber 126 may also come equipped with a drain valve and drain line
(not shown to simplify illustration) to dispense the effluent stream. Cleaning of the
substrate occurs by causing the charged solution to contact the surface. This is

accomplished by any one of spraying the solution onto the surface, by submerging the

10



cluster formation appear to nelt away and only a few nol ecules are |eft
within a very small cluster. Consequently, substrate cleaning is nore

ef fecti vewatzoawoaosd room t enperature than at rel ativel yPoirgisee0s/024366
tenperatures. The charged solution exiting charging chanber 118 has sol ute
present in thfaﬁs_ol vent ‘iin a.volunetric ratio that i s between about 5xI 0 5

-1 and aboufUtfags wgpeharged sqlytionay AIgFingiiag splrion Re the spstrate syrfage. and about | x|

q24 :1, andAB®sBe él{eﬁ‘gfﬂﬁ alivd RRhWeRRrAS Qitact %hild 1t8s cdniRRfe ARQHL x| a 24:1.
By activati nq val ve 120, I %

sonme of the charged solution is introduced through
first connetd ¥ 130 into processing chanber 126 for cleaning substrate

128. Al though onkY,:3g&.d eiltBlinteRtsR Afisin FHAMPE Gystaf 105is30q¥Raky Figure 1,
those skilled in the art will recognize that I'f nore than one stream of
sol ution i sChaggpup pEpatenpxtet @ gharaesl sohwinn sigesim floyring outif ehasging cldmbeber 126 can

S N _ san! . 1 Heber
e provideds;g rﬁﬂs%nﬂéc%l%iz flaglh@alf@ get;nggtﬁg cg%gegos%m@ﬁ gglg%ﬁl%le%iv%ﬂt I's

introduced by a sparger ocated at chargi ng sol ution
fills the plowsskemgesetvande? ap@nieying it teghdditgsdselyticteinsidé seohd n U. S.

Patent 6, 681,./8% ; ' - ' ery 12 y also cone
cqui pped wi T 2 gP 238 it O Rlbbohedihoip hBGGRE) RpR0ALRS SuldBe

i 'l ustrati obyadtigatitigspbrs 6t dnd 1é2 sucheplvers iy mavideddr@a nolnent ofservbie 1621bst r at e

occurs by c i aar lution t.o t.act .t surface. This is
accon! i shod By o SHERBH#E, SEbi LR B I Bt oteteB i "y
subner gi ng $dies rfr@es in msdva ar gedusaticatio thadts tetwaen Bigput el 0Sal 4ndi on past

th bstrat.e rface. . ,Acoustic eney. is appljed ta.the substrate surface,
vvh?l Zui tS i sab(?blntjxe{tet i']ﬁgT hHE© eﬁﬁ&&@@"‘ﬁ%?ﬂtﬁrfmggslthe ﬁ?"él?ﬂé?'rogé}sw*& ments as

shown i n Fi gnowtslof chyrgddesolution rdsRlinpeis chigitlg tidntRAT Bant Guidhed BR@nGNt 68Xt ent  a
char ged sol ution streat? f.l clvvi n% out of chargi ng chanber 118. First
feagelyrhae

connect i on HSXFAFIT 9591 !fs char ged sol ution using rore

sol vent from solMéugh eS8kt i FifZe AntaeRaBIhEG 118 cdndbetiiRd Ghd@rged sol ution
i nsi de second. connection_ 130, before it is introduced inside processing

chanber 126CCEHAURR sehgpme havipg ongporg ghambers axapesd te sirgyiate thexhaigedh sol vent i s

provi ded fromipal Henth ERE MR, piildedkRe Ui@icalaf @8 eh2Qldublu@bn ¥et hi n second
connection 132, In such dilute charged solution, solute is present in a

sol vent i n BPS¥BiPurtBt Riwerateribed ssheme Jloms eifewive ddwisns skeharssd solutiond about
I xI'0 24 : 1. nalbigSelpiielohREn&TRANTB e sRERY THEAow BGet-88dBlildatb¥oRf USi ng

smal |
for mixing, charging and cleaning can be carried out in continuous mode, batch and

semi-batch mode.
In summary, the present invention relies upon very high pH of the charged
* near-zero solute dilutions in the cleaning solution to capture and transfer the
particulate contaminants which are further detached from the substrate surface using
megasonic energy.

The present invention represents a marked improvement over the conventional
systems, methods and compositions for cleaning IC substrates. As explained above,
the present invention prefers use of charged solutions, which have relatively low
concentrations of the solute, 7.e., dilutions in the ultra-dilute regime or having “near
zero dilutions.” Consequently, the cleaning systems and methods of the present
invention are environmentally green. In other words, they do not require the additional
expense of equipment and labor to treat the effluent stream before draining, which is

required by the conventional cleaning systems and methods. Furthermore, in the
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amounts of charged solution residing in charging chanber 118 and further
diluting it to produce a nore effectively charged solution. Although not
shown i n Woguoenidgs2char gi ng chanber 118 can be fitted wpCh/ts200802436a! ati on
schenme having one nore chanbers arranged to recirculate the charged

sol ution. In1 each such éhaq‘ogr, grogressive dilutions of the charged

sol ution ar & PHESEHEIR 2 e oA IASOYEELP theauessrtimyeation. e sieneiopaicopty e

di ' utions obsschime@@tih Rpdsidg@RemRdalN i Winfiflat i vel y |1 ow concentrations of the

solute. The flow schenmes descri bed above for m xing, charging and cl eaning
can be carried oUfCFHREBRPTIENE! Hemdns metheds tineplse spncsairatin idueted | n
sumary, the MERSRMNbIAMIRRTof Bi@S eHIOA. ‘tﬁ{sxecfﬁ'h‘aé‘sﬂﬂaﬂ{al hiE afidrar ged
near-zero solute dilutions in the cleaning solution to capture and transfer
the parti cufBtROEEnTRERoREIndhaipsent iayatipm however.ddfealbivbtcl¢anoat obie subst rat e
surface usi RenpEREARS HIRiIRDAIIINes TG Bfr@ﬁﬁﬂ%eédﬁﬁ?g%é g@%frn?ﬂlggrﬁl%ﬂts a mar ked
i mprovenent over the conventional systens, nethods and conpositions for
cl eani ng | ChgisEse.ohvialss thageedor batinglequironent andvaldfioes @ndcessinggintd. on pref ers
use of charged sl ULiORS ,HLWAI ve relat | I cancentrations of the
solute, i.e., dil u%&itpc?ns, ianw{éh"gdﬁﬁ%;ég%lﬁfefﬁ%¥}%£eé}sr?§g\,81re%ﬁa§/feh'gupoﬁear zero
di | uti ons. "capepsiatpdeniutiogn totetvd tled substiategsustpst andsheasty remoeqasticnfatd he present
i nvention =1 n. In other. words, they do.not require
the additi g‘?logjl a%{e]ﬁ%{gﬁsrﬁe% gg)l%lgl&%?r%{rcg%tnlngh%eﬁeg%%rmt\fl\(%u?eisé‘g{iesir%%suéfaf‘f uent stream
bef or e dr ai mwiuggiessshitclgrirdesrigguieotram] porfoihence onthe nitinemdy polieaailogrsyst ens and
met hods. F rooee, in thecl eani system and t hods according to the
pr esent in\etgl% ?ets)%?u%vﬁrgmgi 1@%?’ Pe 1ﬁt18%5 atﬁ%%%aéé‘?egg‘s ERErgRIIBioRYy cheni cal s
i s elin natlkyingAcecoutienitations efahyeidté.Onalthet hoaRk] figenBitRedSsmaline sol ute
concentrati ourgm{'igesh?alt ed a&ﬁg fgci | i tg%eﬁzeub_str te etching for particle
removal . ThP € FEGI FET QLT 3PS Wied £91feaming Ry rbBfAh a9t vagriede in t he
present i nvandth@ndvinoweveisingghfa@cubMmBiey oftdhe@nsls ad thhiQRMdi@IIREr at ur e
condi ti ons sg .does not require such heating. The Present i nvention,

T a

t her ef or e, 7RtsAud picle] peniamipgits Rt sighe sHbsie HET2ah dndwr oskal

processi ng dubfitesAfeaiRleadrfiag 1o ‘fﬁ%se;n@ BRUERLINALHE bERNIM Y RERIP and
met hods re%vgg%ag concentrated solution to etch the substrate surface and

t her eby rerf CPRIRTNARS tetap Apqenerphemicrlsdn v vl qusntitiesereusad ng,
therefore, duling@dUsRaingRERSI 8%/et MRS Sdvantage of using small quantities of

chemicals is that there is no need for a pretreatment step before cleaning the substrate.

The present invention, which can effectively clean substrates at “near zero dilutions,”
do not require an additional pretreatment step, such as ozonation, which is required by
conventional cleaning techniques. This also translates into increased throughput when
cleaning according to the present invention.

Substrate cleaning, according to the present invention, occurs very rapidly. By
way of example, about three to five minutes, and typically about three minutes is
sufficient time to effectively clean a substrate. Consequently, the present invention
provides a relatively higher throughput. Moreover, if a substrate surface is not
sufficiently clean after a single cleaning cycle, then more than one cleaning cycle can
be implemented to more effectively clean that surface, without degrading it. Multiple
cleaning cycles in the present invention, actually improve the quality of the surface
and do not introduce undesired surface roughness, stabilizers or metal contaminants,

which are introduced when cleaning according to conventional methods is performed.
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roughness that degrades the electrical performance of the ultimately
produced IC. In the present invention, however, the |IC substrates are

cl eaned usDngoéahersged sol uti ons havi ng | ow concentr at i oreTafS2008m2436¢ ut e. | n
ot her words, given that very small quantities of chem cals are being used
for cIeanian the,gybsérate,surfape i s unetched. Another advantage of using
smal | quant ir£9Eskiged Priisart Wilkresagnizp that sheh madfinie deasingsyalss i zer s and net al
cont ami nant sorfveitRinil ManiB &ypials HEBLEs BUEfRERe shifhcQl her words, substrates

cl eaned according to the present invention have I'ittle or no stabilizer
resi due and net a‘gm&ﬁ‘ﬁlﬂ SitfeaFrewrien Bavedrerndeseribsd ictonny ofxlesning very snal |
quantities gnBcdtIRcobdtaes hge GkBadinnsk z%’f@ﬁﬂ%éd DXl th%@ﬁ)s;egﬁs?e advant age of
using small quantities of chemcals Is that t ers s ho nee or a

pr et r eat nentYSEMSpmeiBedsead eprarasitings deseribod hsteinatan be Tited foratked€ i nvent i on,

whi ch can effieediby ey eﬁhﬁféf‘tlr%'iﬁ%hﬁ@ets?&elﬁg merﬁﬁ)%g afid oy %%lklgﬁg c%&%e:l ¢q0 Not
require an additional pretreatnent step, 'such as ozoration, PERi s

requi red byfoseHcive plesans afineask, digks, detmineladamidiinyssal disploys, fam&lnat es i nt o

i ncreased tﬂ&gg%ggggmﬁﬂpgﬁﬁkﬁgging according to the present invention.
Substrate cleaning, according to the present invention, occurs very
rapidly. By way of exanple, about three to five mnutes, and typically
about three minutes is sufficient tine to effectively clean a substrate.
Consequently, the present invention provides a relatively higher

t hroughput. Moreover, if a substrate surface is not sufficiently clean
after a single cleaning cycle, then nore than one cl eaning cycle can be

i npl enented to nore effectively clean that surface, w thout degrading it.
Mul tiple cleaning cycles in the present invention, actually inprove the
quality of the surface and do not introduce undesired surface roughness,
stabilizers or netal contam nants, which are introduced when cl eaning
according to conventional nmethods is perforned. Those skilled in the art
wi |l recognize that such nmultiple cleaning cycles in conventional cleaning
typically destroys the substrate surface. Although certain exanples have
been described in terns of cleaning sem conductor substrates, those skilled
inthe art will recognize that the inventive systens, nethods and
conpositions described herein can be used for other IC substrates. For
exanple, the inventive systens, nethods and conpositions can be used for
effective cleaning of masks, disks, flat panels, liquid crystal displays,
thin fil mheads, photo nasks, and | enses. CLAI M5
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What is clainmed is: 1. A nmethod for cleaning an integrated circuit
substrate, conprising: charging a solution, which contains at |east a

sol ut e savecv@w1bw2pr onot e cl eani ng of said integrated ecrastaosoedsss r at e,
to produce a charged solution, wherein at |least a portion of said solute is
present as clusters in said charged solution; and conveying said charged
solution for cleaning said integrat &d-/dM%uit substrate. 2. The method of
claim1l1, wherein said charging is carried out by vibrating said solution.

3. The met hothaoik claln@ddms:2, wherein said vibrating is caused by a nmegasonic
energy 4. The nethod of claim1l, wherein said solute is amoni um hydroxi de.
5. The rreth d of Clﬁ H\ cle‘QhF ein a(ﬁ g bﬁgb of. .nol ecul es of said
solute in sal d i ster £ ngﬁggﬁegéag% LR EOSHACAOBRESBEO ol ecul es per
cluster. 6. The dmifthed SOfut101|1 ,ariiRhlconidis aelefist & 8olote GEIa¢tEH dGromek udes di | uti ng
said solutign suc at s solute is present |nasolvent in ,a volunetric
rati o that ‘%1% A @H “}ﬁ%%f"g%%uéSgbmﬁteaﬁﬂ’r‘%ﬁjﬁ%‘i chegaed golyfion, whoreingie et hod
of clai m 6, lewhempeitidn S8éat $lt¢itsGrdsentik emats il fiBetiathed SOMESHE; andd @ VOl unmetric

ratio that is between abou | x| oﬁ] 6 :1 and abaut IxI g24 ;I. 8. The nethod
of claim7, wher@RYPYEgisgidshigedsolwiop ferclqsning sad éﬂt%gr%t@ﬂ GE subftratey ol unetri c
ratio that is between about Ixl g 8 :1 and about Ixl g24 :1. 9. The nethod

of claim 1,2f urthemdedurichimg; wikirtid tiid ghsghglischaieg et tolibhiikaldd produce a
cl eani ng soITt|on and using said cleaning solution for cleaning said
integrated ¥Y%%it substrate 10. The method of claim9, wherein in said

cl eaning solution, said solute is present in a solvent in a volunetric
ratio that 3.s be]tlmmnho@ibfﬁutairﬁxj Wieein baid Mibrating ist caised b a2degadoniklenddge met hod
of claim9, wherein said using includes applying acoustic energy to said

cl eani ng soj uti el n .an.n ar | nt egr at ed

subst ra'?e 2. ﬁle n?eﬂ%oﬁi g@% Y &Qerélﬁsal?g&étﬁ% angr%%‘%rlng (5{ pI ying acoustic
energy for said charging. 13. The met hod of claim 12, vvherel n said acoustic
energy i s p?-oduciéd nipjhod ofelgas dnvieerelron sesrage aumipgredf meldeols of saidl salute 1,

further co n}?lrsiai%icﬂlgtem ié(isé}gfe& a%glltvl%ﬂ tan@%u?fdoqnglgﬁlu&lets%e} Suster.

6. The method of claim 1, wherein said charging includes diluting said solution
such that said solute is present in a solvent in a volumetric ratio that is between about
5x107:1 and about 1x10%1.

7. The method of claim 6, wherein said solute is present in said solvent in a

volumetric ratio that is between about 1x10°%:1 and about 1x102%1.

8. The method of claim 7, wherein said solute is present in said solvent in a

volumetric ratio that is between about 1x107%:1 and about 1x102%1.

9. The method of claim 1, further comprising:
diluting said charged solution to produce a cleaning solution; and

using said cleaning solution for cleaning said integrated circuit substrate

10.  The method of claim 9, wherein in said cleaning solution, said solute is present

in a solvent in a volumetric ratio that is between about 5x107:1 and about 1x102%:1.
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produce said solution before said charging said solution. 15. The nethod of
claim 14, wherein said solvent is deionized water. 16. The nethod of claim
14, wher ewo 28@idoos2xi ng produces said sol uti on havi ng sacu/tsedostes3ps esent
in said solvent in a volunetric ratio that is between about 3xIO5 :I and
about 1x1 0~24:1. 17. The method of claim1, wherein said integrated
circuit substratheimethddedlagn &t whdson sai@osingOneludescapplyirg@eostic #®IgyA syst em
for cl eani ng JARALAL Sl oot bRl pARNRE Sk HiooArkRAtALAY Chanber
for holding a solution, I ch contains at ast a soluté selected to
pronote cleaning of said integrated circuit substrate; and a first acoustic

ener gy sour C | f Vi t4 1 0-50| Ut I i i:ng chanber
to produce gfchzﬁ%%ae léoo Ouf}téllag{ﬁ,q’ f\k‘ﬂg‘?%?’!ﬁgﬁii%r gj;p??ﬁkaécggé ieger’l&g?dr rg%ﬂﬁd solute is
present as dlami@rs in said charged solution. 19. The system of claim 18,
further conprising a processing chanber for cleaning said integrated
circuit substrate using said charged solution. 20. The system of claim 19,
further conpd.i sifig reetselcdrthiaddusicran enbagystscnerge ifsooduecedbyi | ng cont ent s

of said pr oglgsa%g)lﬂgdecvqéaenber during cleaning said integrated circuit
Substrate. & '

14, The method of claim 1, further comprising mixing a solvent and said solute to

produce said solution before said charging said solution.
15,  The method of claim 14, wherein said solvent is deionized water.

16.  The method of claim 14, wherein said mixing produces said solution having
said solute present in said solvent in a volumetric ratio that is between about 3x107:1

and about 1x1072%1.

17.  The method of claim 1, wherein said integrated circuit substrate is cleaned at
about 30 °C or below 30 °C.

18. A system for cleaning integrated circuit substrates, comprising:

a charging chamber for holding a solution, which contains at least a solute
selected to promote cleaning of said integrated circuit substrate; and

a first acoustic energy source capable of vibrating said solution in said charging
chamber to produce a charged solution, wherein at least a portion of said solute is

present as clusters in said charged solution.

19.  The system of claim 18, further comprising a processing chamber for cleaning

said integrated circuit substrate using said charged solution.
20.  The system of claim 19, further comprising a second acoustic energy source for

vibrating contents of said processing chamber during cleaning said integrated circuit

substrate.
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