WD 2006/ 010052 PCT/ US2005/ 023366 SYSTEMS AND METHODS FOR CHARG NG A
CLEANING SOLUTI ON USED FOR CLEANI NG | NTEGRATED Cl RCU T SUBSTRATES FIELD OF
THE | NVENTI ON The present invention relates to systens and nethods for
effectively cleaning integrated circuit ("IC') substrates. Mre

parti cul arligodehmogar esent i nvention relates to systersl/aspdosmaishods f or
effectively chargi ng a soluti on before it is used for cleaning IC

substrat es. t he ¢ e solute
particles are G%Dgﬁ& Fék%tmgg%%&gﬁﬁﬁggp he present
invention also provi P@ﬁCLEﬁIﬂMNﬁ‘E@O@Eb@IR@MT@ﬁB‘STEAﬂSeam ng of 1C
substrates. BACKGROUND OF THE | NVENTI ON During the integrated circuit

("1C") manufacturing process, contaninants, such as-particles, photoresist
resi due and ' j oduced on the I C substrate surface. It is

i nport ant td‘l[%ﬁhkﬁﬁgeﬁgﬁ uce the presence of these contam nants as they
adversel y "”paCt(Tjﬁ Hﬁ?saﬁﬁufv%ﬁﬁ&?a‘?esmgsté&ﬂ %hh{%ﬂ.ocgffm{]éﬁ%cti&ymﬁng s ultimately

produced. Accor vari ous cleaning net ave been inplenented to
renove such lntwmé%qmcatbi‘E s Bistestel nifiatepartigilaslvethnpratgniiatentich l8lRh8nl y used in

the sem condygdQ¥ani ﬂgmgésrfur £ERNA 3/§haegmgcacsaﬁﬁmtreﬁ@dmamwcwmydr oxi de
sol ution known as the Standard ean] n(t; Sol uti gn "SC-1 solution").

In the SC 1 Is@vaststen bty phagst soutnpat ki %PRW%WFﬁS)EFFBYP %3 hydr ogen

per oxi de anq)rééaﬁmws%elfowﬁta@eméauswér@smbressmﬁveﬁmwmpmiae@ of approxi mately
1'1:5. During cleaning, the SC.1 s ion contacts the substrate surface in

the pr esencP@mB?S“WEb%é‘?ﬁ?F?:"eé}?@‘Wf q:f“ PE%5e| i eved that the SC-1 solution
det aches contaminants fromthe substrate surface through surface etching
and t hat t hBACKRGROGND OFSHiE: RYWENITI®MNer renoves the detached cont am nant

fromthe substrate surface. Nthogh this method has been the cl eaning
met hod of choi cePrée thajatesriad eifait (Yo peRrRAEDEPOsesY GV Ty t he | ast

forty years,,shirigssf fiRtosestst @ﬁdu%@ﬂ@m@hkeﬁﬁammkﬁ on%l@%ﬂlisfrﬁé agfaed. eani ng
solutions run the risk of undul etchlg% g{g ars as surface
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roughness, éﬁ’ﬁ“’t‘ﬂ?&?‘gwl’&ﬁ‘i‘%‘l’% el RIS B 258°% he devi ces

under goi ng Gli@aRIyBpadk the ﬁerﬂﬂﬁmﬁ@&ﬁd&‘ﬁﬂ&ﬁ@h STEHYIIC eHachy alighateBpasiueedl e surf ace,
for exanple, over etchi n %%%ods he . real estate on the substrate

surface, updHooHingh; ‘@FIP‘E& Ve hes Sp i pmeRlsdi BTG RO hsequent | y
f abri cat ed. ﬁ@ésuiﬂlﬁ@nfaﬁaﬁﬁm, the resulting

A cleaning method commonly used in the semicorductor 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,
liydrogen 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 encrgy 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
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el ectrical performance or conplete mal function. D spensing highly
cancentrated cl eaning solutions to drain poses environnental concerns.
Consequently, the concentrated effluent streamexiting the cleaning system
requires appPeipPEeR treatment. The cost of an ef fl uentCHYRHHRE6 system
and | abor to inplement the cleanup process make the process of cleaning
using the S@lﬂi(:@@tlld&ﬁfhﬁﬁﬁ%@ﬂ%ﬁﬁ&ﬂpoo@@l@&ﬁ‘dﬂ}lﬁe?i%ﬁﬁn&l &3hHge sol utions al so
deposit on tt11meaI uhstrate surface undesirable netal contam nants which

degr ade devi ce %gp‘f”or mance. Mbreover, the peroxide conposition of the

cl eani ng sol uti orDitpepdigalidhly @arhidtdtisclatiaddolutions t6 draitposdd 1S anot her source
of contam nat ] th | eads 10 performance .issues. This problemis further
exacer bat ed \tﬁk_‘gﬂé@e ?%fc?”\(}%ﬁ'/ (%PS& g SPFHER e@ﬁ%&‘}‘&%ﬂ’&e&i‘@ €ed as part of
the cl eani nglesmdguyitanreqiiiee apprepsien eeatadnt. SThelog ofdnaiffluemrticatpait | Cl es even
nore adversel y, | urrent C.geonetries /th the.mniaturization of
the circuit rf}%’ gﬁ%%gafmr QR tg%ggdg'r‘pepmcc?ffrr?aé‘ﬁ%{{Wmﬁ?ﬁf’%cgg&ﬂlfl%&mgr ogressi vely
smal | er scal &s S@ridsobitiahexpersive. devi ces densely populate the |IC substrate
surface. Contam nant particles of.a certain sjze. whic previously did not
pose a threat tor}-'g)ﬁéelng%é&%eeap?%?oﬁ% 1(%SeEﬁ%)edte Oﬁggn#‘ﬁéﬂbétéartﬁ sﬁ}lg.acgnerati on 1GCs were
not as densebidepnplatabebntaminants atich degside divice penfitrmanvpakforeonr.ttlee el ectri cal
per for mance gl Gul doblsitlofr3r MOV Tl nhdn afifizerd ribRft . these

cont am nant Bﬁgtrti cl 2531 can .rendeglr g%e e%r e}gf:%[g&%gﬁagszse.ﬂ’ %sl ﬁﬁr esult, an
effective cl efichguireefroatanipptionteatisedsigpesfontenenismesiThismroblsanis i cl es, wi t hout
damagi ng t he subtdcBbGePWhch @ ively Righ Corhiosifiah oftgRroRiab RRGdaNGpdd i ai €l d of | Cs.
In an attenpt. to circunmvent the above-nentioned drawbacks, U.S. Patent No.
6, 681, 781 i sEEFBHEEHMI i et al. proposes a cleaning solution forned from

ultra dilute congepleteatd FBkh@bnt@nifdnERHiMicRE cRARRRCLNENy APAturtft J. ., amoni a
gas) in a so#(;égent L. ggv Watn%%j In {L;élt ra dilu aol utj ons, the solvent
and sol ute af'etSgPEE&h " IHhe B Zptigp o °°"F°3‘r‘i‘é’i°ﬁ$&ﬁ DI 8BH*F t 0 500, 000: 1.
Unf or t unat el yyretthi apppachog pweabsalysufflessicd pmhucllnmitiadées dendély t he hi gh end
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~amoni um hyd Ella%reﬁm\[/)[m&tswﬁs[in%{g%%éé' %ﬁ%ﬁ%‘%‘gg B%E@Eép&%%ﬁx@aéﬂ"%z\?é&ﬁe ched

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 pai‘ticies, without damaging the substrate surface, is
critical fo enhancing the yield of ICs.

In an aftempt to circumvent the above-mentioned drawbacks, U.S. Patent No.
6,681,781 issued to Puri et al. proposes a cleaning solution formed from ulira 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 concenirations, 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 fo the cleaning process. As a protective measure, in this.

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



surfaces in the current 1C geonetries. To mnimze drawbacks of over
etching, an ozonating step has been added to the cleaning process. As a
protective neasure, in this. step, the substrate surface undergoes
ozonation before it is exposed to the cleaning 2 WO 2006/ 010052

PCT/ US2005m24@ftes2sol uti on contai ni ng a harsh concengd@id:800kssamoni um
hydr oxi de. Such an additi onal step however, |owers the throughput of the

cl eani ng progess an the.throu ut of the. rall manuf act uri ng
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the | ow end %, piweven lajiersuieghrawghpm it diepuinpxoates ac@nhcémsglmuams, t he cl eani ng

sol utions ar&esil f@lln%ufh@ﬁm@gfﬂr&ggs'IVzﬁsotanSQ@ﬁl@%eﬂsQQf(ﬂ@ﬁlﬁ L fBacParticle from
the substrate . surface. In other words, cleaning solutions having | ow

concentrati oH5%8f ammoni um hydr oxi de do not sufficientl y react with the
substrate surfaceitte ldedndohula dRe amaddh@magidsite cobfen@A0hR N Eladmngpartl cles

fromit. Co n¥ ?lﬂltmllsoarr]ea ﬁl;m%y n(ﬁ Oﬁ%ctlvesto getaﬁﬁ ﬁ'le codtangu?a%{m artlcle%r%ﬁ'l tge% %\?F% utions having

| ow concentrati o ancing ni um
hydr oxi de, t@ﬁrfaee bmélfef'emim vleanamdolumtebavrrlamve¢onwnaatlonsoftatmelosﬁmr e needed are

i mproved sys heRskidR g n&@ﬁfﬁgg?ﬂy%act%ﬁm S rhtSSurfacd¥B H&gbhqgesﬂ%le %guflte r the

drawbacks of the current |IC Cleaning processes and fectively <clean IC
substrate suPfRERENEHItles fIRE it “all’rf’ﬁii%{'["ﬂ? féfe@’étocl?éltlﬁl@gmg SUMVARY OF THE
| NVENTI ON Exsuigpibes havihgidivieaittmratioay ofor didhitkeenbtSing Bfenia&6h ftdaReaml or
effectively ¢ a olut| nbef e using it for cleaning the

i ntegrated cﬂ@ﬁ%?&e@sﬁcmﬁaﬁ fies %hargi ng a solution inpacts the

di stribution of Mihetistikwfoes nsedet bre firmovel s irgh aut mathvds sfaleatinglds,
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cluster formand_ exist as solute clusters. By way of exanpl each cluster
can contain dfedG b &ﬁ@”ﬁ@“ﬂﬂ@T%é@ﬁmﬁﬁﬂd@m¥9@gﬁﬁ@“&bout 200 sol ute

nol ecul es. In sharp contrast, in conventional cleaning solutions, the

sol ute parti&wﬁ%&ﬁF%OHWHEﬂWBﬂfﬁﬂNTandon1y, and not in cluster form Wile
wi shing not to be bound by theory, the solute clusters in a charged

sol ution of exampkfnfsRAdiime! SayhydedGiuaR aﬁé&aﬁadwo@eﬁe%mwargﬁgham sm for
the detached Ofog;ga nant %artl cl'e fromthe substrate surface is

bel i eved t hat 3%4ien dgrepng ey dleapipg the puiggrajod sirgih [ Fubsirate: GhaFrgined es, whi ch
are initi-allsphtied ﬁﬂpb&dhé digfivtiibeofShshfephticlestirdhgiat the @mtbmne application of

acoustic e ne§p%>.{iﬁcallly, ina gh ah gorfl(l:u%n Ot{le SOHI?G paﬁiofesl;'l e&rg ar?alnge tlne gl&ster %%m 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 example embodiments 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. |




is the case with conventional cleaning solutions, it is believed that there
exists no nechanismto trap such detached particles, which subsequently

| and on and adhere to the substrate surface. 3 WD 2006/ 010052
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enbodi mentwo edesie1oesppl yi ng acoustic energy to rel ati vebyrudichdmesssol uti ons
pronotes chargi ng. For exanple, charging can be acconplished by applying

acoustic energy i bis e WeGerBh i dBHnc R G ERGARL G ofiyiB! €SENT 11 L he

solvent at a volune ratio t et ween about d about 1x10
24:1.  Such 2eASeRSTP (RlAtBHY difgsotBens promsfes ehargingntes nxapte; @wgmgn the ultra
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sol vent at a _vo ;,‘ and 5x10-5; 1,
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enbodi ment s_al effectiv an strate, W thou
suffering f?pg‘r:rl]ﬂlz(h; F%@\Bgﬁ'ﬁ%%ﬁfﬁ?@ztggsméﬁﬂfg? B’e’&té%@m“?e&{ced or dilute
conventi onatatie metvgeelsd:louiti d and ixIfatt g| ven that relatively dilute

sol utions having ~"near zero are
enbodi ment steAUEER @ﬂﬂonnféaﬁea%swfe@ﬁmplﬁqmbﬁ@merftsmﬂow If@ aﬂﬁcnga Q},ﬂmgg m“at es goes

agai nst conmeaﬁ&mhmsﬁﬁmlﬁ%ﬁquﬁ@dra‘ﬂﬁa&%ﬁﬁohﬂa& wﬁeln%ﬁﬂ% ng teC{m' ﬁues |
a par I Cle renova

require higher trations. o e solute tq facilit

t hrough a regﬁﬁ”ﬁ ﬁgﬁggﬁﬁﬁ?né’?ﬁtw‘ﬁiCISWgéPIH'é‘?TS&Ega\‘i'ég“’?lﬁgat FF¥ e renoval
mechani sm odiluesainiidng ae kitsireblerfonttargig, |faimtﬂglstylutfeemu&adolﬁﬁbnpn@mgt| ng solute
cluster for gﬁtzlerg 'abuti%ﬂéj a@%&efér?eg‘(ll:%&gﬁnﬁlg b %sngse o?e reaction between the

solute and th strate sur accordance w tha first aspect of the
present i nv‘@h‘ﬂ?% for ¢lepaing sybstrass @odsdedinsheonpationabivisdsm lgkaiani ng an i nt egr at ed

Circuit SubShicliehal c%amﬁg {eStinRfles rEc{?ﬁ“e%E giﬁﬁk!; céhc&‘fﬁlafrgn‘s Qﬂ‘}he solft 6 Ruchit ai ns at

| east a sol ute. sel ect ning of said integrated circuit
substrate, RE*° ngw&]égrﬁué’ﬁé%ﬁﬁﬂ] %ﬁhﬁsp’oﬁs exphErdphyva thepary £ THOBVr t i on of

“sai d sol ut eméchaniyat feemiplembodinsitels Brimitil$ fctheCHAGa6lnE Slutk tieder and conveyi ng
said char g%ﬁbﬂ%ﬁat EOQJSGd on promoting the reaction between the solute and the

substrate surface,

In accordance with a first aspect of the present invention, there is provided a
method for cleaning an integrated circuit substrate, comprising: charging a solution,
which contains at least a solute selected to promote cleaning of said integrated circuit
substrate, 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 integrated circuit substrate.

In accordance with one embodiment , 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 , the charging step
ipcludes dituting the solution such that the solute is present in a solvent in a volumetric

ratio that is between about



cleaning said integrated circuit substrate. In accordance with one

enbodi nent , charging of the solution is carried out by vibrating the
solution, preferably by using negasonic energy. Preferably, the solute is
amoni um hydroxi de. In accordance with yet another enbodi nent, the charging
step includes diluting the solution such that the solute is present in a

sol vent tric ratio that is between about 10052
PCT/ Uszoogy‘gi%%’gﬁ@wlo 5:1 and about 1x10-24:1, pref& ’ﬁ%"@‘ggﬁgeen about
1xI 0-6:1 and a?out 1x10-24:1, and nore preferably bet ween 1x10' $:1 and

about 1x10- Z&07] andbeysl0Z Hyeftrrdnberwash shent 1§ retdibole LAATT:L Arsmdrnc| ude: (i)

diluting th r&gﬂﬁﬂﬂggmlﬁiqhmllag@ago&@b@quce a cleaning solution; and (ii)
usi ng the cI eanllgl% sol uél on for, cleaning. the int eqrat ed circuit substrate.

According to thiQoBnBYE ‘Fﬂéﬁtdea?l%mwﬁé‘g@e@%h@fﬂ(ﬁﬁ i#g thegpargedy t her char ged
to a great ersokméen prodyceialatasiongor; bisd (@) lhsiﬂgltlﬁﬁ'tieaﬂnﬂg fongios foeABdnikg sol ution,

t he sol ute i.n, a,solvent tLo that is
bet ween about lgtlg%@tg{sgfcmpsum AP rdT)%ﬁ)thJﬁfm%)dl n}‘ ecgwgﬁe églgéﬁéllf%s t hat the
cl eani ng solbgtdrder chargaditd eariterektyntbh tncrgesthy its mhmmhérthstlaumgfsoimthn,s enmbodi nent

i ncl udes apnimwomgn@agvaya%éeﬁu@yﬂmﬁ 1ﬁQv§@héﬂ1&£tﬁ%Ht@@etw§&laU$dt§ﬂ? jpreferably by
a i negasonic é’“t?H”Q .Befare charg e solution, the exa e enbodi nents
i1

al so cont enpi"at lﬁ"hsrﬁfgsé?f’?re %‘EF@W%‘%W“@O‘?ECS%W@%% sol uti on.
Preferably, Armhestdpwéiﬂits einb‘ocﬂﬁetnﬂiﬁtlﬁ@@law@racoubﬁt ALY Bisiid dedigdi nent's, m xi ng

produces th avi n ese sol v in a
vol unetric r%%l%ll?{)% ?ﬁ ?’Ey?bm% Somc e“ ferﬁx n%e 2“&‘0%%‘6&‘”1@‘10 24: 1.
d eani ng of etnh@il@mﬁsdﬂoaméensﬂw Iawg@aﬂwtmeandaherspla@ taoproduat the sthowt. 30 C or

bel ow 30 C. Pl'é?erﬁﬁ‘yothia%lve%ﬁl@@&&mzeﬁ WGP EESRA eﬂlﬁbﬁ%‘iﬂs%xﬁgg Vhdesma system for
cl eaning int eg‘{ ated circuit substrates conprisin rging chanber for

hol ding a s P PHGAVING AT TR e Soé‘[entll’é%‘é‘tlu%%ﬁttﬁthﬂtégéﬁe@@?‘bd to pronote

cl eani ng of abai Bkl ¥itaedabataeioct: y. Cliatingsfltist stialr@e sidfaék dan bd dafrfell o@GOUSE i C ener gy
source capa foVi DL at said solution in said chargi ng chanber to
produce a cﬁiéor%t%dcs%gl? ‘460&% wherein at |least a portion of said solute is
present as cl ustlataaothqraspsaltht redsent gpeehtisn protiden systdnefosylemamimeagyatddur t her

| ncl ude a PlAGRITRI-COANRG, dcRiraiik ARLAG IR ALAMA Al & c%htglﬁy't substrate

usi ng the charged so ance wt the system
i ncl udes a SbESMPoREsESEHo proBlyFlcaring of said iiegmich izuit ppsteatmensiat s of t he

processi ng 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.

The system may further include a processing chamber for cleaning the integrated
circuit substrate using the charged solution. In accordance with one embodiment , the
system includes a second acoustic energy source for vibrating contents of the processing
chamber during cleaning the integrated circuit substrate. In preferred embodiments,
there is further included 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.



chanber during cleaning the integrated circuit substrate. In preferred
enbodi nents, there is further included a m xing chanber for m xing a
solvent and the solute to produce the solution before the charging step
commences. A first connection between a solvent reservoir and at a
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connection defines the connection between the chargi ng chanber and the

processi ng chanb o Sk veyed fromthe
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far cle inte
conprising: a segﬁe(?/éé)) o en%ﬂagn%%ﬂSﬁ‘?é“teég?fgcérf'g{fﬁ’sgmﬁl‘”mpé“lé‘l‘séaomi ng of said
i nt egrat ed ci paintof suhwluteds presehian elisterdivrml ie st solutionpaxdtshidsohad andai d sol ute is
present in cl Yt akm in vSRintas ki) ' 8l ut e, a =gl vent are
present in a voluﬁg ric ra??%baﬁgg$€%h%§f&%%Hi§ggu 'éx‘ﬁwggﬁﬂgn"about
1x10"24: 1. In a preferred enbodi nent, the solute and sol vent are present

iy 2 DTSt O b it DAL AU o okl R 110 2411
] i.,gure 1 is a diagramof a cleaning
syst em accoﬂﬁ?ﬁﬁn%gwﬁggﬂgﬁﬁggﬁﬁgﬁfgbf the present invention, for
effectively cleaning integrated circuit substrates. Figure 2A shows the
random di st r i BRIEF &F Sngﬁg“QBHHEéWEHRE$CIeS in an uncharged sol ution.
Figure 2B shows the solute particles arranged in cluster formin a charged
sol ution, accor di Rigut 0 iserigamudd tleRiti spdent, RRofaInE BRAE efnbbdBIbh Fhe DETAI LED
DESCRI PTI ON I ] The present i.nvention.provides systens, nethods
and conpositigﬁgwxggﬁaggbébng%¥§ﬂ?F§ %ﬁ&ﬂfﬁFﬁ§T circuit (10
substrat es.  Convehigire A4 shomis $utaandeii distaibgen bfthe solufequartielf ieat i vel y cl eaning 1 C
substrates, high.RaMEH,.concentrations of the solute, which is typically an
active cleaning ingredient in the cleaning solution, should be used.
Accordi ng to suchtigiedBsowsthejseluts pariickss agangerkin clustegformdmeehiateedit | ons of t he
sol ute react solibhadchiing oot rdboRingHt JraePreb@t @hAGh cont ami nant particles
therefrom Predicated on this belief, conventional w sdomteaches away

from using | gep REnSAkURAEN I VRNVl Y

The present 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 contaminant particles therefrom. Predicated on this
belief, conventional wisdom teaches away from using cleaning sotutions 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



| ow sol ute concentrations. In the present invention, however, relatively

| ow solute concentrations of the solute are preferred because they pronote
charging of a solution. It is believed that in a charged solution, solute
particles, which are arranged as clusters, trap detached o_nt% ] hant
particle fwo2ef0esl ve removal fromthe substrate. ASPQT’F@W% r'g%he pr esent
i nvention focuses on formng solute clusters for effective cleaning of IC

substrates. addotaRkectiteRScdnifea8iial M@nil @RRd: Bgbh SywsioRitscoacdttibhhods descri bed

herein not only provjd way taq _clean substrates using relatively |ow

sol ute conce’f‘??‘?é%ﬂRf?flgrfeﬁ\ﬁﬂ?%dﬂF’%‘Fseo?@ems%ﬁ‘@“gTbOSZ PCT/ US2005/ 024366 deened

ineffective in c®ipeeritshova clahiensysiag, 100, atdodingsueis embedimat ofthe concent rat i ons

represent preferre i . Mgk S0 Ha@three Ml QUre 1 shows a
tbdEnt i m%rﬁbf&{j éf%@l‘wbl ngl?(tcg%ta%utxré;ﬁ eSﬁ%Sg‘ Ig{l SH i e

cl eani ng system 100, atcor ment of the present invention,
for effecti velaypbob emmixing cha@bslti§ foratiging 2 Vjutaadn sdpnHg ommgselationg hanbers - a

mxing chamet,bid & ol ﬁif&%ﬁ%%glthgmu@pqn@a FQkER bhdutbe! QA sol ution,  a

chargi ng cha or chargi e solution and a processing chanber 126
for cl eani ngednina thedC suliskates asing the gliaragd sletion nBach abiBE b L1 ach of i xi ng

chanber 110 alﬁ%ﬂalgiﬁ%&%?& 1EHQRREE hbdSh GRS SImdhR udhto®Rar at € connecti ons
a

to processi na}a ch er 126. Specificall ﬁz a first.co n%cthl%q 132 connects
m xi ng chanb@tmberd2¢-oreptigie e i gorRerinn £ P98 Ig % 88EShd "cdnnect i on 130
connect s chap@tdagncdhaniet26kida sdendrbReaiail ficoahabingii@Gamby 198 | | be

expl ai ned below, f|irst connection.132 can.als be nvey a sol vent
fromits res@r%??smﬁfl?a@@?rl 198,[ ‘%)s %&&)&8@%@?@” REBE P ong%ﬁgﬁz%aﬁgls% hanber 110
recei ves a sud wedio coiveeastlvesitdomsitsyeeivein iractp®proessing GRmberridé.t he sol ute

t f |t ir. 104 t h val 108,
espactively. A MroeiEES1Zd i acdin o Rk Sopateelbind® g

chanber 110 addahdCdomreGirergn Sdnaumindite dkiBvon@hd giuplgvatteabifemd 188 cones equi pped
Soupl  ng 1 he BERETHuBIE R TR sy AL Confnl SN B O by
Contents of tichirpipe clhhairxdd 3. 1Q1@raiurrhahien I Hecomespapipped Witiading P@@%@s i ng chanber
126 through gﬁegétf ot eq]qggllid aocpup’llﬁl]g cl‘ﬂ;’?h%@r MB e ESuphdihe @RMnubddndlzp activated. As
shown in Figur , sol'vent fronTsolvent reservoir 102 can be_ conveyed
t hrough i xi hepswissimbisio theldarging ciiamber Coptarieefmive damberd 1FHEE88F ng  chanber
126. _USi ng aerﬁf-)tmi lilﬁ(; prpx%géﬂxg BREHs ﬂﬁrﬁﬂﬁ?ﬂiﬁ@ kotGEton E6FNéRVAIve @R can al so be
‘ and 120 are activated. As shown in 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 and 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 witha

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

effectiveijl( cleaning a vertically disposed IC substrate 128, which is secured on a

suitable carmier (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,
before it is introduced into processing chanber 126. Contents of charging
chanber 118 conveyed to processing chanber through second connection
130 when véW§émT@wﬂ activated. Simlar to chargi ng BhHHPPS0466
processi ng chanber 126 is also fitted wwth a second acoustic energy source
122 and a coupl i n}ligihgsbmber 1 Mmiydie aopeyplpirrat knben inGnkittiias ener gy

transm ssion ' C 126...1 nsi de essin chanber 126, a
sparger 134 f%@?tﬁ @g?g@ﬁﬁir\iﬁw&%{@ﬁg&?é@uﬂvﬁ%g?wgi?gﬁéﬁg?e % solution for
effectively c@@mﬂi&v@ﬂf@ex/b]r&ambabd:eymmy @pmsbedizﬁlﬁnhmsderoai@ ola®Bal whi ch is
secured on a gk facili tatel tration). 7 WD
2006/ 010052 PCT/ uszoog? o4 ”gﬁe"&f&g’“&pg 54 § ﬁ"g’?equu pnent
known i n the i fiohgparza Altheygh Fi@trleéldbsynhﬁ@ﬂmemearabefslasvhr@fsemtatd east one
liquid with aVCfsslal@W: 9hosible HRARL MR Srs coltdG 19&09&ra9éam%o v%gsélb%pd

processing chanber 126 can be made of any nateri-a known e a good
transnitter d?'fsnlélfd’ﬁﬁt’ll Cheprelersd entppdiment. dowatsaisto &nvs typesepaaibyepselsmade from
quartz. Althcugg{@,\xjﬁlugp;?g =1 describes three chanbers as three separate
vessels, it is p055| ble that the three chanbers could be incorporated into
two vessels or a‘equplgieRergnioures 114 prd 132 eendierapyiscarb gt swpplies however, is to

have three S@&@ﬁsﬁﬁr@eﬂé@@&ﬁd&ehl@ﬁ CHEYQINB chathbe? Q8hEd grocefiy\ehiniver £16€T gy Sour ces
114 and 122 can bﬁ)ién%ﬂsourgle t hat supplies, negasoniCc energy and the I|ike.

Char gi ng chafBdf® aP%F Elég‘g?eﬁﬁ’n‘@%??ﬁ%ﬁm?LWS&‘F@SPMWy pl aced above
their correspominm@aammsnsneafmgaﬁc@keﬁﬁy@aﬁwamp&émeabe&@gmlg ng chanbers

Use of nega er C nor e
ef fect i vegatS %?Lge?reofgﬁ%g%ﬁﬁal?‘i“grsmmﬁv I@f]gssﬁf’? g‘r% 'ﬁ’ﬁg?% bl.s"ter Qﬁ% ough e ace.
Al't hough the mﬁﬁ’@glagéwceu@é\m&Y&teruéeﬂjcanhawy&@mﬂlﬁﬁm saWhaiwa” adt put s as hi gh
as 5 Watts/ C’ﬂ%hﬁnﬁlls phs @R ¢ rul,e an'o IFIVO?.I} %ﬁ?&% A8 1043E uﬂab?e rfélgm f 3

Watts/cn2 an ower. Sul ta pnent gener at BEEWi ¢ ener gy is
comercially waner@m @eﬁaﬁwmeaemaﬁlcmcr@ﬁﬂmﬂhbhsﬁom meubty efjengmment  shoul d,
however, pr efS@(ﬂﬁ:QLl}‘méﬂ? G Reh ot e B HRLAALIRY 1B eﬁ&é%:ea%ﬁﬁgéﬁé Loiall F@nsducers
or the Iike. By way exanple, negasonic glew ce are comrercially
avail able fr 6‘ﬁ‘i‘5@éﬁeist9’ & ks Byay Aragiple; mpgasonig AsviPeTwiiglsare sasmergially of Fr enont

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

Califormia 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 nsed, a

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



California work well. Although in Figure 1, one |IC substrate 128 is shown
i nsi de' processi ng chanber 126, those skilled in the art wll recognize
that in certain enbodi ments, processing chanber 126 can be desi gned to
hol d nore ‘&han one substrate or a cassette of many substrates.

preferred BRBBEPHERt s, however, processing chanber 12%Cﬁf§52&f§§’F{jfﬁed to
clean one IC substrate at a tirre in series. Figure 1 also shows that
substrate 12&tisl ardruinén tetlinvitiniseates haghhlt bogestdtRA M NEHORRIBkiONS | nsi de

processi ng chy S or the substrate to
be vertical . %{ﬁgﬁ %ra ‘?sd%cre|§€’efrzllf"3 gamgﬁog‘ﬁékf E‘g?to%ﬁ%g %‘é’r@%" 8%t ed at an
angle in thefa?ea?ﬁ@bacquimla@@émwwgreﬂegheestattansabout ten degrees can be

ef fectively cl eanqghidasiidink Bgcespmsptanv@osxat&%naeﬁvemfggfz descr i bed

here| n. When, nor e, t han one pl anar Substrate nduct or wafer)
is  siml tan‘@t?ﬂ??‘ilw“’é‘fle?&ﬁ“é?dn thgqnbresep%é%ﬂqmgo mhfamémlmemba slight tilt
away from t hetivaiey Jalveabs, Snnﬁarly, ﬁéoiﬁ?&f%ﬂ%ﬂﬁ@t@éﬂoﬁ‘io‘pﬁﬁég tﬁgsa}ng prevent

adj acent subs)t rates from being . jostled agal nst each ot In those

enbodi nent s, PHAST &0 1%\3lye | PEgoamizing mpsonusneede frm g solstidng Belutei | ¢ prevents the
substrates frmﬁbiaemztnga}joeﬁtﬁxheﬁ& s’b@@dtﬁhﬂacih&%s?ﬂdﬂl%hpa?ﬁ%ﬂte“ tling is 8 WO
2006/ 010052 %nusg%oyﬂoms?t lgp nal and upder certain circunstances nay
not be desira O e SRR FEIags, 17 pegipin embofyments of e PPt ar r anged face to
face, back tlwemwoiﬂmnbmlmmms arlvaekunt Bydkadde as fideea doficenfrddae and back to
back are, hQue¥S&lia i,.0Nns pi.cal cl eaning process in
system 100 begi ns é‘ﬁfogﬁéeﬁg\e}g%{u Du%gomhon naprfg%rregﬁring%dam%tsglpt% stored in

sol vent r esdseiF 10f@entpinoymsmanis gw,mhwg aldﬁmrtﬁmme dfbemioyinnchydorias inng val ve 106.
Simlarly, axseleWliswy bR t ters the same chanber 110
via val ve 10}5 sc?Htm XI ngégrt'lg@nlEI ﬁs{i&ij?erf%%h%m&%me E efr FOR™sol ute reservoir
104 may contARNE A “§E‘}Idelpélzﬁdmer,faamomatg@stleﬁltm@rmbalg 1tsfpuay peabbitcul at e

cont am nant b pevdhenst Bgiidiat fe %%ﬁﬁ&%.ﬂiermﬁ%é}{egdl i lglg&fmet%m%nt s of the

present invention, solute reservolr cont S Tammonium hydr oxi de as
ei ther a coRFEAHfoREminaps {9the spmaved frangise enbpentanudfeceantheatyperpieous sol ut i on.

In a prefer Eﬂdes@ﬂiﬁ&dhtﬁﬁﬂiamn%h&ﬂ@dxokﬁ§ %’{aygb ﬁse&-oﬁy G%f%kd?@t@ﬁ“m nia gas,
whi ch allows .the.u anmoni um hydroxi de in__extrenmely

concent r at | SH¥OR t%@ﬁ&ﬂl%?*@t@@%ﬂ%%@a&ﬁ% NEOH 0 Hﬁl Sﬂlﬁﬁg ammoni a gas

with dei oni K(ﬁﬂem&ﬁaﬂymmlﬁ dei@SizddSwalek tol 28R Hor WhikH ik Bsdghapuri ty to about

99. 99999% N the art will recogni ze that 'dependi ng on the
type of ° 8§or cl%amng %qk me based solutions tendtoremov% particles of silicon, g&rbon J

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



particul ate contam nants to be renoved fromthe substrate surface, other
types of solutes, different from anmoni um hydroxi de, may be used. By way
of - exanpl e, a solution includes other chem cals, such as 03, HC, H202,
NHAOH and HE, Th@fg_ solutes are usually m xed with deionized water to a
sol ution whl' R8I sequent Iy used for cleaning. Al kBETHROA2EE6 sol ut i ons
tend to renove particles of silicon, carbon, and their derivatives. Acid
based sol ut i ofigyre 8Bokhicsshbved chargeibsoluBb 0 0 Hehite oY £14 Rk @hi-&ART am nant s

fromthe substpate, urfl%ce. N tho?rﬁﬁ?ef{vbﬁd'_rrents wher e . ammoni um hydr oxi de

is used, the volumetri&orgtro &2 A5k ibe aresegt inyrEII Iy ed Water i s

gener al | y bet ®&ae Rilxdat of 3ook0nlSs of salinel 2 Bildio clistd X 10 iDbcbwecA Msbut 100 8EET abl y

bet ween about ghxb86 0-s:34..By activating yalve 112, the
sol ution forned in #O%ﬁﬁﬁ%gﬁzuﬁgé?ﬁlffé@gdmé%ﬁ Efc?%ﬂﬁﬁ‘ﬁ*r’ﬁf‘%é%hanber 118.
An acoustic efPbYigRs Zﬁ@ﬁndc’-é0=_111€$,01upmvel_ftie)!ea@¢ yisselvedringasloent, aovhéibhii oe, t hrough a
coupl i ng chanigim hHn.8dPRIhe5H RUldie) il ERSidhelifee £IALGE (he sol ution to
create a coherent solution inside charging c anper g8 a result,
i nsi de chanbefTiermoregclysigryd1 peddyotdiave & erceler shape oiith ia smootiaersdrior,aed f rom an
unchar ged st aghewd B Foutd ¥, G&thesS Lidi&: | i ¢ device.
Figures 2A and 2B iFﬁuust rate t he q??%e%ﬁﬁﬁlgﬁ?éﬁ%@%%g Icle distribution
froma sol ution' &thavenepgedorsetimnds preominahiat ¢ 2@ chemngnsideprdeeginze 2A, whi ch
shows an unchasged126585di R 20 hgo ' $~202 are . .random y
di stributed throughout sol ution 21:6?)3%#36 (g%iog GFO%%%QB‘&&F}G S2005/ 024366
Figure 2B, wHf€h" &S aPeaenagestssur drcontomngatus of atekoupd °C, hkes 214 are
organi zed | n axéliehGnBL Qs hiChbihds % fho iR &hifd &l pIDOC ment of the
mol ecul es SO

present invention, an _average nunber 0 cu ute 214 in
clusters 212 PYapagipatcleyitm tha pbstakguiapsdrrobl theoleesssatyes per cl ust er .

Those ski | | edldtoridice REds (AMT") 1L EAGRE Ao gua%arﬁdibs.eﬁmgr%ﬁmgﬁwﬁeé ons 200 and
) |

210, the soluhe rticles are dissolved in a solvent I ch 1's”’not shown in
Fi gures 2A arfS9EOF51RY 3hpear famelt awgy and-onlysfews malepwlesiard lefhwithinia ¥wwissi on.

Furt her nor e, sebllgissrSCabequeeBsubdbhicR@¥ngis fofeClbdie XARRAGI WbhN @ snmooth

exterior, as temsgr%% t' n Fi gurﬁ ﬁB. Rat her, clusters 212 are generally of any

irregul ar shape Ar T RBLAFAF UL Pgher fegPraiedn i s predonminant at 0 C, cl eani ng

i nsi de processi ndlhechaghiasiuddtxBing tHatkidehaiber | BthaOidlutdresai ke 30 C or bel ow

PO o b o iRl s B BT OHR LRGN BiPardidg A, (N2t At room
preferably between about 1x10°%:1 and about 1x10%4:1, and more preferably between

about 1x10"%:1 and about 1x107%1,

By activating vaive 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
(mot 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

1



are sufficient nunber of solute nolecules within the clusters to trap the
det achied contam nant particles fromthe substrate surface and provide the
necessary electronotive force ("EM') for holding onto such particles. At
hi gher tenperatures, <cluster formation appear to nelt away and only a few
mol ecul es WPaMpBYPS2wi thin a very snall cluster. ConsEdUERI¥YH3&ypstrate
cleaning is nore effective at around room tenperature than at relatively
hi gher t enpeg,atdiies hafgtbesoﬁlﬁa{&%wﬁl |tﬁét {obfon ?ﬁ%ﬁﬂe@@osﬁﬁ@g aseg chanber 118 has
solute present in the- sol vent ric ratrot i s between about
5x1 0"5: 1 and>®@BBiGenasy iprrplisdgo ﬂwlslrbéiraé? AR, %@Emwnam@eﬂewdl and about
1x10- 24 1, anmdismre preferably between about 1x104:1 and about 1x10"24:1.
By activating valve 1 the ¢ sol u on is introduced through
first connecti onkl’l%?ferfe ’Sgoﬁ?f%saﬁ}ﬁ n h]giﬁ&%f sﬁ%” o eﬁ@%ﬁ‘?l%g substrate
128. At hougfhargemlaygre@mﬁaxmnt aecthaltgeﬂ @tuﬁ@ﬁﬁﬁarﬁﬂ&ﬂiﬂgbuthﬂﬁaatgﬁgsmmﬂm in Figure 1,
t hose skill i he a hat nor e stream of
sol ution |seﬁéqgﬁrsrrt‘ o&n?cglonl fachhltartld%ﬁ é(a]rlg?(}sgﬁlg A él%orestog'eghanber 126
can be pr owfd:adsomemsesekeomt(licaaémnqurghﬁu%bhat@ﬂ,soltﬁmmhlalsgnmig solution is

i ntroduced b 4. t t ing solution
11 s the pronbuidinah debeldtl QR AR @k ik B12C 190809 "7 1)

Pat ent 6, 68by7eivaiigsalves 106 2RUY1R seh selbent is Providedfimgplwhiardorir 106 may al so
cone equi ppﬁ&@'th\éﬂcﬁa*gge@scﬁﬁtﬁh%tl{i?l'sé!c%?cfﬁlﬂne@ﬁ&f 12 i cﬂlﬂt@%ha?é%ﬁ 09 sinplify

illustration) to dispense t ent stream eam ng t Substrate

occurs by ca0&ierigPresR ivhrbgede s whimetiratiohat drhetrsen dbaet 5§U} fla@é This is

acconpl i shedibiy 1200Y*: 0 NBisPrefSH BMWbaKdnR %rowbmé ARy Of dsiAf siislf f ace, by
subnerging the 10 WO 2006/ 010052 PCT/ US2005/ 024366, surface i.n a charged

sol ution or PCBYF dfgharerd selBRrPEine A shargings | eapd fugthsrrdietmg itig oust i ¢
energy is a@mdu&chrh@e&ﬁbenﬁlytbﬁir@@tseluﬁwface while it is contacting the

charged solution err n Fi.gure 1, system
100 i s desi gned ‘f‘%‘“’“@}fﬁ’?ﬁ’@""t‘aﬂ dg‘ﬁggég &‘F’B etrlig%mg? E‘é‘?ﬁl“g 1%uti on stream
flow ng out refiroditian gihmge ivingloas mord Ebmbkis msdngedon rettdulaoskhd Gidrgbdici | i t at es

dipuLing | nSuRRALAaH SO ULLED USROG TRERSOHNE Hure [QMcRLYON! T eSEI VOl

102 and conveying | PN 1 nsi g8 connecti on 130,
before it i ossipla JHedwe- ﬂqaglbdésqbﬂm}ébwis eifpcimalitions di2zBarg@pelvtidnscal | vy,

having relatively low concentrations of the solute. The flow schemes described above

for mixing, charging and cleaning can be carried out in continuous mode, batch and
semi-batch mode.

In sununary, the present invention relies upon very high pH of the charged

" neat-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.

Fhe present nvention represents a marked improvement over the conventional
systems, methods and compositions for cleaning IC subsirates. As explained above,
the present invention prefers use of charged solutions, which have relatively low
concentrations of the solute, Z.e,, dilutions in the ultra-diluie 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

11



by activating valves 106 and 112 such solvent is provided from sol vent
reservoir 102 to the charged solution within second connection 132. In
such dilute charged solution, solute is present in a solvent in a
volumetric ratio that is between about 5x10-5:1 and a -24:1. This
preferred éWB&&FWEWF{ provides the flexibility of usin88ﬂh§%&%8ﬁ’ unts of
charged solution residing in charging chanber 118 and further diluting it

to produce aclmimg sghdhesiimetbds acddadigad ths Qdddnt PRentibh, HRAUGITHREsEhOWn i N
Figure 1, Chaﬁﬁ&@Qﬁ%ﬁ%%%ﬁ%ml%%nﬁ%ﬂé%ﬁ‘t'Eted with a recirculation schene

havi ng one nore C ers’arrange Feul ate the charged solution. In
each such chanber Acpirdigs eseivemionh! klatrignsetiofds, lkaclalaompentratiod ishéamd ar e

possi bl e.  Theahoygs ﬁgﬁﬁ{ei e@ﬁﬁlg &Y P8 £ lo*QM{S 'n%l Iec%%%eis ?%stgﬂéaﬂ]; i and of char ged

solutions  having relatively Tow concentrations o e solute. The flow
schenes descr $®gehenth diesolutoin thapxesantjinvakianr, §owayemeffectvelyoaliantpt cmm be carri ed

out i . SN 1 IR 50k 14RO SR R AP Ufe okelB Ry, e presen

invention relies upon very _ _ d “near-zero’sol ute
di l utions in tprafors ehyisien the sed daribepiing equiransntand eddiibnelpossssing timhe  particul ate

cont arm nant s Wi ohsas ululbh e ofleh ARG ulih POLEREAURBIAE 13U  ace usi ng

rregasoni C energy. The present invention represents a nmark rovenent

y : )
over the conviRtTBHEH soludgnte gtk the pbstry TR fagsdnd Bl ePeticgstc c| eaning |1 C
substrates. AsnaMfladt."EE calloMBnal ckitngDheS RN, nkrHURE n@Rid BftRes use of

e %G ot nelnpe PR HE PR by BytaneS the R PR o

qi[utipns." Gbapreguisnehtjon, Hidveves, el sagaysiresfanedingehdigdsolafions he present
the. addi 11 onaFe LSRRG sowgs s RBRe: Boger dae Eer Boad Pl el 11 uent st ream
bef ore drai niqugntitiehefchericls areiging ned firyclebiing, donuanit oniate isiwahedg syst ens
clcant ngsyst ohnh AR e ) dim 6 PRAC BB TSR on, tho
si gni ficant cibilizeragrsioizd tethmvants rafiasspoghasybatiaesindat. Shiotheelérds, nat ed.
ﬁccor ding to GomyehLQ 'cco‘iéiﬁgtatg itlfagn%&tt B&gn%iun hive %iﬁlg 'o%oesm%ﬁ%r‘?&‘i&[]ﬁ.t ion is
eated to facilitate substrate etching for particle renoval. is requires

substanti al t3fEckhepntammaitpereqn befiyes dhenigele in varytshell praatidsaereiusadent i on,
however, ef f eftihy¥@t Yemlng 3RRestt A §QAMther advantage of using small quantities of | |

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

The present invention, whiéh c-an 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 fo 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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tenperature conditions and does not require such heating. The present

i nventi on, therefore, obviates the need for heating equi pnent and

addi tional processing tinme. As explained above, conventional cleaning
systens and nethods rely upon concentrated solution to etch the substrate
surface anglobdseneby renove particul ate contani nant s. PERRES2M3{(%8%: i onal

cl eani ng, therefore i ntroduces undesired surface roughness that degrades
t he electrlc erformance .of the rod Jie. In the present

i nventi on, 5%‘?118‘?‘(“!?? aftc‘f'dgffﬁ%@?ﬂ%{sugt?’@&hﬁe ﬁ%’ﬂ’ g“lqeng charged sol utions
havi ng IOM/cgm@ﬁﬁmﬁammmm§qw¢ﬂwmammmmﬁﬂmﬁwwsmﬁher wor ds, given that very
smal | quantitie @ugﬁ%ﬁtﬁ’}x%ﬂnﬁﬂ%%&e%@éﬂﬁs Pﬁ&qnie% &-Icgﬁ-mgng the substrate

surface i s unetc her vant usi ng snal In@uantltles of
cheni cal s i ssemirardupier sabsipigy Sogsfskilled QB]FEI ﬁ%ﬂ?‘;Wﬁ‘ﬁ*&F B4 nants remain

on the substatgs sdfibAGss comoeﬁdaneﬁesweagmmsammeatfmﬂemaned according to
t he present I'nvention have |[ittle or no st& i HQ%%Le % net al
cont ani nant sSUPHBREOTPT FEREGSES BYRRHY M e 8#53? ?ﬁi‘?ﬂoﬂ 05E are used

during the cleapicha oléﬁlﬁﬁgﬂﬂﬁmsleﬁ\ HRE, RIRhiE liqadwenildpan thmsﬁhng snal |

gquantities of chemca%;S that there is no need for a pretreatnent step
bef ore cl eanf§ies: Pk rags Fﬁ ThEes- The present invention, which can
effectively clean substrates at "hear zero diIutions," do not require an

addi tional pretreatnent step, such as ozonation, which is required by
conventional cleaning techniques. This also translates into increased

t hr oughput when cl eaning according to the present invention. Substrate

cl eaning, according to the present invention, occurs very rapidly. By way
of exanple, about three to five mnutes, and typically about three m nutes
is sufficient tine to effectively clean a substrate. Consequently, the
present invention provides a relatively higher throughput. Mreover, if a
substrate surface is not sufficiently clean after a single cleaning cycle,
then nore than one cleaning cycle can be inplenmented to nore effectively
- clean that surface, wthout degrading it. Miltiple cleaning cycles in the
present invention, actually inprove the quality of the surface and do not
i ntroduce undesired surface roughness, stabilizers or netal contam nants,
whi ch are introduced when cl eaning according to conventional nethods is
performed. 12 WD 2006/ 010052 PCT/ US2005/ 024366 Those skilled in the art

wi Il recognize that such nmultiple cleaning cycles in conventional cleaning
typically destroys the substrate surface.
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Al t hough certai n exanpl es have been described in terns of cleaning

sem conduct or substrates, those skilled in the art wll recognize that the

i nventive systens, nmethods and conpositions described herein can be used
for other |&osdbsbeat es. For exanple, the inventive systens, nethods and
conpositions can be used for effective cleaning of maskREVUSHPERZI6E ) ot
panels, liquid crystal displays, thin film heads, photo masks, and |enses.
13 WD 2006/ 010052 PCT/ US2005/ 024366 CCABMMS What is claimed is: 1. A

met hod for cleaning an integrated circuit substrate, conprising: charging
a sol ution, whlghisclintediins at | east a solute selected to pronote cleaning
of said integrated circuit substrate, to produce a charged sol ution,
wherein at |gast 4. ' id solute.is present as clusters in said
charged sol ution; an83%{?%1;&?&#5ggglgegrageﬁzi’rrﬂ‘ét&“'%s%f‘t&t"@aﬂ“?% cl eani ng said

i ntegrated circui tthargiog & seution, wich cEirainsz tdactd soliite edlediMid prowbrer ei n sai d
charging is cakifdsodink } i ai d ol ut.i on .. The nethod of claim
2, wherein sai dr{llli%br_a'tﬁlclilﬁl1 gff@@%ﬁ%é‘%@%’g’%@‘%%ﬁa@%w ‘)’/’W%ﬂr.em'?ﬁe net hod of
claimi, wher &7 2Beffien ofsid sedutp i peasenbes clustetsyinl sadkihahged Slutibhandret hod of clai m
1, wherein an averggeyiRdaheh 9Ly ARk f id solute. in said clusters
i s between about 100 )z]an% abo?fg 20 hﬁ%@é@%ﬁngﬁS%%rngeéfageéitcg?ufts%".s%e net hod of
claim1, whergin sald eharging includes diluting said solution such that
said solute iS pr ggéelﬁlft%? noéiaglgll e Sﬁ’dégﬂfﬁl’%ﬁéfm%"‘%‘hl’ Vibratinggeidi s bet ween
about = 5x10" 5solutiend about 1x10-24:1. 7. The nmethod of claim6, wherein said
solute is present in said solvent in a volunetric ratio that is between
about 1x10:1 BAnd aboMbndkaids Whelim Al of ,claim 7 . wherein said
solute is present in said solvent e@ﬁ%ﬁ%&%&%ﬁégﬁ“&dwa PEREETS et ween
about 1x10"s:}J antilheanl:%gtgtd 1x1024: 1. 9. The method of claim1, further
conprising: di'luting sai @ Rt yadeestit s isomprstmdydexidt-eani ng sol uti on;
and using said cleaning solution for cleaning said integrated circuit
substrate 10.7 TheThfenstbad obtlain bivkegin anmreraee nurlrer strhdleanles anhidgolsel ut i on,

said sol ute iifisfd @8@H is between about 100 and about 200 molecules per cluster.

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
5x10:1 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 1x10°%;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

ip a solvent in a volumetric ratio that is between about 5x107:1 and about 1x10™*:1,
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in a solvent in a volunetric ratio that is between about 5x10'5:1 and about
1x10' 24: 1. 14 WD 20061010052 PCT/ US2005/ 024366 11 The nmethod of claim?9,
wherein said using includes applying acoustic energy to said cleaning

sol ution f&%z&%mRM%PQ contam nant particles fromintegcgigehosuhsirate. 12.
The net hod of c(a|n11, further conprising applying acoustic energy for said
charging. 13. The nethod of claim 12, wherein said acoustic energy is
produced by &1 nagasembEofdbiuh 8evhefoih saiilweingrintihded aprilyied agPyshd Snefglir t her

conpri sing nm xi.ng, a.sol vent ' ] ] j ol ution

bef ore sai d-m(tzoﬁ%lg giue?f&“%sﬁuﬁc"ls%ﬁggﬁ‘%‘% gfégw%tgaﬁr?glte %@%Rgﬁ‘%%%lteg?ﬁn? tﬁ@ wher ei n
said solvent is deionized water. 16. The nethod of claim 14, wherein said
m Xi ng produges i j i 2 sl SoRfiesedRt fdreaigal d sol vent
in a volunetggc_fg%?gﬁﬁ ggafﬁlg%¥$£gﬁm§%gg?ﬁg?%t"5:1 5%% about 1x10"24:1
17. The net h&#@¥e claim 1, wherein said integrated circuit substrate is

cl eaned at about 30 C or below 30 C. 18. A systemfor cleaning integrated

circuit substrates, c risi.ng; char gi ng .chamber far | di ng a sol ution
whi ch cont ai A% aﬁ’leé‘ﬁggyﬁgé%rf’g?’é”%‘e?@l%‘gta%ogsqc(?mprgyolrsrg euE gya%i ng of said

i ntegrated Cidegddbdic gHestrate; and a first acoustic energy source capabl e of
vibrating said solution in said charging chanber to produce a charged
solution, wherein at |east a portion of said solute is present as clusters
in said chargéed siikutetiodof clAm 1 THuehes yobeising mixdies 2ives and wdselite i@ onpri si ng a
rocessi ng chanber .for .cl in o I ted circuit substrate usin
gaid chargedp?gqﬁf?%ﬁﬁmﬁﬁsggﬁggg§%§%ﬂ¥%@g§9§?h119,'further conpri si ng ag
second acoustic energy source for vibrating contents of said processing

chanber during Clﬁl@'&#&ﬂlgd Al 101 Q A R selvEf idbionisddbaterat €. 15 21. The
systemof claim 18, further conprising a m xing chanber for mxing a

sol vent and said solute to produce said solution. 22. The system of claim
18, further GENPritginiehod ofAHANY, RGNk DpbdReskafidblition having

. . . . . -5,
said solute present in said solvent in a volumetric ratio that is between about 3x10™: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 fixst 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 subsirate 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

subsfrate.
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char gi ng chanber and sai d processi ng chanber for conveying said charged
solution fromsaid charging chanber to said processing chanber. 23. The
system of claim 22, further conprising a first connection between a

- solvent reservoir and said second connection for diluting said charged

sol ution before it enters said processing chanber. 24. A conposition of a
solution f bstrate conpri.sin

sol vent ; 0zdl ge{edsi gFg%{ngEjéa%ﬁﬁer&an% 2 a eant %C%Bwbgraﬁrglq“ﬁf’% r at ed
circuit su%’ﬂ‘feat@,d SaMQ}UtﬂMpmdubemdscdummrtl on of said solute is present in
cluster formin said solution and said solute and solvent are present in a
volunetric ratio that is between about 3x10-5:1 and about 1x10-24:1. 25.
The conposi2Z. on B spitan nfﬂéi,m Vi durdtien coapribindl s6behdi onRTABR btWebty shipxi de.

26. The conposi.ti on 24, whereip said solvent is deionized water.

27, The comaes BB 4 R portsslganamherer Srsomaseidabaresarostion ar
present in feom vdid tieging Chandtiel @ salifprodRsiketiaRfper, about 1x10:1 and about
1x1024:1. 16

23.  The system of claim 22, further comprising a first connection between a
solvent reservoir and said second connection for diluting said charged solution before

it enters said processmg chamber,

24. A composition of 2 solution for cleaning integrated circuit substrates,
comprising;

a solvent; and

a solute selected to promote cleaning of said integrated circuit substrate,
wherein at least a portion of said solute is present in cluster form in said solution and

said solute and solvent are present in a volumetric ratio that is between about 3x107:1
and about 1x107%%1.

25.  The composition of claim 24, wherein said solute is ammonium hydroxide.

26. The composition of claim 24, wherein said solvent is deionized water.

27.  The composition of claim 24, wherein said solute and solvent are presentin a
volumetric ratio that is between about 1x10%:1 and about 1x1024:1.
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