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BACKGROUND

{0001] In the fabrication of semiconductor devices such as integrated circuits, memory cells,
and the like, a series of manufacturing operations are performed to define features on
semiconductor wafers ("wafers”). The wafers include integrated circuit devices in the form of
multi-level structures defined on a silicon substrate. At a substrate level, transistor devices
with diffusion regions are formed. In subsequent levels, interconnect metallization lines are
patterned and electrically connected to the transistor devices to define a desired integrated
circuit device. Also, patterned conductive layers are insulated from other conductive layers
by dielectric materials.

{0002] During the series of manufacturing operations, the wafer surface is exposed to various
types of contaminants. Essentially any material present in a manufacturing operation is a
potential source of contamination. For example, sources of contamination may include
process gases, chemicals, deposition materials, and liquids, among others. The various
contaminants may deposit on the wafer surface in particulate form. If the particulate
contamination is not removed, the devices within the vicinity of the contamination will likely
be inoperable. Thus, it is necessary to clean contamination from the wafer surface in a
substantially complete manner without damaging the features defined on the wafer.
However, the size of particulate contamination is often on the order of the critical dimension
size of features fabricated on the wafer. Removal of such small particulate contamination
without adversely affecting the features on the wafer can be difficult.

[0003] Conventional wafer cleaning methods have relied heavily on mechanical force to

remove particulate contamination from the wafer surface. As feature sizes continue to
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one of the one or more coupling elements and the particle to remove the particie from the
surface.

[0006] In another embodiment, the present invention provides a wafer cleaning system. The
system comprises a carrier for supporting a wafer having a surface, the surface having a
particle thereon. The system also comprises a tank having a cavity defined by a base and one
or more sidewalls extending there from. The tank is configured to hold a volume of the
cleaning media within the cavity to immerse the wafer, where the cleaning media includes
one or more dispersed coupling elements suspended therein, The system further comprises

one or more transducers coupled to at least one of the one or more sidewalls, the one or more
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention, together with further advantages thereof, may best be understood by
reference to the following description taken in conjunction with the accompanying drawings
in which:

[0012] Figure 1 is an illustration of interactions between dispersed coupling elements
suspended in a cleaning media and particulate contaminants resulting from the application of
external energy to the cleaning media;

[0013] Figure 2 is an illustration of a periodic shear stress imparting drag forces on a coupling
element to remove a particulate contaminant adhered to a wafer surface by an adhesion force;
[0014] Figure 3 is an illustration of comparative critical periodic stress requirements for
removing particulate contamination;

[0015] Figure 4 is an illustration of a system for removing contaminants from a wafer surface

by creating periodic shear stresses in cleaning media including dispersed coupling elements;



[0015] Figure 4 is an illustration of a systemfor renoving contam nants
froma wafer surface by creating periodic shear stresses in cleaning nedia
i ncl udi ng di spersed coupling el ements; S [0016]- Figure 5 is an
illustration of an alternate system §or renoving contam nants froma wafer
surface by creating periodic shear stresses in cleaning media including

di spersed coupling elements; [00171 Figure 6 is an illustration of an
alternate systemfor renoving contamnants froma wafer surface by creating
peri odi qo6lepFiguse £ ds se dllustratidreefhamgltarpale aystae Ieroﬁeﬁ’QVH'igscﬁ@FaéféﬁPl%tb!B‘l"i hg
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St r essesoiplingletmingg medi a i ncl udi ng di spersed coupling elenents; and
[0017] Figure 6 is an illustration of an alternate system for removing contaminants from a
wafer surface by creating periodic shear stresses in cleaning media including dispersed
coupling elements;
[0018] Figure 7 is an illustration of an alternate system for removing contaminants from a
wafer surface by creating periodic shear stresses in cleaning media including dispersed
coupling elements; and
[0019] Figure 8 is an illustration of a method for removing contaminants from a wafer surface

by creating periodic shear stresses in cleaning media including dispersed coupling elements.

DETAILED DESCRIPTION
[0020] Embodiments of the present invention provide systems and methods for cleaning
wafer surfaces. More particularly, embodiments of present invention provide an efficient
approach for applying external mechanical energy to particulate contamination on wafer
surfaces by combining multi-state body cleaning technologies with an alternative means for
applying momentum and/or drag to coupling elements suspended within the cleaning media
associated with multi-state body cleaning technologies. By providing the cleaning media on
exposed wafer surfaces and applying external energy to the cleaning media, periodic shear
stresses or pressure gradients can be created within the cleaning media. These periodic shear
stresses or pressure gradients then act to impart drag and/or momentum forces on the coupling
elements thereby causing interactions between the coupling elements and the particulate
contaminants. The interactions between the coupling elements and the particulate
contaminants facilitate the removal of the particulate contaminants from the wafer surfaces.
This approach increases contaminant removal efficiency by providing additional agitation
and/or motion control fo the coupling elements suspended within the multi-state body
cleaning media. Moreover, by controlling how and with what magnitude the external energy
is applied to the cleaning media, momentum and drag forces generated by the application of
external energy can be more closely controlled which in turn can eliminate undesired device

damage.
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phase conponent includes only a single type of gas, for exanple, nitrogen
(N2). In another enbodi nent, the gas phase conponent is a gas m xture that
i ncludes m xtures of




7 various types of gases, such as: ozone (03), oxygen (02), carbon dioxide
(Cx2), hydrochloric acid (HCl), hydrofluoric acid (HF), nitrogen (N2), and
argon (Ar); ozone (03) and nitrogen (N2); ozone (.03) and argon (Ar); ozone
(03), oxygen (02) and nitrogen (N2); ,ozone (03), oxygen (02) and argon
(Ar); ozone (03), oxygen (02), nitrogen (N2), and argon (Ar); and oxygen
(02), argon (Ar), and nitrogen (N2). However, it should be appreciated that
t he gas phase conmponent can include essenti al | y any conbi nati on of gas .

t ypes asvakiongtypss dﬂmsersemahm regoneal®sjioxygane(Qah gathen étﬂ’ﬂﬂer(@@mhbfﬂroampﬂﬁm d

hase co sol | c
(F:) | eani nga?qo{if@g %’er@f”é? F‘égéﬁ?ﬂﬁm&g%%@gf uti Ia?%of"g*%q’ézhlé €§32't§ g&g n| ng or
pr epar at(N;jl; dczlp@a" l@:Dj) gtns argoaq?a], okbre €01)] ?bc)@amiéz)cmdpml:remn G¥2):bozone iﬁOQ, and
tri-state bo ui.ds or erials.can ta ne
di f f er erfXYESY KQS ap) argop {4 é’ZO’?‘h@Q’o?’fY@e‘bh %8%) ﬁ@ argéan%gxim and
aggr egat By ger @, Airgsn (pgylaﬁd nﬁ:tﬁigbﬁiﬁngd H@b’@/légst slmnchMmptrecwtd:cythanghe @aher
type of agglutination, coagul atjon, floccul atl rati en qg
B eocaais compogmsambingaRpsRIENY v et Si ARy oTe s otesdlips o
phase Cﬁmﬁ’rﬂﬁm’e dafl rb@ﬁ:oingﬁt@& 'vaftﬂhebqufﬂ?@itﬂﬂisé Sofifdnehndr@ndislidiphadeafinpdadit tan

i ncl usi [1st, and alternates or ex sions fallipg.within th irit of
the di sdboadristarbidyeieasing fiidsoraperzls fhat eande '&‘1\‘2%1 i1 FRDEHE cﬁﬁ%}gﬁi 8t ood

t hat the C&Ht% BQI? fosOMponent can be defined as essentially any solid

mat eri al® apa Feraf tuncti oni ng in the manner described herein with respect
to thei r[002%] &hecblid phaswcpmpmneof bmtata@e@ naﬁetechﬂ#yaﬂwd'famtmﬁamtlt garpleke For

exanpl e, some exe ﬁh@: kemi!p the
solid ptf’é'georé%crtpSFgéV%Fa?ﬁ(ﬁep [ pha 1¢ ral%gcoglr% xyI IC am%dmpar affin,
wax, polaggrpstes, p;ollmﬂs,ygelsneoal@oét;/gﬂptasdewssmmllmahﬁlothﬂr &yns-of| agghutipation,

material s he s hase nent I

concent @?Aﬁl@h xgwgf%@%b ”?z%lgsc ltﬁm tSIIE| \%itﬁ%[ﬁl lg,gta ér%?ﬂg%gltg&'ptﬁease
Comone%xemﬁiabph@tdf@olatpﬁhse baapmanfones sdmt:ﬁed hhovan n.y naicinténdest forvepkeipnt

or gani ¢ conpounds_in ich carbon atans m o ai ns at dis
an exanfPeM§lusiyR s ﬂm?]it‘?fn%t?ﬁ gr teﬁﬁf’s‘%?nf %“%érp @magh ng % %%ogg&
CoNMponeRdnbidinitints 48 %oﬁdtb]@t Qtt:ﬂtobﬂdﬂlrtﬁé}d)d ﬁtﬁieﬁktdbdhﬁﬁkythe |sﬁ]$dlp]|m;e fcbmpﬁhhnt
Exanpl es of fatty acids at may be used as Igfgf} io ase ct%rrponent

i ncl ude ceme defified gas EﬁF‘Pﬂachanéchi‘d weterpl capgblego St'ftétﬂgmaéﬂa Fi THEMEl ¢

acid, |ifael B4 qle?e% yith? Ee%fétt de rthéir AfterhctiGRIMIB ] WafdC betfaces afd Codirthanput yri c
aC|d, caprolic acid, caprylic acid, nmyristic acid, margaric acid, behenic

acid, | |pgrtmm iFor axsample rsymeweneliaef %{éPSdOf aferials fagcan Be pred tﬂéﬁl%ﬂpé Geid,
par i nar '5811&‘3) édrxg%ﬁétmhﬁu&’é:hﬁpha E%Eﬁl'scca%é)&hc Calch'ﬁaﬁﬂﬁlﬂiﬂ GvaRC p8lym

| i gnoceric acrd m xtures thereof, anon thers “h one
enmbodi nmoly,stytrm solbrpcptqdhtasmd(mhqmwmelwn matprials e rifheasalidxphase compensnt y
aci ds define rlo . o]
Sbout CrAgRY B s FEL OeriiRpl taf BREE B FRP A b 0,
t hat i nghustesompenent. nnhﬁlauarmﬂsytepgesentpsssem'b anyWaeld defeedaby tdrganiol i d

phase co onent .of a bi- tat and tnpi-sta . .cl eanj | W d the
car boxy PPN I HHCR G ﬁ fl CPegchans, o%;efa@? 1SS & a‘%}gr%g’tpieenwt %‘
ext endi n@phdtieMciitBaticaf b8 ukélr a%l.tbé'lsdbbpltas&?d&ﬂ)onédltsmthm iee Imatdnmhgdy a:ndatm ds can

i ncl ude ot her chem cal functl onalit coh nd/ or
ketones)smf‘fb body clepn E}W&a@? %[lrr%% tdesotf‘gtbli“a% ﬁt'@ecg ?P&%t PSSt at e

body fl ypas o&rnt ﬁﬁltﬁ%'lﬁlr&é&@p@ﬁ&uﬁb biA[ steitoRit oldic Baa; Rwikio usid, Flesixanpl e,
phase conmponent can be def| nedgﬁtcawa ter (de-ionized or

an aqueous |i
ot her wi geig, ataghéommcréqaet%ec peidusurcisiagide butyRSASidh capreicstd: (FaRTYHG i er i n
combi naliluhlif, Bhidstc K98 Yehbdie Blid, ﬁé%&er%ra%ld Aoylolit ila ki1 ol €1 . 11
still nbodi-ment, 'a non- agueous g ase conponent i s defi ned
by a hydeoeaictesid, parindricorcid atirrssionis muhé@rasswoilql inpaalﬁdfa% i) lignassiig
others. Lo 9&9@&5#}3 971 g 1%?&52%&8#%81'011% Wit rﬁ%e%@ﬁﬂ%ﬁ t, ths sQfHSRANS or
non-aqueous, It s 'Be under st 60 at the liquid p ase conp onent can be
nmodi f i edomponent cardeeprasenitca mixtugrof] fatty @cxﬁeldoﬁmdsbsamw@tsmrboer@mmbngths
additives. For exanple, the chem cal additives to the |liquid phase
conponent can include any conbi nati on of co-solvents, pH nodifiers (e.qg.,
aci ds and bases), chel ating agents, polar solvents, surfactants, ammoni a
hydr oxi de, hydrogen peroxide, hydrofluoric acid, potassium hydroxide,

sodi um hydr oxi de, tetranethyl anmoni um hydroxi de, and rheol ogy nodifiers
such as polyners, particul ates, and pol ypepti des. [0025] A "wafer" as used
herein, denotes without limtation, substrates, sem conductor wafers, hard
drive disks, optical discs, glass substrates, flat panel display surfaces,
or I|qU|d crystal dlsplay surfaces etc. Dependlng on the actual mafer a

o o . o, N L Y T I 1



100261 In the description herein for enbodi mrents of the present invention,
numer ous specific details are provided, such as exanpl es of conponents
and/or nethods, to provide a thorough understanding of enbodiments of the
present invention. One skilled in thg relevant art will recogni ze, however,
that an enbodi ment of the invention can be practiced w thout one or nore of
the specific details, or wwth other apparatus, systens, assenblies,

nmet hods, conponents, naterials, parts, and/or the like. In other instances,
wel | - knewrnéing fomiCelsto ataue€i2gl Karboxylip @eids aterdefingd by gsseapalyi a0YcUBANC shown
or described in detail to _avoid ' Sp [Jageele) f the
present af"ﬁv t ]“Bﬂ‘ﬁesl'ﬁ’ée B BT arP%Pe%Jldg %qlcr(])((g degﬁltggvlgtra%l as pbedg?tars]IS I%?]é(; i's

pr esent edmpehent ocnd bHitste Usde chnd niricstate dotly aleaninghfluif etheogthoaglicaelds can

enbodi ments, [0027 n FIG 1, accardi 0 .an ' f sent
vent | GRENESHERT pIGEPE cER A B R ACRERE ipudt B €STET
bi - st at @ghodXisey e dartok§li® abias yart irhitienghérl ehiethical Zutduiahalities ({.¢.saléahols,

i nteractions between particul ate contam nants 104 adhered to a surface of

t he waf ethesmhand{pikstansdd coupl i ng el enents 106 suspended within the cleaning

fluid 108924PR%E tlaPhhse cohfpdndi BF battt 88dPindouet a8 dbdefigidgyr hariale cal eani ng
flurd 1 causes the creation of periodic shear ﬁér_gz’ﬁes or press

ur
gr adi entbs eitber aquediisior abe-aaianys-f Fen GFample, apaqyout ey F@ICBWPPﬁer'lIr_ﬁ?rb&ijet ai l
regar di Q,gﬁﬁgcﬁ, %,at%?g?.ﬁ)g?%g'ogf&ﬂeﬁﬂ@ﬁéloﬁé.r ApSRbedls RIRS pUise @hipdhantis 109

i npart nonen an orces on coupling elenments 106 suspended

Wit hi n tdefina yawateminfcombithati@pwitly htherconstitaents thabarg iy slutiqroy il the Wit e In
coupling,.elements 106..to interact W thgnanti a Lank Nadded B9P%

adher ed%flﬁ %n?q%fr gﬁg?cg’éngmlo LFO% %lu%\%&r?nggeltd hggéggagggg&{&ar {‘i:s cul ate Q}O

cont ani ngdicoarbdflda flaotoearbod,t 2 chieralnuil aut amelgoliol,oamensg othprsr wirespactivoed from

e IS b RO S i B b 9Py b8, BBt |

eéraction et ween cou 1 ng
el ement shellpguid Pﬁas@@ﬁh@ﬂﬁdﬁ& pirsbel Mddifiad tdincluse ¢ etmsh-iohicootyents and othsr
mechani sns | nc i on

i udi ng, but not limted to,.chem cal..or..physical adh ,
col | i si sherpjcakadditivegnE P’é?xaﬁpﬁm‘?ﬁeﬂ’r‘ﬁ% Pﬂ‘kﬁﬁﬁtt?gﬁeehgwgﬁjxsercé’bné’lo ﬁ?nrt]g or ces,
atract :if{&u%@ﬁﬁﬁ%mﬁﬁilnﬂ%on o %is?lvfaﬂépﬁ&medlliﬁ&:sr@%t,ﬁi%@s bnd bass), .edhelaﬁngt )
physi cal and chem cal bonding (e.g., .cqoval ent or hydrogen ndi ng, c.).
[0028] lagenti@olse ﬁére%ﬁ@ﬁaf@nghman%QW%gM?&#%ﬂ&ﬁﬁgm’gdc or ces
are pr O%‘&ﬁﬁﬁux}ﬁ' hrtirhie! it Ay 8roRRIEY tetaRR@iby DEhABHiGR | 1)dP05ad, &ind Molagl S such
as: flowng cleani ng nedia over wafer surfaces using jet assenblies or

nozzl es;matiifigrs suphwea pelymersnpartieylaion andpoleRpideser nechanical |y agitating

waf ers and g ~edi n Mo itdlfdn, Shbsifatc8d seriboddabiet i Ng
and theqp?%é?\ ﬁ%ﬁ%ﬁfﬁ%%ﬁgmgﬁg ?%@tbgs are}i%??gat e(rjl’ a(_:corc?i nSc t ooer]bodi ment s
of the pwatesrhard siingdisks optitab discs glass suhstrates, | flat pas) (displayi wrfaes, endiglidal

energy 108 to,.cl.eanj fluid c ' [ o} sent

i nvent i c?f?,’s"'{l h@S@WeﬁPr%g“tef”e%g‘esﬁgﬁenp??l és %ﬁ%ggar"g‘@f S?\gt?és}d 108 _czr&ga{ng% %p%i@n t he
cl 1(_'aaln! ngfﬁdgmgﬁte’m& Qifferent g&yseragﬂeﬂgmbemgmarlbwllls)ft ewttamhigetion iondm-'dbf\?_, but
not limted to,. nme nics, .sonicati i ez . € : ) ic
Aot uat | GROCEUAPRLS RN, B BRIt oo, Ry el bt n B T WARP 4E

enbodi megahdied. t he present invention, energy 108 generated by such
t echni ques can be applied t in turn transferfslc ener gy

108 o A28 M6 41 gIPigR Hreioor FROGHITERE G HARUEH JABBREREm s o
details are provided, such as examples of components and/or methods, to provide a thorough
understanding of embodiments of the present invention. One skilled in the relevant art will
recognize, however, that an embodiment of the invention can be practiced without one or
more of the specific details, or with other apparatus, systems, assemblies, methods,
components, materials, parts, and/or the like. In other instances, well-known structures,

materials, or operations are not specifically shown or described in detail to avoid obscuring



10 of the present invention, energy 108 can be applied directly to the
cleaning fluid 102 froma confined source or to an entire system [0029] In
FIG 2, external energy 108 applied to cleaning flui.d 102 to create
'perlodlc shear stresses ir or pressuge gradients within the cleaning f|UId
102, according to enbodinents of the present invention. Shear stress | ,
mhlch Is relevant to the notion of fluids in the vicinity of surfaces of a
material, is a stress state where the stress is tangential to a surface of
the mat eEgeals, ofaemimainasl of chenpresant istenties he meesehicinyentisasintluderosavatel t o a
surface of the terial . The shear si C caus rgy

i nput | @SBRSS B 05 PSR é’%ﬁ)gdlaﬂ'g ? é‘gget%héfpc?gé%cﬁtg hl ‘H\E}gnﬁl:éoﬁlélpﬁegggrl odi c
shear stfpodinfentst €eated by the application of external energy 108 can i npart
a drag force Fd on coupljn ele nt.s 106 t hi n_cl eani ng t hat
Coup! | ndDGTLARAIG. hoscarreenp g ool At e saetnraiioryisan ideter 36, (1

cont am mp%h&%n%@@ﬁeﬁﬁl &déré%ﬁif(}grto LR GBdyl Orliri-Brebody cledning fluid 102 ¢hat
enbodi ment, external energy

08 is selectivel plied to cle | ui d
102 to absulseim m@r&qﬁambeéwe@fPaatl%li?éﬁﬁom%%@tt@l%?&e{ﬂdfti’8|SB¥T?°° @Pﬁt‘i{e from
coupl i ng, gl g@:@&j é&%%%d&ﬁﬁh@%@%ﬁépeﬁ% Withif? VRS Qedingifluiddide s ispecifiedliye FA

bet ween con nant waf er surface 101, as well as any rep ulqslve

forces umnélnatmwﬂ qxltngnzéle@nmﬂo&ae céﬂﬂﬁmg élw%%%&sew& miﬂﬁ@’fﬂ of BERIY'R
| t 104 t

| nter act 1 on COUp [ ng ) can occur
bet ween resrel [dbilaﬂ ge@imhrrg l‘n"i[G.ll),ahedeeuodm ahtan amssqsour pregsyteggradicnts 0@ ippyt

nmechani snms. 10030 uch cou I
ot voon TEHRGIUPERER R SRRl (PREMA0E Nsbon R A B cIGAHR SR
coupl i nqog! eTkék Smddentameand deagnfirtesadduse chgting ogleraents 406 stol Guigract omitlam nant

104 can nore easily adhere to couplin | ene r o]

el enent PROEUIfE COREMIREON fltoérﬁ“%ﬁ % 8‘?”? %'r%ﬁi@g gkﬁeg‘i&l#e? ﬁl f%glpslse%ear
force F%&Qﬁi@éﬂn%ﬁhatﬂcﬁ@ dah@tbel Isdanytshewd| ayvas diomi ef otlictwise oenmpdvied groed enment
106 is l'ikewse lifted away_ from waf A ere
coupl i ngvaferswpes! 01 0 dsaheve shE Iﬁnlri‘élll&é @ngog’raé’d]aé@és ﬁ’&fq é‘&ﬁ?r Aeéaﬁlob of8f

suf fici g Qé]a!r&‘m Ff6., tHeftefRhSEbiedd Wupiniinénte] Fmaicodfhinan Hatchn ge

cont am 4 creéates a substanti al F el astic coII|S|on C%ESIH

" cont ani reatablished tltrgugh mnoam;ccb#m@n%msbg@gf b ohimited 4oy ghg 91 Pﬂlﬂ%‘iaé

S0 1 B EAMAGO UL BAsfet BFFBnelh G ﬁ@%@@p@eﬁmﬁ%m ieferive a
signifi dan P NSt er ener from cou ng el ement 106 to
cont ani rfamts (Od, steﬂlti pees 1e]ieonn@awerforew ptq )nghmhatnd sﬂhpmyal: ferdieg (-2
couplin this,cas oupling elenments 106 and contam nants 104
are che%ogﬂfrftfré%%%ﬁn%oqngqg Eﬁcgl cal contact between coupling el enent 106
and cont[egas) dilikd Other avafec ala:amng mettiods whertieshatum enddeag foep piermodicedrent

106 and o 81?}1 aul tlrlgtzriltte bogy ¢leaning materials solely by acts such as: flowing cleaning media over

wafer surfaces using jet assemblies or nozzles;. dipping wafers into cleaning media, or
mechanically agitating wafers or cleaning media by means such as shaking, stirring, or
rotating and the like, momentum and drag forces are created according to embodiments of the
present using the selectively controlled application of external energy 108 to cleaning fluid
102. According to embodiments of the present invention, the shear stresses or pressure
gradients 109 created within the cleaning fluid 102 can be generated using various techniques
including, but not limited to, megasonics, sonication, piezo electric or piezo acoustic
actuation, cavitation, evaporation, or any combination thereof. In one embodiment of the
present invention, energy 108 generated by such techniques can be applied to the wafer 100

which, in turn, transfers energy 108 to the cleaning fluid 102. In an alternative embodiment



[0032] In addition to the mechani cal and chem cal coupling nmechani sns

di scussed above, electrostatic coupling can also occur. For exanple, where
coupling el enents 106 and.contam nants 104 have opposite surface charges
coupling el enments 106 and contamni nanfgs 104 will be electrically attracted.
Such electrical attraction can be of sufficient magnitude to overcone the
adhesi ve force FA attaching contam nant 104 to wafer surface 101.

Al ternatively, the electrostatic repul sive interaction between coupling

el enent of Rpreset inwerttiang srargys! 0B0xsn heapptiedsdirstinfn the clepnipg dluid 4@2 Fomrace
char ges anfn e stroqg eggttillgt; {t?q]ndi sl odge contam nant 104 from wafer surface
101. It SPERFBITER: A8 “hot &' THat one or nore of the af orementioned

coupl i NgoOPST MARIG.IT5 ektemlalichengy 168iapplist] th icleaning fluisl 103iotvasrte périodiheivrt al |

and el ectrostatic couplin may, be, o [.1 L RQ: a I | TEy: i ng
one or BFECTHARTIMTH ﬁt%a‘%dlﬁs Hﬁh’f’ﬁtge %/%#'é"r]g gl glrd?it 02 EQ%S%H%G %O%]?B%R{sl&g%fi

i |1 USt r giBptodent MvEatioR, Shéarshesiz] witicteispeltent to thamotitee of fipids tmttieoricinity
external energy 108 which is transferyed fromcleaning fluid 102 E

CoUp | n@f SHEHEN o A THESTA Fifostiess ARt WBF (B SbIS agPRalo b Furfisa et fhe,

gradi en erfa%rbsiolﬂ S LAIE DAL Eir&sk SAREd e §fréds Gi RARIaPRH a SRERE bF aR) hyteridls shown
e

in FIG 3, anbunt of critical stress required to renpve contg}gi ants

104 haviTig sheapatress dtperfodisi basaunsdbeiPhrags IMpHt SPedodihi 11 eamemodiaest when
compar .e%résgqgolhpe%'ﬁoﬁl tﬁ@%ﬁ'ﬁhggﬁﬁp Ufess B CRIMEING he appRadinenbrtetial bhegr esent
i nvention. For exanple; the anount of critical stress required to renove

cont ani nagtad Gparew drg farcediFanen esupling glsprenssi ¥atveitjn gleaning Auidi0%5a thgt t he

use of cleagning flui t hat do not. incl . i Qi i
appr oxi r‘fﬁ'ﬂ‘g}“? %W%Pg)%(‘g? g’é"é‘é‘é‘ﬁ"p in <408 :#g‘g‘l@ggfg |L gﬁg%cﬁlvggﬁey ong)a.g.mél'ﬁoe4 amount
of critiadmdred s edserr efuta ¢01.t Specifioalty, tihens aambodimngnéxternal dreaguidfs iiyi ng

cleaning fluids that include,c i ng, el nts. 1 i i .3 Pa
(shear SElFRE ya?PPBe‘i)W gﬁr“f%‘@?@%*"o&“&&ﬁ%ﬁa %géhg?r:fﬁg%% AR 6%%? icles
(drag mghdohhdectom coifiing afenasth 866 @ conteinat A4 Yo deiaveent duhegies forcd Bs and
surface, thus requiri n? signi ficant) {ess shear for geir.tilcfle rsr@val) .
Accor di hgtwesn sapaminsah{ Q4 agd W@rﬁl"’ét‘g‘én 0% 3% aved a5 A0y HRUISKE JAECHPERFTY | cal
stress I.eaiinkCedhit 105AUE chREmBRRE | 62N WAEh BGSlink(derhént 1106 S Gidvee within
approxi mately 6000 tines |ess than the amount of crit.i cg{r‘é% ress rechw red

for fl uiptoximity taapipeasteshwisth copjaminant, H4stoqverrrmg haehgtivg A JBIELICHIo
si gni fi gant |y fower Bm% 110106 AHddcSdninRRPT22 MG ED
elim nagﬁg&g‘gﬂr‘r@%\zc?lgggﬁyggwuér%g?ognlt él%f/i\ll/gftgrd 0034? In 1IIZII G 4, accor%i ng to
one enbaodriety of methanissmspr esent i nvention, is an illustration of -a system 400

T LA A0ttty i s

|
el ement and O6ntaBixante 040 Gor exampde sviean kouplifg lzmicnty 166 9ec Move makieeble thewal | s

406 that extend frgom base 4 o form cavi t i t ank
105 coneannuinis i toriginam 105 Gas GIOR. SRl ‘fndOt cdibinf Blelate 0 fbrel ©
fluid 1QgombshptinppRiHear] UBlifing eway fom vesferisibfacd-tMeasar resulnof thaishab fecereans

for imersing and support i waf.er .100.in, clegning fluid 102 can sed
with enbeciobmEasiop ﬁl@t&&gyéw?{‘}' AghsRed Wib Cur g ,°“gdﬂ6 ﬁ%[zlk?‘?a'iﬁ? Fge to,
casset t gy HolhPRefeP surfiel 461.S Adaitionally) Wdede dolpkipeclanragiMemid eintdntisans esent

i nvention,  system 400 can include one._ or m)rfte rregg%_om]% trg@duc%rs 412
coupl ed 14¢ aredes '@Ea@ﬁéﬁ‘bﬁu@i’l_&@%‘flwg’ the forgs of the V28 PN hegal cEng
transdugehaméhae 104c:oR6 LaBadhdmEi e1Rtic thEsiBh eSRMg dohtiRiian® 104 &Y 16 aw@abl e of
appl yi ng hi h frequency negasoni C_acousti c ener 414 to the cl e§6n| ng fluid

. _ener gy .
102. " Theridistagige foyn whfer merfage J03+ iHere the goilision betyisen eopnlins elemasnt AR #9d)i 0 102

by 928 ashirahf 4 Pégg{ts; inga' ﬁ@mﬁgﬁtrmﬁ%ﬁéﬁe&w{a ndnRAfAnfroRPRLBNATRE €Iy

600 MHz To appr oxi nmat r nmore I nformtion regardi ng negasonic

t r ansduebmnent Htctoeotamoant ¥¥. made to: U S. Patent No. 7,165,563, filed
Decenber 19, 2002, entitled "Method and apparatus to decoupl e power and
cavitation for nmegasonic cleaning”; U S. Patent No. 7,040,332,, filed
February 28, 2003, entitled "Method and apparatus for megasonic cl eaning
with reflected acoustic waves"; and U S. Patent No. 7,040,330, filed
February 20, 2003, entitled "Method and apparatus for negasonic cleaning of
patterned substrates." Although a brief discussion of the conponents of
bi-state and tri-state body cl eaning technology is provided bel ow, further
expl anation of the conmponents and nechani snms of tri-state body cl eaning
technol ogy can be found by reference to: U S. Patent Application .
(11/346,894) (Atty. Docket No. LAM2P546), filed February 3, 2006, entitled
"Met hod for renobving contam nation froma substrate and for making a _
cl eaning solution"; U S. Patent Application 11/347,154 (Atty. Docket No.

1 AR A ISNPF™ A ™\ o NN NP e - S




13 hereby incorporated by reference in their entirety. By applying
megasoni ¢ energy 414 to cleaning fluid 102, periodic shear stresses are
generated that inpart .drag forces Fa on coupling elements 106 causing
coupling elenments 106 to interact w{h contam nants 104 adhered to wafer
surface 101 thereby renoving contam nants 104 from wafer surface 101.
Moreover, by applying negasonic energy 414 to cleaning fluid 102, the
magni tude of drag forces Fa on coupling elenments 106 is increased due to
enlelr gy ¢eos1 iAmothien nsurflingrmeskenismt is hem@al cowlingn nsthis e2seaphere UAYHY and
col | apsi 0 r OSCORI C. | : oni c
cner gy CERss s RBEFaRispingly 1073 ERERRMRohBRLL, 3R9NKR Lofife: BEREeEOT
ﬁ 2 e, ulm_eﬁpdlmgl di@iae 106 ard bolthmimentr HMecmiccapsrechpnicah adhesipaphateecngouplingher gy
appl e asonic t sducers 412 to produce greater drag forces Pd.
100361 Ieh’“}fﬁt gq{%’%ﬁﬁ?‘ém&?ﬂ{)mlrrent of the system 400, sonication can be
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W Ehi ol Urcelpaiiesly o Uth AERECHTUOB 88 ot HOEHETREBYSDI yi o
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be generated that Inpart drag forces Fa on coupling el ements 106 causi ng
coupl i nAlereivelys tE0lectoostatic aeplsive, intrastion DETYesHIOURINE elsmertspl and
contam nants. 1 {IRC e Suf¥: SFROGh RN dilbgeiesent
mvenU&ﬁ’,ﬁaWneagée{ndé;@g@ ebS%FlltiJrl s@lﬁijsg gnégr Sg/gpgénégge sel ected fr o%pa range
o:‘ appr aislode ebytafmthahtz1 0ddrap prafex suritcg |1 1.1 G0isipportand B3rote that eperqymgie pf
al ternate enbodi pent,, the nmegasoni c. d ISy r ransducer
of the SR TBREEO Lo mEdRa gt R HhEhe B rafen Rl Sl NS
appl i I‘GTg ag@ dlébﬁ'o@tlhﬁcalﬂ?mging wiagl HeO Bodunring gh ath ezicar tine rregarding Spwcorf Moz |y, in
one enbodi nent, w frequenc coystic energy (e.g. ultrasonic energ can
travel (CRRGERYIHRNE lﬁﬁpﬂg}‘ﬂﬂﬁ% a%ea@i'er 410 to carrier 410 where the Iyz)W

1; Ir gg lr,ll_e nqy{]!_-,?,q ggsi'!llg%ﬁa%llﬁﬁ ®GI 3, it Elgi_iild bé Byspiaednit iﬂﬁt fifecapplication e eAtbfhal eegy
in uid 102. In one enpodi { e | ow freguency. gcousti.c_enger
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generates notion in cleaning flurd 102 that i npart drag and/or nonentum

forces Gwecibiealli rag shosmedn SFIG063 sthepamaust ph itisalnpiigs 1 Tegyigedy (> TCRREG e
forces %%hﬁfﬁir%%{jef(ﬁcﬁdv?ga ?ﬁf’t sERURI ditheRdiSNBNbigniHeMtBNekcrebéed when
on wa urtace

contam nant's : 101 causi ng. the renoval of contani nants
104 f r orompéred to other cleaning methods, according to embodiments of the present invention. For

example, the amount of critical stress required to remove contaminant 104 having a diameter
of approximately 0.1 pm employing the use of cleaning fluids that do not include coupling
elements 106 is approximately 2000 Pa (stress applied in direction of adhesion). The amount
of critical stress required to remove the same contaminant 104 utilizing cleaning fluids that
include coupling elements 106 is approximately 0.3 Pa (shear stress acts on surface area of
both coupling elements and particles (drag multiplier), whereas adhesion occurs only between
the particle and surface, thus requiring significantly less shear for particle removal) .
According to embodiments of the present invention, the amount of critical stress required to
remove the same contaminant 104 is respectively approximately 6000 times less than the

amount of critical stress required for fluid-only approaches. Thus, the system can be operated



surface 101. [0038] In FIG 5, according to one enbodi nent of the present
invention, is an illustration of a system 500 including jet assenbly 502
for. renmoving particulate contam nation 104 from surface 101 of wafer 100.
- System 500 i ncludes processing chanbgr 504 that in turn includes carrier
506, or any other suitable neans for supporting wafer 100. In one

enbodi nent of the present invention, jet assenbly 502 is capabl e of
generating acoustic energy 508 (e.g. negasonic, ultrasonic, etc.) so that
as cl eant signifitaritly 108 power leyelsgompanetl it Buidranbesrrsoarhes glimisaing(aglkge to

t hr ough 510 of, j el assenbly 502, acoustic energy 508 is applied to
cleaningg%ﬂﬂ$ﬁoﬁgﬁvg#?bring the characteristics of the cleaning fluid 102
bef or e qde3anmBIC. 4y aatodddf tooons pmhyditieniuidhepresant ihventidnaiseanitiustgtiomefar 100.
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to one enbodi ment of the present invention. Additionally, liquid |ayer 708
can be fornmed between back surface 706 and transducer 710 in any nanner
recogni zed by those of ordinary skill. [0041] Referring still to FIG 7,

according to one enbodi mrent of the present invention, acoustic energy 712
fromtransducer 710 is transferred through the liquid |ayer 708 to wafer
100, through wafer 100 into cleaning fluid 102 at exposed wafer surface 101
on front side of wafer 100. In this case, acoustic energy 712 is applied to
waf er 100 and wafer 100 transfers energy 712 to cleaning fluid 102. An
advant age of applying energy 712 to wafer 100 rather than directly into
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[0042] As nentioned above, various techniques for applying external energy
to cleaning fluids 102 to renove contam nants 104 from wafer surfaces 101
can be provided according to alternate enbodi nents of the present
‘invention. For exanple, in one enbodjsrent of the present invention,

pi ezoel ectric or piezo acoustic actuation can be used. For piezoelectric
actuation, the walls or specific areas of a contai nnment vessel can be
periodically perturbed (via piezoelectric materials) resulting i ol une
changes heretly fihaoigbrated by mefsienbe in their ensietyni AyerRPlXiBg MIS2SONffeCRALZY 314\:&1 i on

h d [ h . ' i
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wi t hin tdpproxireaelyi@0KHz d 102 contact the wafer surface 101 through

acousti . mechani cal etc, .. er ectd by, i ting
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I'n one  carrier 410 into cleaning fluid 102. In one embodiment, the low frequency acoustic energy

can have a frequency of approximately 50 Hz to approximately 100 KHz. As discussed
above, the application of energy 414 to cleaning fluid 102 generates motion in cleaning fluid
102 that impart drag and/or momentum forces on coupling elements 106 suspended in

cleaning fluid 102. These forces cause interactions between coupling elements 106 and



17 enbodi nent of the present invention, the energy can be applied to the
cleaning fluid 102 directly at a confined source or to an entire system

for exanple as illustrated in FIGs. 4-6. In alternate enbodi nent of the
present invention, the energy can begapplied to the wafer 100 where the
wafer 100 transfers the energy to the fluid 102, for exanple as illustrated

in FIG 7. 100451 In view of the discussion above, it should be apparent

t hat enbodi nents of the present invention provide an effici §5‘§ ap&r ach to
cl eani ngontemimintyid4 ohoyaférruefareatCd papeing theremoval af eontyminagty At FOBh&alGh er
cleaning aﬁgHb?ations, or any other wafer cleaning techniques or

applica FORE ‘that require the renoval of contam nation fromwafer surfaces.
Accor di go3sp leFiGdi, awotdingto anhembodiswnt of the presdns inventinnoisgm illwstratighei £ at i on
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havi ng arllaxprg\if,t cl)rcéh?ft ttohg stallér mean size. Asa result, altered coupling elements 106 have an

improved interaction with contaminants 104 on wafer surface 100 which, in turn, provides a
corresponding enhancement in each of the altered coupling element’s 106 ability to remove
contaminants 104. Additionally, the fluid motion from a jet of the jet assembly 502 can
imparts a force on altered c;)upling elements 106 causing one or more altered coupling
elements 106 to interact with particulate contaminants 104 to remove contaminants 104 from
wafer surface 100.

[0039] In FIG. 6, according to one embodiment of the present invention, is an illustration of a
system 600 for removing contaminants 104 from exposed surface 101 of wafer 100. The
system 600 includes a processing chamber 602 that includes a carrier 604 or any other
suitable means for supporting wafer 100. The system 600 further includes an energy source
606 capable of radiating acoustic energy 608 info cleaning fluid 102 including dispersed
coupling elements 106 while, at the same time, cleaning fluid 102 is sprayed onto exposed
wafer surface 101 utilizing a fluid supply assembly 610. In one embodiment of the present
invention, the energy source 606 can include a transducer element (e.g. megasonic, ultrasonic,
etc.) or any other element capable of generating and applying acoustic energy 608 to cleaning
fluid 102. Here again, in one embodiment of the present invention, coupling elements 106

suspended within cleaning fluid 102 contact exposed wafer surface 101 through acoustically



providing a cleaning media on the surface, the cleaning media including one
or nore dispersed coupling el enents suspended therein; and appl yi ng
external energy to the cleaning nedia, the application of the external
energy to the cleaning nedia generatjshg a periodic shear stress within the
cl eani ng nmedi a, wherein the periodic shear stress inparts a force on
at least one of the one or nore of the coupling elenents, the force causing
an interaction between the at |east one of the one or nore couplin%

e: enent geamrekﬁd lenvsalion hersby interagtivgevitthandysmoy g Contaiganisel 04 fram gxposed  The
cl eanin t recited in claiml1, wherein applying the external ener
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actuation, cawvi.tation, .an vapor.at i | ited
o el ai Aol B reR LB RBRNE 10 Gom SroollP ASHEAME0 1OF b AAn00ET - ©
vi a t he TRfgttemW) dicludeh provedstry thaatbef G032 thatenendesr caatiereT{¥r gty amo othie
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embodiment of the present invention, transducer 710 can be any transducer capable of
generating acoustic energy 712 including, but not limited to, megasonic energy, ultrasonic
energy, etc. In one embodiment of the present invention, liquid layer 708 is provided as a
medium for transferring acoustic energy 712 generated from transducer 710 to wafer 100. In
one embodiment of the present invention, the liquid forming liquid layer 708 can be deionized
water, an ammonia hydrogen peroxide mixture (APM), a surfactant solution, or a non-
aqueons liquid. The supply and reclaim of the liquid which forms liquid layer 708 can
achieved by the circulation of the liquid from supply tank 714 to liquid layer 708 and back to
supply tank 714 via liquid pump 716, according to one embodiment of the present invention.
Additionally, liquid layer 708 can be formed between back surface 706 and transducer 710 in
any manner recognized by those of ordinary skill.

[0041] Referring still to FIG. 7, according to one embodiment of the present invention,
acoustic energy 712 from transducer 710 is transferred through the liquid layer 708 to wafer
100, through wafer 100 into cleaning fluid 102 at exposed wafer surface 101 on front side of
wafer 100. In this case, acoustic energy 712 is applied to wafer 100 and wafer 100 transfers
energy 712 to cleaning fluid 102. An advantage of applying energy 712 to wafer 100 rather
than directly into cleaning fluid 102 is that less energy is dissipated.

[0042] As mentioned above, various techniques for applying external energy to cleaning
fluids 102 to remove contaminants 104 from wafer surfaces 101 can be provided according to
alternate embodiments of the present invention. For example, in one embodiment of the
present invention, piezoelectric or piezo acoustic actuation can be used. For piezoelectric
actuation, the walls or specific areas of a containment vessel can be periodically perturbed
(via piezoelectric materials) resulting in volume changes and fluid motion within the

containment vessel. The fluid motion enhances drag over the wafer surface and



19 6. The cleaning nethod as recited in claim1, wherein the external
energy is ultrasonic energy having a frequency of approximtely 50 Hz to
approxi mately 100 KHz. 7. .The cleaning method as recited in claiml,
wherein the interaction is defined by one or nore of mechanical coupling,
chem cal coupling, or electrostatic coupling between the at |east one of
~the one or nore coupling elenents and the particle. 8. The cleaning nethod
as recited in claim?7, wherein the nmechanical coupling is defined by
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and t he %%r 1-In one embod:ment of the present invention, the cleaning fluid 102 can be applied to the
wafer surface 101 by immersing the entire wafer 100 in the cleaning fluid 102. For example,
as shown in FIG. 4, a tank system 400 can be used to immerse the wafer 100 in the cleaning
fluid 102. However, embodiments of the present invention are not limited to the particular
system for immersing the wafer 100 in the cleaning fluid 102. In an alternate embodiment of
the present invention, the cleaning fluid 102 can be spread over one or more exposed surfaces
101 of the wafer 100 using jet assemblies, spray nozzles, etc. For example, as illustrated in
FIGs. 5-17.
[0044] At step 804, external energy is applied to the cleaning fluid 102 to create periodic
shear stresses (or pressure gradients) within the cleaning fluid 102. As previously discussed,
periodic shear stresses impart drag and/or momenfum on the coupling elements 106
suspended within the cleaning fluid 102. As a result, the coupling elements 106 collide with
the wafer surface 101 causing interactions between the coupling elements 106 and the
contaminants 104 that facilitate the removal of contaminants 104 adhered to the wafer surface
101. In other words, the coupling elements 106 suspended within the cleaning fluid 102
contact the wafer surface 101 through acoustically, mechanically, etc. generated convection
thereby interacting with and removing contamination 104 from the wafer surface 101.
According to embodiments of the present invention, the shear stresses or pressure gradients
can be generated using various techni.ques including, but not limited to, megasonics,
sonication, piezo electric or piezo acoustic actuation, cavitation, evaporation, etc. For
example, FIGs. 4-7 provide examples of the application of external energy to the cleaning

fluid using one or a combination of megasonics, sonication, and cavitation techniques. In one



20 12. The cleaning method as recited in claim1, wherein the force is
defined by drag or nonentum or a conbination thereof. 13. The cl eaning
method as recited in claim.1l, wherein the cleaning nedia includes one of: a
i quid conponent, a gas conponent, apd a solid conponent; or a liquid
conponent and a solid conponent. 14. The cleaning nethod as recited in
claim 13, wherein the solid conponent corresponds to the one or nore

di spersed coupling el ements. 15. The cleaning nethod as recited [n claim
14, bv\helrembndin’_m:t ob thiedpresenp tnvention, sheoenerzf can b apitied|to dhe S‘eﬁﬁﬁétﬂd"b‘l éggcds,
carboxylic acids, paraffin | S niaeR 4-de fatt
aci ds, éfﬂfﬁa\%f %t(%;-ogﬁ St sc?br%e{l%gé %@hfoﬁggﬁﬁhggﬁgﬁtgﬂ t ed 'idﬁd'cfnai m 13?/
wher ei n althRagasntiodiman efithd present invEntiong dls energyusaa ks applied to the wafer 100

where the wafer 100 transfers the energy to the fluid 102, for example as illustrated in FIG. 7.

{0045] In view of the discussion above, it should be apparent that embodiments of the present

invention provide an efficient approach to cleaning techniques for integrated post-etch
cleaning, stand-alone wafer cleaning applications, or any other wafer cleaning techniques or
applications that require the removal of contamination from wafer surfaces. According to
embodiments of the present invention, through the application of external energy to cleaning
fluids with solid phase coupling elements, contaminant removal efficiency is enhanced by
providing additional agitation and/or metion control to the coupling elements suspended
within the cleaning fluids. Moreover, by controlling how and with what magnitude the
external energy is applied to cleaning fluids, the shear stress forces generated by such
application of energy can be more closely controlled which in turn eliminates undesired
device damage. Additionally, since the mechanism of removal is a controlled momentum
transfer, it possible that cleaning solutions or fluids with lower concentrations of coupling
elements can be used.

'[00_46] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended

claims.



- ozone (03), oxygen (02), hydrochloric acid (HC), hydrofluoric acid (HF),
nitrogen (N2), and argon (Ar); ozone (03) and nitrogen (N2); ozone (03) and
argon (Ar); ozone (03), oxygen (02) and nitrogen (N2); ozone (03), oxygen
(02) and argon (Ar); ozone (03), oxygen (02), nitrogen (N2), and argon
(Ar); and oxygen (02), argon (Ar) and nitrogen (N2).

CLAIMS

L. A method for cleaning, comprising:

providing a wafer having a surface, the surface having a particie thereon;

providing a cleaning media on the surface, the cleaning media including one or more
dispersed coupling elements suspended therein; and

applying external energy to the cleaning media, the application of the external energy
to the cleaning media generating a periodic shear stress within the cleaning media,

wherein the periodic shear stress imparts a force on at least one of the one or more of
the coupling elements, the force causing an interaction between the at least one of the one or

more coupling elements and the particle to remove the particle from the surface.

2, The cleaning method as recited in claim 1, wherein applying the external energy to the
cleaning media includes applying the external energy using one or more of megasonics,

sonication, piezo electric actuation, piezo acoustic actuation, cavitation, and evaporation.

3. The cleaning method as recited in claim 2, wherein the external energy is applied to
the cleaning media via the wafer, wherein the wafer transfers the external energy to the

cleaning media.

4. The cleaning method as recited in claim 2, wherein the external energy is applied

directly to the cleaning media from a confined source.

5. The cleaning method as recited in claim 1, wherein the external energy is high
frequency megasonic acoustic energy having a frequency of approximately 600 KHz to

approximately 3 MHz.



21 17. The cleaning method as recited in claim13, wherein the Iiquid
conponent is aqueous or non-aqueous. 18. A systemfor cleaning,

conprising: a carrier for .supporting a wafer having a surface, the surface
having a particle thereon; a tagk having a cavity defined by a base
and one or nore sidewalls extending therefrom the tank being configured to
hold a volune of a cleaning media within the cavity to i merse the wafer
wherein the cleaning nmedia includes one or nore dispersed coupling elenents
suspended therein; and one or nore transducers coupled to at |east one

of the e Oﬁggg@g,gﬁ%ggeg@' 'R oRliteli IR cﬂﬁﬁg’, vhBRIPRE RferfR herk) ASRURALS

appl yi ng* aco gy 1 e Ccleanin erein the acoustic
ener gy @aagy hiasg AfipQienodofappoaanately563t: toiappronintatedy $0&BHZNg nedi a, and
wherein the periodic shear stress inparts a force on at |east one of the
one or nore dispersed coupling el ements causing the at |east one of the one
](c)r n})r? di spﬁrsed coupling elenent to interact with the particle to
acilitate the rempval of the particle -
7. The cleaning method as recﬁec{ in claim lf, (N gxle}nhtge lsn'ferrfacﬁﬁ:%'ls defined by one or
more of mechanical coupling, chemical coupling, or electrostatic coupling between the at

least one of the one or more coupling elements and the particle.

8. The cleaning method as recited in claim 7, wherein the mechanical coupling is defined
by adhesion between the at least one of the one or more coupling elements and the particle,
such that the particle is lifted away from the surface along with the at least one of the one or

more coupling elements.

9. The cleaning method as recited in claim 7, wherein the mechanical coupling is defined
by a physical collision between the at least one of the one or more coupling elements and the
particle, such that a transfer of energy from the at least one of the one or more coupling

elements to the particle causes the particle to lift away from the surface.

10.  The cleaning method as recited in claim 7, wherein the chemical coupling is defined
by physical contact and chemical compatibility between the at least one of the one or more
coupling elements and the particle, the physical contact facilitating chernical adhesion

between the at least one of the one or more coupling elements and the particle.

11.  The cleaning method as recited in claim 7, wherein the electrostatic coupling is
defined by an atiractive or repulsive interaction between the at least one of the one or more

coupling elements and the particle.



19. The systemas recited in claim18, wherein the transducer is a
nmegasoni ¢ transducer or an ultrasonic transducer. 20. The system as
recited in claim19, wherein the transducer is the negasonic transducer,.
and wherein a frequency of the acousig c energy is from approximately 600
KHz to approximately 3 MHz. 21. The systemas recited in claim19, wherein
the transducer is the ultrasonic transducer, and wherein a frequency of the
acoustic energy is fromapproximately 50 Hz to approxi mately 100 KHz. 22

- 22. A systemfor cleaning, conprising: " a processing chanber having a
carrier .gle , | t I STl IbhWdrae waf er

W thin ﬂﬁe gﬁgéggéﬁﬁéq%%%%§é1ﬁ%ﬁ%ﬁﬂ%ﬁ§?1gggﬁﬁgg?g@gﬁéﬁﬁg mafeP@isﬂ%xposed,

t he expassankniah er a sembinatonttbereefy a particle thereon; and ajet
assenbly, wherein the jet assenbly is configured to generate acoustic
energy, apply the acoustic energy to a cleaning nedia as the cleaning nedia
travel s along a throughway of the jet assenbly, wherein the cleaning nedia

acoust | d3enciy clprian SR HIrElR Dok b ot R ey BRRRIRALL HEARG AT C1°

coupl i ngeel ements before application of the cleaning nedia to the exposed

waf er surface, and wherein fluid notion fr@m anj et ng,]; the jet assenbly
imparts a f oRdigugFomPOnehc: 2as Gampenenh and g sohdeempaaent, of o7 i sper sed

coupling el e%ﬁhﬁi&mhé}ﬁaﬁ&@sﬁ{ddmhﬂ@ﬁe of the altered one or nore
di spersed coupling el'enent to interact with the particle to renove the

particle fromthe exposed wafer surface.

14.  The cleaning method as recited in claim 13, wherein the solid component corresponds

to the one or more dispersed coupling elements.

15.  The cleaning method as recited in claim 14, wherein the solid component is one of a
material of aliphatic acids, carboxylic acids, paraffin, wax, polymers, polystyrene,

polypeptides, fatty acids, and visco-elastics.

16.  The cleaning method as recited in claim 13, wherein the gas component is one of a gas
mixture of:

ozone (03), oxygen (Os), hydrochloric acid (HCI), hydrofluoric acid (HF), nitrogen
(N2), and argon (Arx);

ozone (0O3) and nitrogen (N2);

ozone (O;) and argon (Ar);

ozone {03), oxygen (0,) and nitrogen (N3);

ozone (O3), oxygen (O) and argon (Ar);

ozone (O3), oxygen (O2), nitrogen (N), and argon (Ar); and

oxygen (0,), argon (Ar) and nitrogen (N3).



23. The systemas recited in claim22, wherein each of the altered coupling
el enents enhance renoval of the particle fromthe exposed wafers surface.
24. The systemas recited in claim22, wherein a size distribution of each
of the altered coupling el ements broadens, narrows, or shifts to a smaller
mean size. 25. The systemas recited in claim22, wherein the physical
cEaracteristic of each of the coupling elenents is one or nore of size and
shape. 26. A systemfor cleaning, conprising:, .. rocessi ng chamber
havi ng d7car Mhercleaningmsthodiag secitsd i ‘é‘?lnﬂgll%rﬂé‘%?%e%éherl@l“ ?PE*H?Oé‘e’Hf‘S §%{5‘66~°rti ng a
waf er mﬁ%ﬁ&&a@nguprocessing chanber such that a surface of the wafer having

a partic? e di sposed thereon i s exposed; a fluid supply assenbly, the

fluid supply assenbly being configured to supply a cleaning nedia to the
surface, the cleaning nedia including one or nore dispersed coupling
el ements suspended therein; and 23

18. A system for cleaning, comprising:

a carrier for supporting a wafer having a surface, the surface having a particle thereon;

a tank having a cavity defined by a base and one or more sidewalls extending
therefrom, the tank being configured to hold a volume of a cleaning media within the cavity
to immerse the wafer, wherein the cleaning media includes one or more dispersed coupling
elements suspended therein; and

one or>more transducers coupled to at least one of the one or more sidewalls or the
base, the one or more transducers applying acoustic energy to the cleaning media,

wherein the acoustic energy generates a periodic shear stress within the cleaning
media, and

wherein the periodic shear stress imparts a force on at least one of the one or more
dispersed coupling elements causing the at least one of the one or more dispersed coupling

element to interact with the particle to facilifate the removal of the particle from the surface.

19, The system as recited in claim 18, wherein the transducer is a megasonic transducer or

an ultrasonic transducer.

20.  The system as recited in claim 19, wherein the transducer is the megasonic transducer,
and wherein a frequency of the acoustic energy is from approximately 600 KHz to

approximately 3 MHz.

21, The system as recited in claim 19, wherein the transducer is the ultrasonic transducer,
and wherein a frequency of the acoustic energy is from approximately 5¢ Hz to

approximately 100 KHz.



a energy source capabl e of generating acoustic energy, wherein the acoustic
energy is applied to cleaning nedia at surface, thereby generating a
periodi c shear stress within the cleaning nedia, the periodic shear stress
imparting a force on at | east one ofzthe one or nore dispersed coupling

el ements causing the at | east one of the one or nore dispersed coupling
elenment to interact with the particle to renove the particle fromthe
surface. 27. A systemfor cleaning, conprising: a transducer capabl e
of generating acoustic energy disposed proximal to a back surface of a

waf er, tHhe waf teh%l&lgirﬂg%,@oﬁlﬁﬂ?ﬁ .surface opposite the back surface, the
front surface aving a particle thereon; a first fluid supply
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transduc stemas recited in claim?28, wherein the transducer
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the particle from the exposed wafer surface.

23. The system as recited in claim 22, wherein each of the altered coupling elements enhance

removal of the particle from the exposed wafers surface.

24. The system as recited in claim 22, wherein a size distribution of each of the altered

coupling elements broadens, narrows, or shifts to a smaller mean size.

25. The system as recited in claim 22, wherein the physical characteristic of each of the

coupling elements is one or more of size and shape.

26. A system for cleaning, comprising:

a processing chamber having a carrier element, the carrier element being capable of
supporting a wafer within the processing chamber such that a surface of the wafer having a
particle disposed thereon is exposed,;

a fluid supply assembly, the fluid supply assembly being configured to supply a
cleaning media to the surface, the cleaning media including one or more dispersed coupling

elements suspended therein; and



24 30. The systemas recited in claim28, wherein the transducer is the
ul trasoni c transducer, and wherein a frequency of the acoustic energy is
fromapproximtely 50 Hz to-approxi mately 100 KHz.. 31. The system as
recited in claimin claim27, whereizz the liquid |ayer is one of deionized
waf er, ammoni a hydrogen peroxi de m xture (APM, surfactant solution, or
non- aqueous | i qui d.

a energy source capable of generating acoustic energy, wherein the acoustic energy is
applied to cleaning media at surface, thereby generating a periodic shear stress within the
cleaning media, the periodic shear stress imparting a force on at least one of the one or more
dispersed coupling elements causing the at least one of the one or more dispersed coupling

element to interact with the particle to remove the particle from the surface.

27. A system for cleaning, comprising:

a transducer capable of generating acoustic energy disposed proximal to a back
surface of a wafer, the wafer including a front surface opposite the back surface, the front
surface having a particie thereon;

a first fluid supply assembly;, the first fluid supply assembly being capable of
supplying a liquid layer between the back surface of the wafer and the transducer;

a second fluid supply assembly, the second fluid supply assembly being capable of
supplying a cleaning media including one or more dispersed coupling elements suspended
therein on the front surface of the wafer,

wherein the acoustic energy is transferred from the transducer through the liquid layer
and the wafer into the cleaning media at the front surface of the wafer, thereby generating a
periodic shear stress within the cleaning media, the periodic shear stress imparting a force on
at least one of the one or more dispersed coupling elements causing the at least one of the one
or more dispersed coupling element to interact with the particle to remove the particle from

the front surface.

28.  The system as recited in claim 27, wherein the transducer is a megasonic transducer or

an ultrasonic fransducer. -

29.  The system as recited in claim 28, wherein the transducer is the megasonic transducer,
and wherein a frequency of the acoustic energy is from approximately 600 KHz to

approximately 3 MHz.
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30.  The system as recited in claim 28, wherein the transducer is the ultrasonic transducer,
and wherein a frequency of the acoustic energy is from approximately 50 Hz to

approximately 100 KHz.

31.  The system as recited in claim in claim 27, wherein the liquid layer is one of deionized
wafer, ammonia hydrogen peroxide mixture (APM), surfactant solution, or non-agueous

liquid.



